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A s one of the world's largest manufacturers of integrated 
circuits, Signetics designs, develops, manufactures and sells 
over 1600 different types of integrated circuits. Signetics 
produces digital and linear circuits, utilizing both bipolar and 
metal-oxide-semiconductor (MaS) manufacturing processes. 

This 1976 issue of our data book covers the full expanse of our 
broad product line. For ease of use, we have grouped our 
products into 6 major families. They are: logic-covering 
54174, 8200 series devices and 10,000 series Eel; Memories
covering bipolar and MaS shift registers and memories; 
Interface-covering both logic and analog devices; Analog
covering general and consumer analog devices including 0-
MaS; Microprocessors-covering bipolar, MaS and system 
logic devices; MilRel-covering the high reliability programs 
available in our product line. 

This issue represents a unique approach in the presentation of 
integrated circuits data. In keeping with our intent of 
presenting the maximum amount of data requiring the 
minimum amount of effort by the user, we have grouped 
product family information at the beginning of the section 
covering that particular family. The information covered 
usually includes an introduction to that family, a table of the 
complete family electrical characteristics, and a grouping ·of 
the general parameter measurement information and other 
pertinent data. We feel that this format allows the reader to 
quickly insure that he is aware of all possible devices that are 
available from Signetics to help him with his design. 

Signetics reserves the right to make changes in the products 
contained in this book in order to improve design or 
performance and to supply the best possible products. 
Signetics also assumes no responsibility for the use of any 
circuits described herein and makes no representations that 
they are free from patent infringement. 



• Copyright 1976 Signetics Corporation 
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TABLE OF CONTENTS 

SPEED AVAILABILITY 
ITEM 54174 5417 4H 5417 4LS 54/745 PAGE 

54174 Product Family Introduction .............................. 1 
54174 Electrical Characteristics ................................. 10 
54174H Electrical Characteristics Table ........................... 28 
54174LS Electrical Characteristics Table ........................... 32 
54174S Electrical Characteristics Table ........................... 42 
9300/9600 Electrical Characteristics Table 
5417400 Quad 2-lnput NAND Gate ................................ x x x x 53 
5417401 Quad 2-lnput NAND Gate with Open Collector Outputs ... x x x 53 
5417402 Quad 2-lnput NOR Gate ................................. x x x 54 
5417403 Quad 2-lnput NAND Gate with Open Collector Outputs ... x x x 55 
5417404 Hex Inverter ............................................. x x x x 55 

0 5417405 Hex Inverter with Open Collector Outputs ................ x x x x 56 
5417406 Hex Inverter Buffer/Driver ................................ x 56 -54/7407 Hex Buffer/Driver ........................................ x 57 

" 5417408 Quad 2"lnput AND Gate ................................. x x x x 57 
5417409 Quad 2-lnput AND Gate with Open Collector Outputs ..... x x x 58 9 5417410 Triple 3-lnput NAND Gate ............................... x x x x 58 
54/7411 Triple 3-lnput AND Gate ................................. x x x x 59 
5417412 Triple 3-lnput NAND Gate with Open Collector Outputs ... x 59 
5417413 Hex Schmitt Trigger ..................................... x x 60 
5417414 Hex Schmitt Trigger ..................................... x x 60 
54/7415 Triple 3-lnput AND Gate with Open Collector Outputs ..... x x 61 
5417416 Hex Inverter/Buffer ...................................... x 62 
5417417 Hex Buffer/Driver ........................................ x 62 
5417420 Dual 4-lnput NAND Gate ................................. x x x x 63 
5417421 Dual 4-lnput AND Gate .................................. x x x 63 
5417422 Dual 4-lnput NAND Gate with Open Collector Outputs .... x x x 64 
54/7426 Quad 2-lnput NAND Gate with Open Collector Outputs ... x x 64 
54/7427 Triple 3-lnput NOR Gate ................................. x x 65 
5417428 Quad 2-lnput NOR Buffer ................................ x x 65 
5417430 8-lnput NAND Gate ...................................... x x x 66 
5417432 Quad 2-lnput OR Gate ................................... x x 66 
5417433 Quad 2-lnput NOR Buffer with Open Collector Outputs .... x x 67 
5417437 Quad 2-lnput NAND Buffer .............................. x x x 67 
54/7438 Quad 2-lnput NAND Buffer .............................. x x x 68 
5417439 Quad 2-lnput NAND Buffer .............................. x 68 
5417440 Dual 4-lnput NAND Buffer ............................... x x x x 69 
5417442 BCD-to-Decimal Decoder (1-of-10) ....................... x x 69 
5417443 Excess 3-to-Decimal Decoder ............................ x 70 
54/7444 Excess 3-Gray-to-Decimal Decoder ....................... x 71 
5417445 BCD-to-Decimal Decoder/Driver ......................... x 72 
547446 ABCD-to-Seven Segment Decoder/Driver ................. x 73 
5417447A BCD-to-Seven Segment Decoder/Driver .................. x 74 
5417448 BCD-to-Seven Segment Decoder/Driver .................. x 76 
54/7450 Expandable Dual 2-Wide 2-lnput AND-or-INVERT GATE .. x x 77 
5417451 Dual 2-Wide 2-lnput AND-OR-INVERT Gate .............. x x x 77 
5417452 4-Wide 2-2-2-3 Input AND-OR Gate ...................... x 78 
5417453 4-Wide 2-lnput AND-OR-INVERT Gate .................... x x 79 
5417454 4-Wide 2-lnput AND-OR-INVERT Gate .................... x x x 80 
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5417455 2-Wide 4-lnput AND-OR-INVERT Gate .................... x x 81 
5417460 Dual 4-lnput Expander .................... '.' ............. x x 81 
5417461 Triple 3-lnput Expander .................................. x 82 
5417462 3-2-2-3-lnput AND-OR Expander ......................... x 82 
5417464 4-2-3-2-lnput AND-OR Gate .............................. x 83 
5417465 4-2-3-2-lnput AND-OR Gate .............................. x 83 
54/7470 J-K Flip-Flop ............................................ x 84 
5417471 J-K Master-Slave Flip-Flop ............................... x 84 
5417472 J-K Master-Slave Flip-Flop ............................... x x 85 
5417473 Dual J-K Master-Slave Flip-Flop .......................... x x x 86 
5417474 Dual 0-Type Positive. Edge-Triggered Flip-Flop ........... x x x x 87 
5417475 Quad Bistable Latch ..................................... x x 88 
5417476 Dual J-K Flip-Flop ........................•.............. x x x 90 
5477 Quad Bistable Latch ..................................... x 91 
5417478 Dual J-K Negative Edge-Triggered Flip-Flop .............. x 91 
5417480 GatedFl.}1I Adder ........................................ x 92 
5417 483/83A 4-Bit Binary Full Adder ................................... o. X x 93 
5417485 4-Bit Magnitude Comparator ............................. x x x 95 
5417486 Quad 2-lnput Exclusive-OR Gate ......................... x x x 98 
7488 256-Bit Read-Only Memory .............................. x 99 
7489 64-Bit Read/Write Memory (RAM) ........................ x 99 
5417490 Decade Counter ......................................... x x 100 
5417491 8-Bit Shift Register ...................................... x 102 
5417492 Divide-by-Twelve Counter ................................ x 102 
5417394 4-Bit Binary Counter ..................................... x x 104 
5417494 4-Bit Shift Register ...................................... x 105 
5417495B 4-Bit Parallel-Access Shift Register .................... , .. x x 106 
5417496 5-Bit Shift Register ...................................... x x 108 
54174100 4-Bit Bistable Latch ...................................... x 110 
54/74101 J-K Edge-Triggered Flip-Flop ............................ x 111 
54174102 J-K Edge-Triggered Flip-Flop ............................ x 112 
54174103 J-K Edge-Triggered Flip-Flop ............................ x 114 
54174106 Dual J-K Edge-Triggered Flip-Flop ....................... x 115 
54174107 Dual J-K Master-Slave Flip-Flop .......................... x x 116 
54174108 Dual J-K Edge-Triggered Flip-Flop ....................... x 117 
54/74109 Dual J-K Positive Edge-Triggered Flip-Flop ............... x x 118 
54174112 Dual J-K Negative Edge"Triggered Flip-Flop .............. x x 119 
54174113 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 121 
54174114 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 122 
54/74116 Dual 4-Bit Latch with Clear .............................. x 123 
54174121 Monostable Multivibrator ................................. x 124 
74122 Retriggerable Monostable Multivibrator with Clear ......... x 128 
54174123/123A Retriggerable Monostable Multivibrator with Clear ......... x 129 
54174125 Quad Bus Buffer Gate ................................... x 130 
54174126 Quad Bus Buffer Gate ................................... x 131 
54174128 Quad 2-lnput NOR Buffer ................................ x 131 
54174132 Quad 2-lnput NAND Schmitt Trigger ..................... x x 132 
54174133 13-lnput NAND Gate ..................................... x 132 
54174134 12-lnput NAND Gate ..................................... x 133 
54174135 Quad Exclusive-OR/NOR Gate ........................... x 133 
54174136 Quad Exclusive-OR Gate with Open Collector Outputs .... x 134 
54174138 3-to-8 Line Decoder/Demultiplexer ....................... x x 134 
54174139 Dual 2-to-4 Line Decoder/Demultiplexer .................. x x 135 
54174145 BCD-to-Decimal Decoder/Driver ......................... x x 136 
54174147 10-Line to 4-Line Priority Encoder ........................ x 137 
54174148 8-Line to 3-Line Priority Encoder ......................... x 138 
54174150 16-Line to i-Line Data Selector/Multiplexer ............... x 140 
54174151 8-Line to i-Line Data Selector/Multiplexer ................ x x x 142 
54174152 8-Line to i-Line Data Selector/Multiplexer ................ x .143 
54174153 Dual4-Line to i-Line Multiplexer ......................... x x x 145 
54/74154 4-Line to 16-Line Decoder/Demultiplexer ................. x 146 
54174155 Dual 2-Line to 4-Line Decoder /Demultiplexer ............. x 147 
54174156 Dual 2-Line to 4-Line Decoder/Demultiplexer ............. x 148 
54174157 Quad 2-Line to i-Line Data Selector/Multi-

plexer (Non-Inverting) ................................. x x x 149 
54174158 Quad 2-lnput Data Selector (Inverting) ................... x x x 150 
54174160 Synchronous 4-Bit Decade Counter with Direct Clear ..... x x 151 
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54n4161 
54n4162 
54n4163 
54n4164 
54n4165 
54n4166 
54n4170 
74172 
54n4174 
54n4175 
54n4176 
54n4177 
54n4178 
54n4179 
54n4180 
54n4181 
54n4182 
54n4190 
54n4191 
54n4192 
54n4193 
54n4194 
54n4195 
54n4196 
54n4197 
54n4198 
54n4199 
54n4200 
54n4201 
54n4206 
54n4221 

54n4232 
54n4251 
54n4253 
54n4257 
54n4258 
54n4260 
54n4261 
54n4266 
54n4279 
54n4280 
54n4283 
54n4290 
54n4293 
54n4295A 
54n4298 
54n4301 
54n4386 
54n4670 
9300 
9301 
9309 
9312 
9324 
9334 
9601 
9602 

Synchronous 4-Bit Binary Counter ....................... x 
Synchronous 4-Bit Decade Counter ....•.............•... x 
Synchronous 4-Bit Binary Counter.. .. .. . . . .. .. . .. .. .. . .. x 
8-Bit Parallel-Out Serial Shift Register. . . . . . . . . . . . . . . . . . . . x 
Parallel-Load 8-Bit Shift Register.. .. .. .. . . . .. . . . .. .. .. . . . x 
8-Bit Shift Register.. . . .. .. .. .. .. .. . .. .. . . . .. . . . .. .. .. . . . x 
4X4 Register File with OR Outputs........................ x 
16-Bit Multiple Port Register File......................... x 
Hex 0-Type Flip-Flop with Clear ......................... x 
Quad D-Type Edge-Triggered Flip-Flop................... x 
Presettable Decade and Binary Counter/Latch ............ x 
Presettable Decade and Binary Counter/Latch ............ x 
4-Bit Parallel-Access Shift Register. . . . . . . . . . . . . . . . . . . . . . . x 
4-Bit Parallel-Access Shift Register. . . . . . . . . . . . . . . . . . . . . . . x 
8-Bit Odd/Even Parity Generator/Checker ................ x 
4-Bit Arithmetic Logic Unit. .. .. .. .. . .. . .. . . .. .. . .. .. .. .. . x 
Look-Ahead Carry Generator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Synchronous BCD Up/Down Counter .................... x 
Synchronous Binary Up/Down Counter. . . . . . . . . . . . • . . . . . . x 
Synchronous Decade Up/Down Counter. . . • . . . . . . . . .. . . . . x 
Synchronous 4-Bit Binary Up/Down Counter. . . . . . . . . . . . . . x 
4-Bit Bidirectional Universal Shift Register. . . . . . . . . . . . . . . . x 
4-Bit Parallel-Access Shift Register.. . . . . . . . . . . . . . . . . . . . . . x 
3MHz Presettable Decade Counter/Latch ................. x 
Presettable Binary Counter/Latch ........................ x 
8-Bit Shift Register. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
8-Bit Shift Register x 
TLL 256X1 RAM (Tri-State) ..............•............... 
TTL 256X1 RAM (Tri-State) ........................... : .. 
TTL 256X1 RAM (Open Collector) ....................... . 
Dual Monostable Multivibrator with Schmitt 

Trigger Input. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x 
Quad NOR Schmitt Trigger. .. .. . .. .. .. . .. .. . .. .. . .. . .. .. x 
Data Selector/Multiplexer with 3-State Outputs ........... . 
Dual 4-Line to 1-Line Data Selector/Multiplexer .......... . 
Quad 2-Line to 1-Line Data Selector/Multiplexer ......... . 
Quad 2-Line to 1-Line Data Selector/Multiplexer ......... . 
Dual 5-lnput NOR Gate ..............•................... 
Multiply/Decoder .........•.........................•.... 
Quad 2-1 nput Exclusive-NOR Gate with Open Collector Outputs -
Quad S-R Latch ...•..•.................................. x 
9-Bit Odd/Even Parity Generator/Checker ............... . 
4-Bit Binary Adder .....................•................. 
Decade Counter ........................................ . 
4-Bit Binary Counter... ....... ............................ '-
4-Bit Right-Shift Left-Shift Register with 3-State Outputs .. 
Quad 2-lnput Multiplexer with Storage. . . . . . . . . . . . . . . . . . . . x 
TTL 256X1 RAM (Open Collector) ....................... . 
Quad 2-lnp'ut Exclusive-OR Gate ........................ . 
4X4 Register File with 3-State Outputs ................... . 
4-Bit Shift Register ...................................... . 
One-of-Ten Decoder .................................... . 
Dual 4-lnput Multiplexer ................................ . 
8-lnput Multiplexer ..............•....................... 
5-Bit Comparator ................••...•.................. 
8-Bit Addressable Latch ..........•..............•........ 
Retriggerable Monostable Multivibrator : .•................ 
Dual Retriggerable Resettable Monostable 

Multivibrator ..•................................•...... 

ARITHMETIC ELEMENTS 

54n480 
5417 483/83A 
5417485 
54n4180 
54174181 

Gated Full Adder ..............•.•...•..•.......•.... " •.. 
4-Bit Binary Full Adder ....•...•.•.....•........•••...... 
4-Bit Magnitude Comparator ...........•....•...•........ 
8-Bit Odd/Even Parity Generator/Checker ............•..• 
4-Bit Arithmetic Logic Unit .......•......••......•........ 

x 
x 
X 
x 
x 

x 153 
x 156 
x 160 
x 162 

164 
167 

x 169 
172 

x x 174 
x x 175 

176 
176 

x 177 
x 177 

178 
x x 178 

x 183 
x 184 

x 187 
x 190 
x 192 
x x 195 
x x 197 
x x 200 
x x 201 

203 
206 

See Bipolar Memories section 208 
See Bipolar Memories section 209 
See Bipolar Memories section 209 

x 

x 
x 
x 
x 
x 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 
x 

x 

210 
212 
212 
214 
215 
216 
217 
218 
220 
221 
221 
222 
223 
225 
227 
228 

See Bipolar Memories section 229 
x 230 
x 230 

x 
x x 

x x 

232 
233 
234 
234 
235 
236 
237 

238 

92 
93 
95 

178 
178 
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54174182 
54174280 
54/74283 
9324 

COUNT,ERS 

5417490 
5417492 
5417493 
54174160 
54174161 
54174162 
54174163 
54174176 
54174177 
54174190 
54174191 
54174192 
54174193 
54174196 
54174197 
54174290 
54174293 

Look-Ahead Carry Generator ....................... '; ... ,..: X 

9-Bit Odd/Even Parity Generator/Checker ....••. ,; • , .••. ; , 
4-Bit Binary Adder .. ,o ...... 0' ...... , ............................................... ~,,,:~ • -

5-Bit Comparator ...............••.......•.....••..•.••• : 

Decade Counter ................................... ::.... x 
Divide-by-Twelve Counter ............................ <.. • x 
4-Bit Binary Counter •...•.....•.•.••........ -: .......• :~ . .'. x' 
Synchronous 4-Bit Decade Counter with DirectClear ...... x, 
Synchronous 4-Bit Binary Counter .•...•....•.• '." ••••.. ; . x 
Synchronous 4-Bit Decade Counter .................... : . . x 
Synchronous' 4-Bit Binary Counter .•........•......••.... x 
Presettable Decade and Binary Counter/Latch .•...•.•••.• x 
Presettable Decade and Binary Counter/Latch .......•.... ' x 
Synchronous BCD Up/Down Counter ........•.....•..... x 
Synchronous Binary Up/Down Counter ......•.•.....•... , ,x 
Synchronous Decade Up/Down Counter ............••.... , x 
Synchronous 4-Bit Binary Up/Down Counter.......... .... x 
3MHz Presettable Decade Counter/Latch ..•......•.••.. ,. x 
Presettable Binary Counter/Latch .............•......••.. x 
Decade Counter ...................................... , .. . 
4-Bit Binary Counter .............................. : ' ..... . 

DATA SELECTORS/MUL TIPLEXERS 

54174150 
54174151 
54174152 ' 
54174153 
54174157 

54174158 
54174251 
54174253 
54174257 
54174258 
54174298 
9309 
9312 

DECODERS 

5417442 
5417443 
5417444 
5417445 
5417446A 
5417447A 
5417448 
54174138 
54174139 
54174145 
54174154 
54174155 
54174156 
54/74261 
9301 

ENCODERS 

54174147 
54174148 

EXPANDERS 

16-Line to 1-Line Data Selector/Multiplexer.. ...•... . ..•.. x 
8-Line to 1-Line Data Selector/Multiplexer. . . . . . • . . . . . . • • • x 
8-Line to 1::t:..ine Data Selector/Multiplexer. . . . . . . . . . . . . . . . x 
Dual4-Line to1-Line Multiplexer ••.••.•.•......•....... '.. x 
Quad 2-Line to 1-Line Data Selector/ ' 

Multiplexer (Non-Inverting) ........ ,................... x 
Quad 2-lnput Data Selector (Inverting) .........••........ x 
Data Selector/Multiplexer with 3-State Outputs ....... . ;.'........ .;. 
Dual4-Line to 1-Line Data Selector/Multiplexer ••. ; ; ; •••.• , 
Quad 2-Line to 1-Line Data Selector/Multiplexer; ......•.. ' 
Quad 2-Line to 1-Line Data Selector/Multiplexer ;; .••.•.•. 
Quad 2-lnput Multiplexer with Storage.................... x 
Dual 4-lnput Multiplexer .................•.•......•...••• 
8-lnput Multiplexer ...•....................•... ,' .......•• 

BCD-to-Decimal Decoder (1-01-10) ........ ....... .. ....•.. x 
Excess 3-to-Decimal Decoder.. . . .. . . .. . . . . . . . .. . . • . . .. . . x 
Excess 3-Gray to-Decimal Decoder ••• ~'; .. ; . .. . • • . . • . . • ... . x 
BCD-to-Decimal Decoder/Driver •.....•....... ••. . . . . .• . . x 
BCD-ta-Seven Segment Decoder/Driver ..•............ ,~.. x 
BCD-to-Seven Segment Decoder/Driver ............... ~ . .x, 
BCD-to-Seven Segment Decoder/Driver ..••. • • .•. . • • • . ... • x:, 
3-to-8 Line Decoder/Demultiple~er •.................•.•.. 
Dual 2-to-4 Line Decoder/Demultiplexer ......•........... 
BCD-to-Decimal Decoder/Driver .............•........•.. x 
4-Line to 16-Line Decoder/Demultiplexer.......... ........ x 
Dual 2-Line to 4-Line Decoder/Demultiplexer •............ x 
Dual 2-Line to 4-Line Decoder/Demultiplexer. . . . . . . . . . . • . x 
Multiply/Decoder ...........•.....••....•...•.•.•. ; ..... .. 
One-of-Ten Decoder .................................... . 

10-Line to 4-Line Priority Encoder ..........••............ 
8-Line to 3-Line Priority Encoder ....................... .. 

x 
x 

5417460 Dual 4-lnput Expander .................................. . x 

'; -

'x 

x 

x 
~' 

x 
x 
x 

x, 

x, 
x 
x 
x 
x 
x 

x 

'x 
x 
x 
x 
x 
x 

x 

x 
x 
x' 

x 

x 
x 

x 

x 
x 

x 

x 

x 
x 
x 
x 
x 
x 

x 
x 

183 
',221 
222 
235 

100 
102 
104 
151 
153 
156 
160 
176 
176 
184 
187 
190 
192 
200 
201 
223 
225 

140 
142 
1'43 
145 

149 
150 
212 
214 
215 
216 
228 
234 
234 

69 
70 
71 
72 
73 

,74 
76 

134 
135 
136 
146 
147 
148 
218 
233 

137 
138 

81 



5417461 Triple 3-lnput Expander ..•.......•.........•....•........ x 82 
5417462 3-2-2-3-lnput AND-OR Expander ..........••.......•....• x 82 

FLIP-FLOPS 

5417470 J-K Flip-Flop ..................•.............•.•....••..• x 84 
5417471 J-K Master-Slave Flip-Flop ...................•..........• x 84 
5417472 J-K Master-Slave Flip-Flop .••..•.•.•..•.•....•........•.. x x x 85 
54/7474 Dual D-Type Positive Edge-Triggered Flip-Flop ........... x x x x 87 
5417476 Dual J-K Flip-Flop ................................•...... x x x' 90 
5417478 Dual J-K Negative Edge-Triggered Flip-Flop .....••....... x 91 
54174101 J-K Edge-Triggered Flip-Flop ..................•......... x 111 
54/74102 J-K Edge-Triggered Flip-Flop ............................ x 112 
54174103 J-K Edge-Triggered Flip-Flop ............................ x 114 
54174106 Dual J-K Edge-Triggered Flip-Flop ....................... x 115 
54174107 Dual J-K Master-Slave Flip-Flop ..............•........... x x 116 
54174108 Dual J-K Edge-Triggered Flip-Flop ....................... x 117 
54174109 Dual J-K Positive Edge-Triggered Flip-Flop ............... x x 118 
54174112 Dual J-K Negative Edge-Triggered Flip-Flop .............• x x 119 
54174113 Dual J-K Negative Edge-Triggered Flip-Flop .............. x x 121 
54174114 Dual J-K Negative Edge-Triggered Flip-Flop ..•........... x x 122 
54174175 Quad D-Type Edge-Triggered Flip-Flop ................... x x x 175 

GATES 

54174125 Quad Bus Buffer Gate ................................... x 130 
54174126 Quad Bus Buffer Gate .....................•............. x 131 

GATES-NAND 0 5417400 Quad 2-lnput NAND Gate ................................ x x x x 53 
5417401 Quad 2-lnput NAND Gate with Open -Collector Outputs ....................•................ x x x 53 " 5417403 Quad 2-lnput NAND Gate with Open 9 Collector Outputs .....•..............•................ x x x 55 
5417410 Triple 3-lnput NAND Gate ............................... x x x x 58 
5417412 Triple 3-lnput NAND Gate with Open 

Collector Outputs .....•.......•.............•......... x 59 
5417420 Dual 4-lnput NAND Gate ................................. x x x x 63 
5417422 Dual 4-lnput NAND Gate with Open 

Collector Outputs ..................................... x x x 64 
5417426 Quad 2-lnput NAND Gate with Open 

Collector Outputs .....•............................... x x 64 
5417430 8-lnput NAND Gate ...................................... x x x 66 
54174133 13-lnput NAND Gate ..................................... x 132 
54174134 12-lnput NAND Gate ..................................... x 133 

GATES-NOR 

5417402 Quad 2-lnput NOR Gate ................................. x x x 54 
5417427 Triple 3-lnput NOR Gate ................................. x x 65 
54174135 Quad Exclusive-OR/NOR Gate ........................... x 133 
54174260 Dual 5-lnput NOR Gate ...................•.............. x x 217 
54174266 Quad 2-lnput Exclusive-NOR, Gate with 

Open Collector Outputs ................................ x 270 

GATES-AND 

5417408 Quad 2-lnput AND Gate .•............................... x x x x 57 
5417409 Quad 2-lnput AND Gate with Open 

Collector Outputs ..................................... x x x 58 
5417411 Triple 3-lnput AND Gate .•............................... x x x x 59 
54/7415 Triple 3-lnput AND Gate with Open 

Collector Outputs .....•......................•...•..•. x x 61 
5417421 Dual 4-lnput AND Gate .................................. x x x 63 

GATES-AND-OR 

5417452 4-Wide 2-2-2-3-lnput AND-OR Gate ...................... x 78 
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5417464 4-2-3-2-lnput AND-OR Gate ........•..................... x 83 
5417465 4-2-3-2-lnputAND-OR Gate •..••...............••.......• ·· x 83 

GATES-AND-OR-INVERT 

5417450 Expandable Dual 2-Wide 2-lnput AND-:-OR-INVERT Gate ... x x 77 
5417451 Dual 2-Wide 2-lnput AND-OR-INVERT Gate ...........•... · x x x 77 
5417453 4-Wide 2-lnput AND-OR-INVERT Gate •....•.............• x x 79 
5417454 4-Wide 2-lnput AND-OR-INVERT Gate •.•....•.....•.. , .... x x x 80 
5417455 2-Wide 4-lnput AND-OR-INVERT Gate .................•.• x x 81 

GATES - OR 

5417432 Quad 2-lnput OR Gate .......•................•........... x x 66 
5417486 Quad 2-lnput Exclusive-OR Gate .....•••................• x x x 98 
54174135 Quad Exclusive-OR/NOR Gate .........•.........•.•..•.• x 133 
54174136 Quad Exclusive-OR Gate with Open 

Collector Outputs .....•.......................•..... ,. x 134 
54174386 Quad 2-lnput Exclusive-OR Gate ......................... x 230 

HEX INVERTERS/BUFFERS 
5417404 Hex Inverter ...........••.............•............. : ....• x x x x 55 
5417405 Hex Inverter with Open Collector Outputs ....•........•.. x x x x 56 
5417406 Hex Inverter Buffer/Driver ................................ x 56 
5417407 Hex Buffer/Driver ...•...................................• X. 57 
5417416 Hex Inverter/Buffer .................................•.... x 62 
5417417 Hex Buffer/Driver .......•.....................•.•. " ....• x 62 
54174125 Quad Bus Buffer Gate .••...•...••.....•....••..••....... x 130 
54174126 Quad Bus Buffer Gate ., .•.....•........•................ x 131 

HEX INVERTERS/BUFFERS-NAND 

5417437 Quad 2-lnputNAND Buffer .••..•......................•• x x x 67 
5417438 Quad 2-lnput NAND Buffer .............................. x x x 68 
5417439 Quad 2-lnput NAND Buffer .............................. x 68 
5417440 Dual4-lnput NAND Buffer ............................... x x x x 69 

HEX INVERTERS/BUFFERS-NOR 

5417428 Quad 2-lnput NOR Buffer ................................ x x 65 
5417433 Quad 2-lnput NOR Buffer with Open 

CQllector Outputs ..•...........•..............•....... x x 67 
54174128 Quad 2-lnput NOR Buffer ................................ x 131 

LATCHES 

5417475 Quad Bistable Latch .......................•......••....• x x 88 
5477 Quad Bistable Latch ..................................... x 91 
54174100 4-Bit Bistable Latch •............•..............•........• x 110 
54174116 Dual 4-Bit Latch with Clear .............................. x 123 
54174176 Presettable Decade and Binary Caunter/Latch ............ x 176 
54174177 Presettable Decade and Binary Counter/Latch .•...•.....• x 176 
54174196 3MHz Presettable Decade Counter/Latch .............•... x x x 200 
54174197 Presettable Binary Counter/Latch ........................ x x x 201 
54174279 Quad S-R Latch ..•............•••....••......•.......... x 221 
9334 8-Bit Addressable Latch ••.•.............................. 236 

MEMORIES 

7488 256-Bit Read-Only Memory ......................••...... x !t9 
7489 64-Bit ReadlWrite Memory (RAM) ......•................. x 99 
54174200 TTL 256x1 RAM (Tri-State) ............•.•.•.............. See Bipolar Memories Section 208 
54174201 TTL 256X1 RAM (Tri-State) ....•....•.•.•.•.............. See Bipolar Memories Section 209 
54174206 TTL 256X1 RAM (Open Collector) ..•..•...... ; •.•...•.... See Bipolar Memories Section 209 
54174301 TTL 256X1 RAM (Open Collector) ........................ See Bipolar Memories Section 229 

MONOSTABLE MULTIVIBRATORS 

54174121 Monostable Multivibrator ................................ . x 124 



74122 Retriggerable Monostable Multivibrator with Clear .•....... x 128 
54174123/123A Retriggerable Monostable Multivibrator with Clear .....•... x 129 
54174221 Dual Monostable Multivibrator with 

Schmitt Trigger Inputs ................••... .' •..•.....•. x x 210 
9601 Retriggerable Monostable Multivibrator ................... 237 
9602 Dual Retriggerable Resettable Monostable Multivibrator ... 238 

REGISTERS 

5417491 8-Bit Shift Register .....•................................ x 102 
54/7494 4-Bit Shift Register .....•.•.......................•...... x 105 
5417495B 4-Bit Parallel-Access Shift Register ................•.....• x x 106 
5417496 5-Bit Shift Register ......................•........•...... x x 108 
54174164 8-Bit Parallel-Out Serial Shift Register .................... x x 162 
54174165 Parallel-Load 8-Bit Shift Register ..................•...... x 164 
54174166 8-Bit Shift Register ....•.................•............... x 167 
54174170 4X4 Register File with OR Outputs ...............•........ x x 169 
74172 16-Bit Multiple Port Register File ......................... x 172 
54174178 4-Bit Parallel-Access Shift Register .............•.••...... x -\ x 177 
54174179 4-Bit Parallel-Access Shift Register .....•..........•...... x x 177 
54174194 4-Bit Bidirectional Universal Shift Register .....•.......... x x x 195 
54174195 4-Bit Parallel-Access Shift Register ...•...•............... x x x 197 
54174198 8-Bit Shift Register ..........•..•....•................... x 203 
54174199 8-Bit Shift Register .....•...............•................ x 206 
54174295A 4-Bit Right-Shift Left-Shift Register 

with 3-State Outputs •.....................•............ x 227 
54174670 4X4 Register File with 3-State Outputs .................... x 230 
9300 4-Bit Shift Register .•.............................•...... 232 

SCHMITT TRIGGER 
54/7413 
5417414 
54174132 
54174232 

8200 
82S00 
8200 
82S00 
8200 
8201 
8202 
8203 
8230 
82S30 
8231 
82S31 
8232 
82S32 

·8233 
82S33 
8234 

Hex Schmitt Trigger ......................•.............. x x 60 
Hex Schmitt Trigger ..................................... x x 60 
Quad 2-lnput NAND Schmitt Trigger ..................... x x 132 
Quad NOR Schmitt Trigger .............................. x 212 
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GENERAL DESCRIPTION 
ABSOLU.TE MAXIMUM RATINGS (Over operating free-air temper
ature range unle •• otherwi.e notad) 

Supply Voltage VCC (See Note 1) 
Input Voltage Vln (See Note 1) 
Interemitter Voltage (See Note 2) 
Resistor Node Voltage, 54121, 74121 

(See Note 1) 
Operating Free-Air Temperature Range: 

Series 54 Circuits 
Series 74 Circuits 

Storage Temperature Range 
NOTES: 

7V 
5.5V 
5.5V 

-5.5V to 7V 

-55·C to 125·C 
O·C to 70·C 

-65·C to 150·C 

1. Voltage values, except interemitter voltage, are with respect to network ground terminal. 
2. This is the voltage between two emitters of a multiple-emitter transistor. 
3. -OUtput sink current tests 1 output at a time. 

Series 54/74 Logic Family 
The 54174XX logic family is medium speed TTL, and high speed 
TTL integrated circuits. The family Includes a multiple number of 
functions in a variety of packages. The 54XX devices are character
Ized for the full military temperature range of -55·C to +125·C. The 
74XX devices are characterized for the limited temperature range of 
O·C to +70·C. 

INPUT CLAMPING DIODES 
Although not shown on all schematic diagrams, all. of these SSI cir
cuits Incorporate input diodes. Each clamping diode is capable of 
limiting negative excursions at the Input to a maximum of 1.5 volts 
below ground, even If -12mA of current Is drawn. 

DESIGN CONSIDERATIONS 
Logic Definition 
Series 54/74 logic Is defined in terms of standard POSITIVE LOGIC 
uslrig the following definitions: 
LOW VOLTAGE = LOGICAL "0" 
HIGH VOLTAGE = LOGICAL "1M 

Unuaad Input. 
For optimum switching times and minimum noise susceptibility 
unused inputs should be maintained at a positive voltage greater 
than 2.4V but not to exceed the absolute maximum rating of 5.5V. 
This eliminates the distributed, capacitance associated with the 
floating-input-transitor emitter, bond wire, and package load, and 
ensures that no degradation will occur In the propagation delay 
times. Some possible ways of handling input emitters are: 
a. Connect unused inputs to a supply voltage. Preferably, this volt

age should be between 2.4V and 5.5V. 
b .. Connect unused inputs to a used input if maximum fanout of the 

driving output will not be exceeded. Each input presents a full 
load in the logical" 1" state to the driving output. 

Input-Current Requirement. 
Input-current requirements reflect worse·case VCC and tempera
ture condition. Currents into the input terminals are specified as 
positive values. 

54174 LOGic 
Each input of the multlple-emitter input transistor that utilizes a 
4K{l resistor requires no more than -1.6 mA flow out of the input at 
a logical "0" voltage level; therefore, one load (N= 1) for 54174 logic 
is -1.6 mA maximum. Each Input requires current into the Input at a 
logical "1" voltage level. This Currerit is 40l'A maximum for each 
emitter input. 

Fanout Capability 
Fanout reflects the ability of an output to sink current fr!)m a num
ber of loads (N) at a logical "0'; voltage i8vel and to supply current 
at a logical "1" voltage level. Each standard 54/74 output is capa-

ble of sinking current or supplying current to 10 loads (N = 10.) The 
buffer gate (5417440) is capable of sinking current or supplying cur
rent to 30 loads (N = 30). 

ELECTRICAL CHARACTERISTICS 
These are guaranteed over the applicable operating free-air tem
perature range, unless otherwise noted, as shown in Section 2 of 
the handbook. 

NOTE 
Any product available in an A or 8 package can also be supplied in 
the F cerdip package. 

"8" 
"F" 

TEMPERATURE RANGE· 

S54 = -55·C to + 125·C (Military Range) 

N74 = O·C to +70·C (Industrial Range) 

40 

PART IDENTIFICATION 

Must contain two to four characters. 

Examples: 
00 
H20 
107 

w 

PACKAGE· 

14-pin dual In-line sllicone package (TO-116) 

16-pin dual in-line. silicone package 
14-16 pin cerdlp 

"N" 24-lead dual in-line silicone package 
"Q" 24~pin ceramiC flat"pak 
"W" 14-16 pin flat cerpac 
"F" 24-pin ceramic dual in-line package 

• Availability of a circuit device In a particular pack_ and· temperature range Is· 
Indicated on the appropriate device. ElectrIcal Characteristics oata Sheet Is shown 
In Sactlon 2 of this handbook. 

Manufacturer reserves the right to make design and procass changes and Improve
ments. 

,,-.1 1 
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INTRODUCTION TO SIGNETICS LS 
FEATURES OF LOW PO'llER SCHOTTKY TTL 
Low Power, High Speed Operation 
o 7ns typical gate propagation delay time (avg.) 
o 2mw per gate power dissipation at 59% duty cycle -

speed-power product =19 plcojoules typo 
o 45 MHz. typical J-K Flip-Flop maximum clock frequency (D.C. 

coupled) 

54/74 TIL performance at one fifth the power makes It pos
sible to reduce size and cost of power supplies and eliminate 
cooling fans in 7400 type system designs. Manufacturing costs 
can be reduced by up to $.10 per package by using Signet
Ics Low Power Schottky In place of 54174. The speed-power 
characteristics of Low Power Schottky are also such that 
many systems previously designed with a combination of 
54174 and 54L/74L can be immediately upgraded with 
54LS174LS resulting in little or no increase in power and 
possible reduction in component cost. 

Full, Compatible with Other TTL Families 
o Fan out of 5. 7400 (2.5 5400) inputs or 4 74S/74H 

(2 54S/54H) loads. 
o Low input current (.36 mA max) zero level input current. 
o Pin, function speed compatible with 54174. 

Low Power Schottky has sufficient drive capability to interface 
with other TIL families in most applications without the need 
for buffer circuits. Thus it Is possible to upgrade designs to 
Low Power Schottky as functions become available, using 
540017400 functtions where 54LS/74LS functions aren't yet 
available. The low Input currents of Low Power Schottky 
make It an Ideal Interface between TIL compatible MOS de
vices and other systems. 
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The high output current capability of 54LS/74LS Low Power 
Schottky enables It to drive a wide range of capacitive loads 
with minimum affect on device performance. This low imped
ance output characteristic also enables Low Power Schottky 
to drive reasonably long lines (up to 36 inches) without the 
need for terminated, controlled Impedance lines. 

ADVANTAGES OF LOW POWER SCHOTTKY 
Circuit Denaity 
74LS Is fabricated using a thin epitaxial process to reduce 
parasitic capaCitance; Low Internal currents permit design of 
transistor geometries and metal widths to be the smallest al
lowable using state of the art mask and fabrication 
techniques. Further Circuit density improvements are made by 

2 

the use cif ion Implanted resistors. Greater than five times 
reduction in reSistor geometries is made possible by this 
technique. A comparison of 540017400 geOmetries versus 
54LS174LS geometries is shown In Figure 2. These techniques 
result In Low Power Schottky die are1lS being 60 to 75 per
cent the area of the equivalent 540017400 function. For 
example, the die size of the 54LS174LS181 4-blt ALU is: 

72 mils by 84 mils or 6048 square mils versus 90 mils by 92 
mils, or 8280 square mils for the 54181174181, or 75 percent 
of the area. 

Future Trends 
High circuit denSity, high speed and low power make Signet
ics Low Power Schottky a natural choice for high 
performance bipolar LSI designs s\lch as microprocessors and 
large custom logic blocks. An example of an LSI product that 
has been developed by Signetics is a custom logic chip con
taining 270 equivalent logic gates on a 140x160 mil chip 
containing 1,590 components. This design resulted in a 40% 
improvement in performance, 80% reduction in power and 2:1 
reduction In manufacturing cost. (see Tabie 1) 

Table 1 
COMPARISON OF TTl LSI VS. STANDARD TTL 

LSI STD 

Packages 
Equivalent Gates 
Power Dissipation 
Power/Gate 
Speed 

Thermal Considerationa 

1 
270 

.65 watts 
2.4 mW typo 
7ns/gate typo 

26 
270 

2.7 watts 
10.0 mW typo 

12ns /gate typo 

TIL technology has now reached the level where maximum 
circuit complexity Is often limited by package power capabili
ties. When standard TTL circuit designs are done with Low 
Power Schottky, circuit complexities can increase by a factor. 
of five greater than standard designs without exceeding pack
age power limitations as shown by Tabie 2. 

Low Power Schottky'S reduced power can also have a signlfl
cant impact on component reliability in a system. For 
example, if· we compare the reliability of a typlcai MSI func
tion in a system with an operating ambient temperature of 
55°C a four times improvement iI'I component failure rate can 
result from the lower Junction temperature of a Low Power 
Schottky function versus a standard 5400/7400 function. The 
Table 3 below and Figure .3 show a specific example of this 
improvement. 

DEVICE SIZE COMPARISON 

OUTPUT TRANSISTOR· 

OUTPUT TRANSISTOR 

-( 
DIJ 

= 41( = 
25" a 

= 
'~2 



Table 2 FAILURE RATE ACCELERATION FACTOR vs TEMPERATURE 

,oooc 
Military Commercial 

Maximum junction 
temperature 175°C 150°C 

Maximum ambient 

f-- r-

~ f--
,25OC ---".,..... --
'0000 /' 

temperature 125°C 70°C 
Allowable thermal rise V 

I'STANTRD TTL 

ambient to junction 50°C 80°C 
Maximum allowable 330 mw plastic 1 500 mw plastic 1 
power dissipation 500 mw Cerdip2 800 mw Cerdip2 

Maximum numbers 

750C 

5000 
k POWER SCHOTTKY LL 

V 
of 5400 gates 33 plastic 50 plastic 2SOC , '0 2D 3. •• 5. 5 • 7. 80 9D 

<at 10 mw/gate) 50 Cerdip 80 Cerdip 
Maximum number 

Figure 3 

of 54LS gates 165 plastic 250 plastic COST REDUCTION 
(at 2 mw/gate) 250 Cerdip 400 Cerdip 

1 () ja for plastic = 160" C/wall (16 pin) 20 ja for Cerdip = 100° C/wall (16 pin) 

In comparing the cost of designing a system with a particular logic 
family, the project engineer should compare the total cost including 
reductions in manufacturing cost which may offset higher prices of 
a particular family. With low power logic, the cost savings asso
ciated with smaller, lower cost power supplies can be significant. As 

Device Power 
Thermal impedance 
Thermal rise 
Junction temperature 
Reliability factor" 

Table 3 
Standard 54174 

250mW 
150°C/watt 

40°C 
95°C 
22.5 

FailUre rate at operating junction temperature 
• The reliability faclor = 

FailUre rate at 25"C junction temperature 

DEVICE 

Quad NAND Gate 
Dual D Flip-Flop 
Presettable Counter 

54174LS 

50mW 
160°C/watt 

8°C 
63°C 
5 

an example, a comparison will be made for the same system, using 
54174 logiC, 54/74LS logic, CMOS logic and 54174L. For purposes 
of comparison, a controller will be used. It conSists of 500 pack
ages, 200 quad NAND gates, 150 dual type D flip-flops and 150 
presettable decade counters. It willbe assumed that half of the sys
tem will operate at 200 kHz and half at 1 MHz. The CMOS system 
will operate at VDD' = 10 Volts with 15 pf. capacitance on each out
put. The part types used are shown in table 4. 

Table 4 
QUANTITY 54174LS TYPE STD TYPE CMOS TYPE 

200 54174LSOO 54/7400 4011 
150 54/74LS74 54/7474 4013 
150 54174LS196 8280 4018 

TableS 
DEVICE POWER REQUIREMENTS - Per Package (mW) 

54174LS STDTTL CMOS 54174L 

Quad NAND Gate 8mW 40mW Static-.05IlWatt 4mW 
200kHz-2.4mW 

1MHz-10mW 

Dual D Flip-Rop 20mW 85mW Static-.2IlWatt 10mW 
200kHz-1.2mW 

1MHz-4mW 

Presettable Counter 60mW 185mW Static-10llWatts 30mW 
200kHz-1.2mW 

1MHz-7mW 
Table 6 

SYSTEM POWER CONSUMPTION 
54174LS STDTTL CMOS 54174L 

Gates StatiC 1.6watts 8watts .01mW .8watts 
Dynamic 1.6watts 8watts 1.3watts .8watts 

Flip-Flops Static 3watts 12.8watts .03mW 1.5watts 

Dynamic 3watts 12.8watts .4watts 1.5watts 

Counters StatiC 3watts 27.8watts 1.5watts 4.5watts 

DynamiC 9watts 27.8watts .4watts 4.5watts 

Total Static 13.6watts 48.6watts 1.5mW 6.8watts 

Dynamic 13.6watts 48.6watts 2.1watts 6.8watts 

Cost of Power Static $13.60 $48.60 0 $6.80 

Dynamic $13.60 $48.60 $2.10 $6.80 

Cost of Power 
Per Package $.027 $.097 $.004 $.014 

• Assume Power Costs $1.00 Per Watt. 

l!lnlhC1 3 
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Although standard TTL IS tile lowest priced logic available today, 
andpro(:lably will be for some time to come, Signetics Low Power 
Schottky Is the most cost effective form of logic to design your sys
tem with, Low Power Schottky prices .are rapidly approaching .7400 
as shown by Figure 4. Over the production life of your system, Low 
Power Schottky will result. In the lowest overall manufacturing COllt. 
" you are presently using low power TTL in your deSign you' clm 
affect an Immediate cost reduction by replacing It with Low Power 
Schottky. Similarly, before designing a system with CMOS for low
est power supply costs, compare prices with Low 'Power SChottky. 
The difference In price may well offset the power $uppl)' savings. 
You also, don't have the easy upgradability with CMOS. 

RELATIVE PROJECTEO PRICES OF 7400, 748.74LS, AND 74L 

PROJECTED RELATIVE PRICES TO 7400 

ES~ . "7400 7" 74LS 74L 
1973 I .• 2 •• 2 •• 2 •• 

3 
',"4. , 1.0 1.' 1.4 1.~ 
1975 I .• 1.3 1.2 IS 

.~ 
1976 I .• 1.3 1.1 IS 
1977 I .• 1.3 1.1 I.' 

1 74L 
1978 I .• 1.3 1.1 1 .• 

.,.. 
• 

~ 4~ ~ • 
~ ~ 

1 
2 

3 
4 

1973 1974 1975 1976 1977 1978 
YEAR 

Figure 4 

UPGRADING A SYSTEM TO LOW POWER SCHOTTKY. 
To verify that 54/74LS call be plugged directly into a 54/74 system 
design, an experiment was conducted u!iling an actual operating 
system. The system used for the experiment was a communica
tions adapter that is designed to plug into a miri-computer frame. 
The board contains 10a TTL packages of which two thirds were 
MSI. All of the 7400 gates and flip-flops were replaced with equiva
lent 74LS types. System operation was not affected by the use of 
74LS In place of 7400 In these sockets. In fact, in addition to the 
five to one reduction In. power requirements for the devices .re
placed, the system power supply noise WIIS reduced 25% from SO 
millivolts to 60 millivolts as shown by Figure' 5~ 

SYSTEM Vee NOISE 

* ! 
I * 'l 

* * :t 
O.lU1811/dlv 0.1 div 

STANDARD TTL LS IN PLACE 

Based on results from this experiment and the characteristic .data 
shown In the section on electri9al characteristics, It Is concluded 
that by observing a few simple guidelines, any system can be easily 
upgraded from 7400 to 74LS resulting in significant reduction in 
power consumption, system coo.ling reqUirements, and Improved 
component reliability in the system. 

DESIGN RULES FOR UPGRADING 
54174 SYSTEM TO 54174LS 
1. ChEick"fan'out requirements at each output node where a 

54174LS device may have to drive a 54/7400 device. Do ·not 
exceed 5 7400 loads or 2.5 5400 loads. 

2. Check system set up and hold times for sequential functions to 
assure that data is available' at the correct time' fo', Low Power 
Schottky functions. These specifications are sometimes slightly 
different for 54/74LS tYPjils than they are for the corresponding 
54174 type. 

a. Use standard 54174 where it is necessary tQdrlve heavy capaci-
tive loads greater than 100pf-150pf. 

Three benefits can be derived from the ability' to upgrade 
540017400 designs to 54/74LS. 

1. The ability to immediately eliminate thermal heating problems in 
systems where It has been necessary to put a rot of logic in a 
small package such as terminals, point of sale systems, etc. A 
substantial reduction in heat generation can be affected by sim
ply plugging in 54/74LS. 

2. Reduced power supply cost . 

a. Upgrade system capability by adding plug in logic boards with-
out having to redesign the power supply. 

DESIGN RULES FOR UPGRADING 
54/74L SYSTEM TO 54174LS 
1. Check power supply capability. 54/74LS SSI functions consume 

approximately twice the power of 54/74LS SSI. However, a 
great many systems are a mix of 54/74L and standard 54/74. In 
these systems total power can often be reduced by replacing 
both the standard 54174 and the 541174L with 54/74LS. 

2. Check· loading rules. The loading rules for 54/74L are almost 
identical to 54174LS (See Tables S & 9). Generally, the only 
areas'of concern are Inputs from non-TTL elements such as lin
ear devices, MOS, memories, CMOS or other devices with 
limited drive capability: 

a. Check system timing. 54/74LSIogic is much faster than 54/74L. 
Therefore, the deSigner should verify that no race conditions will 
be created which could affect system operation. 

BENEFITS FROM REPLACING 
54/74L WITH 54174LS 
1. Cost reduction - 54/74LS is less expensive than 54174L. The 

cost difference will become even more significant in the future. 
(See Figure 4). 

2. Availability - 54/74L is an obsolete logic family. Future avail
ability of these devices could be a problem as IC manufacturers 
phase out production. 

a. Inventory - By placing both 54174 and 54174L with 54/74LS, 
the total number of different devices to be tested and stored 
can. be reduced. 

CIRCUIT DESIGN 
The standard gate circuit for the Signetics 54/74LSOO is shown in 
Figure 6. The thresl10ld level is set at 1.5V at 25·C by the three 
base emitter diodes up from ground minus the input diode. This 
threshold provides a zero level noise immunity of 1.5-0.a = 1.2V 
at 25°C by substracting the low output level of the driving gate. At 
125°C the nOI.se immunity becomes 1.05-0.20 = .S5V which is the 
worst case zero level. The worst case "one" level noise immunity is 
VOH-VTHRESH or 2.S0-1.70 = 1.10Vat -55·C. This circuit al
lows the guarantee. of O.SV for low level input voltage over the 
-55· to +125·C temperature range including open collector in
vertersspeclliEid 81100 micro amps high level output current. The 
combination of high threshold and fast turn-on speed is achieved: 
with "kicker" transistor Q2 which supplies an initial current surge' 
during turn-on. Oa' also helps turn-on by supplying a quick dis-

4 .. •.. 



charge path of the 105 transistor 06. The active pull down circuit 
consisting of 04, R6, and R7, provides a good Yin vs Vout charac
teristic for best noise immunity. The 105 resistor R3 is low at 120 
ohms. The 105 current is typically 30mA which makes it near the 
capability of standard 7400 in charging highly capacitive bus lines. 
The base drive to the output transistor 05 is at least 0.3mA. With a 
typical beta of 40 the output sink current will generally be more 
than 12 mA through a collector resistance of 20 ohm. 

D.C. CHARACTERISTICS 
Low Power Schottky has basically the same input and output volt
age levels as standard TTL. Input current requirements are reduced 
to -0.36mA for logic "0" state and 20lta for logic "1" state. Out
put currents are also reduced to 4mAl8mA for 54/74LS in logic "0" 
state and -4001tA for logic "1" state. Table 7 shows the d.c. char
acteristics for both 5417 4LS and 54/74. 

SIGNETICS 54174LS 

f..,,., 

PARAMETER 54LS 
Table 7 

74LS 54 74 UNIT 

VIH High level input 
voltage 

2 (min) 2 (min) 2 (min) 2 (min) v 

VIL Low level input 
voltage 

0.8 (max) 0.8 (max) 0.8 (max) 0.8 (max) V 

VOH High level output 2.5 (min) 2.7 (min) 2.4 (min) 2.4 (min) V 
voltage 

VOL Low level output 
voltage 

0.4 (max) 0.5 (max) 0.4 (max) 0.4 (max) V 

IIH High level input 
current 

20 (max) 20 (max) 40 (max) 40 (max) itA 

IlL Low level input 
current 

-0.36 (max) - 0.36 (max) -1.6 (max) -1.6 (max) mA 

10H High level output 
current 

-400 (min) -400 (min) -400 (min) -400 (min) itA 

IOL Low level output 
current 

4 (min) 8 (min) 16 (min) 16 (min) mA 

5.0V 

Vcc 5.5V + le~ 5.5V + L 
4.5V 

VCC4.5V+12J 

n5.5V-5SC 

4.0V 
cc4.5V 

3,5V 

\ :r~'R 3,OV 

5 
0 
> 

1\ \ \1\ 
~ 

1V 1.2V 1.4V 1.6V Xin 
V,N 

Figu~1 

DC NOISE MARGIN 
54174LS devices have Slightly higher minimum logic "1" output 
vOltage while maintaining the same maximum logic "1" input volt
age, therefore noise margin for 5417 4LS in the logic "1" state is 
Improved over that of 54174. Noise margin in logic "0" state re
mains the same except for 74LS devices, which have a maximum of 
0.5V output, instead of 0.4V, thus have a reduction of 100mv in 
logic "0" state. Table 8 shows the noise margin for both families. 

Table 8 D.C. NOISE MARGIN (VOLTS) 
54 74 54LS 74LS 

Logic "1" 0.4· 0.4 
Logic "0" 0.4 0.4 

'74LS NOISE MARGIN IS O.4V al 4ma oul (1 I loads) 

0.7 
0.4 

0.5 
'0.3 

UNUSED INPUTS OF POSITIVE AND/NAND GATES 
For optimum switching times and minimum noise susceptibility, 
unused inputs of AND or NAND gates should be maintained at a 
voltage greater than 2.7V, but not exceed the absolute maximum 
rating of 5.5V. This eliminates the distributed capacitance asso
ciated with the floating input, bond wire,. and package lead, and 
ensures that no degradation will occur in the propagation delay 
times. 

Possible ways of handling unused inputs are: 

1. Connect unused inputs to an independent supply voltage. Pre
ferably this voltage should be between 2.7V and 3.5V. 

2. Connect unused inputs to a used Input if maximum fan-out of 
the driving output will not be exceeded. Each additional input 
presents a full load to the driving output at a high level voltage 
but adds no loading at a low level voltage. 

3. Connect unused inputs to VCC through a 1K ohm resistor so 
that if a transient which exceeds the 5.5V maximum rating 
should occur, the Impedance will be high enough to protect the 
input. One to 25 unused inputs may be connected to each 1K 
ohm resistor. 

4. Connect unused inputs to the output of an Inverter that has its 
input grounded. 

.. 5, Inputs with a maximum rating of 7V may be tied directly to VCC. 

5 
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A.C.CHARACTERISTICS 
Fig. 10 to 14 illustrate the propagation delays, rise and fall times, 
and AC over temperature. The LS devices display similar transfer 
characteristics as standard TTL and meet all the worst case condi
tions. Propagtion delays are similar on turn off and faster on turn 
on. Edge speed is generally slower in LS than standard, thus cre
ates less cross-talk, Vccnoise; etc. 
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A.C OVER TEMPERATURE VCC" 5.OV CL = l5pf 
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DESIGN GUIDELINES 
Fanout Capabilities 

74 

74LS 

Low Power Schottky has high fan-out capabilities both in the logic 
"0" and logic "1" state. Within the family Low Power Schottky can 
fan-out to 22 in logic "0" state and 20 in logic "1" state. 

Fan-out capability is calculated by dividing the output current of the 
driving gate by the input current of the driven gate. For example, if 
a 74 gate is driving another 74 gate, the fan-out capability would 
be: 

F.O. = 400l-la = 10 for logic and F.O. = 16ma = 10 for logic 
40l-la "1" state 1.6ma "0" state 

Referring to Table 7 for current requirements, we can calculate the 
fan-out for 54174LS and 54174 families. Tables 9 and 10 show the 
fan-out capabilities between these two families. 

74 

74L 

74LS 

TABLE 9 
FANOUT (0°_70°C) LOGIC 1/LOGIC 0 

DRIVING GATES 

74 74L 

10/10 512 

40/89 20/20 

20/44 10/10 

DRIVEN GATES 

74LS 

10/5 

40/44 

20/22 

TABLE 111 
FANOUT (-55°C TO +125°C) LOGIC 1/LOGIC 0 

DRIVING GATES 

54 54L 54LS 

54 10/10 211 10/2 

54L 40/89 10/11 40/22 

54LS 20/44 515 20/11 

DRIVEN GATES 

E]r-----At>--a--ss---oef>-D---E1 

Figllre1S 

LINE DRIVING AND RECEIVING 

v" 

LOAD 

AL a40Q n FOR 7400 

RL -2Kn FOR 74lS 

The Low Power Schottky displays similar line driving and receiving 
capability as the standard TIL logic. Low Power Schottky is slightly 
more sensitive to the transmission line effect when driving longer 
lines due to the low output impedance of the circuit. Figures 15 
through 22 show the driving and receiving capability of the LS and 
standard TTL over 12 and 36 inch lines. Even though the LS is 
more sensitive to transmission line effects, the pOint to be noted is 
that the LS output of the receiver display has a much cleaner wave
form than the standard logic. The ringing effect of the standard 
logic is almost negligible in the LS. Test configuration is shown as 
follows with Vee = 5.0V, T A = 25°e, and eL = 15pf. 

74LS04-Line Driving and Aec:eiving·3& Inch Line 

rr~~rr~~ rr~~rr~~ 

7.U04A 

74LS04C 

Vert."lV/div. 
Horiz.-1Dnllldiv. 

Input Pu .. ·Neptivl Goi", 
Total ProlMPdon DeI..,-l4ntt-Line Deily 

Fig ...... " 

Vert."1V/dlv. 
Horlz,,·'On111div. 

InpUt PulM-PoIItive Going 
Total Propip1lon o.t.y-l5nltLine 0...., 

Figure 17 

74LS04B 

f-' 

f-

74LS040 
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7 ..... 

V.-t.-1V!div. 
Horiz."10ns1diw. 

Input Puhe-Neptift Going 
Total Propagation DeIay-1S.6nst-LIna Datay 

FIg~"8 

V ..... ·1V/diV. 
Horiz."1Ons/drr. 

Input Pulse-PositM Going 
ToI:II PropIpdon Delay"15nttU .. D,rav 

Flgure,g 

V.r1.-,Vldtw. 
Horil.-1Dn11di." 

Input~~ GoIng 
T_~.DNyfnlm.AtaD·,3Jim+LI ... o.tev' 

"ig ..... 2~ 

V ... ·Wldlv. 
Horiz.-,Dnsldlv. 

Input Pullft.POlitin Going 
T01II ~iorI Delay hom A to o.12.5na Line 0..., 

Flaln21 

POWER SUPPLY CONSIDERATIONS 
Decoupling 

74048 

7404' 

/ 

7404H 

Current spiking and Vee noise are generated internally within the 
circuits due to overlap in conduction of the upper and lower transis
'tors in the totem pole outputs, the difference in IccH and IccLand 
. the changing of load capacitances. The power supply decoupling 
rules for standard' TTL apply to Low Power Schottky also, i.e. 
O.Olufdper synchronously driven gate and at least 0.1ufd per 20 
gates regardless of synchronization. 

8 

74L~ 

74LS04G 

7 ...... 

Vert.-W/,"". 
Hariz.·'Onr/div. 

Vert.-W/dlv. 
Hariz.·,On1/d .... 

Input Pt.IfIe.Posltile Going 
Total PrGIJIIIdon DaI.y-13ns+Lilllpelay 

Figure 23 

y" 

CL" 26pf Vee = O.sVldiv, Output .. 1.OV/di,. 

~ ..... 24 

,,, 

CL .. 26pf Output ·'.OV/dl,. ICc" 4mll/dlv. t .. ZOnildiv. 

Figllreas 

.7~F 

7 ........ 

7404 

Figure 24 to 29 display the current spikes and Vee noise generated 
by a 7404 and 74LS04 with two different capacitive loading @ Vee 
= 5.0V and TA = 25°C. In both cases, the LS device generates less 
Vee noise and smaller curren~ spikes for 25 pf. and 50 pf. capaci
tive loading. This is because Low Power Schottky generally 
switches approximately 25% of the current as a standard TTL 
would, thus less current spiking and less Vee noise generated. 



7 ...... 

74LS04 

7404 

CL .. 26pf Output- 11JV/div. tee = 2m"'div. t .. 2Ons/di", 

F~rl26 

Output 1=1::±:=t-+-H---f',""=:i::;;;! 
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Figure2lt 

POWER VS FREQUENCY 
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ON-BOARD REGULATION 

50 

vcc·s,&V 

r--

t--r-

In most digital systems, there is a large current requirement, and 
the current supplied usually comes from a main supply. TTL logic 
tends to generate current spikes during switching due to the over
lap in conduction of both upper and lower transisters, thus creating 
VCC noise. An on-board voltage regulator could be used not only 
to regulate the power supplied to the circuits on-board, but also 
would isolate the noise otherwise propagated to the rest of the sys
tem. Systems deSigned using this technique would not need tight 
regulation on the main power supply. 

Most voltage regulator circuits can supply up to 1 Amp of current. 
For systems with large boards (150 or more IC's), two or three reg
ulator circuits might be needed' to supply enough current to 
standard TTL logiC, However, for low Power Schottky systems, one 
regulator per board should be sufficient. This represents approxi
mately 1 cent per package of lOW Power Schottky vs 5 cents per 
package for standard TTL for large boards. 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH(V). VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=16mA VCC=MIN 
TEST VCC=MIN VOL=OAV VIN=* VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400"A VIN=OAV 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/7400 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7401 
54 

O.B 2 -1.5 0.4 -1.6 
74 

54/7402 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7403 
54 

O.B 2 -1.5 0.4 -1.6 
74 

5417404 
54 

O.B 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

5417405 
54 

O.B 2 -1.5 0.4 -1.6 
74 

IOL =30mA(54) 
IOL =40mA(74) 

5417406 
54 

0.8 2 -1.5 
0.4 

-1.6 
74 0.7 

IOL=30mA(54) 
IOL =40mA(74) 

5417407 
54 

0.8 2 -1.5 
0.4 

-1.6 
74 0.7 

IOH=-BOOI4A 

5417408 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

5417409 
54 

O.B 2 -1.5 0.4 -1.6 
74 

5417410 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOH=-60014A 

5417411 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
14 

IOH=-60014A 

5417413 
54 

-1.5 0.22 0.4 2.4 3.3 -1 -1.6 
74 

See Data Sheet 

I 
IOH=-60014A 

54/7414 
54 

-1.5 0.22 0.4 2.4 3.3 -0.8 -1.2 
74 

See Data Sheet 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH ("A) II (mA) lOS (mA) ICCL(mA) ICCH (mA) IOH ("A) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VIN=2.4V VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/7400 
54 

40 1 
-20 -55 

12 22 4 8 
74 -18 -55 

54/7401 
54 

40 1 12 22 4 8 250 
74 

54/7402 
54 

40 1 
-20 -55 

14 27 8 16 
74 -18 -55 

54/7403 
54 

40 1 12 22 4 8 250 
74 

54/7404 
54 

40 1 
-20 -55 

18 33 6 12 
74 -18 -55 

54/7405 
54 

40 1 18 33 6 12 250 
74 o -VOH=30V " 5417406 
54 

40 1 27 38 30 42 250 
74 9 

VI=OV VI=5V VOH=30V 

54/7407 
54 

40 1 21 30 29 41 250 
74 

VIN=OV VIN=5V 

54/7408 
54 

40 1 
-20 -55 

18 26 10 15 
74 -18 -55 

VI=OV VI=5V 

5417409 
54 

40 1 18 26 10 15 250 
74 

5417410 
54 

40 1 
-20 -55 

9 16.5 3 6 
74 -18 -55 

VIN=OV VIN=5V 

54/7411 
54 

40 1 
-20 -55 

13.5 20 7.5 12 
74 -18 -55 

54/7413 
54 

40 1 -18 ~55 20 32 14 23 
74 

VIN=4.5V 

54/7414 
54 

40 1 -18 -55 39 60 22.2 36 
74 

.JlllIII. 
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54n4 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

,',' INPUT VOLTAGE OUTP~,VOLTAGE INPUT CURRENT 

V1L(Vl VIH (V) VIC (V) VOL (V)' VOH (V), IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL', ' HIGH LEVEL LOW lEVEL 

VCC=MIN 
VIN=· , 

, IOL=18mA 
VCC=MIN 

TEST VCC=MIN 
VOL=OAV 

ViN=· Vcc = MAX 
CONDmONS VCC=MIN VCC"MlN 11='::"12mA IOH=-400I'A VIN=OAV 

, MIN TYP'MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX MIN TYPMAX ,.I,N TVP MAX 

IOL =30mA(54) 
IOL =40mA(74) 

5417416 
54 

0.8 2 -1.5 0.4 -1.6 
74 0.7 

IOL =30mA(54) 
IOL =40mA(74) 

5417417 
54 

0.8 2 -1.5 
0.4 

-1.6 
74 0.7 

54/7420 54 
0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 

74 

IOH=-BOO,.A 

54/7421 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

54/7426 
54 

0.8 2 -1.5 0.4 -1.6 
74 

IOH=cBOO,.A 

54/7427 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOL=48mA IOH=-2.4mA 

541742B 
54 

O.B 2 -1.5 0.26 0.4 2.4 3.3 -1.6 
74 

54/7430 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.3 -1.6 
74 

IOH=-BOO,.A 

5417432 54 
O.B " 2 -1.5 0.22 0.4 2.4 ,3.3 -1.,6 

74 

IOL=4BmA 

54/7433 
54 

O.B 2 -1.5 0.4 -1.6 
74 

IOL=4BmA IOH=-1.2mA 

54/7437 54 
O.B 2 -1.5 0.22 0.4 2.4 3.3 -1.6 

74 

IOL=4BmA 

5417438 54 
O.B 2 -1.5 0.22 0.4 -1.6 

74 

IOL=4BmA 

5417439 
54 

O.B 2 -1.5 0.22 0.4 -1.6 
74 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (I'A) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (,.A) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOWLEYEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC = MAX VCC=MAX VCC=MAX VCC = MAX VIN=* 

CONDITIONS VIN=2AV VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN'TYP MAX MIN TYP MAX 

VOH=15V 

5417416 
54 

40 1 27 38 30 42 250 
74 

VI=OV VI=5V VOH=15V 

54/7417 
54 

~ 1 21 30 29 41 250 
74 

54/7420 
54 

40 1 
-20 -55 

6 11 2 4 
74 -18 -55 

VIN=OV VIN=5V 

54/7421 
54 

40 1 
-20 -55 

9 13 5 8 
74 -18 -55 

VOW12V 
50 

54/7426 
54 

40 1 12 22 4 8 
VOH=15V 

74 1000 

o -" 9 
54/7427 

54 
40 1 

-20 -55 
16 26 10 16 

74 -18 -55 

5417428 
54 

40 1 -70 -180 33 57 12 21 
74 

5417430 
54 

40 1 
-20 -55 

3 6 1 2 
74 -18 -55 

VIN=OV VIN=5V 

'54/7432 
54 

40 1 
-20 -55 

23 38 15 22 
74 -18 -55 

5417433 
54 

40 1 6.9 13.8 1.8 3.6 250 
74 

5417437 
54 

40 1 
-20 -55 

34 54 9 15.5 
74 -18 -55 

5417438 54 
40 1 34 54 8.5 250 

74 

54/7439 
54 

40 1 34 54 8.5 250 
74 
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54n4 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMEn!R LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL I:IIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=· 

IOL=16mA 
VCC=MIN VOL=OAV 

TEST VCC=MIN VIN=- VCC = MAX 
CONDITIONS VCC=MIN VCC=MIN ,,=-12mA IOH=-400I'A VIiIl=OAV 

MIN TYP. MAX MIN TVp· MAX MIN TVP. MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

IOL=48mA IOH=-1.2mA 

5417440 
54 

0.8 2 0.28 0.4 2.4 3.3 -1.6 
74 

'OH=-8OOI'A 

54/7442A 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54/7443 54 
0.8 2. -1.5 0.4 2.4 -1.6 

74 

54/7444 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54/7445 
54 

0.8 2. -1.5 -1.6 
74 

IOH=-2OOI'A Any input except 
IOL=8mA B1/RBO node 

7446A 0.8 2 -1.5 0.3 0.4 2.4 3.7 -1.6 
B1/RBO node B1/RBO node B1/RBO node 

-4.2 

IOH=-200,.A Any input except 
IOL=8mA B1/RBO node 

7447A 0.8 2 -1.5 0.3 0.4 2.4 3.7 -1.6 
B1IRBO node B1IRBO node B1/RBO node 

-4.2 

'OL=6.4 mA Any output 

54/7448 
54 

0.8 2 -1.5· 0.4 
except 

74 
outputs A-G outputs A-G B1/RBO node 

0.4 2.4 4.2 -1.6 
'OL=8mA 'OH=-2OOI'A B1IRBO node 
B1/RBO node B1/RBO node -4.2 

0.4 2.4 3.7 

5417450 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

54/7451 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

54/7453 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

5417454 
54 

0.8 2 0.22 0.4 2.4 3.3 -1.6 
74 

5417460 
54 

0.8 2 -1.6 
74 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (PA) II (mA) lOS (mA) ICCL(mA) ICCH (mA) 10H(PA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC = MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VIN=2.4V VIN=5.5V VCC = MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

5417440 
54 

40 1 -20 -70 17 27 4 6.8 
74 -18 -70 

5417442A 
54 

40 1 
-20 -55 28 41 

74 -18 -55 28 56 

5417443 
54 

40 1 
-20 -55 28 41 

74 -18 -55 28 56 

54/7444 
54 

40 1 
-20 -55 28 41 

74 -18 -55 28 56 

54/7445 
54 

40 1 
43 62 

74 43 70 

Any input except Any Input except 
B1/RBO node B1/RBO nod~ B1/RBO node 

85 
744M 40 1 -4 

103 

o -" 9 
Any input except Any input except 

B1/RBO node B1/RBO node B1/RBO node 
85 

7447A 40 1 -4 
103 

Any output except Any output except 

5417448 
54 B1/RBO node B1/RBO node 
74 40 1 -4 

54/7450 
54 

40" 1 
-20 -55 

7.4 14 4 8 
74 -18 -55 

\ 

54/7451 
54 

40 1 
-20 -55 

7.4 14 4 8 
74 -18 -55 

5417453 
54 

40 1 
-20 -55 

5.1 9.5 4 8 
74 -18 -55 

7417454 
54 

40 1 
-20 -55 

5.1 9.5 4 8 
74 -18 -55 

54/7460 
54 

40 1 1.2 2.5 2 4 
74 
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54/74 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL{Y) VIH(V) VIC (V) YOL(V), VOH(V) IlL (mA) 
PARA"ETER LO,WLEVEL HIGH LEveL CLAlIIPVOL TAGE LQWLlVEL HIGH LEVEL LOWLEYEL 

VCC=MIN 
VIN=-

IOL=16mA 
VCC=MIN . " VOL=OAV 

TEST VCC=MIN VI""'~ YCC=MAX 
CONDITIO.,S YCC=MIN VCC=MIN 11=-.12mA IOK=;-400I'A VIN=OAV 

MIN TVP MAX MIN .TVP. MAX MIN TVP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX 

54/7470 54 
0.8 2 0.22 0.4 2.4 3.5 

J1,J2,J,K1, 
74 K2,K or clock 

-1.6 
Preset or 

clear -3.2 

54/7472 54 
0.8 2 0.22 0.4 2.4 3.5 

J1,J2,J3,K1, 
74 K2 or K3 

-1.6 
Preset, clear or 

clock -3.2 

54/7473 54 
0.8 2 0.22 0.4 2.4 3.5 

J or K 
74 -1.6 

Clear or clock 
-3.2 

54/7474 54 
0.8 2. -1.5 0.22 0.4 2.4 3.5 

Preset or 0 
74 -1.6 

Clear or clock 
-3.2 

5417475 54 
0.8 2 -1.5 0.4 2.4 

0 
74 -3.2 

Clock 
-6.4 

54/7476 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 

JorK 
74 -1.6 

Clear preset 
or clock -3.2 

54/7477 54 
0.8 2 -1.5 0.4 2.4 

0 
74 -3.2 

Clock 
-6.4 

5417480 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 A1,A2,B1,B2, 

74 Acor Bc -1.6 
A* or B* . -u 
Cn -8 

5417483 54 
0.8 2 -1.5 0.4 2.4 A1,Aa,B1.B3, 

74 or Co -3.2 
A2,A4,B2 0 i' 
B4 -1.6 

••••• 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (ILA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (ILA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~* 

CONDITIONS VIN~2.4V VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYp· MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VIN~OV 

54/7470 
54 J1.J2,J,K1 1 -20 -75 

13 26 74 K2,K or clock 1 -18 -75 
40 

Preset or 
clear 80 

VIN~O 

54/7472 
54 J1,J2,K3,K1 1 -20 -57 

10 20 
74 K2 or K3 1 -18 -57 

40 
Preset, clear or 

clock 80 

54/7473 
54 J or K 1 -20 -57 

20 40 74 40 1 -18 -57 
Clear or clock 

80 o -
54/7474 

54 0 40 
1 

-20 -57 
17 30 74 Present or clock -18 -57 

80 1 
Clear 120 " 9 

VOUT=OV 

54/7475 
54 0 -20 -57 32 46 
74 80 1 -18 -57 32 53 

Clock 
160 

5417476 
54 J or K 

1 -20 -57 20 40 74 40 
Clear preset 

or clock 80 

VOUT=OV 

54/7477 
54 0 

1 -20 -57 32 46 
74 80 

Clock 
160 

54/7480 
54 A1,A2,B1,B2. 1 @LorI: 21 31 
74 Ac or Bc -20 "57 21 35 

15 -18 -57 --
Cn 200 @Cn+1 

-20 -70 
-18 -70 

54/7483 
54 A1,A3,B1, 1 @L1,L2,L3,L4, 58 79 74 B3 or Co 80 -20 -55 

A2,A4,B2,B4 -18 -55 
40 @C4 

-20 -70 
-18 -70 

liJnOlll1 
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54n4 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH (V) VIC (V) VOL (V) VOH (Y) IIL(mA) 
PARAMETER LOW LEVEL HIGHLEVE1. CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

Vee-MIN 
VIN=* 

IOL=18mA 
VOL=OAV Vee=MIN 

TEST Vee = MIN VIN=* Vee=MAX 
eONDInONS Vee=MIN Vee-MIN 11=-12 mA' IOH=-400mA VIN=OAV 

MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX MIN TYP MAX 

5417485 54 
~.8 2 -1.5 0.4 2.4 

A<B.A>B 
74 -1.6 

All other 
Inputs 

-4.8 

IOH=-800JLA 

5417486 54 
0.8 2 0.4 2.4 -1.6 

74 

54/7490. 54 
0.8 2 -1.5 0.4 2.4 Ro(1).Ro(2). 

74 R9(1).R9(2) 
-1.6 

Input A -3.2 
Input BO -6.4 

54/7491 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 -1.6 

74 

54/7492 54 
0.8 2 -1.5 0.4 2.4 R0(1)oRo(2). 

74 :1.6 
Input A -3.2 

Input BC -6.4 

54/7493 54 
0.8 2 -1.5 0.4 2.4 Ro(1).R0(2). 

74 -1.6 
AorB -3.2 

54/7494 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 

Any Input except 
74 Preset 1&2 -1.6 

Preset 1&2 -6.4 

IOH=-8OOI'A 

54/7495 54 
0.8 2 -1.5 0.4 2.4 

Any Input except 
74 Mode control 

-1.6 
Mode control 

-3.2 

54/7496 54 
0.8 2 -1.5 0.22 0.4 2.4 3.5 

Any input except 
74 Preset -1.6 

Preset -8 

54174100 54 
0.8 2 -1.5 0.4 .2.4 

0 
74 -3.2 

Clock 
-12.8 

"011111, 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (,.A) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (,.A) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDlnONS VIN=2AV VIN=5.5V VCC="AX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VO=OV 

5417485 
54 A<B,A>B 

1 
-20 -55 

55 88 
74 40 -18 -55 

All other inputs 
120 

VIH=4.5V 
VIL=O VIN=4.5V 

54/7486 
54 

40 1 
-20 -55 30 43 

74 -18 -55 30 50 

VOUT=OV VIN=4.5V 

5417490 
54 R0(1),RO(2) 1 

-20 -57 32 46 
74 R9(1),R9(2) -18 -57 32 53 

Input A 80 
Input BO 160 

VIN=4.5V 

5417491 
54 

40 1 
-20 -57 35 50 

74 -18 -57 35 58 

o -" VOUT=OV VIN=4.5V 

5417492 
54 R0(1),Ro(2) 1 

-20 -57 31 44 
74 40 -18 -57 31 51 

9 
Input A 80 

Input BC 160 

5417493 
54 R0(1),RO(2) 1 "20 -57 32 46 
74 40 -18 -57 32 53 

AorB 80 

VOUT=OV 

54/7494 
54 Any input except -20 -57 35 50 
74 Preset 1&2 40 

1 
-18 -57 35 58 

Preset 1&2 160 

54/7495 
54 Any input except 

1 -18 -57 50 63 
'74 Mode control 

40 
Mode control 

80 

VOUT=OV 

5417496 
54 Any input except 1 -20 -57 48 68 
74 Preset 40 -18 -57 48 79 

Preset 200 

VOUT=OV 

54174100 
54 0 

1 
-20 -57 64 92 

74 80 -18 -57 64 106 
Clock 160 

320 

19 



54n4 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE' INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) 1~(mA), 
PARAMETER LOW LEVEL HIGH LEVEL CLAMPYOi. TAGE LOW LEVEL HIGH LEVEL LO LEVEL 

VCC=MIN 
VIN=· 

IOL=16mA 
VOL=O.4V VCC=MIN 

TE$T, VCC=MIN YIN=· VCC = MAX 
CONDlTI~NS VCC=MIN VCC=MIN 11=-12mA IOH=; -400mA VIN=OAV 

" 
MIN TYP MAX MIN ,TYP MAX MIN, TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174107 
54 

0.8 2 -1.5 0.22 0.4 2.4 3.5 
J or K 

74 -1.6 
Clear or clock 

-3.2 

IOH=-800I'A 

54174109 54 
0.8 2 -1.5 0.2 0.4 2.4 2.7 

Jor K 
74 -1.6 

Clock or preset 
-3.2 

Clear 
-4.8 

IOH=-8001tA 
VIW2V 

54174116 54 
0.8 2 -1.5 0.2 0.4 2.4 3.4 

G1,G2 or clear 
74 -1.6 

2.4 3.4 Any 0, initial peak 
-2.4 

Any o steady 
state -1.6 

54174121 54 VT-(A)= VT+(A)= -1.5 0.22 0.4 2.4 3.3 A1 of A2 
74 0.8 1.4 1.4 2 -1 -1.6 

VT-(B)= VT+(B)= B 
9.8 1.35 1.55 2 -2 -3.2 

IOH=-8OOI'A 

54/74122 54 
0.8 2 -1.5 0.22 0.4 2.4 

Data inputs 
74 -1.6 

Clear inputs 
-3.2 

low-8001tA 

54/74123 
54 

0.8 2 -1.5 0.22 0.4 2.4 
Data Inputs 

74 -1.6' 
Clear inputs 

-3.2 

, IOH=-2m(54) 
IOH""-5.2m(74) 

54/74125 ' 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 .. 
IOH=2m(54) 

IOH =-5.2m(7 4) 

54/74126 54 
0.8 2 -1.5 0.4 2.4 -1.6 74 

IOH=-29mA(54) 
IOL=48mA IOH=-42.4mA(74) 

54/74128 54 
0.8 2 -1.5 0.26 0.4 2.4 -1.6 

74 2 
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INPUT CURRENT POWER SUPPL V CURRENT 

IIH (!LA) II (mA) lOS (mA) ICCL(mA) ICCH (mA) 10H (!LA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC~MIN 
TEST VCC~MAX VCC~MAX VCC~MAX VCC~MAX VIN~· 

CONDITIONS VIN~2AV VIN~5.5V VCC~MAX VIN~5V VIN~OV VOH~5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54/74107 
54 J or K -20 -57 

20 40 . 
74 40 -18 -57 

Clear or clock 
80 

54/74109 
54 J or K 

1 -30 -85 
30 

74 40 28 
Clock or preset 

80 
Clear 

160 

VIN~OV 
G~OV 

OTHERS~4.5V 

54174116 
54 G1,G2 or clear 

1 
-20 -57 60 100 

74 40 -18 -51 40 70 
Any 0 

60 

o -" 9 
54/74121 

54 A1 of A2 
0.05 1 

-20 -25 -55 Quiescent state 
74 2 40 -18 -25 -55 13 25 

B Fired state 
4 80 23 40 

54174122 
54 Data inputs 

1 -10 -40 23 28 74 40 
Clear input 

80 

54174123 
54 Data inputs 

1 -10 -40 46 66 74 40 
Clear input 

80 

54174125 
54 

40 1 
-30 -70 

32 54 
74 -28 -70 

54174126 
54 

40 1 
-30 -70 

36 62 
74 -28 -70 

54174128 
54 

40 1 -70 -180 33 57 12 21 74 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGHLEYEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=18mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=* VCC = MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IOH=-400mA VIN=OAV 

MIN TVP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

VCC=5V VCC=5V 'OH=-800llA 

54174132 
54 VT-= VT+ = -1.5 0.22 0.4 2.4 3.3 -0.8 -1.2 
74 0.8 0.9 1.1 1.5 1.7 2 

54/74145 
54 

0.8 2 -1.5 -1.6 
74 

IOH=-800"A 

54/74147 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.3 -1.6 
74 

IOH=-800llA 

54/74148 
54 

0.8 2 -1.5 0.2 0.4 2.4 . 3.3 
o Input 

74 -1.6· 
All others 

~3.2 

IOH=-800"A 

54174150 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-800"A 

54/74151 
54 

0.8 2 -1.5 0.4 -1.6 
74 

IOH=-800"A 

54/74152 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 

IOH=-800llA 

54/74153 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.1 -1.6 
74 

IOH=-800llA 

54174154 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-800"A 

54174155 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174156 
54 

0.8 2 -1.5 0.4 -1.6 
74 .. 

IOH=-800llA 

54/74157 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-800llA 

54/74158 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 
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INPUT CURRENT POWER SUPPLY CURRENT 
I :1 

:1 

IIH (~A) II (mA) lOS (mA) ICCL(mA) ICCH (mA) IOH (~) 
!~ 

PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC = MAX VCC = MAX VCC=MAX VCC=MAX VIN=· 

CONDInONS VIN=2AV VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VI=4.5V 

54/74132 
54 

40 1 -18 -55 26 40 14.8 24 
74 

54/74145 
54 

40 1 
43 62 

74 43 70 

54174147 
54 

40 1 -35 -85 
Input 7=OV 

74 50 70 
Inputs=Open 

42 62 

54/74148 
54 o Input 

1 -35 -85 
Input 7&E1 =OV 

74 40 40 60 
All others Inputs=Open 

80 35 55 o -VOUT=OV VIN=4.5V 

54/74150 
54 

40 1 
-20 -55 40 68 

74 -18 -55 " 9 
VOUT=OV VIN=4.5V 

54174151 
54 

40 1 
-20 -55 29 48 

74 -18 -55 

VOUT=OV VIN=4.5V 

54/74152 
54 

40 1 -20 -55 
74 -18 -55 26 43 

54174153 
54 

40 1 
-20 -55 36 52 

74 -18 -57 36 60 

54/74154 
54 

40 1 
-20 -55 34 49 

74 -18 -57 34 56 

54/74155 
54 

40 1 
-20 -55 25 35 

74 -18 -57 25 40 

54/74156 
54 

40 1 
-20 -55 25 35 

74 -18 -57 25 40 

54174157 
54 

40 1 
-20 -55 

30 48 
74 -18 -55 

54174158 
54 

40 1 
-20 -55 

74 -18 -55 
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, 54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V), VOH (Y) IlL (mA) 
PARAMETER LOWLEYEL HIGHI.EVEL CLAMP VOLTAGE lOWLEYEL HlGHLEYEL LOW LEVEl. , 

VCC=MlN 
VIN=· 

IOL=18mA 
VOL = D.4V VCC=MIN 

TEST VCC=MIN VIN';'· VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-12mA IoH= -400 mA VIN=OAV 

MIN TVP MAX MIN ,TVP MAX MIN .TYP MAX MlN,TVP MAX MIN TVP MAX MIN TVP MAX 

IOH=-800I'A 

54/74160 
54 

0.8 2 -1.5 0.4 2.4 
Clock or enable 

74 -3.2 
Other Inputs 

-1.6" 

IOH=-800J.&A 

54/74161 
54 

0.8 2 -1.5 0.4 2.4 
Clock or enable 

74 -3.2 
, Other Inputs 

-1.6 

IOH=-800J.&A 

54174162 54 
0.8 2 -1.5 0.4 

Clock or enable 
74 -3.2 

Other inputs 
-1.6 

IOH=-800J.&A 

54174163 
54 

0.8 2 -1.5 0.4 2.4 
Clock or enable 

74 -3.2 
Other inputs 

-1.6 

54/74164 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

IOH=-800J.&A 

54/74165 
54 

0.8 2 -1.5 0.4 . 2.4 
Load input 

74 -3.2 
Other Inputs 

"1.6 

54/74166 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 

54174170 
54 

0.8 2 -1.5 0.4 -1.6 
74 

IOH=-5.2mA 2W/RO,2W/R1, 

54174172 
54 

0.8 2 -1.5 0.4 2.4 
2W/R2,1GW, 

74 2GW or clock '" 
-1.6 

Any other input 
-0.8 

,54/74174 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54/74175 54 
0.8 2 -1.5 0.4 2.4 -1.6 

74 

54/74176 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (,LA) II (mA) lOS (mA) ICCL(mA) ICCH (mA) IOH~A) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE· 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VIN=2AV VIN=5.5V Vcc = MAX VIN=5V VIN=OV VOH= 5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Clock or enable T 

54/74160 
54 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 

54174161 
54 Clock enable T 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 

54/74162 
54 Clock or enable T 

1 
-20 -57 63 91 59 85 

74 80 -18 -57 63 101 59 94 
Other inputs 

40 o -
54/74163 

54 Clock or enable T 
1 

-20 -57 63 91 59 85 
74 80 -18 -57 63 101 59 94 

Other inputs 
40 " 9 

54/74164 54 
40 1 

-10 -27.5 VI(Clk)=0.4V 
74 - 9 -27.5 30 

VI(Clk)=2.4V 
37 54 

54/74165 
54 Load input 

1 
-20 -55 

42 63 74 80 -18 -55 
Other inputs 

40 

54/74166 
54 

40 1 
-20 -57 72 104 

74 -18 -57 72 116 

54/74170 
54 

40 1 
125 140 30 

74 125 150 

54174172 
54 

40 1 -18 -55 112 170 
74 

54/74174 
54 

40 1 
-20 -57 

45 65 
74 -18 -57 

54/74175 
54 

40 1 
-20 -57 

30 45 
74 -18 -57 

54174176 . .-. 
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54174 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTI'UT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
. PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=* 

IOL=18mA 
VOL=O.4V VCC=MIN 

TEST VCC=MIN VIN=* VCC = MAX 
CONDITIONS VCC;.MIN VCC=MIN 11=-12mA 1oH--400mA VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MINTYP MAX MIN TYP MAX 

54174177 

54176178 

54/74179 

54174180 
54 

0.8 2 -1.5 0.4 2.4 
@Ea. data input 

74 -1.6 
@Even or odd 
input -3.2 

54174181 
54 Any output Mode -1.6 
74 

0.8 2 -1.5 
except 

2.4 
AnyAorB -4.8 

A=B, 0.4 AnyS -6.4 
Carry -8 

54/74182 
54 

0.8 2 -1.5 0.4 2.4 
Cn input -3.2 

74 P3 -4.8 
P2 -6.4 

P9, P1 or G3 -8 
GO orG2 -14.4 

G1 -16 

54174190 
54 

0.8 2 -1.5 0.4 2.4 
Any Input except 

74 enable -1.6 
At enable 

-4.8 

54174191 
54 

0.8 2 -1.5 0.4 2.4 
Any input except 

74 enable -1.6 
At enable 

-4.8 

54174192 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.4 -1.6 
74 

54174193 
54 

0.8 2 -1.5 0.2 0.4 2.4 3.4 -1.6 
74 

54174194 
54 

0.8 :2 -1.5 0.4 2.4 -1.6 
74 

54174195 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174196 

54/74197 

54174198 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 , 

IIIBlleI 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (PA) II (mA) lOS (mA) ICCL(mA) ICCH (mA) 10H (PA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC = MAX VCC=MAX VCC=MAX VCC = MAX VIN=· 

CONDITIONS VIN=2AV VIN=5.5V VCC=MAX VIN=5V VIN=OV VOH= 5.5V 

MIN TVP .MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TYP MAX MIN TVP MAX 

54/74117 

54/76178 

54/74179 

54174180 
54 @Ea. data Input 

1 
-20 -55 34 49 

74 40 -18 -55 34 56 
@Even or odd 
Input 80 

54174181 
54 Mode 40 

1 
-20 -55 127 A=B output only 

74 AnyAorB 120 -18 -57 140 250 
AnyS 160 
Carry 200 

54/74182 54 en Input 80 
1 -40 -100 

45 65 
27 

74 P31nput 120 45 72 
P21nput 160 

PO, P1 or G3 200 

o -" GO or G2 360 
G1 input 400 9 

54174190 
54 Any input except 

1 
-20 -65 65 99 

74 enable 40 -18 -65 65. 105 
At enable· 

120 

54174191 
54 Any input except 

1 
-20 -65 65 99 

74 enable 40 -18 -65 65 105 
At enable 

120 

54/74192 54 
40 1 

-20 -65 65 89 
74 - -18 -65 65 102 

54/74193 
54 

40 1 
-20 -65 65 89 

74 -18 -65 65 102 

54174194 54 
40 1 

-20 -57 
39 63 

74 -18 -57 

54/74195 
54 

40 1 
-20 -57 

39 63 
74 -18 -57 

54174196 

54174197 

54/74198 
54 

40 1 
-20 -57 72 104 

74 -18 -57 72 116 
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54/74 ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOL TAGE INPUT CURRENT 

VIL (Y) VIH(V). VieW) VOL (V) VOH (V) "L (mA) 
PARAMETER LOWLEVEL" HIGH'LEVEL CLAMP VOLTAGE' LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VIN=· 

IOL=16mA 
VOL=OAV VCC=MIN 

TEST VCC=MIN VIN=~ VCC = MAX 
CONDITIONS VCC=IIIN VCC-MIN 11=-12mA 10Hz "-4OOc'fllA VIN=OAV 

MIN TYP MAX' MIN· TYP MAX MIN TVP, ·MAX MIN TVP MAX·, MIN TYPMAX MIN TYP MAX 

54/74199 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

'54/74221 54 VT-{A)= VT+(A)= Input A 
74 '0.8 1.4 1.4 2 -1.5 0.2 0.4 2.4 3.4 -1.6 

VT-{B)= VT+(B)= Input B, clear 
0.8 1.35 1.55 2 -3.2 

54174232 
54 VT- VT+ 2.4 3.3 -0.8 -1.2 
74 0.6 0.9 1.1 1.5 1.7 2 -1.5 0.22 0.4 

54/74279 
54 

0.8 2 -1.5 0.4 2.4 -1.6 
74 

54174298 
54 

0.8 2 -1.5 0.4 2.4 3.2 -1.6 
74 

'. 

54H ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH (V) VIC (V) VOL (V) VOH(Y) IlL (mA) 
PARAMETER LOW LEVEL .HIGH LIIaVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=5V VIN=· VIN=· VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN IIN=-12mA 10L=20mA 10Hz - 500 ,.A VIN=OAV 

MIN TVP MAX MIN" TV; MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54174HOO 0.8 2 -1.5 0.4 2.4 -2 

54174H01 0.8 2 -1.5 0.4 -2 
.:'" 

54174H04 0.8 2 -1.5 0.4 2.4 -2 

54174H05 0.8 2 -1.5 0.4 ~2 

54/74H08 0.8 2 -1.5' 0.4 2.4 -2 

54/74H10 0.8 2 -1.5 0.4 2.4 -2 

54/74H11 0.8 2 -1.5 0.4 2.4 -2 

54/74H20 0.8 2 -1.5 0.4 2.4 -2 

,54/74H21 0.8 2 -1.5 0.4 2.4 -2 

54/74H22 0.8 ~ -1.5 0.4 -2 

54/74H30 0.8 2 -1.5 0.4 2.4 -2 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH ("A) II (mA). lOS (mA) ICCL(mA) ICCH (mA) 10H (j£A) 
PARAMETER HIGH LEYEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGHLEYEL REYERSE 

YCC=MIN 
TEST YCC = MAX YCC=MAX YCC=MAX YCC = MAX YIN=* 

CONDITIONS YIN=2AY YIN=5.5Y YCC-MAX YIN=SV YIN=OY YOH=5.5Y 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174199 
54 

40 1 
-20 -57 72 104 

74 -18 -57 72 116 

54/74221 
54 Input A 40 

1 
-20 -55 Quiescent 

74 -18 -55 26 50 
Input B, cleer Triggered 

80 46 80 

54/74232 
54 

40 1 -18 -55 30 44 19 28 
74 

54/74279 
54 

40 1 
-18 -55 

18 30 
74 -18 -57 

54/74298 
54 

40 1 
-20 -57 

39 65 
74 -18 -57 o -" INPUT CURRENT POWER SUPPLY CURRENT 9 

IIH (ItA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) IoH (j£A) 
PARAMETER HIGHLEYEL INPUT CURRENT SHORT CIRCUIT LOWLEYEL HIGHLEYEL REVERSE 

YCC=MIN 
TEST YCC=MAX VCC=MAX YCC=MAX YCC=MAX VIN=* 

CONDITIONS YIN=2AY YIN=5.5Y YCC=MAX VIN=4.SV YIN=OY YOH=5.SV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174HOO 50 1 -40 -100 26 40 10 16.8 

54174H01 50 1 26 40 6.8 10 250 

54/74H04 50 1 -40 -100 40 58 16 26 

54174H05 50 1 40 58 16 26 250 

VIN=OV VIN=4.5V 
54/74H08 50 1 -40 -100 40 64 24 40 

54174H10 50 1 -40 -100 19.5 30 7.5 12.6 

VIN=OV VIN=4.5V 
54/74H11 50 1 -40 -100 30 48 18 30 

54/74H20 50 1 -40 -100 13 20 5 8.4 

VIN=OV VIN=4.5V 
54174H21 50· 1 -40 -100 20 32 12 20 

54/74H22 50 1 13 20 3.4 5.0 250 

54174H30 50 1 -40 -100 6.5 10 2.5 4.2 

.--
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54H ELECTRICAL CHARACTERISTICS (See Notes - Page SO) 

. INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL , HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
TEST VCC=5V VIN=* VIN=* VCC=MAX 

CONDITIONS VCC=MIN VCC=MIN IIN=-12mA IOL=20mA IOH=-SOOp.A VIN=OAV 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

'Ol=60mA 'OH=-1.5mA 
54/74H40 0.8 2 -1.5 0.4 2.4 -4 

54/74H50 O.S 2 -1.5 0.4 2.4 -2 

54/74H51 O.S 2 -1.5 0.4 2.4 -2 

54174H52 O.S 2 -1.5 0.4 2.4 -2 

54174H53 O.S 2 -1.5 0.4 2.4 -2 
. 

54/74H54 O.S 2 -1.5 0.4 2.4 -2 

54174H55 O.S 2 0.4 2.4 -2 
-1.5 

54174H60 O.S 2 -1.5 -2 

54174H61 O.S 2 -1.5 -2 

54174H62 O.S 2 -1.5 -2 

54/74H71 O.S 2 -1.5 0.4 2.4 -2 
J1,J2,J3,K1,K2, 

54/74H72 O.S 2 -1.5 0.4 2.4 K3, CLOCK -2 

PRESET, ClR -4 

54/74H73 O.S 2 -1.5 0.4 2.4 -2 

'OH=-1mA 
54174H74 O.S 2 -1.5 0.22 0.4 2.4 3.5 PRE or D -2 

ClK or ClR -4 

54174H76 0.8 2 -1.5 0.4 2.4 J, K, or ClK -2 
plRor PRE -4 

'OH=500p.A 
54/74H101 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 

(ClK) -3 -4.S 

'OH=500p.A 
54/74H102 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 

(ClK) -3 -4.S 

54/74H103 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 
(ClK) -3 -4.S 

54/74H106 0.8 2 -1.5 0.25 0.4 2.4 3.2 -1 -2 
(ClK) -3 -4.8 

54/74H10S 0.8 2 -1.5 0.25 0.4 2.4 3.2 J,K,PR15-1 -2 
ClK -6 -9.6 
ClR -2 -4 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (/LA) II (mA) lOS (mA) ICCL (mA) ICCH (mA) 10H (/LA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT i..OWLEVEL HIGH LEVEL REVERSE 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VIN=2AV VIN=5.5V VCC=MAX VIN=4.5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174H40 100 1 -40 -125 25 40 10.4 16 

54174H50 50 1 -40 -100 15.2 24 8.2 12.8 

54174H51 50 1 -40 -100 15.2 24 8.2 12.8 

VIN=OV VIN=4.5V 
54/74H52 50 1 -40 -100 15.2 24 20 31 

54/74H53 50 1 -40 -100 9.4 14 7.1 11 

54/74H54 50 1 -40 -100 9.4 14 7.1 11 

54/74H55 50 1 -40 -100 7.5 12 4.5 6.4 

54/74H60 50 1 1.9 3.5 3 4.5 

54/74H61 50 1 11 16 5 7 

54/74H62 50 1 3.8 7 6 9 o -54174H71 50 1 -40 -100 19 30 
J1,J2,J3,K1,K2 

K3, or ClK 

54174H72 50 1 -40 -100 16 25 " 9 
PRE or ClR 100 

54/74H73 50 1 -40 -100 

554 30 42 
54174H74 0=50 1 -40 -100 

N74 30 50 PRE or ClK= 100 
ClR=150 

54174H76 J,K or ClK 50 1 -40 -100 32 50 
ClR or PRE 100 

54/74H101 (J or K) 50 1 -40 -100 20 38 
(PRE) 100 

0 (ClK) -1mA 

54/74H102 (J or K) 50 1 -40 -100 20 38 
0 (ClK) -1mA 

(PRE or ClR) 100 

54174H103 (J or K) 50 1 -40 -100 40 76 
(ClR) 100 

0 (ClK) -1mA 

54/74H106 (J or K) 50 1 -40 -100 40 76 
ClR 100 

0 (ClK) -1mA 

54/74H108 (J or K) 50 1 -40 -100 40 ' 76 
0 (ClK) -1mA 

PRE 100 
ClR 200 
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54n4LS ELECTRICAL CHARACTERISTI.CS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPut VOLTAGE (V) INPUT. CURRENT 
PARAMETER VIL vIH VIC VOL vOH IIL(mA) . IIH(~) 

LOW HIGH CLAMP LOW HIGH LOW HIGH 
LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC;.MIN 
TEST VIN~* VCC;=MIN 
CONDITIONS VCC~MIN IOLAmA VOL 0.4V VIN~* VCC~MAX VCC~MAX 

IIN~-l8mA OL ~8mA@VOL ~O.5~ IOH ~ -400pA VIL~·4V VCC~MAX 

IMINTYPMAX IMINTYPMAX IMINTYP MAX IMIN TYPMAX IMIN TYP MAX MIN ~ ...MAX.. MIN. ....ne. ..MAX. 
54174LSOO 54 0.7 2 54174 0.4 2.5 3.4 .(1.36 20 

74 0.8 -1.5 74 0.5 2.7 3.4 
. 54174LSOl .0.7 2 -1.5 54174 0.4 

N/A .(1.36 20 
74 0.8 74 0.5 

54174LS02 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 -0.36 20 

74 0.8 74 0.5 2.7 3.4 
54174LS03 54 0.7 2 -1.5 

54174 0.4 
N/A .(1.36 20 74 0.8 74 0.5 

54/74LS04 .54 0.7 2 -1.5 
54174 0.4 2.5 3.4 -0.36 20 

74 0.8 74 0.5 2.7 3.4 
54174LS05 54 0.7 2 -1.5 

54174 0.4 
NIA .(1.36 20 74 0.8 74 0.5 

54174LS08 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 .(1.36 20 74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS09 54 0.7 2 54174 0.4 
N/A .(1.36 20 

74 0.8 -1.5 74 0.5 
54174LS10 54 0.7 2 -1.5 

54174 0.4 2.5 3.4 .(1.36 20 74 0.8 74 2.7 3.4 
54/74LSll 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 .(1.36 20 74 0.8 74 0.35 0.5 2.7 3.4 
54174LS12 54 0.7 2 -1.5 

54/74 0.25 0.4 
NIA -0.36 20 74 0.8 74 0.35 0.5 

54174LS13 
V,=0.6V 

20 54 
See Data Sheet 54174 0.25 0.4 2.5 3.4 .(1.4 

74 -1.5 
74 0.35 0.5 2.7 3.4 

54174lS14 54 54174 0.25 0.4 V,=0.6V .(1.4 20 
74 See Data Sheet -1.5 74 0.35 0.5 2.5 3.4 

2.7 3.4 
54174LS15 54 0.7 2 -1.5 

54174 0.4 
N/A .(1.36 20 74 0.8 74 0.5 

54174LS20 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 .(1.36 20 

74 0.8 74 0.5 2.7 3.4 
54174LS21 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 .(1.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS22 54 0.7 2 54174 0.4 N/A .(1.36 20 
74 0.8 -1.5 74 0.5 

54174LS26 54 0.7 2 54174 0.25 0.4 .(1.36 20 
74 0.8 -1.5 74 0.35 0.5 NIA 

54174LS27 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 .(1.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 
'OL = 12mA 

54174LS28 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 .(1.36 20 

'OL=24mA 
74 0.8 74 0.35 0.5 2.7 3.4 

54174LS30 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 .(1:36 20 

74 0.8 74 0.5 2.7 3.4 
54I74LS32 54 0.7 2 ·1.5 

54/74 0.25 0.4 2.5 3.4 .(1.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

'OL =12mA 
54174LS33 54 0.7 2 -1.5 

54174 0.4 
NIA .(1.36 20 

74 0.8 74 'OL=24mA 0.5 

'OL=12mA 
54174LS37 54 0.7 2 -1.5 

54174 0.4 2.5 3.4 .(1.36 20 

74 0.8 74 
'OL =24mA 

0.52.7 3.4 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mAl (mAl (mAl (pAl 
PARAMETER liN lOS ICCL ICCH IOH(pA) IozL IOZH 

LOW LEVEL HIGH LEVEL 
SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 

CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 
TEST VCC~MAX VCC~MAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN~7.0V VIH~4.5V VIN~· VO~O.4V VO~2.7V 

VIL ~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LSOO 54 Vi=5.5V 
15 -100 2.4 4.4 0.8 1.6 N/A N/A N/A 

74 0.1 
54/74LSOI 54 Vi=5.5V 

N/A 2.4 4.4 0.8 1.6 100 N/A N/A 
74 0.1 

54/74LS02 54 VI=5.5V 
15 -100 2.8 5.4 1.6 3.2 N/A N/A N/A 

74 0.1 
54/74LS03 54 VI=5.5V 

74 0.1 N/A 2.4 4.4 0.8 1.6 100 N/A N/A 
54/74LS04 54 

15 -100 3.6 6.6 1.2 2.4 N/A N/A N/A 
74 0.1 

54/74LS05 54 
N/A 3.6 6.6 1.2 2.4 100 N/A N/A 

74 0.1 
54174LS08 54 VI=5.5V 

15 -100 6.8 8.8 2.4 4.8 N/A N/A N/A 
74 0.1 

54/74LS09 54 VI=5.5V 
N/A 4.4 8.8 2.4 4.8 100 N/A N/A 

74 0.1 
54/74LS10 54 VI=5.5V 

15 -100 1.8 3.3 0.6 1.2 N/A N/A N/A 
74 0.1 o 

54/74LSll 54 VI=5.5V 
15 -100 3.3 6.6 1.8 3.6 N/A N/A N/A 

74 0.1 
54/74LS12 54 VI=5.5V 

N/A 1.8 3.3 0.7 1.4 100 N/A N/A 
74 0.1 

-" 9 
54/74LS13 54 

0.1 15 -100 4.1 7 2.9 6 N/A N/A N/A 
74 

54/74LS14 54 
0.1 15 -100 4.1 7 8.6 16 N/A N/A N/A 

74 

54174LS15 54 VI=5.5V 
N/A 3.3 6.6 1.8 3.6 100 N/A N/A 

74 0.1 
54/74LS20 54 

0.1 15 -100 1.2 2.2 0.4 0.8 N/A N/A N/A 
74 

54/74LS21 54 
0.1 15 -100 2.2 H 1.2 2.4 N/A N/A N/A 

74 
54/74LS22 54 

0.1 N/A 1.2 2.2 0.4 0.8 100 N/A N/A 
74 

54/74LS26 54 
0.1 N/A 2.4 4.4 0.8 1.6 N/A N/A 

74 VIL=MAX 
VOH=12V 50 
VOH=15V lMA 

54/74LS27 54 VI=5.5V 
15 -100 3.4 6.8 2.0 4.0 N/A N/A N/A 

74 0.1 

54174LS28 54 0.1 15 -100 6.9 13.8 1.8 3.6 N/A N/A N/A 

54/74LS30 54 
0.1 -15 -100 0.6 .35 0.5 N/A N/A N/A 

74 
1.1 

54/74LS32 MV1=5,5V 
15 -100 4.9 9.8 3.1 6.2 N/A N/A N/A 

74 0.1 
54/74LS33 54 

0.1 N/A 6.9 13.8 1.8 3.6 250 N/A N/A 
74 

54/74LS37 54 
.., 

0.1 15 -100 6.0 12.0 0.9 2.0 N/A N/A N/A 

74 
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54/74LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT VOLTAGE (V) INPUT CURRENT 

PARAMETER VIL VIH VIC VOL VOH IIL(mA) IIH(,.A) 
LOW HIGII CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

VCC~MIN 
TEST VIN-* VCC-MIN 
COM>ITIONS VCC=MIN IOLAmA VOLMAX 

IIN=-18mA OL _BmA@VOL-O.SV 10H = -400,.A VIL~·4V VCC=MAX 
IMINTVPMAX IMINTVPMAX ·MINTVP MAX IMIN TVP MAX MIN TVP MAX IMIN TVP MAX MIN TVP MAX 

IOL =12mA 
54/74LS3S 54 0.7 2 -1.5 

54/74 0.4 
N/A ·0.36 20 

. IOL=24mA 
74 O.S 74 0.5 

IOL=12mA 
54174LS4O 54 0.7 2 ·1.5 

54/74 0.4 2.5 3.4 
·0.36 20 

IOL = 24mA 
74 0.8 74 0.5 2.7 3.4 

54174LS42 54 0.7 2 ·1.5 
54174 0.25 0.4 2.5 3.5 

-0.4 20 
74 O.S 74 0.35 0.5 2.7 3.5 

54/74LS51 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS54 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54174LS55 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 -0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS73 54 0.7 2 -1.5 
54174 0.25 0'.4 2.5 3.4 J/K Input -0.36 J/K Input 20. 

74 0.8 74 0.35 0.5 2.7 3.4 CLear -0.8 Clear 60 
Clock -0.72 Clock SO 

54/74LS74 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 Dlnput -0.36 Dlnput 20 

74 O.S 74 0.35 0.5 2.7 3.4 Clk/Preset -0.8 Clk/Preset 40 
Clear -1.15 Clear 60 

54174LS75 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 Dlnput -0.4 Dlnput 20 

74 O.S 74 0.35 0.5 2.7 3.4 Glnput -1.6 Glnput 60 

54/74LS76 54 0.7 2 -1.5 
54/74 0.25 M 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.35 0.5 2.7 3.4 Clock -0.72 Clock 60 
Preset/Ctr -0.8 Preset/Clr 60 

54174LS78 54 0.7 2 .-1.5 
54/74 0.25 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 O.S 74 0.35 0.5 2.7 3.4 Preset -0.8 Preset 60 

'. Clear -1.6 Clear 120 
! Clock -1.44 Clock 160 

54/74LS83A 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 

3.4 
AnyAorB -.8 Any A or B 40 

74 0.8 74 0.35 0.5 2.7 CO -.4 CO 20 

54174LS85 54 0.7 2 -1.5 
54174 0.25 0.4 

2.4 3.4 
A<B,A>B -0.4 A<B,A>B 20 

74 O.S 74 0.35 0.5 Others -1.2 Others 60 
54174LS86 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.6 40 

74 0.8 74 0.35 0.5 2.7 3.4 
54174LS90 54 0.7 2 -1.5 

54/74 0:25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 0.8 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 40 

B Input -3.2 B Input SO 

54/74LS92 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset· 20 

74 0.8 74 0.35 0.5 2.7 3.4 Atnput -2.4 A Input 40 
Blnput -3.2 Blnput SO 

54174LS93 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 

74 0.8 74 0.35 0.5 2.7 3.4 A Input -2.4 A Input 120 
Blnput -1.6 Blnput 40 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(rnA) (rnA) (rnA) ("") 

PARAMETER liN lOS leCL ICCH 10H(",,) 10ZL 10ZH 
LOW LEVEL HIGH LEVEL 

SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 
CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 

TEST Vec~MAX VCc~MAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN~7.0V VIH~4.5V VIN~* VO~0.4V VO~2.7V 

VIL =OV as appropriate VOH=5.5V 
MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

54174LS38 54 
0.1 N/A 6.0 12.0 0.9 2.0 250 N/A N/A 

74 

54174LS40 54 
0.1 15 -100 3 6 0.45 1 N/A N/A N/A 

74 
54/74LS42 54 

0.1 15 -100 N/A 7 13 N/A N/A N/A 
74 NOTE 1 

54174LS51 54 
0.1 15 -100 1.4 2.8 0.8 1.6 N/A N/A N/A 74 

54174LS54 54 
0.1 15 -100 1.0 2.0 0.8 1.6 N/A N/A N/A 74 

54/74LS55 54 
0.1 15 -100 0.7 1.3 0.4 0.8 N/A N/A N/A 74 

VI=5.5V 
54/74LS73 54 J/K Input 0.1 

15 -100 N/A 4.0 8.0 N/A N/A N/A 74 Clear 0.3 
NOTE 2 Clock' 0.4 

54/74LS74 54 D Input 0.1 
15 -100 N/A 4.0 8.0 N/A N/A N/A 74 Clk Preset 0.2 

NOTE 2 
Clear 0.3 

o -" 9 
54/74LS75 54 D Inpul 0.1 

15 -100 N/A 6.3 12.0 N/A N/A N/A 74 G Input 0.4 
NOTE 1 

54174LS76 
VI=5.5V 

54 J/K Input 0.1 
15 -100 N/A 4.0 8.0 N/A N/A N/A 74 Ctocf< 0.4 NOTE 2 PresetlClr 0.3 

V =5.5V 
54/74LS78 54 J)K Input 0.1 

15 -100 N/A 4.0 8.0 N/A N/A N/A 74 Preset 0.3 
Clear 0.6 
Clock 0.8 

54/74LS83A 54 AnyAorB .2 
15 -100 

COND.A_22 39 COND.B 19 34 N/A N/A N/A 74 CO -1 NOTE 21 NOTE 28 
54/74LS85 54 A<B,A>B 0.1 

15 -100 N/A 
10.4 20.0 N/A N/A N/A 

74 IOtherS 0.3 NOTE 3 
54/74LS86 54 

0.2 15 -100 N/A 
6.1 10.0 N/A N/A N/A 

74 NOTE 1 
54/74LS90 54 VI=7V 15 -100 N/A 9.0 15.0 N/A N/A N/A 

74 Any Reset 0.1 NOTE 4 
VI=5.5V 
A Input 0.4 
B InDut 0.8 

54174LS92 
VI=7V 

54 Any Reset 0.1 
15 -100 N/A 

9.0 15.0 N/A N/A N/A 
74 VI=5.5V NOTE 4 

A Input 0.4 
Blnput 0.8 

54/74LS93 
VI=7V 

54 Any Reset 0.1 15 -100 N/A 9.0 15.0 N/A N/A N/A 
74 NOTE 4 

VI=5.5 
Aor B Input 0.4 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOlTAGE (V) OUTPUT VOlTAGE (V) INPUT eURRENT 

PARAMETER VIL VIH Vie VOL VON IIL(mA) IIH(~) 
LOW HIGH eLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

Vee-MIN 
TEST VIN-* Vee-MIN 
eONOITIONS Vee-MIN IOL AmA VOLMAX VCC=MAX VIH=2.7V 

, IIN--18mA OL-8mA@VOL-0.5V IOH--400~ VIL-·4V Vee-MAX 
IMINTYPMAX MINTYPMAX MINTYP MAX MIN TYP 'MAX IMIN TYP MAX IMIN TYP MAX IMIN TYP MAX 

54/74LS95B 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.5 

74 
, 

0.8 74 0.35 0.5 2.7 3.5 -0.4 20 

54/74LS96 54 0.7 2 -1.5 
~4/74 0.25 0.4 2.5 3.5 Preset Enable -2.0 Preset Enable 100 

74 0.8 74 0.35 0.5 2.7 3.5 Others -0.4 Others 20 

54/74LS107 54 0.7 2 ·1.5 
54/74 0;4 2.5 3.4 J/K Input -0.36 J/K Input . 20 

74 0,8 74 0.5 2.7 3.4 Clear -0.8 Clear 60 
Clock ·0.72 Clock 80 

54/74LS109 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 JorK -0.4 Jar K 20 

74 0.8 74 0.5 2.7 3.4 .Clk/Preset -0.8 Clk/Preset 40 
Clear -1.6 Clear 80 

54/74LS112 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.5 2.7 3.4 Clock -0.72 Clock 80 
Preset/Clr -0.8 Preset/Clr 60 

54/74LS113 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.5 2.7 3.4 Preset -0.8 Preset 60 
Clock -0.72 Clock 80 

54/74LS114 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 J/K Input -0.36 J/K Input 20 

74 0.8 74 0.5 2.7 3.4 Preset -0.8 Preset 60 
I.' Clear -1.6 Clear 120 

Clock -1.44 Clock 160 

54/74LS132 54 
See Data Sheet -1.5 

54/74 0.25 0.4 VI=0.6V ·0.4 20 
74 74 0.35 0.5 2.5 3.4 

2.7 3.4 
54/74LS136 54 0.7 2 -1.5 

54174 0.25 0.4 N/A 
-0.6 40 

74 0.8 74 0.35 0.5 
54/74LS138 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 
·0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 
54/74LS139 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 
-0.36 20 

74 0.8 74 0.35 0.5 2.7 3.4 

IOL =12MA 
54/74LS145 54 0.7 2 -1.5 

54/74 0.4 N/A -0.4 20 
IOL =24MA 

74 0.8 74 0.5 
IOL =80MA 

74 1.7 

54/74LS151 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.4 20 
74 0.8 74 . 0.35 0.5 2.7 3.4 

54/74LS153 54 0:7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54/74LS157 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 S/G Inputs -0.8 S/G Inputs 40 

74 0.8 74 0.35 0.5 2.7 3.4 AlB Inputs -0.4 Al81riputs 20 
54/74LS158 54 0.7 2 -1.5 

54/74 0.25 0.4 2.5 3.4 S/G Inputs _ -0.8 S/G Inpuls 40 
74 0.8 74 0.35 0.5 2.7 3.4 AlB Inputs -0.4 AlB Inputs 20 

54/74LS160 54 0.7 2 ·1.5 
54/74 0.25 0.4 2.5 3.4 O/EP -0.4 O/EP 20 

74 0.8 74 0.35 0.5 2.7 3.4 LO, ET -0.8 LO,CLK,ET 40 
CLR -0.4 CLR 20 
CLK -1.2 

54/74LS161 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 O/EP -0.4 O/EP 20 

74 0.8 74 0.35 0.5 2.7 3.4 LO, ET -0.8 LO,CLK,ET 40 
CLR -0.4 CLR 20 
CLK -1.2 

, 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mAl (mAl (mAl (IlAI 
PARAMETER lIN lOS ICCL ICCH IOH(,.A1 IOZL IOZH 

LOW LEVEL HIGH LEVEL 
SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 

CIRCUIT LEVEL LEVEL SUPPLIEO SUPPLIED 
TEST VCC~MAX VC'C~MAX VCC~MIN VCC~MAX VCC~MAX 
CONDITIONS VIN~7.0V VIH~4.5V VIN~* VO~O.4V VO~2.7V 

VIL ~OV as appropriate VOH~5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174LS95B 54 0.1 -15 -100 N/A 12.0 20.0 N/A N/A NIA 
74 NOTE 6 

54174LS96 54 'Others 0.1 -15 -100 N/A 12.0 20.0 N/A NIA NIA 
74 Preset Enable 0.5 NOTE 6 

54174LS107 54 VI=5.5V 
74 J/K Input 0.1 

-15 -100 NIA 4.0 B.O NIA N/A N/A 
Clear 0.3 

NOTE 2 
Clock 0.4 

54174LS109 54 JorK 0.1 
15 -100 N/A 4.0 B.O NIA NIA N/A 

74 Clk/preset 0.2 
NOTE 2 

Clear 0.4 
54/74LS112 54 VI=5.5 -15 -100 N/A 4.0 B.O N/A NIA NIA 

74 JIK Input 0.1 NOTE 2 
Clock 0.4 
PresetlClr 0.3 

54174LS113 54 VI=5.5 -15 -100 N/A 4.0 8.0 N/A NIA NIA 
74 JIK Input 0.1 

NOTE 2 
Preset 0.3 
Clock 0.4 

54/74LS114 54 VI=5.5 
-15 -100 NIA 4.0 B.O NIA NIA NIA 

74 J/K Input 0.1 
NOTE 2 

Preset 0.3 
Clear 0.6 

o -" 9 
Clock O.B 

54174LS132 54 0.1 -15 -100 B.2 14 5.9 11 N/A NIA NIA 
74 

54174LS136 54 0.2 NIA NIA 6.1 10.0 100 N/A N/A 
74 NOTEB 

54/74LS13B 54 0.1 -15 -100 NIA 6.3 10.0 NIA N/A NIA 
74 NOTE 1 

54/74LS139 54 
0.1 -15 -100 N/A 6.8 11.0 NIA NIA NIA 

74 NOTE 1 

54174LS145 54 0.1 NIA NIA 7.0 13.0 250 N/A N/A 

74 NOTE 1 

54174LS151 54 0.1 -15 -100 NIA 6.0 10.0 N/A NIA NIA 
74 NOTEB 

54174LSI53 54 0.1 15 -100 NIA 6.2 10.0 N/A N/A N/A 
74 

54/74LS157 54 S/G Inputs 0.2 -15 -100 NIA 9.7 16.0 NIA N/A N/A 
74 AlB Inputs 0.1 NOTEB 

54174LS158 54 SIG Inputs 0.2 
-15 -100 NIA 4.B 8.0 NIA N/A N/A 

74 AlB Inputs 0.1 
NOTEB 

54174LS160 54 D/EP 0.1 -15 -100 19 32 18 31 N/A NIA N/A 
74 LD,CLK,ET 0.2 

CLR 0.1 

54174LS161 54D/EP 0.1 
-15 -100 19 32 18. 31 N/A NIA N/A 

74 LD,CLK,ET 0.2 
NOTE 10 

CLR 0.1 
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54174LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT .VOLTAGE (V) INPUT CURRENT 

PARAMETER VIL VIH VIC VOL VOH IIL(mA) IIH(I'A) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEvEL LEVEL VOLTAGE LEVEL LEVEL LEVEL LEVEL 

Vee-MIN 
TEST VIN-* Vee-MIN 
CONDITIONS Vee-MIN IOL-4mA VOLMAX 

IIN",-18mA OL-8mA@VOL';O.5~ IOH-- 4OOI'A VIL-·4V Vee-MAX 
IMINTYPMAX IMINTYPMAX IMINTYP MAX I MIN TYP MAX IMIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LS162 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 

74 O.S 74 0.35 0.5 2.7 3.4 LD.ET -O.S LDCLK.ET 40 
CLR -0.8 CLR 40' 
CLK -1.2 

54/74LSI63 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 D/EP -0.4 D/EP 20 

74 O.S 74 0.35 0.5 2.7 3.4 LD. ET -O.S LDCLK.ET 40 
CLR -O.S CLR 40 
CLK -1.2 

54/74LS164 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.5 -0.4 20 

74 O.S 74 0.35 0.5 2.7 3.5 
54174LS170 54 0.7 2 -1.5 

54/74 0.25 0.4 
N/A 

AnyD.R.W -0.4 Any D.R.W 20 
74 O.S 74 0.35 0.5 GRorGw -O.S GRorGW 40 

54/74LS174 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.5 Clock Input. Clear -0.4 20 

74 O.S 74 0.35 0.5 2.7 3.5 Other Ir!puts -0.36 
54/74LS175 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.5 Clock Input -0.4 20 
74 O.S 74 0.35 0.5 2.7 3.5 Other InDuts -0.36 

54/74LS1S1. 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 Mode Input -0.36 Mode Input 20 

74 O.S 74 0.35 0.5 2.7 3.4 AlB Inputs -1.08 AlB Inputs 60 
S Inputs -1.44 S Inputs SO 
Carrv InDut -2 Carrv InDut 100 

54/74LS190 54 OJ 2 -1.5 
54/74 0.25 0.4 2.5 3.4 Enable -1.0S Enable 60 

74 O.B 74 0.35 0.5 2.7 3.4 Others -0.4 Others 20 
54/74LS191 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 Enable -1.0B Enable 60 
74 0.8 74 0.35 0.5 2.7 3.4 Others -0.4 Others 20 

54/74LS192 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.4 20 
74 O.S 74 0.35 0.5 2.7 3.4 

54/74LS193 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.4 20 
74 O.S 74 0.35 0.5 2.7 3.4 

54/74LS194A 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 

-0.4 20 
74 O.S 74 0.35 0.5 2.7 3.4 

54/74LS195A 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 CLK -0.44 

20 
74 O.S 74 0.35 0.5 2.7 3.4 Others -0.36 

54/74LS196 54 0.7 2 -1.5 
54/74 0.4 2.5 3.4 Data. Count/Load -0.36 Data. Count/Load 20 

74 O.S 74 0.5 2.7 3.4 Clear -0.72 Clear .Clock 1 40 
Clock 1 -2.4 Clock 2 SO 
Clock 2 -2.S 

54/74LS197 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.4 Data. Count/Load -0.36 Data. Count/Load 20 

74 O.S 74 0.35 0.5 2.7 3.4 Clear -0.72 Clear. Clock 1 40 
Clock 1 -2.4 Clock 2 40 
Clock 2 -1.3 

54/74LS221 54 0.7 2 -1.5 
54/74 0.25 0.4 2.5 3.5 Input A ·0.36 

Input B ·0.6 20 

74 O.S 0.35 0.5 2.7 3.5 Clear -0.6 
IOH=·lmA (54) 
IOH =·2.6mA 174) 

54/74LS251 54 0.7> 2 -1.5 
.54/74 0.25 0.4 2.5 3.4 -0.4 20 

74 O.S 74 0.35 0.5 2.7 3.4 

IOH=-lmA (54) 
IOH=-2.6mA (74) 

54/74LS253 54 0.7 2 -1.5 
54/74 0.25 0.4 2.4 3.4 

-0.36 20 
74 O.S 74 0.35 0.5 2.4 3.4 

IOH=-lmA (54) 
IOH = -2.6mA (74) 

54174LS257 54 0.7 2 -1.5 
54/74 0.25 0.4 2.4 3.4 S Input -O.S S Input 40 

74 O.S 74 0.35 0.5 2.4 3.4 Others -0.4 bthers 20 
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INPUT OUTPUT OFF -STAI~ OUTPUT 
CURRENT CURRENT POWER SUPPLY CURRENT CURRENT 

(mA) (mA) (mA) ("") 

PARAMETER liN lOS ICCL ICCH IOHi",,) lOll 10ZH 
LOW LEVEL HIGH LEVEL 

SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 
CIRCUIT LEVEL LEVEL SUPPLIED SUPPLIED 

TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VCC=MAX 
CONDITIONS YIN=,7.0Y VIHA.SV VIN=* YO=O.4Y VO=2.7Y 

YIL =OY as appropriate YOH=S,SY 
MIN TYP MAX MIN TYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LS162 D/EP 0.1 
15 -100 19 32 18 31 N/A N/A N/A 

LD,CLK,ET 0.2 
NOTE 10 

CLR 0.2 

54/74LS163 54 D/EP 0.1 
15 -100 19 32 18 31 N/A N/A N/A 

74 LD,CLK,ET 0.2 
CLR 0.2 

NOTE 10 

54/74LS164 54 
0.1 15 -100 N/A 16.0 27.0 N/A N/A N/A 

74 
54/74LS170 54 Any D,R,W 0.1 N/A N/A 26.0 40.0 100 N/A N/A 

74 GAorGw 0.2 NOTE 12 
54/74LS174 54 0.1 -15 -100 N/A 16.0 26.0 N/A N/A N/A 

74 NOTE 7 
54/74LS175 54 

0.1 15 -100 NfA 
11.0 18.0 

N/A NfA NfA 
74 NOTE 7 

VI=5.5V 
54/74LS181 54 Mode Input 0.1 

15 -100 
35 20.0 32.0 A=B Output 100 

74 AfB Inputs 0.3 37 21.0 34 NfA NfA 
S Inputs 0.4 
Carry Incut 0.5 

54/74LS190 54 Enable 0.3 
15 -100 

20.0 35.0 
NfA N/A NfA NfA 

74 Others 0.1 NOTE 1 

o -" 9 
54/74LS191 54 Enable 0.3 

15 -100 
20.0 35.0 

N/A NfA NfA N/A 
74 Others 0.1 NOTE 1 

54174LS192 54 
0.1 -15 -100 

20.0 34.0 
NfA NfA N/A N/A 

74 NOTE 14 
54174LS193 54 

0.1 15 -100 
20.0 34.0 

NfA NfA NfA N/A 
74 NOTE 14 

54/74LS194A 54 
0.1 -15 -100 

15.0 23.0 
NfA NfA N/A NfA 

74 NOTE 15 
54/74LS195A 54 

0.1 15 -100 
14.0 21.0 

N/A N/A N/A N/A 
74 NOTE 16 

54/74LS196 54 Data, CountfLoad, CLR 0.1 
15 -100 

16.0 27.0 
NfA NfA N/A N/A 

74 VI=5.5V 
Clock 1 0.2 NOTE 1 
Clock 2 0.4 

54/74LS197 54 CLR, Data, Count/Load 0.1 
15 -100 

16.0 27.0 
NfA NfA NfA N/A 

74 VI=5.5V 
Clock 1 0.2 NOTE 1 
Clock 2 0.2 

54/74LS221 54 
0.1 15 -100 19 27 N/A N/A N/A N/A 

74 
54174LS251 54 

0.1 15 -100 NfA 
~ondA 6.1 10.0 

74 FondB 7.1 12.0 NfA -20 20 
NOTE 17 

54/74LS253 54 
0.1 15 -100 N/A 

~ondA 7.0 12.0 VCC=MAX VCC=MAX 
74 ~ndB 8.5 14.0 NfA -20 20 

NOTE 18 

54/74LS257 54 S Input 0.2 
15 -100 

Fond.A 9.2 16.0 
N/A Vo=0.5V -20 Vo=2.4V -20 

74 Others 0.1 N/A ~ond.B 5.9 10.0 
~ond.C 10.0 17.0 

NOTE 19 
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54n4LS ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE (V) OUTPUT VOLTAGE (VI INPUT CURRENT 

PARAMETER VIL VIH VIC VOL, VOH liL(mA) IIH(pA) 
LOW HIGH CLAMP LOW HIGH LOW HIGH 

LEVEL LEVEL VOLTAGE LEVEL LEVEL' LEVEL LEVE~ 

VCC",MIN 
TEST VIN"* VCC=MIN 
CONDITIONS VCC=MIN IOL AmA VOLr.tAX 

IIN--18mA OL=8mA@VOL,;O.5V IOH= -400pA VIL=·4V VCC=MN< 
IMINTYPMAX IMIN 'rvp MAX IMINTVP MAX IMIN TVP MAX IMIN TVP MAX IMIN TVP MAX IMIN TYP MAX 

10H~-lrnA (54) 
IOH~-2.6mA(74) 

54174lS258 54 0.7 2 -1.5 
54174 0.25 0.4 2.4 3.4 S Input -0.8 S Input '40 

74 0.8 174 0.35 0.5 2.4 3.4 1 Others -0.4 I.Others 20 
54174lS260 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 0.36 20 
74 0.8 74 0.35 0.5 2.7 3.4 

54174lS261 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 MOl MI -0.8 MOIMI 40 

74 0.8 74 0.35 0.5 2.7 3.4 Others -0.4 Others· 20 
54f74lS266 54 0.7 2 -1.5 

54174 0.25 0.4 NIA 
-0.6 40 

74 0.8 74 0.35 0.5 
54174lS283 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.6 Any A or B -0.8 AnyAorB 40 
74 0.8 74 0.35 0.5 2.7 3.6 CO -0.4 CO 20 

-
54174LS290 54 0.7 2 -1.5 

54174 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 
74 0.8 74 0.35 0.5 2.7 3.4 A Input -2.4 Aillput 40 

Blnput -3.2 B Inout 80 

54174lS293 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 Any Reset -0.4 Any Reset 20 

74 0.8 74 0.35 0.5 2.7 3.4 A Input ;2.4 A Input 40 
B Inout -1.6 Blnput 40 

IOH=-lmA (54) 
IOH=-2.6mA (74) 

54174lS295A 54 0.7 2 -1.5 
54174 0.25 0.4 2.4 3.4 

-0.4 20 
74 0.8 . 74 0.35 0.5 2.4 3.4 

54/74lS386 54 0.7 2 -1.5 
54174 0.25 0.4 2.5 3.4 

-0.6 40 
74 0.8 74 0.35 0.5 2.7 3.4 

IOH=-lmA(54) . 
10H = -2.6mA (74) 

54174lS670 54 0.7 2 -1.5 
54174 0.25 0.4 2.4 3.4 AnyD,R,W -0.4 AnyD,R,W 20 

74 0.8 74 0.35 0.5 2.4 3.4 GW Input -0.8 CWlnput 40 
GR Inout -1.2 GR Input 60 
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INPUT OUTPUT OFF-STATE OUTPUT 
CURRENT CURRENT POWER. SUPPLY CURRENT CURRENT 

(mAl (mAl (mAl ("AI 
PARAMETER liN lOS ICCL ICCH IOH("AI IOZL 10ZH 

LOW LEVEL HIGH LEVEL 
SHORT LOW HIGH LEAKAGE VOLTAGE VOLTAGE 

CIRCUIT LEVEL LEVEL SUPPLIEO SUPPLIED 
TEST VCC~MAX VCC~MAX VCC=MIN VCC=MAX VCC=MAX 
CONDITIONS VIN=7.0V VIH~4.5V VIN~* VO=0.4V VO=2.7V 

VIL =OV as appropriate VOH=5.5V 
MIN TYP MAX MINTYPMAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74LS258 54 S Input 0.2 
15 -100 

C:ond.A 6.2 11.0 
N/A Vo=0.5V -20 Vo=2.4V -20 

74 Others 0.1 N/A ond.B 4.1 7.0 
\'ond.C 7.0 12.0 

NOTE 19 

54/74LS260 54 
0.1 15 -100 2.6 5.2 1.4 2.7 N/A N/A N/A 

74 
54174LS261 54 MOl Ml 0.2 

15 -100 N/A 
22.0 38.0 

N/A N/A N/A 
74 Others 0.1 NOTE 1 

54174LS266 54 
0.2 N/A N/A 

8.0 13.0 
100 NIA N/A 

74 NOTE 20 
54174LS283 54 AnyAorB 0.2 

15 -100 
22.0 39.0 

N/A N/A N/A 
74 CO 0.1 Cond.A ~ond.B 19.0 34.0 

NOTE 21 NOTE 21 

54/74LS290 
VI=7.0V 

9.0 15.0 54 Any Reset 0.1 
-15 -100 N/A N/A N/A N/A 

74 VI=5.5V 

o -" A Input 0.2 NOTE 4 
B InDut 0.4 

54/74LS293 
VI=7.0V 

9.0 15.0 54 Any Reset 0.1 
15 -100 N/A N/A N/A N/A 

9 
74 A Input 0.2 NOTE 4 

B Input 0.2 
54/74LS295A 54 

0.1 -15 -100 N/A l"ond.A 14.0 23.0 
N/A N/A N/A 

74 ~ond.B 15.0 25.0 
NOTE 22 

54/74LS386 54 
0.2 15 -100 N/A 

6.1 10.0 
NIA N/A N/A 

74 NOTE 1 
54174LS670 54 Any D,R,W 0.1 

15 -100 N/A 30.0 50.0 N/A VCC=MAX VCC=MAX 74 GW Input 0.2 -20 20 
GR InDut 0.3 
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54/74S ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT .vOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN 
VCC""MIN VCC=MIN 

TEST VIN=* VIN"'· VCC=MAX 
CONDITIONS VCC=MIN VCC=MIN 11=-18 mA IOL=20mA . IOH=-1 mA VI = O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/74500 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54/74502 
54 

0.8 2 -1.2 0.5 
2.5. 3.4 

-2 74 2.7 3.4 

54/74503 
54 

0.8 2 -1.2 0.5 -2 
74 

54174504 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

54174505 
54 

0.8 2 -1.2 0.5 -2 
74 

54/74508 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 74 2.7 3.4 

54174$09 54 
0.8 2 -1.2 0.5 V\=O.4V -2 74 

54/74510 54 
0.8 2 -1.2 0.5 

2.5 3.4 
-2 74 2.7 3.4 

54/74511 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

54174515 54 
0.8 2 ~1.2 0.5 N/A -2 

74 

54174520 
54 

0.8 2 -1.2 0.5 
2.5 3.4 -2 

74 2.7 3.4 

54/74522 
54 

0.8 2 -1.2 0.5 -2 74 

IOL=60mA IOH=-3mA 

54174537 
54. 

0.8 2 -1.2 0.5 
2.5 3.4 

-4 74 2.'7 3.4 

54/74538 54 
0.8 2 -1.2 IOL=60mA -4 

74 0.5 

IOL=60mA IOH=-3mA 

54174540 54 
0.8 2 -1.2 0.5 

2.5 3.4 
-4 74 2.7 3.4 

IOH=MAX 

54174551 54 
0.8 2 -1.2 0.5 

2.5 3.4 
-2 74 2.7 3.4 

54/74564 54 
0.8 2 -1.2 0.5 

2.5 3.4 
-2 

74 2.7 3.4 

54/74565 54 
0.8 2 -1.2 0.5 74 \ -2 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (IIA) II (mA) lOS (mA) ICCL(mA) ICCH (mA) 10H (IIA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

NOTE 24 NOTE 24 VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VI=2.7V VI=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54174500 
54 

50 1 -40 -100 5 9 2.5 4 74 

54/74502 
54 

50 1 -40 -100 6.5 11.25 4.25 7.25 
74 

54/74503 
54 

50 1 5 9 1.5 3.3 250 
74 

54/74504 
54 

50 1 -40 -100 5 9 2.5 4 
74 

54/74505 
54 

50 1 5 9 1.5 3.3 250 
74 

54/74508 
54 

50 1 -40 -100 8.0 14.25 4.5 8 74 

54/74509 
54 

50 1 8.0 14.25 4.5 8 250 
74 o 

54/74510 
54 

50 1 -40 -100 5 9 2.5 4 
74 -" VIN=OV VIN=5V 

54/74511 
54 

50 1 -40 -100 8 14 4.5 8 N/A 
74 

9 
VIN=OV VIN=5V 

54/74515 
54 

50 1 N/A 8 14 3.5 6.5 250 
74 

54/74520 
54 

50 1 -40 -100 5 9 2.5 4 
74 

54/74522 
54 

50 1 5 9 1.5 3.3 250 
74 

54174537 
54 

100 1 -50 -225 11.5 20 5 9 
74 

54/74538 
54 

100 1 11.5 20 5 9 250 
74 

54174540 
54 

100 1 -50 -225 12.5 22 5 9 
74 

54/74551 
54 

50 1 -40 -100 13.6 22 8.2 17.8 
74 

54174564 
54 

50 1 -40 -100 8.5 16 7 12.5 
74 

54174565 
54 

50 1 8.5 16 6 11 250 
74 
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54/74S ELECTRICAL CHARACTERISTICS (See Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH(V) VIC (V) VOL (V) VOH (V) III- (mA) 
PARAMETER LOY(L.EVEL HIGH LEVEL. CLAMP V.OLTAGE LOWLEYEL HIGH LEVEL LOW LEVEL 

VCC=MIN Vce=MIN 
TEST VCC=MIN VIN=* VIN=* VCC=MAX 

CONDITIONS Vce':MIN VCC=MI" 11=-18 mA 10L=20mA IOH=-1 mA VI=O.5V 

; MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP' MAX MIN TYP MAX MIN TVP MAX 

Clock or Preset 

54/74874 54 
0.8 2 -1.2 0.5 2.5 3.4 -4. 

74 2.7 3.4 Clear -6 
0 -2 

A<B,A>B -2 

54174885 
54 

0.8 2 -1.2 0.5 
2.5 3.4 All other inputs 

74 2.7 3.4 -6 

54174886 54 
0.8 2 -1.2 0.5 

2.5 3.4 VI = 50/lA -2 
74 2.7 3.4 -

J or K -1.6 

54/748112 54 
0.8 2 -1.2 0.5 

2.5 3.4 Clock -4 
74 2.7 3.4 Preset or 

Clear -7 

J or K 1.6 

54/748113 
54 

0.8 2 -1.2 0.5 2.5 3.4 Clock -4 
74 2.7 3.4 Preset -7 

J or K -1.6 . 

54/748114 54 
0.8. 2 -1.2 0.5 

2.5 3.4 Clock -8 
74 2.7 3.4 Preset -7 

Clear -14 

54/748133 54 
0.8 2 -1.2 0.5 2.5 3.4 -2 74 2.7 3.4 

IOH=-2mA 

541748134+ 54 
0.8 2 -1.2 0.5 

2.4 3.4 -2 
74 IOH=-6.5mA 

2.4 3.2 

54/748135 54 
0.8 2 -1.2 0.5 

2.5 3.4 
-2 74 2.7 3.4 

541748138 . 54 
0.8 2 -1.2 0.5 

2.5 3.4 -2 74 2.7 3.4 

54/748139 54 
0.8 2 -1.2 0.5 

2.5 3.4 -2 74 2.7 3.4 

54/748151 54 
0.8 2 -1.2 0.5 

2.5 3.4 -2 
74 2.7 3.4 

54/748153 54 
0.8 2 -1.2 0.5 

2.5 3.4 -2 
74 2.7 3.4 

54/748157 54 
0.8 2 -1.2 0.5 

2.5 3.4 8 or G Input -4 
74 2.7 3.4 A or B Input 

'-2 

541748158 54 
0.8 2 -1.2 0.5 2.5 3.4 8 or G Input 

-4 74 2.7 3.4 A or B Input 
-2 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (ILA) II (rnA) lOS (rnA) ICCL (rnA) ICCH (rnA) 10H (ILA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC = MAX VIN=* 

CONDITIONS VI=2.7V VI=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock or Preset 

54174874 
54 100 

1 -40 -100 30 38 74 Clear 150 
0 50 

All other inputs 

54/74885 
54 150 

1 -40 -100 
73 115 

74 A<B,A>B 50 (54 W Pkg) 110 

54/74886 
54 

50 1 -40 -100 75 74 

J or K 50 

54/748112 
54 Clock, Preset or 

1 -40 -100 30 50 74 Clear 100 

Clock 50 

54/748113 
54 Preset or Clear 

1 -40 -100 30 50 74 100 o 
J or K 50 

54/748114 
54 Clock or Clear 

1 -40 -100 30 50 74 200 
Preset 100 

-" 9 
54/748133 

54 
50 1 -40 -100 5.5 10 3 5 .74 

54 
put put Control=OV 

7 13 54/748134 50 1 -40 -100 Others=5V 
74 9 16 

Output Off 
Input=5V 

14 25 
54/748135 

54 
50 1 -40 -100 65 99 74 

54/748138 
54 

50 1 -40 -100 
49 74 

74 60 90 

54/748139 
54 

50 1 -40 -100 
49 74 

74 60 90 

54/748151 
54 

50 1 -40 -100 45 70 74 

54/748153 
54 

50 1 
74 

-40 -100 45 70 

5 or G Input 

54/748157 
54 100 

1 -40 -100 50 78 74 A or B Input 50 

8 or G Input 

54/745158 
54 100 1 -40 -100 39 61 
74 A or B Input 50 
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54174S ELECTRICAL CHARACTERISTICS (see Notes - Page 50) 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL (V) VIH (V) VIC (V) VOL (V) VOH (V) IlL (mA) 
PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC=MIN 
. TEST VCC=MIN VIN=" VIN=* VCC = MAX 

CONDITIONS VCC=MIN VCC=MIN 11=-18 mA 10L=20 mA IOH=-1 mA VI=O.5V 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX MIN TYP MAX 

VI=O.4V 

11=-12mA IOL=16mA IOH=5.2mA 2W/RO; 2W/R1, 
2W/R2,1GW, 

54/748172 54 
0.8 2 -1.5 2GW or Clock 

74 0.4 2.4 
-1.6 

Any Other -.8 

541748174 
54 

0.8 2 
2.5 3.4 

74 -1.2 0.5 
2.7 3.4 

-2 

54/748175 54 
0.8 2 -1.2 0.5 

2.5 3.4 
74 2.7 3.4 

-2 

VI=O.4V 
Mode -2 

541748181 
54 

0.8 2 
2.5 3.4 AnyAor8 -6 

74 -1.2 0.5 
2.7 3.4 Any 8 -8 

Carry -10 

CN -2 

541748182 
54 

0.8 2 -1.2 
2.5 3.4 P3 -4 

74 0.5 
2.7 3.4 P2 -6 

PO,P1,G3 -8 
GO,G2 -14 
G1 -16 

541748194 54 
0.8 2 -1.5 0.5 

2.5 3.4 
74 2.7 3.4 

-2 

541748195 
54 

0.8 2 
11=-12mA IOH=-80OIlA VI=O.4V 

74 -1.5 0.2 0.4 
2.4 3.4 

-1.6 

iOL=16mA ViL=0.45V 

54/748200 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 iOH=-10.3mA -10 -250 

74 0.85 0.35 0.45 2.4 (54) -10 -100 
iOH=5.2mA 

2.4 (74) 

iOL=16mA VIL=0.45V 

541748201 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 iOH=-10.3mA -10 -250 

74 0.85 0.35 0.45 2.4 (54) -10 -1tlO 
iOH=5.2mA 

2.4 (74) 

iOL=16mA ViL=0.45V 
748206 74 0.85 2 -0.8 ~1.2 0.35 0.45 2.4 -10 -100 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (/LA) II (mA)· lOS (mA) ICCL(mA) ICCH (mA) 10H (/LA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC=MIN 
TEST VCC=MAX VCC=MAX VCC=MAX VCC=MAX VIN=* 

CONDITIONS VI=2.7V VI=5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

VI=2.4V 

541748172 
54 

40 1 -18 -55 112 170 
74 

541748174 
54 

50 1 -40 -100 90 74 

541748175 
54 

50 1 -40 -100 60 74 
VI=2.4V 
Mode 50 1 -40 -100 120 159 ICC (S54) 

54/748181 
54 AnyaorB 150 120 220 N Pkg only 

74 Any 8 200 135 
Carry 250 

CNINPUT 50 

54/748182 
54 P3 100 

1 -40 -100 
69 99 35 

74 P2 150 69 109 o 
PO,P1 or G3 200 

GO or G2 350 
G1 400 

-" 9 
541748194 

54 
50 1 -40 -100. 85 135 (ICC S548194) 

74 
Bpkg- 99 

VI=2.4V 
W pkg - 110 

541748195 
54 

50 1 -40 -100 39 63 74 

541748200 
54 

1 25 1 -30 -100 80 115 
74 

54/748201 
54 

1 25 1 -30 -100 74 

748206 74 1 25 1 80 115 1 40 
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54174S ELECTRICAL CHARACTERISTICS (See Note. - Page SO) 

INPUT VOLTAGE .. OUTPUT VOLTAGE INPUT CURRENT 

viLtv) 'VIH (V) VIC (V) VOL (Vl VOH (V) IlL (mAl 
PARAMETER ? LOW LEVEL '; HIGHLE"EL CLAMP VOL TAGE LOW:.LEVEL HIGH LEVEL LOW LEVEL 

VCC=MIN VCC~MIN 
TEST VCC=MIN VIN=* VIN=* VCC=MAX 

CONDITIONS VCC=MIN' VCC=MIN 11=-18 mA 10L=20mA IOH=-1 mA VI=O.5V 

MIN .TVP MAX MIN TVP MAX. MIN TVP MAX MIN TvP MAX MIN TvP MAX MIN TVP MAX 
.<.-' " 

54 
.. IOH=-2mA 

54/745251+ 0_8 2 -1_2 0.5 -2 
74 2.4 3.2 

IOH=-6.5mA 
2.4 3.2 

54/745253+ 
54 

0.8 2 -1.2 0.5 
2.4 3.4 

-2 74 2.7 3.4 

IOH=-2mA 

54/745257+ 
54 

0.8 2 -1.2 0.5 2.4 3.4 5 Input -4 
74 IOH=-6.5mA Any Other -2 

2.4 3.2 

IOH=-2mA 

54/745258 
54 

0.8 2 -1.2 0.5 
2.5 . 3.4 5 Input -4 

74 IOW-6.5mA Any Other -2 
2.4 3.2 

lOW MAX 

54/745260 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

54/745280 
54 

0.8 2 -1.2 0.5 
2.5 3.4 

-2 
74 2.7 3.4 

IOL=16mA VIL=0.45V 

541745301 
54 0.8 

2 -0.8 -1.2 
0.35 0.50 -10 -250 

74 0.85 0.35 0.45 -10 -100 

tOFF-STATE INPUT CURRENT-

lOLL (mA) 10LH (mA) 
LOW LEVEL HIGH LEVEL 
VOLTAGE VOLTAGE 
SUPPLIED SUPPLIED 

VCC = MAX VCC = MAX 
VO=OAV VO=2.4V 

MAX MAX 

-50 50 
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INPUT CURRENT POWER SUPPLY CURRENT 

IIH (itA) It (mA) lOS (mA) ICCL(mA) ICCH (mA) 10H (ItA) 
PARAMETER HIGH LEVEL INPUT CURRENT SHORT CIRCUIT LOW LEVEL HIGH LEVEL HIGH LEVEL 

VCC=MIN 
TEST VCC=MAX VCC = MAX VCC=MAX VCC=MAX VIN=· 

CONDITIONS VI=2.7Y VI = 5.5V VCC=MAX VIN=5V VIN=OV VOH=5.5V 

MIN TYP MAX MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

54/745251 
54 50 1 -40 -100 74 

541745253 54 50 1 -40 -100 45 70 74 

54/745257 
54 5 Input 100 1 -40 -100 44 68 

60 93 
74 Any Other 50 HiZ 99 

54/745258 
54 5 Input 100 1 -40 -100 36 56 

52 81 
74 Any Other 50 HiZ 87 

541745260 
54 

50 1 -40 -100 10.0 17.5 8.5 14.5 
74 

o -ICC 

541745280 
54 50 1 -40 -100 67 99 (554-W Pkg) 
74 67 105 94 " 9 

541745301 
54 1 25 74 
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9300/9600 SERIES ELECTRICAL CHARACTERISTICS 

INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

VIL(V) VIH(V) VOL(V) VOH(V) IL(MA) ~H(UA) IF IR 

PARAMETER LOW LEVEL HIGH LEVEL LOW LEVEL HIGHLE.¥EL LOWLEYEL HIGHLEYEL LOAD CURRENT LEAKAGE 

CURRENT 

TEST Vee=MlN Vee_MIN Vee·MIN Vee·MIN Vee-MAX Vee-MAX Vee·MAX Vee-MAX 
CONDITIONS 1at.-1 .... A IOH-1.2mA VIN-CI.4V VIN=IAY VF-CI.45V VR=4.5V 

M .. TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX - TVP MAX -TVP MAX MIN TVP MAX - O'C 0.85 1.9 0.45 2.4 -1.6 NfA 

+25'C· 0.85 1.8 0.2 0.45 2.4 3.0 NfA NfA -1.0 -1.6 15 60 

+75'C 0.85 1.6 0.45 2.4 -1.6 60 

VCC·4.15V 

-1.41 

-0.9 -1.41 

-1.41 

t301 SEE 8252 ELECTRICAL SPECIFICATIONS - O'C 0.85 1.9 0.45 2.4 -1.6 NfA 

+25'C 0.85 1.8 0.21 0.45 2.4 3.0 NfA NfA -10 -1.6 15 60 

+75'C 0.85 1.6 0.45 2.4 -1.6 60 

VCC-4.75V 

-1.41 

-91 -1.41 

-1.41 

-55'C 0.8 2.0 0.4 2.4 -1.6 NfA 

+25'C 0.9 ;'7 0.21 0.4 2.4 2.7 NfA NfA -1.1 -1.6 15 60 

+125'C 0.8 1.4 0.4 2.4 -1.6 60 

Vcc·4•75V 

-1.24 

-.85 -1.24 

-1.24 

1312 SEE 8230 ELECTRICAL SPECIFICATIONS 

IOH--800~A - 0.8 2.0 92 0.4 2.4 3.6 -1.92 4.2 20 80 NfA NfA 

VIN=5V 

1.0mA 

IOl-9.6mA IOH--72O~ Ao,Al,A2,D,C VIN-5.5V 

0.8 2.0 0.2 0.4 2.4 3.6 10 40 1.0 NfA NfA 

E 
15 60 

8101 SEE 8T22 ELECTRICAL SPECIFICATIONS - IOL-l1.3mA IOH=O.96mA 

O'C 0.85 1.9 0.45 2.4 -1.6 NfA 

+25'C 0.85 1.8 0.2 0.45 2.4 3.6 -10 -1.6 10 60 NfA NfA 

+75'C 0.85 1.65 0.45 2.4 VCC=4.75V 60 

-1.41 

-1.41 

-1.41 

IOL=9.92mA IOH=-O·96mA 

-55'C 0.85 2.0 0.4 2.4 -1.6 NfA 

+25'C 0.90 1.7 0.2 0.4 2.4 3.3 -1.1 -1.6 10 80 NfA NfA 

+125'C 0.85 1.5 0.4 2.4 -1.6 80 

VCC=4.5V 

-1.24 

-0.97 -1.24 

-1.24 
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54/74 ELECTRICAL CHARACTERISTICS NOTES 
1. All inputs grounded, outputs open. 
2. With all outputs open, ICC is measured with Q and Q outputs high in turn. At the time of measurement, the clock input is 

grounded. 
3. ICC is measured with outputs open, A = B grounded, and all other inputs at 4.5V. 
4. ICC is measured with all outputs open, 80th RO inputs grounded following momentary connection to 4.5V and all other 

inputs grounded. 
5. ICC is measured with all outputs and serieal inputs open; A,B,C, and D inputs grounded, mode control at 4.5V and a 

momentary 3V then ground, applied to both clock inputs. 
6. ICC is measured with clear input grounded and all other inputs and outputs open. 
7. ICC is measured with outputs open and 4.5V applied to all data and clear inputs. the measurement is made after a 

momentary ground, then 4.5V is applied to the clock. 
8. ICC is measured with inputs at 4.5V, outputs open. 
9. ICCl is measured with clock input high, then again with the clock input low with all other inputs low and all outputs open. 

10. ICCH is measured with the load input high, then again with the load input low, with all other inputs high and all outputs 
open. 

11. ICC is measured with outputs open, serial inputs grounded, the clock input at 2.4V, and a momentary ground, then 4.5V 
applied to clear. 

12. ICC is measured under the following worst case conditions. 4.5Vare applied to all data inputs and both enable inputs, all 
address inputs are grounded, and all outputs are open. 

13. With outputs open, ICC is measured for the following conditions: 
Condition A - 80 through 83, M and A inputs are at 4.5V, all other inputs grounded. 
Conditon B - 80 through 83 and M are at 4.5V, all other inputs are grounded. 

14. ICC is measured with outputs open, clear and load inputs grounded, and all other inputs at 4.5V. 
15. With all outputs open, inputs A through D grounded; and 4.5Vapplied to 80, 81, clear and the serial inputs, ICC is tested 

with a momentary ground then 4.5V applied to the clock. 
16. With all outputs open, shiftlload grounded and 4.5V applied to the J,K and data inputs, ICC is measured by applying a 

momentary ground, followed by 4.5Vto clear, then applying a momentary ground followed by a 4.5V to clock. 
17. ICC is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 

Condition A - Strobe grounded 
Condition B - Strobe grounded 

18. ICC is measured with the outputs open and all data and select inputs at 4.5V under the following conditions: 
Condition A - All inputs grounded. 
Condition B - Output control at 4.5V, all inputs grounded. 

19. ICC is measured with all outputs open and all possible inputs grounded while achieving the stated output conditions. 
20. ICC is measured with one input of each gate at 4.5V, the other inputs grounded, and the outputsopen. 
21. I CC is measured with outputs open under the following conditions: 

Condition A - All inputs grounded. 
Condition B - All 8 inputs low, other at 4.5V 
Condition C - All inputs at 4.5V 

22. I CC is measured with the outputs open, the serial input and mode control at 4.5V, and the data inputs grounded under the 
following conditions: 
Condition A - Output control at 4.5V and a momentary 3v then ground applied to clock input. 
Condition B - Output control and clock input grounded. 

23. ICCl 
24. 54174S ICC limits are per gate. 

o -" 9 
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ABSOLUTE MAXIMUM RATINGS 
(Over Operating Free-Air Temperature Range Unless Otherwise Noted) 

Vee Supply Voltage 1 7V 

VIN Input Voltage 1 5.5V 
Intermitter Voltage2 5.5V 

NOTES 

Operating Free-Air Temperature Range 
Series 54 Circuits 
Series 74 Circuits 
Storage Temperature Range 

-55Cto125C 
OCt070C 

-65 e to 150 C 

1. Voltage values. except intermitter voltage. are with respect to network ground terminals. 

2. This Is the voltage betWeen two emitters of a multlple--emitter transistor. 

3. Output sink current tests one output at a time. 

TEST CIRCUITS 

LOAD CIRCUIT FOR BI-STATE 
TOTEM-POLE OUTPUTS 

LOAD CIRCUIT FOR 
OPEN-COLLECTOR OUTPUTS 

NOTES 

TEST POINT 

CL 

,SEE NOTE A, I 

Vcc 

RL 

A. CL Includes probe and jig capacitance. 

B. All diodes are 1N916 or 1N3064. 

WAVEFORMS 

VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES 

Vcc fL 

FROM OUTPUT TEST 
UNDER TEST po. INT 

CL 

J'SEENOTEA' 

LOAD CIRCUIT FOR 
THREE-STATE OUTPUTS 

TEST POINT 

51 

~~~."~~f"-t-"'-I<"":t-i . 'SEE NOTE B, 

CL un --] • 
-

i~ 

VOLTAGE WAVEFORMS 

TlMING~3V 

VOlTAGE WAVEFORMS 
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, THREE-8TATE OUTPUTS 

INPUT~ .. -:;;.----IN 
DATA ----:N 
INPUT 1.3V t.3V rsv 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

HIGH LEVEL ~'.:JV 
PULSE --/~tw---l{:..... 

LOW LEVEL ~r-:-twl r
PULSE ~'.3V 

NOTES 

r---....... ------ 3V 
INPUT 

IN.pHASE 
OUTPUT 

OUT .oF.pHASE 1 3V' , 3V 
OUTPUT . • 

VOL 

VOH ~HL 'PLH 

---VOL 

OUTPUT CONTROL 
(LOW·LEVEL 
ENABLING, 

WAVEFORM 1 
ISEE NOTED) 

WAVEfORM 2 
(SEE NOTE 01 

~----3V 

S1 ANDS2 
CLOSED 
:...i.... "1.5V 

--i-i-=t:. - - - VOL 

~z ~:: L __ -VOH 

S10PEN, 1.3V .., 1.SV 
SlCLOSEO S1 ANDS2 

----.. OV CLOSED 

C. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 is for an output with internal conditions such that 
the output is high except when disabled b¥ the outpul control. 

D. In the examples above, the pha .. relationships between inputs and outputs have been chosen arbitrarily. 

E. All input pulses are supplied by generators heving the following characleristics: PRR S 1MH~ lout ~ 5011 and tr S 15 ns, t, S 6 ns • 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

74 A,F 
74H A,F 
74L8 A,F 
748 A,F 

54n4, 54/74LS, 54S 
A,F,W PACKAGE 

Positive logic: Y = All 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25·C 

54n4 

CL=15pF 
TEST CONDITIONS RL=4OCKl 

PARAMETER MIN TYP 

Propagation delay time 

tpLH Low-to-high 11 

tpHL Hlgh-to-Iow 7 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54H F,W 
54L8 F,W 

74 A,F 
74H A,F 
74L8 A,F 

PIN CONFIGURATION 

74,54n4LS 
A,F,W PACKAGE 

Positive logic: Y - All 

MAX 

22 

15 

54n4H 

CL=25pF 
RL=280fl 

MIN TYP MAX 

5.9 

6.2 

54,54H 
WPACKAGE 

IBOI-

10 

10 

54n4LS 

CL=15pF 
RL=2kfl 

MIN TYP MAX 

9 15 

10 15 

54/74H 
WPACKAGE 

54n4S 

CL=15pF 
RL=280fl 

MIN TYP 

2 3 

CL=50pF 

14.5 I 
2 I 3 I 

CL=50pF 

I 5 I 

MAX 

4.5 

5 

54Hn4H 
A,FPACKAGE 

UNIT o -ns 

" ns 9 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54174 54174H 54n4LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2800 RL=2kO 

PARAMETER MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-hlgh 35 45 10 15 17 32 

tpHL High-to-Iow 8 15 7.5 12 15 28 

Load clrcun and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54L8 F,W 

'548 F,W 

74 A,F 
74L8 A,F 
748 A,F 

74,54/74LS, 54n4S 
A,F,W PACKAGE 

Positive logic: Y ~ A+B 

SWITCHING CHARACTERISllCS Vee =5V, T A = 25°e 

54174 54n4LS 54n4S 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO RL=2800 

PARAMETER MIN TVP MAX MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPLH Low-to-high 12 22 8 15 3.5 5.5 

tpHL High-to-Iow 8 15 8 15 3.5 5.5 

Load clrcun and typical waveforms are shown at the front of section, 

,,111mB 
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UNIT 

ns 

ns 

UNIT 

ns 

ns 

54 
WPACKAGE 



SPEED/PACKAGE AVAILABILITY 
54 F 
54LS F.W 
54S F.W 

74 A.F 
74LS A.F 
74S A.F 

SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54n4 54n4LS 

CL=15pF CL~15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 35 45 17 32 

tpHL High-to-Iow 8 15 15 28 

Load circuit and typical waveforms are shown at the front of section. 

54n4S 

CL=15pF 
RL = 2800 

MIN TYP MAX 

2 5 7.5 
CL=50pF 

17.5 1 

2 14.5 1 7 

CL=50pF 

f 71 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54LS F.W 
54S F.W 

74 A.F 
74H A.F 
74LS A.F 
74S A.F 

74,74H, 54n4LS,54S 
A,F,W PACKAGE 

Positive logic: Y.A 

SWITCHING CHARACTERISTICS VCC= 5V. T A = 25°C 

54n4 54/74H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4000 RL=2800 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 12 22 6 10 

tpHL High-to-Iow 8 15 6.5 10 

Load circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

UNIT 

ns 

ns 

54/74LS 

CL=15pF 
RL=2kO 

MIN TYP MAX 

5 15 

9 15 

A,F,W PACKAGE 

Positive logic: y. AS 

54,54H 
WPACKAGE 

54n4S 

CL=15pF 
RL=2800 

MIN TYP 

2 3 
CL=50pF 

I 4.51 

2 1 3 I 
CL=50pF 

I 51 

MAX 

4.5 

5 

o -" 9 

UNIT 

ns 

ns 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54L8 F.W 
548 F.W 

74 A.F 
74H A;F 
74L8 A.F 
748 A.F 

74,74H, 54n4LS, 54n4S 
A,F,W PACKAGE 

GNO 7 

Positive logic: Y =A 

SWITCHING CHARACTERISTICS vcc= 5V. T A = 25°C 

54n4 54174H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4000 RL=2800 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPLH Low-to-hlgh 40 55 10 15 

tPHL High-to-iow 8 15 7.5 12 

Load circuit and typical waveforms are shown at the front of sactlon. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 A.F 

SWITCHING CHARACTERISTICS Vec = 5V. TA = 25°e 

54n4 

. CL=15pF 
TEST CONDITIONS RL=1100 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 10 15 ns 

tpHL High-to-Iow 

Load clrcun and typical waveforms are shown at the front of section. 
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MIN 

54n4LS 

CL=15pF 
RL=2kO 

TVP MAX 

17 32 

15 28 

54,54H 
WPACKAGE 

54n4S 

CL=15pF 
RL=28C)O 

MIN TVP 

2 5 

CL=50pF 

I 7.5 I 
2 I 4.5 I 

CL=50pF 

I 71 

MAX 

7.5 

7 

PIN CONFIGURATION 

A,F,W PACKAGE 

UNIT 

ns 

ns 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

SWITCHING CHARACTERISTICS vcc= 5V, TA = 25°C 

54/74 

CL=.15pF 
TEST CONDITIONS RL=1100 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 6 10 ns 

tpHL High-to-Iow 20 30 ns 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 
54S F,W 

74 A,F 
74H A,F 
74LS A,F 
74S A,F 

54/74,74H,54I74LS, 54174S 
A,F,W PACKAGE 

GND 7 

SWITCHING CHARACTERISTICS VCC= 5V, T A = 25°C 

54174 54/74H 

CL=15pF CL=2SpF 
TEST CONDITIONS RL = 4000 RL=2800 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 17.5 27 7.6 12 

tpHL High-to-Iow 12 19 8.8 12 

Load circuit and typical waveforms are shown at the front of section. 

MIN 

PIN CONFIGURATION 

54174LS 

CL=15pF 
RL=2kO 

TVP MAX 

8.5 15 

8 20 

A,F,W PACKAGE 

54H 
WPACKAGE 

54174S 

CL=15pF 
RL=2800 

MIN TVP MAX 

4.5 7 

CL=50pF 

I 6 L 
I 5 I 7.5 

CL=50pF 

J 7.5 I 

o -" 9 

UNIT 

ns 

ns 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
548 F,W 

74 A,F 
74LS A,F 
74S A,F 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400ll RL=2kll 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-te-high 21 32 20 35 

tpHL High-te-Iow 16 24 20 35 

Load circuit and typical waveforms are shown at the front of section. 

54174S 

CL=15pF 
RL=28CKl 

MIN TVP MAX 

6.5 10 

CL=50pF 

1 9 1 

16.5 I 10 

CL=50pF 

1 91 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 
548 F,W 

74 A,F 
74H A,F 
74LS A,F 
748 A,F 

74,74H,54n4LS, 54n4S 
A,F,W PACKAGE 

GND 7 

Positive logic: Y - ABC 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 54174H 

CL=15pF CL=25pF 
TEST CONDInONS RL=400ll RL=280ll 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPLH Low-to-high 11 22 5.9 10 

tPHL Hlgh-te-Iow 7 15 6.3 10 

Load circuit and typical wavefOfms are shown at the front of section. 
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PIN CONFIGURATION 

UNIT 

ns 

ns 

54174LS 

CL=15pF 
RL=2kll 

MIN TVP MAX 

5 15 

9 15 

A,F,W PACKAGE 

Positive logic: Y - AB 

54,54H 
WPACKAGE 

54174S 

CL=15pF 
RL=280ll 

MIN TVP MAX 

2 3 4.5 

CL=50pF 

J 4.5 1 
2 I 3 I 5 

CL=50pF 

1 5 1 

UNIT 

ns 

ns 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

74 A,F 
74H A,F 
74L8 A,F 
748 A,F 

74,74H,54/74LS, 54n4S 
A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc= 5V, TA = 25°C 

54n4 54n4H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4000 RL=280O 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tpLH Low-ta-high 17.5 27 7.6 12 

tpHL High-to-Iow 12 19 8.8 12 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54L8 F,W 74LS A,F 

SWITCHING CHARACTERISTICS Vec = 5V, TA = 25°e 

LIMITS 

PARAMETER TEST CONDITIONS MIN TVP MAX 

tpLH Propagation delay time, 
iow-to-high-ievel output CL = 15pF, RL = 2kO 17 32 

tpHL Propagation delay time, 
high-to-Iow-Ievel output 15 28 

Load circuit and typical waveforms are shown at the front of section. 

54n4LS 

CL=15pF 
RL=2kO 

MIN TVP MAX 

9 15 

9 20 

54,54H 
WPACKAGE 

54n4S 

CL=15pF 
RL=280O 

MIN TVP MAX 

2.5 4.5 7 

CL=50pF 

I 6 I 
2.5 I 5 I 7.5 

CL=50pF 

I 7.5 I 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

ns 

positive logic: Y ~ABC 

UNIT 

ns o -" ns 9 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 
54lS F,W 74lS A,F 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°C 

54174 54/74LS 

CL=15pF CL=;15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPlH low-to-high 18 27 18 27 

tPHl High-to-Iow 15 22 15 22 

Load circuit and typical waveforms are shown at the front of. section. 

HYSTERESIS THRESHOLDS 

54174 54174LS 

PARAMETER MIN TVP MAX MIN TVP MAX 

VT + positive, going threshold 1.5 1.7 2,0 1.5 1.7 1.9 
VT - negative going threshold 0.6 0,9 1.1 0.6 0.8 1.0 

Hysteresis 0.4 0.8 

HYSTERESIS VS. TEMPERATURE-TYPICAL VALUES 

PARAMETER 

VT+ Positive going threshold 

VT- Negative going threshold 

Hysteresis 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54lS F,W 

60 

74 A,F 
74lS A,F 

54/74LS 

-SS°C 25°C +l25°C 

1.75 1.71 1.68 

.9'1 .83 .86 

.84 .83 .82 

OUTPUT VOLTAGE 
va. INPUT VOLTAGE 

• Vcc=5V 
TA"'25oC 

> 3 

I i 2 

1 

0 
0 OA 0.8 1.2 

VI-Input Voltage-V 

I(gDDliDl 

1.6 

UNIT 

ns 

ns 

UNITS 

V 

V 

V 

UNIT 

V 

V 

V 

2 

PIN CONFIGURATION 

A,F,W,PACKAGE 

OUTPUT VOLTAGE 
va. INPUT VOLTAGE 

i 
~ 2 HH-+-i1f-+-+-+--l++-I 

! 
? 

o 0.4 0.8 1,2 1.6 

VI-Input Voltage-V 

PIN CONFIGURATION 
A,F,W PACKAGE 

positive logic: y=A 



HYSTERESIS VS. TEMPERATURE-TYPICAL VALUES HYSTERESIS THRESHOLDS 
54/74LS 54n4 54n4LS 

PARAMETER -55°C +25°C 125°C UNIT MIN TVP MAX MIN TVP MAX UNIT 

VT+ Positive going threshold 1.75 1.71 1.68 V 

VT- Negative going threshold .91 .88 .86 V 
Hysteresis .84 .83 .82 V 

VT+ 1.5 1.7 2.0 1.5 1.7 1.9 
V 

VT- 0.6 0.9 1.1 . 0.6 0.8 1.0 
Hysteresis 0.4 0.8 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 15 22 15 22 ns 

tpHL High-to-Iow 15 22 15 22 ns 

Load circuit and typical waveforms are shown at the front of section. 

o -" SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 9 
54LS F,W 74LS A,F 
54S F,W 74S A,F 

A,F,W PACKAGE 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4LS 54n4S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2kO RL = 2800 

PARAMETER MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 20 35 2.5 5.5 8.5 ns 

eL=50pF Positive logic: Y ~ AB 

I 8.5 

tpHL High-to-Iow 20 35 2.5 I 6 9 ns 

eL =50pF 
I 8 

Load circuit ahd typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 

54 F.W 74 A.F 

SWITCHING CHARACTERISTICS vee = 5V. T A = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL=1100 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 10 15 ns 

tpHL High-to-iow 15 23 ns 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 A.F 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

54n4 

CL;.15pF 
TEST CONDITIONS RL=1100 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tPLH Low-to-high 6 10 ns 

tPHL High-to-iow 20 30 ns 

Load circuit and typical waveforms are shown at tha front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54L8 F.W 
548 F.W 
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74 A.F 
74H A.F 
74L8 A.F 
758 A.F 

74,74H,54n4LS,54n4S 
A,F,W PACKAGE . 

Positive logic: Y -ABeD 

Illnl 

PIN CONFIGURATION 

A,F,W PACKAGE 

PIN CONFIGURATION 

A,F,W PACKAGE 

54,54H 
WPACKAGE 



SWITCHING CHARACTERISTICS vee ~ 5V. T A ~ 25°e 

54n4 54n4H 

CL~15pF CL~25pF 
TEST CONDITIONS RL~4000 RL =2800 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 12 22 6 10 

tpHL High-to-Iow 8 15 7 10 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 
54LS F.W 

74 A.F 
74H A.F 
74LS A.F 

74,74H,54n4LS 
A,F,W PACKAGE 

SWITCHING CHARACTERISTICS Vee = 5V. TA ~ 25°e 

54n4 54/74H 54/74LS 

CL=15pF Cv25pF CL~15pF 

TEST CONDITIONS RL=4000 RL = 2800 RL~2kO 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay ,time 

tpLH Low-to-high 17.5 27 7.6 12 9 15 

tpHL High-to-Iow 12 19 8.8 12 9 20 

load circuit and typical waveforms are shown at the front of section. 

54n4LS 

CL~15pF 
RL~2kO 

MIN TYP MAX 

5 15 

9 15 

UNIT 

ns 

liS 

54/74S 

CL~15pF 

RL~2800 

MIN TYP MAX 

2 3 

eL=50pF 

I 4.5 I 
2 I 3 I 

eL~50pF 

I 51 

54,54H 
WPACKAGE 

4.5 

5 

UNIT 

ns 

ns 

o -" 9 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 
54L8 F,W 74LS A,F 

74H,54/74LS,54n4S 
A,F,W PACKAGE 

548 F,W 748 A,F 

Positive logic: Y = ABeD 
NG-No Internal connection 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4H 54n4LS 

CL=25pF CL=15pF 
TEST CONDITIONS RL=28011 RL=2kll 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 10 15 

tpHL High-to-Iow 7.5 12 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F 
54L8 F,W 

74 A,F 
74L8 A,F 

17 32 

15 28 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=1kn 

PARAMETER MIN TYP MAX MIN 

Propagation delay time 

tpLH Low-ta-high 16 24 

tPHL High-la-low 11 17 

Load circuit and typical waveforms are shown at the front of section. 
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54/74S 

CL=15pF 
RL=28011 

MIN TYP MAX 

2 5 7.5 

eL =50pF 

f 7.51 

2 14.5 1 7 

CL=50pF 

I 7 I 

54/74LS 

CL=15pF 
RL=2kll 

TYP MAX 

17 32 

15 28 

UNIT 

ns 

ns 

UNIT 

ns 

ns 

54H 
WPACKAGE 

PIN CONFIGURATION 

A,F,W PACKAGE 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 A,F 
74LS A,F 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=4000 

PARAMETER MIN TYP MAX MIN 

Propagation delay time 

tpLH Low-to-high 7 11 

tpHL Hlgh-to-Iow 10 15 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 
54LS F,W 74LS A,F 

SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54n4 

CL=50pF 
TEST CONDITIONS RL=1330 

PARAMETER MIN TYP MAX MIN 

Propagation delay time 

tpLH Low-to-hlgh 6 9 

CL=150pF 

I 10 15 

tPHL High-to-Iow I 8 12 

CL=150pF 
I 12 18 

Load circuit and typical waveforms are shown at the front of sectkm. 

PIN CONFIGURATION 
A,F,W PACKAGE 

54n4LS 

CL=15pF 
RL=2kO 

TYP MAX UNIT 

5 15 ns 

9 15 ns Positive logic: Y - A+B+C 

PIN CONFIGURATION 
A,F,W PACKAGE o -" 9 

54n4LS 

CL=45pF 
RL=8870 

TYP MAX UNIT 

12 24 ns 

Positive logic: Y-A+B 

12 24 ns 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 74 A.F 
54H F.W 74H A.F 
54LS F.W 74LS A.F 

74,74H, 54174LS 
A,F,W PACKAGE I 

GNO 7 

posnlve logic: y = ABCDEFGH 

SWITCHING CHARACTERISTICS vcc = 5V. TA = 25·C 

54n4 54/74H 54n4LS 

C,t.=15pF CL=25pF CL=15pF 
tEST CONDITIONS RL=4000 RL=2801l RL=2k1l 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 6.8 10 5 15 

tpHL High-to-Iow 8 15 8.9 12 9 20 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 A.F 
54LS F.W 7,4LS A.F 

SWITCHING CHARACTERISTICS Vcc = 5V. TA = 25·C 

54n4 54174LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4001l RL=2kll 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 10 15 9 22 

tpHL High-to-Iow 14 22 9 22 

Load circuit and typical waveforms are shown at the front of section. 
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UNIT 

ns 

ns 

UNIT 

ns 

ns 

54, 54H 
WPACKAGE 

PIN CONFIGURATION 
A,F,W PACKAGE 

Positive logic: y 2 A+B 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 
54L5 F,W 74L5 A,F 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 

CL=5OpF 
TEST CONDITIONS RL=133!l 

PARAMETER MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 10 15 

CL=150pF 

I 15 I 22 

tpHL High-to-Iow I 12 I 18 

CV 150pF 
\ 16\ 24 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L5 F.W 
545 F.W 

74 A,F 
74L5 A.F 
745 A,F 

MIN 

SWITCHING CHARACTERISTICS Vcc = 5V. T A = 25°C 

54n4 54/74LS 

CL=45pF CL=45pF 
TEST CONDITIONS RL=133!l RL=667!l 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 12 24 

tpHL High-to-Iow 8 15 12 24 

Load circuit and typical waveforms are shown at the front of section. 

54n4LS 

CL=45pF 
RL=667!l 

TYP MAX 

20 32 

18 28 

54n4S 

CL=15pF 
RL=93!l 

MIN TYP MAX 

4 6.5 

CL=50pF 

I 6 I 
I 4 I 6.5 

CL =50pF 

I 6 I 

1i!lIDliDl 

PIN CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

ns 
Positive logic: y "" A+B 

o -PIN CONFIGURATION 
A,F,W PACKAGE " 9 

UNIT 

ns 

Positive logic: y • AS 

ns 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54L5 F,W 
545 F,W 

14 A,F 
74L5 A,F 

. 745 A,F 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54174 54n4LS 

CL=45pF CL=45pF 
TEST CONDITIONS RL=133n RL=887n 

54174S 

CL=15pF 
RL=93n 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 14 22 20 32 6.5 10 

eL=50pF 

1 9 1 
tpHL High-to-Iow 11 18 18 28 16.5 1 10 

CL=50pF 

r 8.5 I 
Load Circuit and typical waveforms are shown at the front of sectlo"n. 

SPEED/PACKAGE AVAILABILITY 
54 F 74 A,F 

SWITCHING CHARACTERISTICS Vec = 5V, TA = 25°C 

54n4 

CL=45pF 
TEST CONDITIONS RL=133n 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 14 22 ns 

tpHL High-to-Iow 11 18 ns 

Load circuit and typical waveforms are shown at the front of section. 
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PIN. CONFIGURATION 
A,F,W PACKAGE 

UNIT 

ns 

Positive logic: Y ~ As 

ns 

PIN CONFIGURATION 

A,FPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 
54S F,W 

74 A,F 
74H A,F 
74LS A,F 
74S A,F 

74,74H, 54/74LS, 54/74S 
A,F,W PACKAGE 

Positive logic: Y ~ ABCD 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=13311 

PARAMETER MIN TVP 

Propagation delay time 

tPLH Low-to-high 13 

tpHL High-to-Iow 8 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 B,F 
74LS B,F 

MAX MIN 

22 

15 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

Propagation delay time 

IpLH LoW-1o-high A,B,e,D through 10 25 
210gle 

tpHL High-1o-low levels 14 25 

IpLH LOW-1o-high A,B,C,D through 17 30 
310gie 

IpHL High-1o-low levels 17 30 

Load circuit and waveforms shown at front of section (totem pole outputs). 

54/74H 

CL=25pF 
RL = 9311 

TVP MAX 

8.5 12 

6.5 12 

54174LS 

CL=15pF 
RL=2K1l 

MIN TVP MAX 

10 25 

14 25 

17 30 

17 30 

54174LS 

CL=45pF 
RL=86711 

MIN TVP MAX 

12 24 

12 24 

54,54H 
WPACKAGE 

54174S 

CL=5OpF 
RL,,;,9311 

MIN TVP MAX 

2 4 6.5 

CL=150pF 

I 61 

2 I 4 I 6.5 

eL=150pF 

I 6 I 

PIN CONFIGURATION 
B,F,W PACKAGE 

OUTPUTS 

UNIT 

ns 

ns 

UNIT o -ns 

" 
ns 9 
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FUNCTIONAL PLOCK DIAGRAM FUNCTION TABLE 
NO. BCD INPUT DECIMAL OUTPUT 

INPUT A D C B A 0 1 2 3 4 5 6 7 8 9 

0 L L L L L H H H H H H H H H 
1 L L L H H L H H H H H H H H 
2 L L H L H H L H H H H H H H 
3 L L H H H H H L H H H H H H 
4 L H L L H H H H L H H H H H 

5 L H L H H H H H H L H H H H 
6 L H H L H H H H H H L H H H 
7 L H H H H H H H H H H L H H 
8 H L L L H H H H H H H H L H 
9 H L L H H H H H H H H H H L 

H L H L H H H H H H H H H H 
c H L H H H H H H H H H H H H 
;:j H H L L H H H H H H H H H H < > H H L H H H H H H H H H H H 
~ H H H L H H H H H H H H H H 

H H H H H H H H H H H H H H 

H = high level. L = low level 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION 
54 F.W. 74 B.F 

B,F,W PACKAGE 

15 A} 
14 B ~ 

13 C en 

12 0 

SWITCHING CHARACTERISTICS Vee = 5V. T A = 25°e 

11 9} 
10 8 

9 7 

54174 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh through 10 17 25 ns 
210gie 

tPHL Hlgh-to-Iow levels 10 22 30 

tPLH Low-to-high through 26 35 ns 
310gle 

tpHL Hlgh-ta-Iow levels 23 35 

Loed circuit and typical waveforms are shown at the front of section. 
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TRUTH TABLE-EXCESS INPUT DECIMAL OUTPUT 
D C B A 0 1 2 3 4 5 6 7 8 9 

0 0 1 1 0 1 1 1 1 1 1 1 1 1 
0 1 0 0 1 0 1 1 1 1 1 1 1 1 
0 1 0 1 1 1 0 1 1 1 1 1 1 1 
0 1 1 0 1 1 1 0 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 0 1 1 1 1 1 
1 0 0 0 1 1 1 1 1 0 1 1 1 1 
1 0 0 1 1 1 1 1 1 1 0 1 1 1 
1 0 1 0 1 1 1 1 1 1 1 0 1 1 
1 0 1 1 1 1 1 1 1 1 1 1 0 1 
1 1 0 0 1 1 1 1 1 1 1 1 1 0 
1 1 0 1 1 1 1 1 1 . 1 1 1 1 1 
1 1 1 0 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 
0 0 0 0 1 1 1 1 1 1 1 1 1 1 
0 0 0 1 1 1 1 1 1 1 1 1 1 1 
0 0 1 0 1 1 1 1 1 1 1 1 1 1 

54 F,W 74 B,F 
SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION 

B,F,W PACKAGE 

o -" 10 A} 
14 B ~ 
13 C (IJ 

12 D 

9 

SWITCHING CHARACTERISTICS VCC=5V,TA=25°C 

11 9) 
10 8 

9 7 

54n4 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high through 10 17 25 ns 
2 logic 

tpHL High-to-Iow levels 10 22 30 

tpLH Low-to-high through 26 35 ns 
3 logic 

tpHL High-to-Iow levels 23 35 

Load clrcu" and typical waveforms are shown at the front of section. 
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TRUTH TABLE-EXCESS INPUT 
"" 

D ~ .' A 

0 0 1 0 
0 1 1 0 
0 1 1 1 
0 1 0 1 
0 1 0 0 
1 1 0 0 
1 1 0 1 
1 1 1 1 
1 1 1 0 
1 0 1 0 
1 0 1 1 
1 0 0 1 
1 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 1 

SPEED/PACKAGE A" AILABILITY 
54 F,W, 74 B,F 

BLOCK DIAGRAM 

DECIMAL OUTPUT 

0 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 2 

1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

]

'Nl'UT 
INVERTERS 

}
DECOOERI 
DRIVER 
GATES 

3 

1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

SWITCHING CHARACTERISTICS VCC=5V, TA=25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=100n 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 50 ns 

tpHL High-to-Iow 50 

Load clrcun and typical waveforms are shown at the front of section. 
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4 5 8 7 8 9 

1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
0 1 1 1 1 1 
1 0 1 1 1 1 
1 1 0 1 1 1 
1 1 1 0 1 1 
1 1 1 1 0 1 
1 1 1 1 1 0 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 1 1 1 1 

PIN CONFIGURATION 

.,F,W PACKAGE 

" A} 
14 B ~ 
13 C (IJ 

12 0 

11 9}~ 
10 8 C 

;;j 
9 7 



TRUTH TABLE-INPUTS TRUTH TABLE-OUTPUTS 
D C B A 0 1 

0 0 0 0 0 1 
0 0 0 1 1 0 
0 0 1 0 1 1 
0 0 1 1 1 1 
0 1 0 0 1 1 
0 1 0 1 1 1 
0 1 1 0 1 1 
0 1 1 1 1 1 
1 0 0 0 1 1 
1 0 0 1 1 1 
1 0 1 0 1 1 
1 0 1 1 1 1 
1 1 0 0 1 1 
1 1 0 1 1 1 
1 1 1 0 1 1 
1 1 1 1 1 1 

SPEED/PACKAGE AVAILABILITY 
54 F 74 B,F 

BLOCK DIAGRAM 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=1200 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high A,RBI Any 100 

tPHL High-to-Iow A or RBi 100 

Load circuit and typical waveforms are shown at the front of section. 

2 3 

1 1 
1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

UNIT 

ns 

4 5 6 7 6 

1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
0 1 1 1 1 
1 0 1 1 1 
1 1 0 1 1 
1 1 1 0 1 
1 1 1 1 0 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 1 1 

PIN CONFIGURATION 

B,FPACKAGE 

{
B , 

INPUTS 

C , 

LAMP J 

TEST 

RB • 
OUTPUT 

RB • 
INPUT 

[
0 , 

INPUTS 

A , 

9 

1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 

o -" 9 
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TROTH TABLE 

I 
INPUTS 

I I 
DECIMAL 

OR 
FUNCTION LT RBI D C B A B1/RBO 

0 1 1 0 0 0 0 
1 1 X 0 0 0 1 
2 1 X 0 0 1 0 
3 1 X 0 0 1 1 
4 1 X 0 1 0 0 
5 1 X 0 1 0 1 
6 1 X 0 1 1 0 
7 1 X 0 1 1 1 
8 1 X 1 0 0 0 
9 1 X 1 0 0 1 

10 1 X 1 0 1 0 
11 1 X 1 0 1 1 
12 1 X 1 1 0 0 
13 1 X 1 1 0 1 
14 1 X 1 1 1 0 
15 1 X 1 1 1 1 
BI X X X X .X X 

RBI 1 0 0 0 0 0 
LT 0 X X X X X 

NOTES: 
1. BilBRO Is w1re-OR logic serving as blanking input (BI) and/or ripple-blanking output 

(RBO). The blanking Input must be open or held at a logical 1 when output functions 0 
through t5 are desired and ripple-blanking input (RBI) must be open or at a logical 1 dur
Ing the decimal 0 Input. X ~ input may be high or low. 

2. When a logical 0 Is applied to the blanking Input (forced condition) all segment outputs go 
to a logical 1 regardless of the stale of any other input condnion. 

3. When ripple-blanking Input (RBI) Is at a logical 0 and A = B ~ C = 0 = logical O. all seg
ment outputs go to a loglcal.l and the ripple-blanking output goes to a logclal 0 (response 
condnion). 

4. When blanking Input! ripple-blanking output Is open or held at a logical 1. and a logical 0 is 
appllad to lamp-test Input. all segment outputs go to a logical O. 

SPEED/PACKAGE AVAILABILITY 
54 F 74 B.F 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°C 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 

54n4 

CL=15pF 
TEST CONDITIONS RL=12OC! 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP 

Propagation delay time 

tpLH Low-te-high A.RBI Any 
tPHL High-te-Iow 

load circuit and typical waveforms are shown at the front of section. 

74 

MAX 

100 
100 

8 b 

0 0 
1 0 
0 0 
0 0 
1 0 
0 1 
1 1 
0 0 
0 0 
0 0 
1 1 
1 0 
1 0 
0 1 
1 1 
1 1 
1 1 
1 1 
0 0 

UNIT 

ns 
ns 

OUTPUTS 

c d • , 
I 

0 0 0 0 1 
0 1 1 1 1 
1 0 0 1 0 
0 0 1 1 0 
0 1 1 0 0 
0 0 1 0 0 
0 0 0 0 0 
0 1 1 1 1 
0 0 0 0 0 
0 1 1 0 0 
1 0 0 1 0 
0 1 1 0 0 
1 1 1 0 0 
1 0 1 0 0 
1 0 0 0 0 
1 1 1 1 1 
1 1 1 1 1 
1 1 1 .1 1 
0 0 0 0 0 

PIN CONFIGURATION 

B,FPACKAGE 

[
s , 

INPUTS 
C , 

LAMP 3 
TEST 

RS 
OUTPUT 

RS 
INPUT 

INPUTS (: 

I 

NOTE 

1 
1 

2 
3 
4 



LOGIC DIAGRAM 

TRUTH TABLE 

I 
INPUTS 

I 
DECIMAL 

OR 
FUNCTION LT RBI D C B A BI/RBO 

0 1 1 0 0 0 0 
1 1 X 0 0 0 1 
2 1 X 0 0 1 0 
3 1 X 0 0 1 1 
4 1 X 0 1 0 0 
5 1 X 0 1 0 1 
6 1 X 0 1 1 0 
7 1 X 0 1 1 1 
8 1 X 1 0 0 0 
9 1 X 1 0 0 1 

10 1 X 1 0 1 0 
11 1 X 1 0 1 1 
12 1 X 1 1 0 0 
13 1 X 1 1 0 1 
14 1 X 1 1 1 0 
15 1 X 1 1 1 1 
BI X X X X X X 

RBI 1 0 0 0 0 0 
LT 0 X X X X X 

NOTES: 
1. BilBRO Is wlre-OR logic serving as blanking input (BI) andlor ripple-blanking output 

(RBO). The blanking Input must be open or held al a logical 1 when output functions 0 
through 15 are desired and ripple-blanking Input (RBI) must be open or at a logical 1 dur
Ing the decimal 0 input. X = inpul may be high or low. 

2. When a logical 0 is applied to lhe blanking Input (forced condillon) all segmanl outputs go 
10 a logical 1 regardlass of lhe stale of any other input condilion. 

3. When ripple-blanklng Inpul (RBI) Is al a logical 0 and A - B = C = 0 - logical 0, all seg
menl oulputs go 10 a logical 1 and lhe ripple-blanking output goes to a logical 0 (response 
condHlon). 

4. When blanking input/ripple-blanking oulput is open or held ala logical I, and a logical 0 Is 
applied 10 lamp-Iesl input, all segmanl outputs go 10 a logical O. 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
1 

I 
OUTPUTS 

I 

• b c d • I I NOTE o 
0 0 0 0 0 0 1 1 
1 0 0 1 1 1 1 1 
0 0 1 0 0 1 0 
0 0 0 0 1 1 0 
1 0 0 1 1 0 0 
0 1 0 0 1 0 0 

-" 9 
1 1 0 0 0 0 0 
0 0 0 1 1 1 1 
0 0 0 0 0 0 0 
0 0 0 1 1 0 0 
1 1 1 0 0 1 0 
1 1 0 0 1 1 0 
1 0 1 1 1 0 0 
0 1 1 0 1 0 0 
1 1 1 0 0 0 0 
1 1 1 1 1 1 1 
1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 3 
0 0 0 0 0 0 0 4 
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SPEED/PACKAGE AVAILABILITY 
54 F 74 B,F 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54/74 

CL=15pF 
(54)RL=1kD 

TEST CONDITIONS (74)RL=887D 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh A,RBI Any 100 ns 
tpHL High-to-Iow 100 ns 

Load circuit and typical waveforms are shown at the front 'of section. 

TRUTH TABLE 

I 
INPUTS 

FUNCTION LT RBI D C 

0 1 1 0 0 
1 1 X 0 0 
2 1 X 0 0 
3 1 X 0 0 
4 1 X .0 1 
5 1 X 0 1 
6 1 X 0 1 
7 1 X 0 1 
8 1 X 1 0 
9 1 X 1 0 

10 1 X 1 0 
11 1 X 1 0 
12 1 X 1 1 
13 1 X 1 1 
14 1 X 1 1 
15 1 X 1 1 
BI X X X X 

RBI 1 0 0 0 
LT 0 X X X 

NOTES: 
1. BilBRO Is wire-OR logic serving es blanking Input (BI) 

and/or ripple-blanking output (RBO). The blanking input 
must be open or held at a logical 1 when output functions 
o through 15 are desired and ripple-blanking input (RBI) 
must be open or at a logical 1 during the decimal 0 input. 
X ~ Input may be high or Icw. 

2. When a logical 0 is applied to the blanking Input (forced 
condition) all segment outputs go to a logical 1 regardless 
of the state of any other Input condition. 

3. Whon ripple-blanking Input (RBI) Is at a logical 0 and A _ 
B - C - 0- logical 0, all segment outputs go to a logical 
1 and the ripple-blanking output goes to a logical 0 
(raspcnse condition). 

4. When blanking input/ripple-blanking o~tput is open or 
hald at a logical 1. and a logical 0 Is applied to lamp-tesl 
input. all segment outputs go to a logical 1. 
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I 
B A BI/RBO 

0 0 1 
0 1 1 
1 0 1 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
1 1 1 
0 0 1 
0 1 1 
1 0 1 
1 1 1 
X X 0 
0 0 0 
X X 1 

BLOCK DIAGRAM 

RIPPLE
BLANKING 

INPUT 

I 

• 
1 
0 
1 
1 
0 
1 
0 
1 
1 
1 
0 
0 
0 
1 
0 
0 
0 
0 
1 

BLANKING INPUT OR 
RIPPLE-BLANKING 

OUTPUT 

b 

1 
1 
1 

,·1 
1 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
1 

PIN CONFIGURATION .•. 

B,FPACKAGE 

[
B , 

INPUTS 
C , 

LAMP· 3 
TEST 

RB 
OUTPUT 

RB 
INPUT 

INPUTS {: 

OUTPUTS 

C" d 

1 1 
1 0 
0 1 
1 1 
1 0 
1 1 
1 1 
1 0 
1 1 
1 0 
0 1 
1 1 
0 0 
0 1 
0 1 
0 0 
0 0 
0 0 
1 1 

INP,UTS 

• f 

1 1 
0 0 
1 0 
0 0 
0 1 
0 1 
1 1 
0 0 
1 1 
0 1 
1 0 
0 0 
0 1 
0 1 
1 1 
0 0 
0 0 
0 0 
1 1 

9 

0 
0 
1 
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
1 

I 
NOTE 

1 
1 

2 
3 
4 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W, 

74 A,F 
74H A,F A,FPACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°CC 

54174 54n4H 

CL=15pF CL=25pF 
RL=400U RL=2800 

Expander pins 
TEST CONDITIONS areopan 

PARAMETER MIN TVP MAX MIN TVP MAX 

Propagation delay time 

tPLH Low-to-hlgh 13 22 6.8 11 
CX=15pF 

I 
11 I 

tpHL Hlgh-to-Iow 8 15 I 6.2 I 11 

CX=15pF 
7.4 

Load circuit and typical waveforms are shown at the front of section. 

UNIT 

ns 

ns 

PIN CONFIGURATION SPEED/PACKAGE AVAILABILITY 

54n4LS 
A.F,W PACKAGE 

positive logic: 

1Y - (lMB-le) + (1D-1E'lF) 
2Y = (2A'2B) + (2<>20) 

54 F,W 
54H F,W 
54LS F,W 

74 A,F 
74H A,F 
74LS A,F 

54,54H 
WPACKAGE 

IlJnn. 

WPACKAGE 

OTHERS 
A,FPACKAGE 
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SWITCHING CHARACTERISTICS vec= 5V, TA = 25°C 

54n4 
CL=15pF 

TEST CONDITIONS RL=40011 

PARAMETER MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 

tPHL High-to-iow 8 15 

Make no exlernal oonnection 10 X and X pins of Ihe 54/7451 and Ihe 54/74H51. 
Load clrcul1 and typical waveforms are shown allh. fronl of secllon. 

SPEED/PACKAGE AVAILABILITY 
54H F,W 74H A,F 

MIN 

SWITCHING CHARACTERISTICS Vec = 5V, T A = 25°C 

54n4H 

CL=25pF 
RL=28O!l 

EXPANDER PIN 
TEST CONDITIONS IS OPEN 

54n4H 
CL=25pF 
RL=28011 

TVP 

6.8 

6.2 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 10.6 15 ns 

Cx = 15pF 

1 14.8 1 
00 

I 9.2 I tpHL High-to-iow 15 ns 

Cx = 15pF 

I 9.8 I 
Load clrcuil and Iyplcal waveforms are shown allhe fronl of SOCllon. 
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54174LS 54n4S 

CL=15pF CL=15pF 
RL=2kll RL=28O!l 

MAX MIN TVP MAX MIN TVP MAX UNIT 

11 9 15 2 3.5 5.5 ns 

CL=50pF 

I 5 1 
11 9.5 15 2 I 3.5 I 5.5 ns 

CL=50pF 

I 5.5 I 

PIN CONFIGURATION 

A,FPACKAGE 

WPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 

74 A,F 
74H A,F 74 

A,FPACKAGE 

54174H 
A,FPACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4 54n4H 

CL=15pF CL=25pF 
RL=4000 RL=2800 

EXPANDER PINS 
TEST CONDInONS ARE OPEN 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high 13 22 7 11 

CX=15pF 

I 11.4 I 
tPHL Hlgh-to-Iow 8 15 I 6.2 I 11 

CX=15pF 
I 7.4 I 

load circuit and typical waveforms are shown at the front of section. 

IInOl'll1 

UNIT 

ns 

ns 

54 
WPACKAGE 

54H 
WPACKAGE 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 
54H F,W 74H A,F 
54LS F,W 74LS A,F 

54 
WPACKAGE 

PIN CONFIGURATION 

54174LS 
A,F,W PACKAGE 

pos~lve logic: 
y ~ (AB) + (COE) + (FGH) + (IJ) 

NC - No Internal connection 

54HI74H 
A,FPACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 54174H 54174LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2800 RL=2kO 

PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Propagation delay time 

tPLH Low-to-hlgh 13 22 7 11 7 20 

tpHL High-to-Iow 8 15 6.2 11 11.5 20 

Load circuit and typical waveforms are shown at the front of section. 
Make no external connection to X and X pins of the 5417454 and 54174H54. 
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UNIT 

ns 

ns 

54174 
A,FPACKAGE 

54H 
WPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 54174LS 
54LS F,W 74LS A,F A,F,W PACKAGE, 

GND 7 

positive logic: 
y = (ABeD) + (EFGH) 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54/74H 54174LS 

CL=25pF CL=15pF 
RL=280!l RL=2k!l 

EXPANDER PINS 
TEST CONDITIONS ARE OPEN 

PARAMETER MIN TYP MAX MIN TYP MAX 

Propagalion delay lime 

IPLH Low-Io-high 7 11 12 20 

CX=15pF 

I 11.4 I 
IPHL High-Io-Iow I 6.5 I 11 11.5 20 

CX=15pF 
I 7.7 I 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 
54H F,W 74H A,F A,F PACKAGE 

I!DIMI 

UNIT 

ns 

ns 

54,74H 
A,FPACKAGE 

54H 
WPACKAGE 

WPACKAGE 

o -" 9 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4 54174H 

CL=15pF 
TEST CONDITIONS RL=400ll 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-ta-hlgh through 15 30 N/A ns 
54/7450, 
5417453 

tpHL High-ta-low 10 20 N/A ns 

Load olrcult and typical waveforms are shown at the front of section. 

(FOR USE WITH 54174H52) 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATrON 
54H F,W 74H A,F 

A,FPACKAGE WPACKAGE 

(FOR USE WITH 54/74H50, 54/74H53, 54/74H55) 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A,F PACKAGE WPACKAGE 

.IIIDI 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
548 F,W 748 A,F A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4S 

CL=15pF 
TEST CONDITIONS RL=280U 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 3.5 5.5 ns 

CL=50pF 

I 5 I 
tpHL High-to-Iow 2 I 3.5 I 5.5 ns 

CL=50pF 
positive logic: ABeD + EF + GHI+ JK 

I 5.5 I 
Load circuit and typical waveforms are shown at the front of section. 

o 
SPEED/PACKAGE AVAILABILITY 
548 F,W 748 A,F 

PIN CONFIGURATION -" SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

A.F,W PACKAGE 9 
54n4S 

CL=15pF 
TEST CONDITIONS RL=280U 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 5 7.5 ns 

CL =50pF 

I 8 

tpHL High-to-Iow 2 I 5.5 8.5 ns 

CL=50pF 

I 6.5 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F . 

TRUTH TABLE 
LOGIC 

oJn Kn . Qn+1 

0 0 Qn 
1 0 1 
0 1 0 
1 1 an 

J - J1J2J· K - K1K2K· 
n Is time prior to clock 
n+ 1 Is time following clock 
t both outputs in 0 stet. 

PRESET CLEAR 

0 0 
1 0 
0 1 
1 1 

AJ! PACKAGE 

Q 

t 
0 
1 
0 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=4OOfi 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

fClock Clock frequency 15 35 

tSetup Input setup time 10 20 

tHold Input hold time 0 5 

Propagation delay time 

tpLH Low-to-hlgh Clear, 50 

Preset 

tpHL High-to-Iow 50 

tPLH Low-to-hlgh Clock 10 27 50 

tpHL High-to-iow 10 18 50 

Load circuit and typical waveforms are shown at the front of secllon. 

SPEEDIPACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H A,F 

A.FPACKAGE 

TRUTH TABLE ;-
In In+1 

~N 

~. 
J K Q 
0 0 Qn 
0 1 0 ~-

@~ 
1 0 1 
1 1 an 

NOTES: 
1. J - (J1AoJ1B)+ (J2AoJ2B) . 

Z~ 
0 2. K = (K1A-K1B) + (K2A-K2B) 

3. In - blllime before clock pulse. 
4. In+ 1 ~ bll lime after clock pulse. 
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WPACKAGE 

UNIT 

MHz 

ns 

ns 

ns 

ns 

WPACKAGE 

i:R ~- 'a 
w~ ~N =E 
;;; Iw ;;;DI 

=e If- =iI 
0; ~ .. So 

·e ii- ·1 
00, ~~ .~ 



SWITCHING CHARACTERISTICS vcc = SV. T A = 2S Q C 

54174H 

CL=15pF 
TEST CONDITIONS RL=280!) 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

fClock. Clock frequency 25 30 MHz 

Propagation delay time 

tpLH Low-to-hlgh Preset 6 13 ns 

tpHL Hlgh-to-Iow 12 24 

tpLH Low-to-high Clock 6 14 21 ns 

tpHL High-to-Iow 10 22 27 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54H F.W 

74 A.F 
74H A.F A,FPACKAGE 

TRUTH TABLE 

In In+1 

J K a 
0 0 an 
0 1 0 
1 0 1 
1 1 On 

NOTES: 3. In = bil lime before clock pulse. 
1. J = J 1 • J2 • J3 . 4. In+ 1 - bit lime after clock pulse. 
2. K "" K1 • K2· K3 '5. NC "" no internal connection. 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25Q C 

54174 

CL=15pF 
TEST CONDITIONS RL=400!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP 

fClock Clock frequency 15 20 

tw{Clock) Width of clock 
Input pulse 
Clock high 20 
Clock low 47 

tw{Clear) Width of clear 25 
Input pulse 

tSetup Input setup time of 
tHold Input hold time O~ 

Propagation delay time 
tpLH Low-to-high Clear 16 

tpHL High-to-Iow 25 

tPLH Low-ta-high Clock 10 16 

tpHL Hlgh-ta-Iow 10 25 

Load clrcuH and typical waveforms are shown al Ihe fronl of section. 

,,011111 

MAX 

25 

40 

25 

40 

WPACKAGE 

0 .~ -~~ 

" •• 9 
p 
i'" ." 
~. .. 
", .. 

54/74H 

CL=25pF 
RL=280!l 

MIN TYP MAX UNIT 

25 30 MHz 

12 ns 
28 

16 ns 

of ns 

o~ ns 

6 13 ns 

12 24 

16 21 ns 

22 27 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 
54H F,W 
54LS F,W 

DESCRIPTION 

74 A,F 
74H A,F 
74LS A,F 

This monolithic edge-triggered dual J-K flip-flop features individual J, K, clock, and clear 
Inputs to each flip-flop. A low logic level at the clear input resets the O. output to a low level 
regardless of the levels at the other Inputs. With clear Inactive (high), a high level at the 
clock Input enables the J and K Inputs and data will be accepted. The logic levels at the J 
and K Inputs may be allowed to change when the clock pulse is high and the bistable will 
perform according to the function table, as long as minimum setup and hold times are ob
served. Input data Is transferred to the outputs on the negative-going edge of the clock 
pulse. 

A,F,W PACKAGE 

LOGIC DIAGRAM FUNCTION TABLE (Each Flip-Flop) 

a 

CLEAR 

CLOCK 

54/74, 54174H 

INPUTS 

CLEAR CLOCK ~ K 

L X X X 
H ..IL.- L L 
H ...I"L. H L 
H ..IL.- L H 
H ...I"L. H H 

H = high level (steady state) 
L = low level (steady state) 
X = irrelevant 

OUTPUTS 

Q Q 

L H 
00 0 0 
H L 
L H 

TOGGLE 

j R transition from high to low level 

54/74LS73 

INPUTS 

CLEAR CLOCK J K 

L X X X 
H ~ L L 
H ~ H L 
H ~ L H 
H ~ H H 
H H X X 

OUTPUTS 

Q Q 

L H 
00 00 
H L 
L H 

TOGGLE 
00 00 

00 = the level of 0 before the indicated Input conditions were established. 
TOGGLE: Each output changes to the complement of Its previous level on each j clock tran

sition. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C' 

54n4 54n4H 54n4LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDITIONS RL=400!l RL=28O!l RL=2k!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TYP MAX MIN TVP MAX UNIT 

fClock Clock frequency 15 20 25 30 30 45 MHz 

tw(Clock) Width of clock 20 ns 
Input pulse 
Clock high 20 12 
Clock low 47 28 

tw(Clear) Width of clear 25 16 25 ns 
input pulse 

tsetup Input setup time OJ oj 20 ns 

tHold Input hold time O~ O~ 0 ns 

Propagation delay time 
tpLH Low-to-high Clear 16 25 6 13 11 20 ns 

tPHL Hlgh-to-Iow 25 40 12 24 15 30 ns 

tpLH Low-to-high Clock 10 16 25 16 21 11 20 ns 

tpHL High-to-Iow 10 25 40 22 27 15 30 ns 

Load c~cult and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54H F,W 
54L8 F,W 
548 F,W 

DESCRIPTION 

74 A,F 
74H A,F 
74L8 A,F 
748 A,F 

These monolithic dual edge-triggered Ootype flip-flops feature individual 0, clock, preset, 
and clear inputs. 
Preset and clear inputs are active-low and operate independently of the clock input. When 
preset and clear are inactive (high), information at the 0 input is transferred to the Q output 
on the positive-going edge of the clock pulse. Clock triggering occurs at a voltage level of 
the clock pulse and is not directly related to the transition time of the positive-going pulse. 
When the clock Input is at either the high or low level, the D-input signal has no effect at 
the output. 

FUNCTIONAL BLOCK DIAGRAM (Each Flip-Flop) 

PRESET 

!4, 10) 

CLEAR 

(1. 13) 

CLOCK 

(3,11) 

D 

(2~ 12) 

PIN CONFIGURATION 

, 
CLEAR 

, 
CLOCK 

, 
PRESET 

A,F, PACKAGE 

W PACKAGE 

CLEAR 

2 
CLOCK 

2 
PRESET 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

Pre .. t Clear Clock D Q Q 

L H X X H L 
H L X X L H 
L L X X H* H* 
H H t H H L 
H H t L L H 
H H L X QO 00 

H ~ high level (stoody state) L= low level (stoody state) 
"This condition Is nonstable. It will not remain after clear and 

preset return to their inactive (high) state. 
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SWITCHING CHARACTERISTICS vcc= 5V, T A =' 25°C 

54174 54174H 

CL=15pF CL=25pF 
TEST CONDITIONS RL=4OOQ RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP 

fClock .' Clock frequency 15 25 35 43 

tw(Clock) Width of clock 
input pulse 
Clock high 30 15 
Clock low 37 13.5 

tw(Clear Width of clear 30 25 
input pulse 

tw(Preset) Width of 30 25 
preset input 
pulse 

tsetup Input setup time 20t 15 
High level lOt 
Low level 15t 

tHold Input hold time 5t 2 5t 

Propagation delay time 
tPLH Low-to-high Clear, 25 

Preset 

tPHL High-to-Iow 40 

tpHL Low-to-high Clock 10 14 25 4 8.5 

tpHL High-to-Iow 10 20 40 13 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 
54 F 74 B,F' VCC .. ;.5 

54LS F,W 74LS B,F GND=.;.12 

DESCRIPTION' 
This latch Is ideally suited for use as tempo
rary storage for binary Information between 
processing units and input/output or indica
tor un"s. Information present at a data (0) 
Input Is transferred to the Q output when 
the enable (G) Is high and the Q output will 
follow the data Input es long as the enable 
remains high. When the enable goes low, 
the Information (that was present at the 
data input at the time the transition oc
curred) Is retained at the Q output until the 
enable is permitted to go high. 
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13 

16 

15 

14 

10 

11 

.. .. 

MAX 

20 

30 

15 

20 

54/74LS 54174S 

CL=15pF CL=15pF 
RL=2kO RL=2800 

MIN TYP MAX MIN TYP MAX 

25 33 75 90 

25 

6 
7.3 

25 7 

25 7 

3~ 
25 
20 

5 2-1 

8 25 5 6 
CLK=l 

8 13.5 
CLK=O 

16 40 5 8 

8 25 7 9 

16 40 7 9 

PIN CONFIGURATION 

B,F,W PACKAGE 

ENABLE G 4 
3·4 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54174 54174LS 

CL=15pF CL=15pF 
TEST CONDInONS RL=4OOQ RL=2kll 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

tw Width of enabling 
pulse 

tsetup Input setup time 
High level 7 20 
Low level 14 20 

tHold Input hold time 
Hlgh.Level 0 15 
Low level 0 6 

Propagation delay time 
tpLH Low-to-high 0 Q 16 30 
tpHL High-to-Iow 14 25 

tpLH Low-to-hlgh 0 Q 24 40 
tpHL High-to-iow 7 15 

tpHL Low-to-high G Q 16 30 
tpHL High-to-Iow 7 15 

tpLH Low-to·high G Q 16 30 
tpHL High-to-iow 7 15 

Load circuit and typical waveforms are shown at the front of section 

PARAMETER MEASUREMENT INFORMATION 

o INPUT ,"" 

(Sea Note D) 

OUTPUTQ 

_f--+-' 

OUTPUTQ 

NOTES: 

",------1---,,, 
ir---- 3V 

VOLTAGE WAVEFORMS 

A. The pulse generators have the following characteristics: lout - 50 II; for pulse generator 
A. PRR :s 500 kHZ; for pufse generator B. PRR :s I MHz. PosItions of D and G Input pulses 
are verled with respect to each other to verify setup times. 

B. CL Includes probe and Jig capacitance. 
C. All diodes are IN3064. 
D. When measuring propagation delay times from the 0 Input. the corresponding G Input 

must be held high. 
E. Vre! - 1.3V. 

20 

20 

0 

15 27 
9 17 

12 20 
7 15 

15 27 
14 25 

16 30 
7 15 

PULSE 
GENERATO 

A 
(Seo Note Al 

PULSE 
ENERATOR . H 
(SeoNoteAI 

.. -

ns 

ns 

ns 

ns 

INPUTS -----D G 

TRUTH TABLE (Each Latch) 
LOGIC 54174 

(Each Latch) 

In In+1 

0 Q Q 
1 1 0 
0 0 1 

NOTES: 
I. tn - bit time before clock pulse 
2. tn+ t - bit time after clock pulse. 
3. These voltages are wHh respect to ne!WOrt< ground ter

minal. 

54174LS 

INPUTS 

0 G 

L H 
H H 
X L 

H - high level. L = low level. 
X - ~ralevant 

OUTPUTS 

Q Q 

L H 
H L 

QO 00 

00 = the level of 0 before the hlgh-ta-Iow transition of G 

FLIP-FLOP LOGIC DIAGRAM 

G 

: .. ~: 
OTHER 
LATCH 

ENABLE 

OUTPUTS 

Vce '"'Cltr 

.:rCL=15PF 
_ (See No 
- HI 

TEST CIRCUIT 

(Seo Note CI 

89 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 B,F 
54H F,W 74H B,F ',F,W PACKAGE 

54LS F,W 74LS B,F 

DESCRIPTION 
This monolithic dual J-K flip-flop features Individual J,. K, clock, and asynchronous preset 
and clear Inputs to each flip-flop. The preset or clear inputs, when tow, set or reset the out
puts regardless of the levels at the other inputs. When preset and clear Inputs are inactive 
(high), a high level at the clock Input enables the J and K Inputs and data will be accepted. 
The logic levels at the J and K inputs ,may be allowed to change when the clock pulse Is 
high and the bistable will perform according to the function table as long as minimum setup 
and hold times are Observed. Input data is transferred to the outputs on the negative-golng 
edge of the clock pulse. . 

FUNCTION TABLE (Each Flip Flop) 

54174 54174H , 54174LS 
FUNCTIONAL 
BLOCK DIAGRAM 

INPUTS OUTPUTS INPUTS OUTPUTS J( PRESET 1 
PRESET CLEAR CLOCK J K Q Q PRESET CLEAR CLOCK J K Q Q 

L H X X X H L L H X X X H L 
H L X X X L H H L X X X L H co r-
L L X X X H' H' L L X X X H' H' 

9 H H ...r1- L L 00 00 H H ~ L L 00 00 
H H ...r1- H L H L H H ~ H L H L 
H H ...r1- L H L H H H ~ L H L H 
H H ...r1- H H TOGGLE H H ~ H H TOGGLE gL(!.CK", 

.H - high level (sleady stale) H H H X X 00 00 

1 L = low level (sleadY slale) 
X ~ Irrelevanl 
j ~ ·'ransltlon from high 10 low level 
0 0= Ihe level of 0 before lhe Indlcaled steady-slale InptJl condilions were astabllshed. 
TOGGLE: Each OUtpul changes 10 Ihe complemenl of lIS previous level on each j clock lren-

sitlon. 
'This configurallon is nonstabie, Ihalls. II will nol persist when preset and clear InpUis return 
to lhelr Inacllve (high) level. 

SWITCHING CHARACTERISTICS Vce = 5V, T A - 25°C 
J ,·CLEAR ~ 

54174 54174H 54174LS 

CL=15pF CL=25pF CL=15pF 
TEST CONDInONS RL=4OOn RL=2800 RL=2k!1 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TVP 

fCI~k Clock frequency 15 20 25 30 30 45 

tw(Clock) Width of clock 20 
pulse 
Clock high 20 12 
Clock low 47 28 

tw!Preset) Width of 25 16 25 
preset pulse 

tw(Clear) Width of clear 
pulse 

25 16 25 

tSetup Input setup time ot ot 20~ 

tHold Input hold time o~ o~ O~ 

Propagation delay time 
tpLH Low-to-high Clear, 16 25 6 13 11 

Preset 

tpHL High-to-Iow 25 40 12 24 15 

tPLH Low-to-high Clock 10 16 25 16 21 11 

tpHL High-to-loW 10 25 40 22 27 15 

~oad circulI and typical waveforms are shown allhe fronl of secllon. 
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MAX 

20 

30 

20 

30 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 
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SPEED/PACKAGE AVAILABILITY 
54 W 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54 

CL=15pF 
TEST CONDITIONS RL=400!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tsetup Input setup time 

High level 7 20 ns 

Low level 14 20 

tHold Input hold time ns 

High level 0 15" 

Low level 0 6" 

Propagation delay time 

tpLH Low-to-high D Q 16 30 ns 
tpHL Hlgh-to-Iow 14 25 
tpLH Low-to-hlgh e Q 16 30 
tpHL High-to-Iow 7 15 

Load circuit and typical waveforms are shown on 5417475 data sheet. 
"These typical times Indicate that period occurring prior to the fall of clock pulse (to) below 1.5V when data at the 0 Input will 
stili be recognized and stored. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A,F 

DESCRIPTION 
This monolithic dual J-K edge-triggered flip-flop features Individual J, K, and preset Inputs 
plus common clock and common clear inputs. The preset or clear inputs, when low, set or 
reset the outputs regardless of the levels at the other Inputs. When preset and clear inputs 
are Inactive (high), a high level at the clock input enables the J and K inputs and data will 
be accepted. The logic levels at the J and K Inputs may be allowed to change when the 
clock pulse is high and the bistable will perform according to the function table as long as 
minimum setup and hold times are observed. Input data is transferred to the outputs on the 
negative-going edge of the clock pulse. 

FUNCTIONAL BLOCK DIAGRAM (Each Flip-Flop) 

PRESET 0--+---..... ---' '---~p__--+ ..... -o CLEAR 

CLOCK TO OTHER 
FLlP·FLOP 

PIN CONFIGURATION 

WPACKAGE 

TRUTH TABLE 
LOGIC 

(Each Latch) 

tn 

D 
1 
0 

NOTES: 
1. tn = bit tIme before clock pulse. 
2. In+ 1 = bit time after clock pulse 

tn+1 

Q 
1 
0 

3. These voltages are with respect to network ground ter~ 

minal. 

PIN CONFIGURATION 

A,F,W PACKAGE 
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FUNCTION TABLE (Each Flip-Flop) 

INPUTS' 

PRESET CLEAR CLOCK 

L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H = high level (steady state) 
L - low level (steady state) 
X = Irrelevant 

X 
X 
X 
~ 
~ 
~ 
~ 
H 

j = transHlon from high to low level 

J 

X 
X 
X 
L 
H 
L 
H 
X 

OUTPUTS 

K Q Q 

X H L 
X L H 
X H* H* 
L ~ 

QO 
L L 
H L H 
H TOGGLE 
X QO QO 

00· the level of 0 before the Indicated steady-state Input conditions _e establlshad 
TOGGLE: Each output changes to the complement 01 Its previous level on each j clock tran
sition. 
·Thls configuration Is nonstable. that Is. H will not persist when preset and clear Inputs retum 
to their Inactive (high) level. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

PARAMETER 

fClock Clock frequency 

'w(CIOCk) Width of clock pulse (high) 

'w(Preset) Width of preset pulse (low) 

'w(Clear) Width of clear pulse (low) 

tSetup Input setup time 

tHold · Input hold time 

tpLH Propagation delay time, .Iow-to-high-Ievel 
output from clear, preset or clock (as appropriate) 

tpHL Propagation delay time, high-to-Iow-Ievei 
output from clear, preset or clock (as appropriate) 

Load elreu" end typical waveforms are shown at the Iront of book. 

TEST CONDITIONS 

CL = 15pF, RL = 2kO 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

TRUTH TABLE 

CN B A Cn+1 2: 2: 
.. 

0 0 0 1 1 0 

0 0 1 1 0 1 

0 1 0 1 0 1 

0 1 1 0 1 0 

1 0 0 1 0 1 

1 0 1 0 1 0 

1 1 0 0 1 0 

1 1 1 0 0 1 

NOTES: 
,. A - A··Ac' S = B··Sc where A· - A,.~. S· -

B,'S2' 
2. When A· or S· are used .. Inputs. A, and B2 respective

ly. must be connected to GND. 
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UMITS 

MIN TVP MAX UNIT 

30 45 MHz 

20 ns 

25 ns 
25 ns 

20~ ns 

O~ ns 

11 20 ns 

15 30 ns 

WPACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=7800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tPLH Low-to-hlgh, Cn Cn+1 13 
tPHL High-to-iow 8 
tpLH Low-to-hlgh BC Cn+1 18 
tPHL High-to-iow 38 

TEST CONDITIONS 
CL=15pF 
RL = 4000 

tpLH Low-to-hlgh AC l: 52 
tpHL High-to-iow 62 
tPLH Low-to-hlgh Be "f 38 
tpHL High-to-Jow 56 

TEST CONDITIONS CL=15pF 

tpLH Low-to-high A1 A* 48 
tPHL High-to-iow 17 
tpLH Low-to-hlgh B1 B* 48 
tpHL High-to-iow 17 

Load clrcu~ and typical wavefOl'ms are shown at the front of section. 

SPEEDIPACKAGE AVAILABILITY BLOCK DIAGRAM 
54 F.W 74 B.F 
54LS F.W 74LS B.F 54n4 

co 
A;ii 

A2i2 
A3Bi 
A4B4 

Ai+i1 
A,B2 
_.-........Jr=~ 

A4B4 A,.., .... , .... 
.... ,0-----4--" 
.... 0-----'__' 

"I11III 

17 
12 
25 
55 

70 
80 
55 
75 

65 
25 
65 
25 

UNIT 

ns 

o -" 9 
PIN CONFIGURATION 

B,F,W PACKAGE 
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SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

54n4 54n4LS 

CL=5OpF CL=15pF 
TEST CONDITIONS RL=400 RL=2k 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high Co 1 23 34 ns 

tPHL Hlgh-to-Iow 20 34 

tPLH Low-to-high Co 2 24 35 

tpHL High-to-Iow 22 35 

tpLH Low-to-high Co 3 30 50 

tpHL Hlgh-to-Iow 24 40 

tpLH Low-to-hlgh Co 4 30 50 

tPHL Hlgh-to-Iow 28 50 

tpLH Low-to-hlgh A2.B2 2 40 

tpHL Hlgh-to-Iow 35 

tpLH Low-to-hlgh A4.B4 4 40 

tpHL Hlgh-to-Iow 35 

TEST CONDITIONS CL = SOpF 
RL = 780 

tpLH Low-to-high Co C4 12 20 11 17 
tpHL Hlgh-to-Iow 12 20 11 17 
tpLH Low-to-high Co Any l; 16 24 
tpHL High-to-Iow 15 24 
tpLH Low-to-hlgh Ai.Bj l;i 15 24 
tPHL High-to-Iow 15 24 
tpLH Low-to-hlgh AI.Bi C4 11 17 
tpHL High-to-Iow 12 17 

Load circuit and typical waveforms are shown at the front of section. 

LOGIC DIAGRAM 

coo------....-----I )>6------, 
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FUNCTION TABLE 
OUTPUT 

INPUT WHE~/ 
CO=L 

WHEN./ 
CO=H 

/WHEN 
C2=L 

/WHEN 
.C2=H 

AI 81 A2 82 II 1:2. C2 II .1:2 C2 

A3 83 A4 84 1:3 I4 C4 1:3 1:4 C4 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H ·H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L" H H H L H L H H 
L H H H H L H L Ii H 
H H H H L H H H H Ii 

H • high level. L • low level 

NOTE: Input conditions at AI, 61, A, 62, and CO are used 
to determine outputs II and 1:2 and the value of the 
Internal carry C2. The velues at C2, A3, 83, A4, arid 
64, are then used to determine outputs I3, 1:4, and 
C4. 



LOGIC DIAGRAM 

SPEED/PACKAGE AVAILABILITY 
54 F.W 
54L5 F.W 
545 F.W 

DESCRIPTION 

74 B.F 
74L5 B.F 
745 B.F 

(14)1::4 

'" 

This four-bit magnitude comparator performs comparison of straight binary and straight 
BCD (8-4-2-1) codes. Three fully decoded decisions about two 4-blt words (A. B) are made 
and are externally available at three outputs. These devices are fully expandable to any 
number of bits without external gates. Words of greater length may be cornpared by con
necting comparators in cascade. The A > B. A < B and A = B outputs of a stage handling 
less-significant bits are connected to the corresponding A > B. A < B. and A = B inputs of 
the next stage handling more-significant bits. The stage handling the least-significant bits 
must have a high-level voltage applied to the A = B input. The cascading path is Imple
mented with only a two-gate-Ievel delay to reduce overall comparison times for long words. 
An alternate method of cascading which further reducas the comparison time Is shown in 
the typical application data. 

. ..... 

PIN CONFIGURATION 

B,F,W PACKAGE 

DATA 
INPUTB3 1 

[

A<B 2 

CASCADE 
INPUTS A""B 3 

A>o • 

[

A>' 5 

OUTPUTS A=B 6 

A<B 7 

DATA 
INPUTS 
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FUNCTION TABLE 
COMPARING CASCADING 

INPUTS INPUTS OUTPUTS 

A3,B3 A2,B2 A1,B1 AG,BO A>B A<B A=B A>B A<B A=B 

A3> B3 X X X X X X H L L 
A3 < B3 X X X X X X L H L 
A3 = B3 A2> B2 X X X X X H L L 
A3= B3 A2 < B2 X X X X X L H L 
A3 = B2 A2 = B2 Al > Bl X X X X H L L 
A3 = B3 A2 = B2 Al < Bl X X X X L H L 
A3 = B3 A2 = B2 Al = Bl AO > eo X X X H L L 
A3 = B3 A2 = B2 Al = Bl AO < BO X X x L H L 
A3 = B3 A2 = B2 Al = Bl AO = BO H L L H L L 
A3 = B3 A2 = B2 Al = Bl AO = BO L H L L H L 
A3 = B3 A2 = B2 Al = Bl AO = BO L L H L L H 
A3 = B3 A2:. B2 Al = Bl AO = eo X X H L L H 
A3 = B3 A2 = B2 Al = Bl AO = eo H H L L L L 
A3 = B3 A2 = B2 Al = Bl AO = BO L L L H H L 

H = high level. L -low level. X = irrelevant 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 54n4LS 54n4S 

CL=15pF CL=15pF CL = 15pF 
TESr CONDITIONS RL=400n RL=2kn ,=280n 

FROM TO NUMBER OF 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TVP MAX ~ATELEVELS UNIT 

Propagation delay time 
tpLH Low-to-hlgh AnyA,B A>B,A<B 7 14 5 1 ns 
tpHL Hlgh-ta-Iow 11 11 5.5 

tPLH Low-ta-hlgh 12 19 7.5 2 
tpHL Hlgh-to-Iow 15 15 7 

tpLH Low-ta-hlgh 17 26 24 36 10.5 16 3 
tpHL Hlgh-to-Iow 20 30 20 30 11 16.5 

tpLH Low-ta-hlgh AnyA,B A=B 23 35 23 40 12 18 4 
tPHI.. Hlgh-to-Iow 20 30 20 30 11 16.5 

tpLH Low-to-hlgh A<B,A=B A>B 7 11 14 22 5 7.5 1 
tpHL Hlgh-to-Iow 11 17 11 17 5.5 8.5 

tpLH Low-to-hlgh A=B A=B 13 20 13 20 7 10.5 1 
tpHL Hlgh-ta-Iow 11 17 11 17 5 7.5 

tpLH Low-ta-hlgh A>B,A=B A<B 7 11 14 22 5 7.5 1 
tPHL Hlgh-ta-Jow 11 17 11 17 5.5 8.5 
, 

Load circuit and typical waveforms are shown at the front of aactlon. 
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TYPICAL APPLICATION DATA 

COMPARISON OF TWO N-BIT WORDS 
This application demonstrates how these magnitude comparators 
can be cascaded to compare longer words. The example illustrated 
shows the comparison of two 24-blt words; however, the design Is 
expandable to n-blts. As an example, one comparator can be used 
with five of the 24-blt comparators illustrated to expand the word 
length to 120-blts. Typical comparison times for various word 
lengths using the 54/74LS85 are: 

WORD NUMBER 
LENGTH OF PKGS 
1-4 bits 

5-24 bits 
25-120 bits 

(MSBIB23 
AD 

"" '" "'. "" 

'" A" 

'" A" .. , 
A" 
815 
A" 

'" 

'" AOJ 

'" A" 

'" .,. 
'" A" 

., ., .. 
" .. .. 
" A' 

" A' .. 
(L$B)BO 

" 

AO 
A<' 
A-B 

A>' 

., 
" A2 

" ., 
" AO 

" .. 
" AO 
A' 
A~B 

A,·B 

1 
2-6 

8-31 

A_, 

A>' 

A" 

A>' 

A...-;e 
A" 

24ns 
48ns 
72 ns 

" A' 

" A' 

" ., .. 
AO 

A" 
A-e 

A>' 

A<' 
A~8 

A>' 

BLOCK DIAGRAM 

"'-=-H++-H"""""\ 

o -" 9 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 
54L8 F,W 74L8 A,F A,F,W PACKAGE 
548 F,W 748 A,F 

FUNCTION TABLE 

INPUTS OUTPUT 

A B Y 

L L L 
L H H 
H L H 
H H L 

H = high level, L = low level 

posHlve logic: Y = A e B = AS + AS 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54n4 54n4LS 54n4S 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=4001l RL=2It RL=280 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time Aor B 
tPLH Low-to-high Other 15 23 12 23 7 10,5 ns 

input low 

tpHL Hlgh-to-Iow Aor B 11 17 10 17 6.5 10 

tpLH Low-to-high Other 18 30 10 30 7 10,5 
input high 

tpHL High-ta-Iow 13 22 18 22 6,5 10 

Load circuit and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
74 B,F 

NOTE: For specific electrical data, refer to 82523/123 data 
sheet in Memories section. 

SPEED/PACKAGE AVAILABILITY 
74 B,F 

NOTE: For specific electrical daia, refer to 825231123 in 
Bipolar Memories section. 

LOGIC DIAGRAM 

ADDRESS .. . , 
A, 
A, 

ENABLE 

READ ENABLE 

LOGIC DIAGRAM 

.. 
B, 

B, 

B, 
n,. 

ARRAY 

B, 

B, 

.. 
B, 

81T3 81T" 

PIN CONFIGURATION 

B,FPACKAGE 

1'1- ~R 

'!- .Q 

" 
if_ ,,~ 

A, 
3· ~.r 

A, 
I!- N~ 

A, 
~. :::,? 

" 11- Q~ 

0 
-.l' z. 

0 

PIN CONFIGURATION o 
B,FPACKAGE -" 9 
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SPEED/PACKAGEAVAILABILITY BLOCK DIAGRAM 54LSI74LS 
54 F,W 74 A,F 
54LS F,W ' 74LS A,F 

DESCRIPTION 
This monolithic counter contains four mas-. 
ter-slave fllp--flops and additional gating to 
provide a dlvlde-by-two counter and a 
three-stage binary counter for which the 
count cycle length Is dlvlde-by-flve. 

The 54/74LS90 also has a gated zero raset 
and gated set-ta-nlne Inputs for use In BCD 
nine's complement applications. 

To use Its maximum count length of this 
counter, the B Input Is connected to the QA 
output. The Input count pulses are applied 
to input A and the outputs areas described 
In the function table. A symmetrical divide
by-ten count can be obtained by connecting 
the QD output to the A Input and applying 
the Input count to the B Input which gives a 
dlvlde-by-ten square wave at output QA. 

PARAMETER MEASUREMENT INFORMATION 

------ - - - -- - - ---- -----3V 

I'-----~~~------~N~-----~ 

RESET TO 

(:~N:!~)I_+ __ JI 

CLOCK A 
INPUT _-+ ___ 1-_..1 

OUTPUTIla 
(See Note 81 

OUTPUTOc 
(Sea Note B) 

DB 

DO 

DL 

VOLTAGE WAVEFORMS 
A. Each reset Input Is tested seperately with the other reset at 4.5 V. 
B. Reference waveforms are shown with dashed lines. 
C. Vref - 1.3 V. 
Load clrcu~ Is shown at front of section (for totem pole output.~ 

100 .... 

PIN CONFIGURATION 

54n4 
A,F,W PACKAGE 

54Lsn4LS 
A,F,W PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fCount Count frequency 

A QA 

e Qe 

tw(Clock) Width of 
clock pulse A Q 

e Q 

Reset Q 

tw(Reset) Width of 

reset pulse 

Propagation delay time 

tpLH Low-to-high Input QC 

tpHL Hlgh-to-Iow 
Count 
Pulse 

tpLH Low-to-hlgh A QA 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh A QD 

tPHL", Hlgh-to-Iow 

tpLH Low-to-hlgh e Qe 

tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh e QC 

tpHL Hlgh-to-Iow 

tpLH Low~to-hlgh e QD 

tpHL Hlgh-to-Iow 

tPHL Hlgh-to-Iow 8et-to-O Any 

tpLH Low-to-hlgh 8et-to-9 QA,QO 

tpHL Hlgh-to-Iow 8et-to-9 Qe,Qc 

load circuit and typical waveforms shown at front of section. 

BCD COUNT SEQUENCE 
(See Note A) 

COUNT OUTPUT 

QD QC QB 

0 L L L 
1 L L L 
2 L L H 
3 L .L H 
4 L H L 
5 L H L 
6 L H H 
7 L H H 
8 H L L 
9 H L L 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

54174 54/74LS 

CL=15pF CL=15pF 
RL=400U RL=2kU 

MIN TYP MAX MIN TYP MAX 

10 18 
32 42 
16 

50 
15 
30 

15 

50 25 

60 100 
60 100 

10 16 

12 18 

32 48 

34 50 

10 16 
14 21 

21 32 

23 35 

21 32 

23 35 

26 40 

20 30 

26 40 

BI-QUINARY (5-2) 
(See Note B) 

COUNT OUTPUT 

QA QD QC 

0 L L L 
1 L L L 
2 L L H 
3 L L H 
4 L H L 
5 H L L 
6 H L L 
7 H L H 
8 H L H 
9 H H L 

UNIT 

MHz 

ns 

ns 

ns 

o -" 9 

RESET/COUNT FUNCTION TABLE 

RESET INPUTS OUTPUT 

QB 110(1)110(2) ~1) ~2) °D °c °8 °A 
L H H L X L L L L 

H H H X L L L L L 

L X X H H H L L H 
H X L X L COUNT 

L L X L X COUNT 

L L X X L COUNT 

H X L L X COUNT 

L 
H 
L 

NOTES: 
A. Output QA Is connected to input B for BCD count. 
B. Output QD Is connected to Input A for bi-quinary count. 
C. Output QA Is connected to input B. 
D. H - high level. L - low level. X ~ irrelevant 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,FPACKAGE 

SWITCHING CHARACTERISTICS vee ~ 5V, T A ~ 25°C 

54/74 

CL~15pF 

TEST CONDITIONS RL~400Q 

PARAMETER MIN TYP MAX UNIT 

fMax 10 18 MHz 
Propagation delay time 
tpLH Low-to-high 24 40 ns 
tpHL High-to-Iow 27 40 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 
54 F,W 74 A,F 

J Q 

INPUT A ,...:214 ___ -<\ CK 

DESCRIPTION 
This monolithic counter contains four mas
ter-slave flip-flops and additional gating to 
provide a divide-by-two counter and a three 
stage binary counter for which the count 
cycle length is divide-by-six. 

To use its maximum count length of this 
counter, the B input is connected to the QA 
output. The input count pulses are applied 
to input A and the outputs are as described 
in the function table. 

INPUT B -'-----+.-1Q 

RO 

RO 

12 

11 0B 

'ac 

The J and 'K input. shown without connection for refer<lnce only 
and arefum::tionallv at a high level 
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TRUTH TABLE 

In tn+8 

A B Q 

0 0 0 
0 1 0 
1 0 0 
1 1 1 

NOTES: 

1. tn = bit time before clock pulse. 
2. tn+8 "" bit time after 8 clock pulse. 

PIN CONFIGURATION 

A,F,W PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400 RL=2k 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

fCount Count frequency 10 18 
A OA 32 42 
S Os 16 

tw Width of pulse A 0 15 
B 0 30 

Reset 0 15 

tSetup Input setup time 25 

Propagation delay time 
Input 

tpLH Low-to-hlgh 
Count 00 60 100 

tpHL High-to-Iow 
Pulse 

60 100 

tpLH Low-to-hlgh A OA 10 16 
tpHL High-to-iow 12 18 

tpLH Low-to-hlgh A 00 32 48 

tpHL High-to-iow 34 50 

tpLH Low-to-hlgh S Os 10 16 
tpHL High-to-iow 14 21 

tpLH Low-to-hlgh S Oc 10 16 
tPHL High-to-iow 14 21 

tpLH Low-to-hlgh S 00 21 32 
tPHL Hlgh~to-low 23 35 

tpHL High-to-Iow 861-10-0 Any 26 40 

PARAMETER MEASUREMENT INFORMATION 

------- -- --:....- ----------3V 
RESET TO 
9 INPUTS 

fSaa Note A) I~--------~~~------------~~l~---------W 

RESET TO 
- - - - - - - - - - - ___ 3V 

(:~".:'~TSAJ_+ __ "I I~--+-{~------------~~,~---------W 

CLOCK A 
I~UT_~ __ -+_-J 

VOLTAGE WAVEFORMS 

NOTES: 
A. Each r .... t Input is tested saparately wnh the other r .... t at 4.5 V. 
B. Reference waveforms are shO)Vn with dashed Hnes. 
C. Vref -1.8 V. 
Load circuit shown at front of book (for totem pole outputs). 

.--

UNIT 

MHx 

ns 

ns 

ns 

RESET ICOUNT 
FUNCTION TABLE 

RESET INPUTS 

"0(1) RO(2) QD 

H H L 
L X 
X L 

COUNT SEQUENCE 

OUTPUT 

QC QB QA 

L L L 
COUNT 
COUNT 

COUNT OUTPUT 

QD QC QB QA 

0 L L L L 
1 L L L H 
2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 H L L L 
7 H L L H 
8 H L H L 
9 H L H H 
10 H H L L 
11 H H L H 

Output QA Is connected to Input B. 
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM 

" 
54 A,F,W 74 A,F 
54lS F,W 74lS A,F 

DESCRIPTION 
This monolithic counter contains four mas" 
ter-slave flip-flops and additional gating to 
provide Ii dlvlde-by-two counter and a three 
stage binary counter for' which the count 
cycle length Is dMde-by-elght. 

To use Its maximum count length of this 
counter, theB Input Is connected to the QA 
output. The Input count pulses are applied 
to InpulA and the outputs are as described 
In the function table. 

INPUT A ",,{1;,;;:4' ___ 4 

INPUT 8 ..!,{1:c.,' -----11-<*> 

~1} -".12,,----..--... 

R0I21~t3~' ---1..-' 

Til, J end K '"PlIO IIlown wi"-, connection for reference 
onl'(and.a ... M:tkmIllyd.hlllhl ..... 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54174 54174LS 

CL=15pF CL=15pF 
TEST CONDmONS Ra.=4CJOO Ra.=2k0 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

'Count Count frequency 10 18 
A QA 32 42 
B QB 16 

tw Width of pulse 50 
A Q 15 
B Q 30 

Reset Q 50 15 

tSetup Input setup time 25 

Propagation delay time 
Input 

tpLH Low-to-hlgh 
Count QD 75 135 

tpHL Hlgh-ta-Iow 
Pulse 75 135 

tPLH Low-ta-hlgh A QA 10 16 
tpHL High-ta-low 12 18 

tpLH Low-to-hlgh A QD 46 70 
tpHL High-to-low 46 70 

tPLH Low-ta-hlgh B QB 10 16 
tPHL High-to-iow 14 21 

tpLH Low-ta-hlgh B QC 21 32 
tPHL Hlgh-ta-Iow 23 35 

tpLH Low-ta-hlgh B QD 34 51 
tpHL Hlgh-ta-Iow 34 51 

tPHL High-ta-low Set-to-Q Any 26 40 
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UNIT 

MHz 

ns 

ns 

ns 

PIN CONFIGUItATION < 

54174 
A,F,W PACKAGE 

54174LS 
A,F,W PACKAGE 

INPUT B 1 

COUNT SEQUENCE 
OUTPUT 

COUNT QD Qc QB QA 

0 l l l l 
1 l l l H 
2 l l H l 
3 l l H H 
4 l H l l 
5 L H L H 
6 ,l H H l 
7 l H H H 
8 H l l L 
9 H l l H 
10 H l H L 
11 H L H H 
12 H ,H l l 
13 H H l H 
14 H H H l 
15 H H H H 

Output QA Is connected to Input B, 

RESET/COUNT'FUNCTION TABLE 

RESET INPUTS OUTPUT 

Ro(1) Ro(Z) , QD QC QB 

H H l l L 
l X COUNT 
X l COUNT 

QA 

l 



PARAMETER MEASUREMENT INFORMATION 

NOTES: 

RESET TOg 
INPUTS 

(SeeNotn AI 

RESET TO 0 

(See ~~';.~~J -4---..JJ 

CLOCK A 
INPUTS 

OUTPUTQA 
AND 

CLOCK B 
INPUT 

OUTPUTQB 
(See Notes BI 

OUTPUTQO 

~~4-~?------------~~---------~ 

VOL rAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

A. Each reset input Is tested separately with the other reset at 4.5 V. 
B. Reference waveforms are shown with dashed lines. 
C. Vref -1.8 V. 
Load circuit shown at front of book (for totem pole outputs). 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

LOGIC DIAGRAM 

PRESET 20---1>-----+-....,.+---1--..-11---+--1+--+---, 

PRESET 1 

CLOCK 

20 

OUTPUT 

o -" PIN CONFIGURATION 9 
B,F,W PACKAGE 

f
A ' 

,. 
PRESET 

IC 

ID 

" 2A] 
2 PRESET 

2. 

2C 

11 PR 2D 

SER. IN 7 

CLOCK 8 OUTPUT 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

scn4 
CL=15pF 

TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fClock Clock frequency 10 MHz 

tw(Clock) Width of ch)ck 35 ns 
pulse 

tw(Clear & Preset)Wldth 30 ns 
of clear and 
preset pulse 

tsetup Input setup time 
High level 35 ns 
Low level 25 

tHold Input hold time 0 ns 

Propagation delay time 
tpLH Low-ta-high Clock 25 40 ns 
tpHL High-ta-Iow 25 40 

tPLH Low-to-high Preset 35 
tpHL High-to-Iow Clear 40 

load circuit and typical wavefo~ms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F 74 A,F 
54LS F,W 74LS A,F 

DESCRIPTION 
This 4-blt register features parallel and serial inputs, parallel outputs, mode control, and 
two clock Inputs. The register has three modes of operation: 

Parallel (broadside) load 
Shift right (the direction QA toward QO) 
Shift left (the direction QD toward QA) 

Parallel loading is accomplished by applying the four bits of data and taking the mode con
trol Input high. The data Is loaded into the assOCiated flip-flops and appears at the outputs 
after the high-ta-Iow transition of the clock-2 input. During loading, the entry of serial data 
Is Inhibited. 

Shift right Is accomplished on the hlgh-to-Iow transition of clock 1 when the mode control is 
low; shift left is accomplished on the hlgh-ta-Iow transition of clock 2 when the mode con
trol Is high by connecting the output of each flip-flop to the parallel input of the previous 
flip-flop (QD to Input C, etc.) and serial data is entered at input O. The clock input may be 
applied commonly to clock 1 and clock 2 If both modes can be clocked from the same 
source. Changes at the mode control input should normally be made while both clock in
puts are low; however, conditions described in the last three lines of the function table will 
also ensure that register contents are protected. 
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BLOCK DIAGRAM 

".,. 
.... m 

15 1 15 8 
MODE SERIAL" CLOCK CLOCK 

CONTROL INPUT lEFTSHIFT RIGHT SHIFT 

FUNCTION TABLE 

INPUTS OUTPUTS 

MODE CLOCKS PARALLEL 

CONTROL 2(L) 1(R) SERIAL A B C D QA QB QC 

H H X X X X X X QAO QBO Qeo 
H ~ X X a b c d a b c 
H ~ X X QB" QC" QD" d QBn Qen QDn 
L L H X X X X X QAO QBO Qeo 
L X ~ H X X X X H QAn QBn 
L X ~ L X X X X L QAn QBn 
t L L X X X X X QAO QBO Qeo 
~ L L X X X X X QAO QBO Qeo 
~ L H X X X X X QAO QBO Qeo 
t H l X X X X X QAO QBO Qeo 
t H H X X X X X QAO QBO Qeo 

'Shiftlng left requires externel connection of 0B to A. 0c to B. and 00 to C. Serial data is enterad at input O. 
H ~ high level (steady state). L = low leval (steady state). X - Irrelevant (any input. Including transitions) 
I ~ transition from high to low level. ! ~ transition from low to high level 
a. b. c. d m the leval of steady .. tate input at Inputs A. B. C. or O. respectively. 

QD 

QDO 
d 
d 

QDO 
Qen 
Qen 
QDO 
QDO 
QDO 
QDO 
QDO 

0AO. 0BO Ceo. 000 ~ the level of 0A. 0B' 0C. or 00. respectively. before the indlcatad steady state Input conditions were 
established. 
0An' 0Bn' 0Cn' 00n = the level of 0A' 0B' 0C. or 00. respectively. before the most-recent I transition of the clock. 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°C 

54/74 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4000 RL=2kO 

PARAMETER MIN TVP MAX MIN TVP MAX UNIT 

fMax 25 36 25 36 MHz 

tw(Clock) Width of clock pulse (54) 25 ns 
20 10 

(74) 
15 10 

tsetup Input setup time 10 20~ ns 

tHold Input hold time 0 10~ ns 

tEnable 1 Time to enable clock 1 15 20~ ns 

tEnable 2 Time to enable clock 2 15 20~ ns 

tlnhlblt 1 Time to enable clock 1 5 20t ns 

tlnhiblt 2 TIme to inhibit clock 2 5 20t ns 

Propagation delay time 

tPLH low-te-hlgh (ClK) 18 27 18 27 ns 

tpHL Hlgh-to-Iow (ClK) 21 32 21 32 
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PARAMETER MEASUREMENT INFORMATION 

DATA 
INPUT 

CLOCK 1 
OR 2 INPUT 

OUTPUTS 
QA,Oa.Oc .. _,~Oo=--__ ....J 

I'----ov 

rN 

I,...---VOH 

,·SERIAL 
INPUT 

MODE 
CONTROL 

INPUT 

CLOCK 
INPUT 1 

CLOCK :! 
INPUT -----, 

°AOUTPUT ___ _ 

'------.VIL 

;----VIH 

SWITCHING TIMES CLOCK ENABLE/INHIBIT TIMES 
NOTES: NOTES: 
A. When , •• tlng fCIOCk vary PRR. tw(Deta) l!: 20 no. tw(CIock) l!: 15 ns. 
B. Vret = 1.3v 

A. Input A Is ., • low level. 
B. Vr.f - 1.3 V. 

Load elreu» shown .t front of book (totem pole outputs). 

SPEED/PACKAGE AVAILABILITY 
54 F,W . 74 B,F 
54LS F,W 74LS B,F 

DESCRIPTION 
This shift register consists of five R-S master-slave fllp~flops connected to perform parallel
ta-serlal or serlal-ta-parallel conversion of binary data. Since both Inputs and outputs for all 
flip-flops are acceSSible, parallel-In/parallel-out or serial-in/serlal-out operation may be per
formed. 

All flip-flops are simultaneously set to a low output level by applying a low-level voltage to 
the clear Input while the preset Is Inactive (low). Clearing Is Independent of the level of the 
clock Input. 

The register may be parallel loaded by using the clear Input In conjunction with the preset 
Inputs. After clearing all stages to low output levels. data to be loaded is applied to the indi
vidual preset Inputs (A. B. C. 0, and E) and a high-level load pulse Is applied to the preset 
enable Input. Presetting like clearing is Independent of the level of the clock Input. 

Transfer of Information to the outputs occurs on the posltlve-golng edge of the clock pulse. 
The proper Information must be set up at the R-S inputs of each flip-flop prior to the rising 
edge of the clock Input waveform. The serial Input provides this Information to the first flip
flop, while the outputs of the subsequent flip-flops provide information for the remaining 
R-S inputs. The clear Input must be high and the preset or preset enable inputs must be 
low when clocking occurs. 
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FUNCTIONAL BLOCK DIAGRAM TYPICAL CLEAR, SHIFT, PRESET AND SHIFT SEQUENCES 

PRESET 
ENABLE 

'" SERIAL ".," 

FUNCTION TABLE 

PRESET 
CLEAR ENABLE 

L L 
L X 
H H 
H H 
H H 
H L 
H L 
H L 

A 

X 
L 
H 
L 
H 
X 
X 
X 

11'1 (1f 
CLEAR CLOCK 

S 

X 
L 
H 
L 
L 
X 
X 
X 

INPUTS 

PRESET 

C 

X 
L 
H 
L 
H 
X 
X 
X 

H = high level (Sleady stale), L = low level (sleady Slale) 
X ... I_nt (any Input, Including Iransilions) 
t ... Iransilion from low 10 high level 

D 

X 
L 
H 
L 
L 
X 
X 
X 

CLOCK 

CLEAR~ : 

SERIAL: ~ _____________ ~ ______________________ __ 

INPUT --t---J: I 
PRESET I I n ENABLE I 1 L ______ _ 

""""j[j--~i----~----------------------::::~!~~----------------
1~1~ h 

--~ n I------. . 
B __ I ..... ------1i L..-...-

OUTPUTS 0(:=1 n "'--'L __ _ 
-~ n I----, ....-----. 0-_1 . . : L.....J L--

OE::~L-______________ -J 

1 I- SHIFT--:----I-i 
CLEAR PRESET 

OUTPUTS 

E CLOCK SERIAL QA QS QC QD 

X X X L L L L 
L X X L L L L 
H X X H H H H 
L L X QAO QBO Qeo QDO 
H L X H QBO H QDO 
X L X QAO QBO Qeo QDO 
X t H H QAn QBn QCn 
X t L L QAn QBn Qen 

0AO, aBO, elc ... Ihe level of OA, OB, etc, respecl!vely ~fore the Indicated sleady-stale Input conditions were established. 
0An. OBn, etc = Ihelevel of 0A, 0B, etc, respectIvely before Ihe mosl recent I tranaftlOn of the clock. 

PARAMETER MEASUREMENT INFORMATION 

CLEAR 
INPUT 

PRR <;:1 MHz 

PR£SET 

PR:~~z-+---------"'H ... --------'1 

.'" 

I,----r-----~ 

NOTES: 

QE 

L 
L 
H 

Qeo 
H 

QEO 
QDn 
QDn 

1,---+-----'" A, Preset may be tested by applying a high-level voltage 10 Ihe IndMdual preset Inputs and 
pulsing the preset enable or by applying a high-level voltage to the preset enable and puls
Ing the Individual preset Inputs. 

B. 0A output Is Illustrated. Relationship of serial Input to other a outputs Is IlIlJStrated In the 
typical shift squenca. 

C. Outputs are set to Ihe high level prlor to the measurement of tpHL from the clear Input. 
D. Vraf - 1.3V 
Load circuit shown at front of book (totem pole outputs.) 

VOLTAGE WAVEFORMS 
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SWITCHING CHARACTERISTICS vee = 5V. T A" 25°e 

TEST CONDmONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fClock Clock frequency 

tw(Clock) Width of 
clock pulse 

tw(pres8t & Clear) Width 
preset &.cIear 
pulse 

tSetup Input setup time 

tHold Input hold time 

Propagation delay time 

tpLH Low-tO-hlgh Clock 

tpHL Hlgh-ta-Iow 

tpLH Low-to-hlgh Preset 

tpHL High-ta-low 

tpLH Low-ta-hlgh Preset. 
Preset 
Enable 

tpHL Hlgh-to-low Clear 

SPEED/PACKAGE AVAILABILITY 
54 Q.F 74 N.F 

LOGIC DIAGRAM 

cux" 

TRUTH TABLE 
(Each Latch) 

tn tn+1 

D Q 

1 1 

0 0 

NOTES: 
1. tn=blt time before clock negative going transition. 
2. tn+ '-bit time after clock nagatlve-golng transition. 

NC - No Internal connection. 

110 

54n4. 

CL=15pF 
RL=40011 

MIN TYP MAX 

10 

35 

30 

30 

0 

25 40 
25 40 

35 
28 40 

55 

54n4LS 

CL=15pF 
I\.=2k11 

MIN TYP MAX UNIT 

10 MHz 

35 ns 

30 ns 

30t ns 

ot ns 

25 40 ns 
25 40 

28 35 

55 

PIN CONFIGURATION 
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SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tw Width 01 Pulse 20 ns 

tsetup Input setup time 20 ns 

Propagation delay time 

tPLH Low-to-high 0 a 16 30 ns 

tpHL High-to-Iow 14 25 

tpLH Low-to-high C a 16 30 

tpHL High-to-Iow 7 15 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
o -54H F,W 74H A,F 

LOGIC DIAGRAM 
AFPACKAGE " 9 

TRUTH TABLE 

In tn+1 

J K a 
0 0 an WPACKAGE 

0 1 0 
1 0 1 

1 1 an 
NOTES: 
1. J=(J1AoJ1B)+(J2AoJ2B) 
2. K=(K1A'K1B)+(K2A'K2B) 
3. tn-Bit lime before clock pulse 
4. In+ I = BII lime atter clock pulse 
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SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

54174H 

CL=25pF 
TEST CONDITIONS Rt.=28Ofl 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw(Clock) Width of clock 
pulse 
High level 10 ns 
Low level 15 

tw(Clear) Width of clear 16 ns 
pulse 

tSetup Input setup time 
Data high 10 ns 
Data low 13 

tHold Input hold time 0 ils 

Propagation delay time 
tpLH Low-to-hlgh Preset 8 12 ns 
tpHL Hlgh-ta-Iow 
tpHL Clock low 23 35 

CI09k I1lgh 15 20 

tpLH Low-ta-high Clock 5 10 15 
tpHL Hlgh-to-Iow 8 16 20 

Load circuit and typtcal waveforms are shown allha Ironl 01 section. 

SPEEDIPACKAGE AVAILABILITY PIN CONFIGURATION 
54H F.W 74H A.F 

A,FPACKAGE WPACKAGE 

~~ :;:1! 

n 

~N .. ~ 
§w ~P 

g. =~ 
P 

SOl ~~ 

i\~ mt; 

~~ ~" 
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LOGIC DIAGRAM TRUTH TABLE 

In In+1 
J K Q 

0 0 On 
0 1 0 

1 0 1 

1 1 Qn 

NOTES: 
1. J - J1 • J2 • J3 
2. K - K1'K2'K3 
3. In - bh lime balore clock pulse. 

SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 4. In+ 1- bll lime alter clock pulse. 
5. Ne - no Inlernal connection. 

54n4H 

CL=25pF 
TEST CONDmONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw(Clock) Width of clock 

pulse 

High level 10 ns 

Low level 15 o 
tw(Clear) Width of clear 15 ns 

pulse -" tSetup Input setup time 

Data high 10 ns 9 
Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-to-hlgh Preset 8 12 ns 

tpHL High-ta-Iow 

Clock Low 23 35 

Clock high 15 20 

tpLH Low-to-hlgh Clock 5 10 15 

tpHL High-to-Iow 8 16 20 

Load circulI and typical wavel","", are shown al lhe front 01 section. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H· F,W 74H A,F 

A,F,W PACKAGE 

LOGIC DIAGRAM 

r--+---n~~ 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54/74H 

CL=25pF 
TEST CONDITIONS RL=2800 

FROM TO 
TRUTH TABLE 

PARAMETER INPUT OUTPUT MIN TYP MAX UNIT tn tn+1 

fClock Clock frequency 40 50 MHz J K Q 

tw(Clock) Width of clock 0 0 On 
0 1 0 

pulse 1 0 1 
High level 10 ns 1 1 an 
Low level 15 

NOTES: 

tw(Clear) Width of clear 16 ns 
pulse 

1. In = bit time before Clock pulse 
2. In+ 1 - bit time after clock pulse 

tSetup Input setup time 
Data High 10 ns 

Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-ta-high Preset 8 12 ns 

tpHL High-to-Iow 23 35 

Clock high 15 20 

tpLH Low-to-hlgh Clock 5 10 15 

tpHL Hlgh-ta-Iow 8 16 20 

load circuli and typical waveforms are shown at Ihe Ironl of section. 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54H F,W 74H B,F 

B,F,W PACKAGE 

BLOCK DIAGRAM 

PRESET II ~~~ ~ CLEAR 

CLOCK 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C TRUTH TABLE 

54J74H In In+1 

CL=25pF J K Q 

TEST CONDITIONS 11&.=2800 0 0 Qn 

FROM TO 0 1 0 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fClock Clock frequency 40 50 MHz 

1 0 1 

1 1 On o -tw(Clock) Width of clock 
pulse " 

NOTES: 
1. tn - bit time before clock pulse. 

High level 10 ns 

Low Level 15 9 
2. tn+ 1-blt time after clock pulse. 

tw(Clear) Width of clear 16 ns 
pulse 

tsetup Input setup time 

Data high 10 ns 

Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-ta-hlgh Preset 8 12 ns 

tpHL Hlgh-to-Iow 

Clock low 23 35 

Clock high 15 20 

tPLH Low-to-high Clock 5 10 15 

tpHL Hlgh-to-Iow 8 16 20 

Load circuit and typical waveforms are shown at the front of section . 
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SPEED/PACKAGE AVAILABILITY 
54 F 74 A.F 
54LS F.W 74LSA.F 

DESCRIPTION 
A low logic level,at the clear input resets the 
a output to a low level regardless of the 
levels at the other Inputs. With clear Inac
tive (high). a high level at the clock Input 
enables the J and K inputs and data will be 
accepted. The logic levels at the J and K 
Inputs may be allowed to change when the 
clock pulse Is high and the bistable will per
form according to the function table. as 
long as minimum setup and hold times are 
observed. Input data Is transferred to the 
outputs on the negative-going edge of the 
clock pulse. 

LOGIC DIAGRAM 

a 

CLEAR 

SWITCHING CHARACTERISTICS VCC = 5V. T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=40011 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fClock Clock frequency 15 20 

tw (Clock) Width of 
clock pulse 

Clock high 20 
Clock low 47 

Iw (Clear) Width of 25 

clear pulse 

tsetup Input setup time 0 

tHold Input hold time 0 

Propagation delay time 

tpLH Low-to-hlgh Clear 16 25 

tPHL Hlgh-ta-Iow 25 40 

tpLH Low-ta-hlgh Clock to 16 25 

tpHL Hlgh-ta-Iow 10 25 40 

load circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

A.F,W PACKAGE 

TRUTH TABLE (Each Flip-Flop) 

INPUTS 

CLEAR CLOCK 

L 
H 
H 
H 
H 
H 

H a high level (steady state) 
l ~ low level (steady state) 
X - Irrelevant 

x 
~ 
~ 
+ 
~ 
H 

I = transition from high to low level 

J 

X 
L 
H 
L 
H 
X 

OUTPUTS 

K a a 
X L H 
L ~ 00 
L L 
H L H 
H TOGGLE 
X ao 00 

00 - the level of a before the Indicated Input conditions were established. 
TOGGLE: each output changes to the complement of Ho previous level on each I clock tran· 

sltlon. 

54J74LS 

CL=15pF 
RL=2KIl 

MIN TVP MAX UNIT 

30 45 MHz 

20 ns 

25 ns 

20+ ns 

0+ ns 

11 20 ns 

15 30 

11 20 

15 30 
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SPEED/PACKAGE AVAILABILITY TRUTH TABLE PIN CONFIGURATION 
54H F.W 

tn tn+1 74H A.F 
A,F,W PACKAGE 

J K a 
0 0 an 

, . 
Vee ""ESET.CLE..... 2J 'RElETCLQCK 2K 

0 1 0 M U U l' ~ • • 

1 0 1 
1 1 an 

NOTES: 
1. tn - bit time before clock pulse 
2. tn+ 1 = b~ limo after clock pulse 

1 2 3 4 & • 7 
Ut lQ 10 lJ 2ii 2Q OND 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25°C 

54174H 

CL=25pF 
TEST CONDITIONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fClock Clock frequency 40 50 MHz 

tw (Clock) Width of clock 
pulse 

High level 10 ns o 
Low level 15 -~w (Cleer) Width of clear 16 ns 

pulse 

tsetup Input setup time " 9 
Data high 10 ns 

Data low 13 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-ta-hlgh Preset 8 12 ns 

tpHL Hlgh-to-Iow 

Clock low 23 35 

Clock high 15 20 

tpLH Low-ta-hlgh Clock 5 10 15 

tpHL Hlgh-to-Iow 8 16 20 

Load circuit and typical waveforms are shown at the front of section. 
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SPEEDIPACKAGE AVAILABILITY 
54 F,W 74B,F 
54lS F,W 74lS B,F 

DESCRIPTION, 
A low leVel at preset or clear sets or resets 
the outputs regardless of the levels of the 
other Inputs; When preset and clear are 
Inactive (high), data at the J and K inputs 
'ineetlng the setup tlmj! requirements are 
transferred to the outputs on the positive
going edge of the clock pulse, Clock trig
gering occurs at a voltage leval of the clock 
pulse and is not directly related to the tran
Sition time of the positive-golng pulse. 
Following the hold time Interval, data at the 
J and K inputs may be changed without af-

FUNCTIONAL BLOCK DIAGRAM 
(Each Flip-Flop) PIN CONFIGURATION 

8,f,W PACKAGE 

fecting the levels at the outputs. TRUTH TABLE (Each Flip-Flop) 

The J and K data inputs simplify hardware 
design as a Ootype flip-flop can be imple
mented by simply tying the J and K Inputs 
together. 

118 

INPUTS 

PRESET CLEAR 

l H 
H l 
l l 
H H 
H H 
H H 
H H 
H H 

H • high level (steady state) 
L • low level (staady state) 
X -Irrelevant 
t - transition from low to high level 

CLOCK 

X 
X 
X 
t 
t 
t 
t 
L 

J 

X 
X 
X 
l 
H 
l 
H 
X 

OUTPUTS 

K Q Q 

X H l 
X l H 
X H* H* 
l l H 
L TOGGLE 
H Qo 00 
H H L 
X Qo 00 

ao· the level of a before the Indicated staady-state Input conditions _e established 
TOGGLE: each output changes to the complement of Ita previous level on aach t clock tran-

sltlon.. . 
"This configuration Is nonetable; thet Is. It will not penolst when preset and clear Inputs retum 
to their Inactive (high) level . 
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SWITCHING CHARACTERISTICS vee = 5V, T A = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fClock Clock frequency 

tw (Clock) Width of clock 
pulse 

tw (Preset) Width of 

preset pulse 

tw (CLear)Wldth of clear 

pulse 

tSetup Input setup time 

~Hold Input hold time 

Propagation delay time 

tpLH Low-ta-hlgh Clock a,a 
tpHL Hlgh-to-Iow 

tpLH Low-to-hlgh Preset. a 
tpHL Hlgh-ta-Iow Preset a 
tpLH Low-ta-hlgh Clear a 
tpHL High-ta-low Clear a 
tpLH Low-to-hlgh ~LR, PRE 

orCLK 
(as 

tpHL High-to-iow appropriate) 

Load circuli and typical waveforms ara shown allhe fronl of section. 

(Separate clock, preset and clear Inputs) 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS B,F 
54S F,W 74S B,F 

DESCRIPTION 
The preset or clear Inputs, when low, set or 
reset the outputs regardless of the levels at 
the other Inputs. When preset and clear 
Inputs are Inactive (high), a high level at the 
clock Input enables the J and K Inputs and 
data will be accepted. The logic levels at the 
J and K Inputs may be allowed to change 
when the clock pulse Is high and the bista
ble will perform according to the function 
table as long as minimum setup and hold 
times are Observed. Input data Is trans
ferred to the outputs on the negative-going 
edge of the clock pulse. 

54174 54174LS 

CL=15pF CL=15pF 
RL=4000 RL=2KO 

MIN TVP MAX MIN TVP MAX 

25 33 25 33 

20 25 

20 25 

20 25 

10t 20t 

6t 5t 

4 10 16 
9 18 28 

10 15 
23 35 

10 15 
17 25 

8 25 

16 40 

,,111-

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

o -" 9 

PIN CONFIGURATION 

B,F,W PACKAGE 
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BLOCK DIAGRAM 

CLOCK 

SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174LS 

CL=15pF 
TEST CONDITIONS RL=2kll 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fCloCkCloCk 30 45 
frequency 

tw(Clock) Width 20 
of clock 
pulse 
Clock high 
Clock low 

tw(Preset)Wldth 25 
of preset 
pulse 

tw(Clear)Wldth 25 
of clear 
pulse 

tSetup Input setup time 20+ 
tHold Input hold time 0+ 
Propagation delay time 

tpLH Low-ta-high CLR,PRE 11 20 
orCLK 

tpHL High-to-Iow 
(as 

15 30 appropriate 

Load clrcuR and typical waveforms ara shown at the front of section . 

FUNCTIONAL TABLE (EachFlip~Flop) 

INPUTS 

PRESET CLEAR 

L H 
H L 
L L 
H H 
H H 
H H 
H H 
H H 

H - high level (steady state) 
L - low level (stoody state) 
X m Irrelevant 
1= traneRlon from high to low level 

CLOCK 

X 
X 
X 
+ 
+ 
+ 
+ 
H 

OUTPUTS 

J K Q Q 

X X H L 
X X L H 
X X H* H* 
L L QO QO 
H L H L 
L H L H 
H H TOGGLE 
X X QO QO 

00 = the level of a before the Indicated stoody-state Input conditions wera estabflshed. 
TOGGLE: Each output changes to the complement of Its previous level on ooch I clock tran-

sition. 
"This configuration Is nonstable, that Is. It will not persist when preset and clear Inputs return 
to their Inactive (high) level. 

541748 

CL=15pF 
RL=28Oll 

MIN TYP MAX UNIT 

80 125 MHz 

ns 

6 
6.5 

8 ns 

8 ns 

3+ ns 

0+ ns 

2 4 7 ns 

2 5 7 
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(Separate clock and preset inputs) 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM (Each Flip-Flop) 
54LS F,W 74LS A,F 
54S A,F,W 74S A,F 

DESCRIPTION 
A low level at the preset input sets the 0 
output high regardless of the levels at the 
other inputs. When preset is inactive (high), 
a high level at the clock Input enables the J 
and K Inputs and data will be accepted. The 
logic levels at the J and K Inputs may be 
allowed to change when the clock pulse Is 
high and the bistable will perform according 
to the function table as long as minimum 
setup and hold times are observed. Input 
data Is transferred to the outputs on the 
negative-going edge of the clock pulse. 

(3,"1 

(6.91 (4,10) (2.12j 

PRESET It 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54n4LS 54n4S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2k1l RL=28011 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

fCIOCkCloCk 30 45 80 125 
frequency 

tw(CloCk) Width of 20 
Clock pulse 
Clock high 6 
Clock low 6.5 

tw(Preset) Width of 25 8 
preset pulse 

tw(Clear) Width of 25 
clear pulse 

tsetup Input setup 20~ 8 
time 

tHold Input hold time O~ 3~ 
Propagation delay 
time 
tpLH Low-to-hlgh CLR,PRE 11 20 2 4 7 

orCLK 

tPHL High-to-Iow 
(as 

15 30 2 5 7 appropriate) 

Load clrcuH and typical waveforms ara shown at the front of sactlon. 

• •• 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

PIN CONFIGURATION 

A,F,W PACKAGE 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

Preset Clock J K Q Q 

L X X X H L 
H ~ L L 00 00 
H ~ H L H L 
H ~ L H L H 
H ~ H H Toggle 
H H X X 00 00 o -" 9 
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SPEED/PACKAGE AVAILABlLITY 
54LS F,W 74LS A,F 
54$ A,F,W 748 A,F 

DESCRIPTION 
The preset or clear Inputs, when low, set or 
reset the outputs regardless of the levels at 
the other Inputs. When preset and clear 
Inputs are Inactive (high), a high level at the 

'clock Input enables the J and K inputs and 
data will be accepted. The logic levels at the 
J and K Inputs may be allowed to change 
when the clock pulse Is high and the bista
ble will perform according to the function 
table as long as minimum setup and hol!1 
times are observed. Input data Is trans
ferred to the outputs on the negatlve-golng 
edge of the clock pulse. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54n4LS, 

CL=15pF 
TEST CONDITIONS RL=2kQ 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP" MAX 

fClockClock' frequency 30 45 

tw(Clock) Width of 20 
cl~ck pulse 
Clock high 
Clock low 

tw(preset) Width of 25 
preset pulse 

tw(Clear) Width of 25 
clear pulse 

tsetup Input setup 20+ 
time 

tHold Input hold time 0+ 

Propagation delay time 

tPLH Low-to-hlgh CLR,PRE 11 20 
or CLK 

tpHL 
(as , 

Hlgh-to-Iow appropriate) 15 30 

Load circuit and typical waveforms are shown attha front of section. 
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PIN CONFIGURATION 

,..F,W PACKAGE 

CLEAR" 1 

PRESET 1 4 

GNG 7 

BLOCK DIAGRAM (Each FIiP~FIOP) 

PRESET <>--j----"?"----' L--~--t_r-oCLEAA 

54n4S 

CL=15pF 
RL-2IOQ 

MIN TVP MAX UNIT 

80 125 MHz 

ns 

6 
,6.5 

8 ns 

8 ns 

3+ ns 

0+ ns 

2 4 7 ns 

2 5 7 

CLOCK TOOTHER 
FLIP-FLOP 

TRUTH TABLE (Each Flip-Flop) 

Inputs Outputs 

P .... t Clear Clock J K Q Q 

L H X X X H L 
H L X X X L H 
L L X X X ti* H* 
H H + L L QO 00 
H H + H L H L 
H H l L H L H 
H H l H H Toggle 
H H H X X QO 00 

H = high level (steady state) 
L = low level (steady state) 
X = irrelevant 
I = Iransition from high to low level 
QO = the level of Q before the indicated steady-state 

input conditions were estabUshed 
TOGGLE: = Each output changes to the complement of 

its previous level on each clock transition. 
'This configuralion Is nonstable; that is, It will nol persist 
when preset and clear inputs return to their inactive (high) 
level', 



SPEED/PACKAGE AVAILABILITY 
54 F,Q 74 N,F 

TRUTH TABLE (Each Latch) 

INPUTS 

ENABLE OUTPUT 

CLEAR Ci1 G2 DATA Q 

H L L L L 
H L L H H 
H X H X QO 
H H X X QO 
L X X X L 

H - high level, L· _ low level, X - Irrelevant 

00 - the level of a before these Input condhions were es
tablished. 

BLOCK DIAGRAM (Each Latch) 

PARAMETER MEASUREMENT INFORMATION 

NOTES: 

SWITCHING nMES FROM DATA INPUTS 

~ 
3V 

CLEAR 
INPUT 11.5V :J..~V ___________________ OV 

l-tw--j-t- tetup 
DATA 
INPUT 

ENABLE 
INPUT 

(See Note 01 

OUTPUT 

DATA 
INPUT 

(See Note El 

I ! \\,, ____ --J! _________ :: 
I i 
I I,~---,. 
I 1.5V 

t+--tw---l 
I I 3V 

1.SV ,.5V 
1,'-_--' 
I 
t--tPHL-1 

Ir.:::-VOH 

T1.5V 
'---'----~ ---VOL 

3V 
1.5V 1.SV 

I CL._--OV 
I -+l I-'hold 

ENABLE r---~.I-".tuPt· 3V 

( ... ~:~\ 1.5V -......,i-----!------..J ----- OV 

OUTPUT 
J'r------~\ VOH 

. . '---VOL 

A. Input pulsee are supplied by generators having the following characteristics: t :s 10ns, tf:S 10os, PRR - 1 MHz, duty cycle 
:s 50%, lout .. 50 O. 

~: ~~ ~:'::,~~= jig capac~ance. 
D. The other enable Input Is low. 
E. Clear Input Is high. 

.. ... 

PIN CONFIGURATION 

F,N,Q PACKAGE 

o -" 9 
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SWITCHING CHARACTERISTICS vcc= 5V, TA = 25°C 

54174 

CL=15pF 
TEST CONDmONS 11&.=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tw(Enable & Clear) Width 18 ns 
of enable & 
clear pulse 

tsetup (Data) Data Input 
setup time 
High level 8 ns 
Low level 44 

tsetup (Clear) Clear Input 8 ns 
setup time 

tRelease Shift/load 2 ns 
release time 

tHold Input hold time 8 ns 

Propagation delay time 
tpLH Low-to-hlgh Enable AnyQ 19 30 ns 
tpHL Hlgh-ta-Iow 15 22 

tpLH Low-to-hlgh Data Q 10 15 
tpHL Hlgh-to-Iow 12 18 

tpHL Hlgh-to-Iow Clear AnyQ 15 22 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE 

THRESHOLD VOLTAGE VCC = Min 

PARAMETER INPUT MIN TYP MAX UNIT " 
VT+ Positive Going Threshold A 1.4 2 V ~N =~ 

B 1.55 2 V 
~w ~~ 

VT- Negative Going Threshold A 0.8 1.4 V 
B 0.8 1.35 V ~. 

:)! 
. ~ 
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SWITCHING CHARACTERISTICS vcc = SV. TA = 2S0C 

54174 

CL=15pF 
TEST CONDITIONS Cy=8OpF 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

tw(in) SO ns 

tw(out) RT=Open pin 9 
toVCC 

70 I 110 I 150 ns 
CpO 

20 I 30 I 50 
CT=1OOpF 
Rr=10kO 

Pin 9 open 

600 I 700 I 800 
Cr=1,.F 

6 I 7 I 8 ns 

tHold Input hold time RT=Open pin 9 
to Vee 

30 50 ns 

dv/dt Input slope B 1 VIs 
A1.A2 1 VI,.s 

Rext External timing (54) 
resistance 1.4 30 kO 

(74) 
1.4 40 

o -" 9 
Cext External timing 0 1000 ,.f 

Duty cycle ("!o) Rr=2k 

I I 67 kO 
RT=Max Rext 

90 

Propagation delay time 
tpLH Low-to-high B Q 15 35 55 ns 

tPHL High-to-Iow B Q 20 40 65 

tpLH Low-to-high A1.A2 Q 25 45 70 
tPHL High-to-Iow A1.A2 Q 30 50 80 
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TYPICAL CHARACTERISTICS 

VARIATION IN OUTPUT PULSE WIDTH VARIATION IN OUTPUT PULSE WIDTH 
VERSUS SUPPLY VOLTAGE VERSUS1=REE-AiR TEMPERATURE 

+1,0 ,"" 

" 1-' e 
~ .... 
i? 
!; --~ 

~ il 
!! • 
~ .... ~'." ... 
$ 
~ ........ ~ 

i-o.o 
CT· ... • :l' ~!:~ IEjl8ma!1 

~ 
toll +O.5'K. 
!l 
i? 
I-

~ ./' !! ... W·G' ~ ';6-!( 
;;; 

W~ ;! 

j-O"" / 
j / 

~1.0 
r-----54171'2'-

, 
1--r"412i--,-"" 

45 4,,. !iO .... ... -7. ... -25 • 25 50 75 '00 '25 

Vee - SUPPLY VOlTAGE - v T A - FREE-AIR TEMPERATURE _ °C 

SCHMm TRIGGER THRESHOLD VOLTAGE OUTPUT PULSE WIDTH 
VERSUS FREE-AIR TEMPERATURE VERSUS TIMING RESISTOR VALUE 

1.8 ~~ BACKLASH-(VT+I- (VyJ 

> ,.., 
Vcc .. 6V 

~ 1.7 f-- ~~~ 
~ \ 
~,. r-'t<\--~ 
~ "\~ <>~'" 
~ 1.5 r--':~ ............ ""' 
ffi ~ .. ~ g ~ 

~ ~ 
~ 1.4 '0 "'" ~ ~ ~ 
~,~ ~ 
> 

, .. " 
''''' 

Co,." II .......... 

~ 
~ .. O.,\f 

el~. 0' .-
~ 

!l 

0'-. i? 
!; 1~1 
~ 
il , 

0'" ......... i 1~1 
a-

, .... e," I -" 
-5iU74,12~-

12 

VCC"5V 

54174121 TA'''',' 
'00, 

-75 ... -25 • 25 50 7 • '00 '25 1 2 4 7 ,. 20 .. 7fJ '00 
TA - FREE-AJR TEMPERATURE - "c RT - TIMING RESISTOR VALUE-Idl 

PROPAGAnON DELAY TIME TO LOGICAL 1 LEVEL PROPAGATION DELAY nME TO LOGICAL 0 LEVEL 
(8 INPUT TO Q INPUT) VERSUS FREE-AIR TEMPERATURE (8 INPUT TO Q OUTPUT) VERSUS FREE-AIR TEMPERATURE 

so .. 
vcc" sv 

70 
er-_ c-- .... , ...... 

vcc- sv 
er-8OpF 

70 f--Ry-lntIImIl 

j 
I .. rc..·'OOp· 

rc..f ! 
.. r:::: f:::.... ... f-::: ::::::-.... 8 40 

S c.. ., ... ....r-. ~ 7" 
f 30 

! .. c..~ 
c.. ..... .... 

~ -
50 r-~f.: -... j -......... .... 

a 40 
~ ... 

! 
I 30 

t 20 

J. ,. t 
r--54/74121-

20 

,. 
I-- .-

• • 
-ll -&0 ... • 26 .. 11 '00 '21 -11 ... -25 • 21 .. 11 1GO, .21 

TA-Fre.AlrT..,.... ....... C TA-F.-.AJrT ............ OC 
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TYPICAL CHARACTERISTICS, (Continued) 

VARIATION IN INTERNAL TIMING RESISTOR VALUE 
VERSUS FREE-AIR TEMPERATURE 

..... 

! .... .. 
> 

j ., .. 
f 
~ 

I -.. 
j 
'r 

/ 
// 

./ 
V --I 

f .... 
-, ... if'7412!-

-15 -60 -25 25 50 75 100 125 

TRUTH TABLE . 

tn INPUT tn+1INPUT OUTPUT 
A1 A2 B A1 A2 8 

1 1 0 1 1 1 Inhibit 
0 x 1 0 x 0 Inhibit 
x 0 1 x 0 0 InhlbH 
0 x 0 0 x 1 One Shot 

x 0 0 x 0 1 One Shot 

1 1 1 x 0 1 One Shot 
1 1 1 0 x 1 One Shot 
x 0 0 x 1 0 Inhibit 
0 x 0 1 x 0 Inhibit 
x 0 1 1 1 1 Inhibit 
0 x 1 1 1 1 Inhibit 
1 1 0 x 0 0 Inhibit 
1 1 0 0 x 0 Inhibit 

1 -VIn(1)?;2V 0 - Vin(O,sO.8V 

1. Aland A2 are neg&tive-edg&-trlggered logic Inputs, and will trigger the one shot when ei
ther or both go to logical 0 with B at logical 1. 

2. B Is a poe~lve Schmitt-trigger Input for slow edges or level detection. and will t~gger the 
one shot when B goes to logical 1 wnh elthar Al or A2 at logical O. (See Truth Table) 

3. Extemal timing capacitor may be connected between pin (poeltive) and pin Wnh no 
external capacnance. an output pulse width of 30ns Is obtained typically. 

4. To use the Internal timing resistor (2k1l nomlnal~ connect pln to pin 
5. To obtain variable pulse width connect extemal variable reslstance between pin and pln 

. No extemal current limiting Is needed. 
6. For accurate repeatable pulse widths connect an external resistor between pin and 

pin with pin open-clrcun. 
7. tn - time before Input tranonlon. 
8. tn+ 1 ~ time after Input trensltlon. 
9. x Indicates thaI either a logical 0 or 1. may be present. 
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SPEEDIPACKAGE AVAILABILITY 
74 A.F 

SWITCHING CHARACTERISTICS vcc = 5V. TA = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

twq(mln) 

twq 

tw(ln) 

Rext External timing 
resistanCe 

Cext External timing 
capacitance 
Wiring cap. at 
Rext/Cext terminal 

Propagation delay time 
tPLH Low-to-hlgh Either A Q 
tpHL High-to-iow EIther A Q 

tpLH Low-to-hlgh Either B Q 
tpHl High-to-iow Either B Q 

tpLH Low~to-hlgh Clear <:l 
tpHL High-to-iow Clear Q 

Load circuit and typical waveiOl'MS.are shown at thot,oot ot section. 
Iw ~ 0.32 RrCext (1 +!!:Z) 

Rr 
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74 

CL=15pF 
RL=4001l 

MIN TVP MAX 

45 65 

Cext = l000pF 
Rext = 10kll 

3.08 3.42 3.76 

40 

(54) 
5 25 

(74) 
5 50 

No restriction 

I I 50 

Cext = 0 
Rext = 5kll 

22 33 
30 40 

19 28 
27 36 

30 40 
18 27 

UNIT 

ns 

ns 

ns 

kll 

IL' 
pF 

ns 

PIN CONFIGURATION 

DATA 
INPUTS 

A,FPACKAGE 

TRUTH TABLE 

INPUTS 

A1 AZ ·1 Bz 
H H X X 
X X L X 
X X X L 

L X H H 

L X t H 

L X H t 
X L H H 

X L t H 

X L H t 
H ! H H 

! ! H H 

H H H 

NOTES: 

OUTPUTS 

Q Q 
L H 

L H 

L H 

L H 
..n.... -....r 

...I'1- -w--

L H 

...I'1- ""I..J'" 

-"- -w-

.J"L.. -....r 

...n.... -w-

.J"L.. -u-

A. H - high levol (st .. dy stato). L - low level (steady state). 
I - transition from low to high level. j - transition from 
high to low level. - one high-level pulse. 
one low-level pulse. X - Irrelevant (any Input. including 
transltlons~ 

B. NC - no Internal connection. 
C. To use the Internal timing , ... isto' 01 N74122 (10kO nOl'Ol

nal~ ocnneet Rlnt to Vce. 
D. An external timing capacltOl' may be connected betwesn 

Cex! and Re.t'Cext (positive). 



SPEE.D/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

DESCRIPTION 
These monolithic TIL retrlggerable monostable multivibrators fea
ture dc triggering from gated low-level-active (A) and high-Ievel
active (B) inputs, and also provide overriding direct clear inputs. 
Complementary outputs are provided. A full fan-out to 10 normal
Ized Series 54/74 loads is available from each of the outputs at the 
low logic level, and In the high-level state, a fan-out of 20 is avail
able. The retrlgger capability simplifies the generation of output 
pulses of extremely long duration. By triggering the input before the 
output pulse Is terminated, the output pulse may be extended. The 
overriding clear capability permits any output pulse to be termi
nated at a predetermined time independently of the timing 
components Rand C. 

Figure A Illustrates triggering the one-shot with the high-level-active 
(B) Inputs. 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP 

tw(mln) 

MAX 

tw Width of pulse Cext = 1000pF 

tw(ln) 

Rext External timing 
resistance 

Cext External timing 

Wiring cap. at 
Rext/Cext terminal 

Propagation delay time 

tpLH Low-to-high Either A a 
tpHL High-to-Iow Either A Q 
tpLH Low-to-high Either B a 
tpHL High-to-Iow Either B Q 

-
tpLH Low-to-high Clear a 
tPHL High-to-Iow Clear a 

Load circuit and typlca' waveforms are shown at the front of section. 
54/74123: tw = 0.32 RTCext (1 + !!:.V 

RT 
54174123A: Iw = 0.25 ArC.X! (1 + !!:I) 

Ar 

Rext = 10KO 
54/74123 

3.08 3.42 3.76 
54/74123A 

2.76 3.03 3.37 

40 

(54) 
5 25 

(74) 
5 50 

No restriction 

I I 50 

Cext = 0 
Rext = 5kO 

22 33 
30 40 

19 28 
27 36 

30 40 
18 27 

PIN CONFIGURATION 

B,F,W PACKAGE 

UNIT o -" 9 
joIS 

ns 

kO 

joIf 

pF 

ns 
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TRUTH TABLE 
INPUTS OUTPUTS 

A B Q (j 

H X L H 

X L L H 

L t .J""1.... ~ 

l H ....M..- ~ 

NOTES: 
A. H - high level (steady-state). , - low level (steady stete). 

, - transHlon from low to high level. j - transition from 
high to low level. - one high-level pulse. 
one low-level pulse. X - Irrelevant (any Input. Including 
transHlons). 

B. NC = no Internal connection. 
C. To use the internal timing resistor of N74122 (101<0 nomi

nal). connect Rlnt to VCC' 
D. An external timing capacitor may be connected between 

Ce'" and Asxt/Cext (posItlve~ 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

TYPICAL CHARACTERISTICS 

.~~ 
(_ ... ·_1 

~~ ~-----~ 
1_ ... _louTfUTWlTMDUTIlETRIOG'SII 

OIj"IITI'UUECOIfTIIOLUSlNIlIll.'lU<iGtR~ 

'~:JIL--____ _ 

OOl,lll'llrl'llTHOtITCUot.II 

oo~. r---r---' 
~ OUlPIIT!:.-_-"'-,~.L~G-~-~-.. -~~--

Figure A -Iypicallnputloutput pul ... 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°C 

54174 

CL=5OpF 
TEST CONDITIONS RL=400n 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 8 13 ns 

tpHL Hlgh-to-Iow 12 18 

Output enable time 

tZH To high level 11 17 ns 

tZL To low level 16 25 
Output disable time otT"; tHZ From high level 8 ns 
tLZ From low level 12 

Load circuit and typical waveforms ara shown at the froot of sectioo. 
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100,200 400 1000 

c...rf_Tlm ... ~IWI .... pF 

Figure B - output puIH width v •• 
external timing cepacitance 

t These values of resistance exceed the maximums recom
mended for use over the full temperatura range of the 
554122 and S54123. 

NOTE: 
When using electrolytic capacitor. Insure thet minimum rating 
Is 20 volts so that 5 % reverae voltage rating Is 1.0 volt or 
greater. 

PIN CONFIGURATION 

A,F,WPACKAGE 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4 

CL=5OpF 
TEST CONDITIONS RL=40011 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 8 13 ns 

tpHL Hlgh-to-Iow 12 18 

Output enable time 

tZH To high level 11 18 ns 

tZL To low level 16 25 

Output disable time eL=5pF 

tHZ From high level 10 16 ns 

tLZ From low level 12 18 

Load circuil and Iyplcai waveforms are shown allha fronl of seclion. o -" 9 
SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F,W 74 A,F 

A,F,W PACKAGE 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4 

CL = 50pF 
TEST CONDITIONS RL = 13311 

PARAMETER MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 6 9 ns 

tpHL Hlgh-to-Iow 8 12 

eL = 150pF 
Posilive logic: Y-A+Ei 

tPHL Low-to-high 10 15 ns 

tpHL Hlgh-to-Iow 12 18 

Load circuil and typicai waveforms are shown allhe fronl of seclion. 
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SPEED/PACKAGE· AVAILABILITY 
54 F,W 74 A,F 

.54LS F,W74LS A,F 

DESCRIPTION 
~h circuit functions as a NAND gate, but because of the Schmitt action, it has different 
Input threshold levels for positive- and negative-going signals. The hysteresis or backlash, 
which Is the difference between the two threshold levels, Is typically 800 millivolts. 

These circuits are temperature compensated and can be triggered from the slowest of in
put ramps and still give clean, jitter-free output signals. 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54174 54n4LS 

CL = 15pF CL = 15pF 
TEST CONTITIONS RL = 4000 RL = 2kO 

PARAMETER MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 15 22 15 22 ns 

tpHL Hlgh-to-Iow 15 22 15 22 

Load clroutt and typical waveforms are shown at the lront 01 section. 

HYSTERESIS THRESHOLDS 
54n4 54/74LS 

MIN TVP MAX MIN TVP MAX UNITS 

VT+ Positive going threshold 1.5 1.7 2.0 1.5 1.7 1.9 
VT- Negative going threshold 0.6 0.9 1.1 0.6 0.8 1.0 

SPEED/PACKAGE AVAILABILITY 
54S F,W 74S B.F 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°C 

54n4a 

CL=15pF 
TEST CONDITIONS RL=2800 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 2 4 6 ns 

tpHL Hlgh-to-Iow 2 4.5 7 

CL=50pF 

tpLH Low-to-hlgh 
1 5•5 I tpHL Hlgh-to-Iow 6.5 

Load clrcuH and typical waveforms are shown at the Iront 01 section. 
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PIN CONFIGURATION 
A,F,W PACKAGE 

positive logic: Y=A8 

PARAMETER MEASUREMENT 
INFORMATION -t -----3V 

'"PUT '~HL i 't:H},:; OV 
OUTPUT VOH 

1.3V 1.3V 
-VOL 

NOTES: 
A. The Input waveform Is supplied by a generator wHh the 

loIIowlng characteristics: lout = 50 II and PAR S 1 MHz, 
tr:S 15 no, tl :S 6 no. 

PIN CONFIGURATION 

B,F,W PACKAGE 

PosHlve IogIC:YmABCDEFGHIJKLM 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54S F,W 74S B,F 

B,F,W PACKAGE 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4S 

CL=15pF 
TEST CONDITIONS RL=2800 

PARAMETER MIN TVP MAX 

Propagation delay time 

tpLH Low-to-high 2 4 6 

tPHL High-to-iow 2 5 7.5 

CL=50pF 

tpLH Low-to-high 15~5 I tpHL Hlgh-to-Iow 

Output enable time CL=50pF 

tZH To High level 
113 1 19.5 

tZL To low level 14 21 

Output disable time CL=5pF 

tHZ From high level \5.5\a.5 
tLZ From low level 9 14 

Load clrcu" and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
548 W,F 74S B,F 

UNIT 

ns 

ns 

ns 

TRUTH TABLE 

INPUTS 

A BCD E F G H I J K 

H H H H H H H H H H H 
ANY NUMBER OF INPUTS LOW 

X X X X XX X X X X X 

H = high logic level, L = low logic level, X = Irrelevant 
Z - high-Impedance (output off) 

OUTPUT 

L CONTROL 

H L 
L 

X H 

PIN CONFIGURATION 

B,F,W PACKAGE 
SWITCHING CHARACTERISTICS Vcc = 5V, T A = 25°C 

54n4S 

CL=15pF 
TEST CONDITIONS RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 
tPLH Low-to-hlgh A,B B,A = L, a.5 13 ns 

C=L 
tpHL High-to-iow 11 15 

tpLH Low-to-high A,B B,A= H, 8 12 
C =L 

tPHL Hlgh-to-Iow 9 13.5 . TRUTH TABLE 
tpLH Low-to-high A,B B,A = L, 

C =H 
10 15 INPUTS 

tpHL High-to-Iow 6.5 10 A B C 

tpLH Low-to-high A,B B,A = H, a.5 12 L L L 
C=H L H L 

tpHL High-to-Iow 7 11 H L L 
tPLH Low-to-high C A=B a 12 H H L 
tpHL High-to-Iow 9.5 14.5 L L H 
tpLH Low-to-high C A;o'!B 7.5 11.5 L H H 
TpHL High-to-Iow a 12 H L H 

Load clrcuR and typical waveforms are shown al the front of section. H H H 
H - high level, L = low level .--

OUTPUT 

y 

H 
H 
Z o -" 9 

OUTPUT 

y 

L 
H 
H 
L 
H 
L 
L 
H 
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SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A,F 

FUNCTION TABLE 
INPUTS OUTPUT 

A B Y 

L L L 
L H H 
H L H 
H H L 

H - high 1ewoI, L - loW IewoI 

SWITCHING CHARACTERISTICS vcc = SV, TA = 2S"C 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH AorB Other Input low 

tpHL 

tpLH AorB Other Input high 
tpHL 

* tpLH = propagation delay time, Iow-to-hlgh level output 
tpHL = propagaUon delay time, hlgh-to-low-level output 

Load circuit and typical waYe!orms shown In front 01 book. 

SPEED/PACKAGE AVAILABILITY 
S4L8 F,W 74L8 B,F 
548 'p,W 748 B,F 

DESCRIPTION 

CL = 1SpF, 

RL = 2kll 

UMITS 

MIN TYP MAX UNIT 

18 30 
ns 

18 30 

18 30 
ns 

18 30 

The SS4L8138 and N74LS1~8 decode one-of-eight lines dependent on the conditions at 
the three binary select Inputs and the three enable Inputs. Two active-low and one active
high enable'lnputs reduce the need for external gates or Inverters when expanding. A 24-
line decoder can be Implemented without external Inverters alld a 32"lIne decoder requires 
only one Inverter. An enable Input can be used as a data Input for demultiplexlng applica
tions. Typical delay time through the three-level address circuitry Is 22 nanoseconds. 
Typical power dissipation Is 32 milllwatts. 

BLOCK DIAGRAM 

TRUTH TABLE 

INPUTS 

PIN CONFIGURATION 

"",. PACKAGE 

PIN CONFIGURATION 

B~,. PACKAGE 

ENABLE SELECT OUTPUTS 

G1 02- C B A YO Y1 va Y3 Y4 Y5 

X H X X X H H H H H H 
L X X X X H H H H H H 
H L L L L L H H H H H 
H L L L H H L H H H H 
H L L H L H H L H H H 
H i.. L H H H H H L H H 
H L H L L H H H H L H 
H L H L H H H H H H L 
H L H H L H H H H H H 
H L H Ii H H H H H H H 

'G2 - G2A + G2B 
H = high level, L - loW level. X - Irrelevant 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4LS 

cL=15pF 
TEST CONDITIONS RL=2KU 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN 

Propagation delay time 

tpLH Low-to-hlgh Binary Any 13 20 
Select 

tpHL Hlgh-to-Iow 27 41 
tpLH Low-to-hlgh 18 27 
tpHL Hlgh-to-Iow 26 39 
tpLH Low-to-hlgh Enable Any 12 18 
tpHL Hlgh-to-Iow 21 32 

tpLH Low-to-high 17 26 
tpHL High-to-Iow 25 38 

Load circuit and typical waveforms are shown at the front of section. 

SPEEDIPACKAGE AVAILABILITY 
54LS F,W 74LS B,F 
54S F,W 74S B,F 

DESCRIPTION 
The S54LS139 and N74LS139 comprise two Individual two-line-to-four-line decoders In a 
single package. The active-low enable input can be used as a data line in demultiplexing 
applications. Typical total delay time Is 22 nanoseconds through the three-gate-Ievel ad
dress clr!=ultry and power consumption Is typically 34 milliwatts total. 

BLOCK DIAGRAM 

54n4S 

CL=15pF 
RL=280U 

LEVELS OF 
TYP MAX DELAY 

4.5 7 2 

7 10.5 
7.5 12 3 
8 12 
5 8 2 
7 11 

7 11 3 
7 11 

PIN CONFIGURATION 

B,F,W PACKAGE 

'" TRUTH TABLE (Each Decoder/Demultiplexer) 

,15j 

DA,. 
oumono 

ENABLE 

G 

H 
L 
L 
L 
L 

INPUTS 

SELECT 

B A 

X X 
L L 
L H 
H L 
H H 

OUTPUTS 

YO Y1 Y2 

H H H 
L H H 
H L H 
H H L 
H H H 

UNIT 

ns 

o -" 9 

Y3 

H 
H 
H 
H 
L 
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SWITCHING CHARACTERISTICS vee = SV, TA = 2SoC 

54174LS 54J74S 

CL=15pF CL=15pF 
lEST CONDITIONS RL=2Kn RL=asl 

FROM TO LEVELS 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX OF DELAY 

PropagatIon delay time 

tpLH Low-to-hlgh Binary Any 13 20 5 7.5 2 

tPHL Hlgt\-'to-low Select 22 33 6.5 10 

tpLH Low-to-hlgh 18 29 7 12 3 

tpHL High-to-low 25 38 8 12 

tpLH Low-to-blgh Enable Any 16 24 5 8 2 

tpHL High-to-iow 21 32 6.5 10 

Load eireu" and typical waveforms sOOwn at the fronl of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 . F,W 74 B,F 
54LS F,W 74LS B,F 

DESCRIPTION 
This monilithic BCD-to-declmal decoder/driver consists of eight inverters and ten four-input 
NAND gates. The Inverters are connected In pairs to make BCD input data available for 
decoding by the NAND gates. Full decoding of valid BCD Input logic ensures that all out
puts remain off for all Invalid binary Input conditions. This decoder features hlgh
performance, n-p-n output transistors designed for use as Indicator/relay drivers or as 
open~llector logic-c:lrcult drivers. Each of the high-breakdown output transistors (15 volts) 
will sink up to 80 milliamperes of current. Each Input Is one standard load. Inputs and out
puts are entirely compatible for use with TTL or DTL logiC circuits, and the output!! are 
compatible for interfacing with most MOS Integrated circuits. Power dissipation is typically 
35 mliliwatts. 

BLOCK DIAGRAM FUNCTION TABLE 

OUTPUT 0 NO. 
INPUTS 

D C B A 0 
OUTPUT 1 

0 L L L L L 
OUTPUT 2 1 L L L H H 

2 L L H L H 
OUTPUT 3 3 L L H H H 

4 L H L L H 
OUTPUT 4 

5 L H L H H 
OUTPUT 5 6 L H H L H 

7 L H H H H 
OUTPUT 6 8 H L L L H 

9 H L L H H 
OUTPUT 7 

H L H L H 
H L H H H 
H H L L H 

OUTPUT 9 H H L H H 
H H H L H 
H H H H H 

( 

H = high level; (off). L - low level (on) 
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8,F,W PACKAGE 

OUTPUTS 

1 2 3 4 5 8 7 

H H H H H H H 
L H H H H H H 
H L H H H H H 
H H L H H H H 
H H H L H H H 

H H H H L H H 
H H H H H L H 
H H H H H H L 
H H H H H H H 
H H H H H H H 

H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 

UNIT 

ns 

8 9 

H H 
H H 
H H 
H H 
H H 

H H 
H H 
H H 
L H 
H L 

H H 
H H 
H H 
H H 
H H 
H H 



. SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=101Kl 

PARAMETER MIN TVP 

Propagation delay time 

tpLH Low-to-high 

tpHL High-ta-Iow 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

BLOCK DIAGRAM 

(16) 

OUTPUT CONTROl.. 

Pin (16) - Veo Pin (8) - GND 
Pin (15) - No connection 

MAX MIN 

50 
50 

54n4LS 

CL=45pF 
RL=685!) 

TVP MAX UNIT 

50 ns 
50 ns 

PIN CONFIGURATION 

B,F,W PACKAGE 

(

4 , 

· , 
INPUTS 6 3 

7 • 

· . 
{
C' 

OUTPUTS · ' 
A 

OUTPUT 

NC. - no Intemal connection 

TRUTH TABLE 

INPUTS OUTPUTS 

1 2 3 4 5 6 7 8 9 D C B A 

H H H H H H H H H H H H H 
X X X X X X X X L L H H L 
X X X X X X X L H L H H H 
X X X X X X L H H H L L L 
X X X X X L H H H H L L H 
X X X X L H H H H H L H L 
X X X L H H H H H H L H H 
X X L H H H H H H H H L L 
X L H H H H H H H H H L H 
L H H H H H H H H H H H L 

H = high logic level. L - low logic level. X = Irrelevant 
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SWITCHING CHARACTERISTICS vcc = 5V. TA = 25·C 

54174 

CL = 15pF 

TEST CONDITIONS RL=4OO{! 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX WAVEFORM 

Propagation delay time 
tpLH Low-ta-high Any Any 9 14 In phase output 
tpHL High-to-Iow 7 11 
tpLH Low-to-high 13 19 Out of phase 

output 
tpHL High-ta-Iow 10 15 

Load c~cult and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 

BLOCK DIAGRAM 

1101 

~ __ ~=EO 
t111 

112) 

'0 

(13) 

111 

" 121 

13} 

.2 
141 

151 

OUTPUT CONTROL 

Pin (16)-Vee. pin (8)-GND 

138 

UNIT 

ns 

PIN CONFIGURATION 

B,F,W PACKAGE 

INPUTS 

.. EO} 
OUTPUTS 

t .. OS 



TRUTH TABLE 
INPUTS OUTPUTS 

E1 0 1 2 3 4 5 8 7 A2 A1 AO GS EO 

H X X X X X X X X H H H H H 
L H H H H H H H H H H H H L 
L X X X X X X X L L L L L H 
L X X X X X X L H L L H L H 
L X X X X X L H H L H L L H 
L X X X X L H H H L H H L H 
L X X X L H H H H H L L L H 
L X X L H H H H H H L H L H 
L X L H H H H H H H H L L H 
L L H H H H H H H H H H L H 

SWITCHING CHARACTERISTICS vee = 5V. TA = 25°e 

54n4 

CL=15pF 

TEST CONDITIONS RL=4OOfI 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX WAVEFORM UNIT 

Propagation delay time 
o -tpLH Low-ta-hlgh 0-7 AO.A1.A2 10 15 In phase output ns 

tPHL Hlgh-ta-Iow 9 14 
tpLH Low-ta-hlgh 13 19 Out of phase 

output 

tpHL Hlgh-ta-Iow 10 15 " 9 
tpLH Low-to-hlgh 0-7 Eo 6 10 Out of phase 

output 

tpHL Hlgh-to-Iow 9 14 
tpLH Low-to-high 0"7 GS 14 21 In phase output 

tpHL Hlgh-to-Iow 12 18 
tpLH Low-to-high E1 Ao.A1.A2 10 15 In phase output 

tpHL Hlgh-ta-Iow 10 15 
tpLH Low-to-hlgh E1 GS 8 12 In phase output 

tpHL Hlgh-to-Iow 10 15 
tpLH Low-to-hlgh E1 Eo 8 13 In phase output 

tPHL Hlgh-to-Iow 13 19 

Load circuit and typical waveforms are shewn at the front of sacllon. 
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SPEEDIPACKAGE AVAILABILITY PIN CONFIGURATION 
54 Q,F 74 N,F 

F,N,Q PACKAGE .. 

TRUTH TABLE 

INPUTS OUTPUT 
D C B A STROBE eo E1 E2 E3 q E5 E8 E7 Ie It E10 E11 E12 E13 E14 E15 W 

X X X X 1 X X X X X X X X X X X X X X X X 1 
0 0 0 0 0 0 X X X X X X X X X X X X X X X 1 
0 0 0 0 0 1 X X X X X X X X X X X X X X X 0 
0 0 0 1 0 X 0 X X X X X X X X X X X X X X 1 
0 0 0 1 0 X 1 X X X X X X X X X X X X X X 0 
0 0 1 0 0 X X 0 X X X X X X X X X X X .X X 1 
0 0 1 0 0 X X 1 X X X X X X X X X X X X X 0 
0 0 1 1 0 X X X 0 X X X X X X X X X X X X 1 
0 0 1 1 0 X X X 1 X X X X X X X X X X X X (l 

0 1 0 0 0 X X X X 0 X X X X X X X X X X X 1 
0 1 0 0 0 X X X X 1 X X X X X X X X X .X X 0 
0 1 0 1 0 X X X X X 0 X X X X X X X X X X 1 
0 1 0 1 0 X X X X X 1 X X X X X X X X X X 0 
0 1 1 0 0 X X X X X X 0 X X X X X X X X X 1 
0 1 1 0 0 X X X X X X 1 X X X X·, X X X X X 0 
0 1 1 1 0 X X X X X X X 0 X X X X X X X X 1 
0 1 1 1 0 X X X X X X X 1 X X )(; X X X X X 0 
1 0 0 0 0 X X X X X X X X 0 X X X X X X X . 1 
1 0 0 0 0 X X X X X X X X 1 X X X X X X ,X 0 
1 0 0 1 0 X X X X X X X X X 0 X X X X X X 1 
1 0 0 1 0 X X X X X X X X X 1 X X X X X X 0 
1 0 1 0 0 X X X X X X X X X X 0 X X X X X 1 
1 0 1 0 0 X X X X X X X X X X 1 X X X X X 0 
1 0 1 1 0 X X X X X X X X X X X 0 X X X X 1 
1 0 1 1 0 X X X X X X X X X X X 1 X X X X 0 
1 1 0 0 0 X X X X X X X X X X X X 0 X X X 1 
1 1 0 0 0 X X X X X X X X X X X X 1 X X X 0 
1 1 0 1 0 X X X X X X X X X X X X X 0 X X 1 
1 1 0 1 0 X X X X X X X X X X X X X 1 X X 0 
1 1 1 0 0 X X X X X X X X X X X X X X 0 X 1 
1 1 1 0 0 X X X X X X X X X X X X X X 1 X 0 
1 1 1 1 0 X X X X X X X X X X X X X X X 0 1 
1 1 1 1 0 X X X X X X X X X X X X X X X 1 0 
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LOGIC DIAGRAM 
DATA SELECT (BINARYI 

I 

DeB 9" lUi 

,\7 u ~7 U 

'\~ ~ ;-, ~ n'\~ 

'" ." ." . " '" .. 

11 

DATA INPUTS 
I 

" 

-'I 

" .. 

-'I 

" " " 

.I 
-'I -'I II 

t t ~ T T ~ ~~~ ~1T~ 
II IIIi 

OUTPUT W 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=4OCKl 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-ta-hlgh A,B,C Y 35 52 ns 

(4 levels) 

tpHL High-to-Iow 20 30 
tpLH Low-ta-hlgh A,B,C,D W 23 35 

(3 levels) 

tpHL Hlgh-to-Iow 22 33 
tpLH Low-to-hlgh Strobe Y 35 52 
tpHL High-ta-Iow 19 30 
tPLH Low-to-high Strobe W (15.5 24 
tpHL Hlgh-ta-Iow 21 30 
tpLH Low-to-hlgh 00- 07 Y 19 29 
tpHL Hlgh-to-Iow 16 24 
tpLH Low-to-high Eo-E15 W 13 , 20 
tpHL Hlgh-ta-Iow 8.5 14 

Load circuit and typical waveforms are shown at the front of section. 

" " 

-'I _II 

l ~ 

'. , STROBE 
ENABLEI 

,\7 

o -" 9 
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SPEED/PACKAGE.AVAILABILITY 
54 F,W 74 B.F 
54L8 F.W 74L8 B.F 
548 F.W 748 B.F 

BLOCK DIAGRAM 

142 .-

PIN CONFIGURATION 

a,F,W PACKAGE 

1
3 • 

, 
DATA 

INPUTS 1 3 

o • 

{ 
y • 

OUTPUTS 
W • 

STROBE 7 

po.lthte IOlllc: _ function tab •• 

TRUTH TABLE 

INPUTS 

SELECT STROBE 
C a A s 
x x X H 
L L L L 
L L H L 
L H L L 
L H H L 
H L L L 
H L H L 
H H L L 
H H H L 

H _ high level. L - low level •. X - Irrelevant 

.OUTPUTS 

y W 

L H 
00 00 
01 01 
02 02 
03 03 
04 D4 
05 05 
06 06 
07 07 

00. 01 ... 07 = \he level of the 0 respectiVe Input 



SWITCHING CHARACTERISTICS vee = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=400fI 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-hlgh A,B,C Y 35 52 

(4 levels) 

tPHL High-to-Iow 20 30 

tPLH Low-to-hlgh A,B,C,O W 23 35 

(3 levels) 

tpHL Hlgh-to-Iow 22 33 

tpLH Low-to-high A,B,C W 
(3 levels) 

tPHL Hlgh-to-Iow 

tpLH Low-tOohlgh Strobe Y 35 52 

tpHL Hlgh-to-Iow 19 30 

tpLH Low-to-high Strobe W 15.5 24 

tpHL High-to-Iow 21 30 

tpLH Low-to-hlgh 00-07 Y 19 29 

tPHL High-to-Iow 16 24 

tpLH Low-to-high Eo-E15 W 13 20 

tPHL Hlgh-tOolow 8.5 14 

tpLH Low-tOohlgh Any 0 Y 

tpHL Hlgh-to-Iow 

tpLH Low-tOohlgh Any 0 W 

tPHL Hlgh-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A,F 

MIN 

54174LS 541748 

CL=15pF CL=15pF 
RL=2kfl RL=280fI 

TYP MAX MIN TYP MAX 

27 43 12 18 

31 50 12 18 

24 39 10 15 

20 32 9 13.5 

23 37 11 16.5 

25 42 12 18 

19 31 9 13 

16 26 8.5 12 

16 26 8 12 

20 32 8 12 

13 21 4.5 7 

9 15 4.5 7 

PIN CONFIGURATION 

r .-
~W"l 

~ 
~N. 

~l-· 
00 

2 
~ .. 
" "' o 

WPACKAGE 

UNIT 

ns 

o -" 9 
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TRUTH TABLE 

INPUTS 

C B A DO D1 ~ OJ 
X X X X X X X 
0 0 0 0 X X X 
0 0 0 1 X X X 
0 0 1 X 0 X X 
0 0 1 X 1 X X 
0 1 0 X X 0 X 
0 1 0 X X 1 X 
0 1 1 X X X 0 
0 1 1 X X X 1 
1 0 0 X X X X 
1 0 0 X X X X 
1 0 1 X X X X 
1 0 1 X X X X 
1 1 0 X X X X 
1 1 0 X X X X 
1 1 1 X X X X 
1 1 1 X X X X 

When used to Indicate en Input. x ~ Irrelevant. 

D4 D5 De 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
0 X X 
1 X X 
X 0 X 
X 1 X 
X X 0 
X X 1 
X X X 
X X X 

D7 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
0 
1 

OUTPUTS 

w 
1 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

LOGIC DIAGRAM 

OATASELECT 
(BINARYI 

I 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54 

CL = 15pF 
TEST CONDITIONS RL=400n 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 
tpLH Low-to-high A,B,C,O W 23 35 ns 

(3 levels) 
tPHL High-to-Iow 22 33 ns 

tpLH Low-ta-high 00-07 W 13 20 ns 

TpHL Hlgh-ta-Iow 8.5 14 ns 

Load circuit and typical waveforms are shoWn at 1he front of section. 
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OUTPUT W 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
54S F,W 

TRUTH TABLE 

SELECT 

74 B,F 
74LS B,F 
74S B;F 

INPUTS DATA INPUTS STROBE 

B A CO C1 C2 C3 G 

X X X X X X 
L L L X X X 
L L H X X X 
L H X L X X 
L H X H X X 
H L X X L X 
H L X X H X 
H H X X X L 
H H X X X H 

Select Inputs A and B are common to both sections. 
H = high level. L = low level, X = Irrelevant 

BLOCK DIAGRAM 

STROBE 
(ENABL.E) 

IG 

leo~!--.-~---'=====E=:fl 
leI <>-"'-'---------t::!::=±::r-'\ 

2eo ",1",1 OO;')-------1R:f:f'3.::::) 
2C1 (11) 

2C2 (12) 

2e3 (13) 

2G 
STROBE 

(ENABLE! 

115) 

H 
L 
L 
L 
L 
L 
L 
L 
L 

OUTPUT 

y 

L 
L 
H 
L 
H 
L 
H 
L 
H 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25G C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

Propagation delay time 

tpLH Low-to-high Data Y 

tpHL High-to-Iow 

tpLH Low-ta-high Address Y 

tpHL High-ta-Iow 

tpLH Low-to-high Strobe Y 

tpHL High-to-Iow 

tpLH Low-to-high Select Y 

tpHL High-to-Iow 

Load circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

o -" 9 

54174 54174LS 541745 

CL=3OpF CL=15pF CL=15pF 
RL=4000 RL=2KO RL=2800 

TYP MAX MIN TYP MAX MIN TVP MAX UNIT 

12 18 10 15 6 9 ns 

15 23 17 26 6 9 

22 34 

22 34 

19 30 16 24 10 15 

15 23 21 32 9 13.5 

19 29 11.5 18 

25 38 12 18 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 Q,F 74 N,F 

F,N;Q PACKAGE 

LOGIC DIAGitAM 

~ 
c: 
;;! 

1! 
~ ,.. 
::> 
0 

0 
c: 
:;I 
c: 
;;! 

TRUTH TABLE 

INPUTS OUTPUTS 

G1 G2 D B B A 0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 

L L L L L L L H H H H H H H H H H H H H H H 
L L L L H L H H L H H H H H H H H H H H H H 
L L L L H H H H H L H H H H H H H H H H H H 
L L L H L L H H H H L H H H H H H H H H H H 
L L L H L H H H H H H L H H H H H H H H H H 
L L L H H L H H H H H H L H H H H H H H H H 
L L L H H H H H H H H H H L H H H H H H H H 
L L H L L L H H H H H H H H L H H H H H H H 
L L H L L H H H H H H H H H H L H H H H H H 
L L H L H L H H H H H H H H H H L H H H H H 
L L H L H H H H H H H H H H H H H L H H H H 
L L H H L L H H H H H H H H H H H H L H H H 
L L H H L H H H H H H H H H H H H H H L H H 
L L H H H L H H H H H H H H H H H H H H L H 
L L H H H H H H H H H H H H H H H H H H H L 
L H X X X X H H H H H H H H H H H H H H H H 
H L X X X X H H H H H H H H H H H H H H H H 
H H X X X X H H H H H H H H H H H H H H H H 

H ~ High, L - Low, X- Irrelevant 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=400 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tPLH Low-to-high A,B,C,D 
(3 levels) 

24 36 ns 

tpHL Hlgh-to-Iow 22 33 

tpLH Low-to-hlgh Either 20 30 

tpHL Hlgh-to-Iow Strobe 18 27 

Load clrCtJlt and typical waveforms are shown at the front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 

TRUTH TABLE 
2-L1NE TO 4-L1NE DECODER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 1G 1C 1YO 1Y1 1Y2 1Y3 

X X H X H H H H 
L L L H L H H H 
L H L H H L H H 
H L L H H H L H 
H H L H H H H L 
X X X L H H H H 

1-LINE TO 4-L1NE DEMULTIPLEXER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 2G 2C 2YO 2Y1 2Y2 2Y3 

X X H X 
L L L L 
L H L L 
H L L L 
H H L L 
X X X H 

tc "" Inputs 1C and 2C connected together 
*G - Inputs lG and 2G connected together 

H H H H 
L H H H 
H L H H 
H H L H 
H H H L 
H H H H 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54/74 

CL=15pF 
TEST CONDITIONS RL=400!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-high A,B,2C, 
1G,2G 

Y 13 20 

tpHL Hlgh-to-Iow 18 27 

tpLH Low-ta-high A,B Y 21 32 

tpHL High-ta-Iow 21 32 

tPLH Law-ta-high 1C Y 16 24 

tPHL High-ta-Iow 20 30 

Load Circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

3-L1NE TO a-LINE DECODER TO 1-L1NE TO 8-L1NE 
DEMULtiPLEXER 

INPUTS 

STROBE 
OR 

SELECT DATA (0) (1) 

ct B A G* 2YO 2Y1 

X X X H H H 
L L L L L H 
L L H L H L 
L H L L H H 
L H H L H H 
H L L L H H 
H L H L H H 
H H L L H H 
H H H L H H 

tC=inputs lC and 2C connected togather 
*G=inputs lG and 2G connected together 

OUTPUTS 

(2) (3) (4) (5) (8) 

2Y2 2Y3 1YO 1Y1 1Y2 

H H H H H 
H H H H H 
H H H H H 
L H H H H 
H L H H H 
H H L H H 
H H H L H 
H H H H L 
H H H H H 

LOGIC DIAGRAM 

LEVELS OF 
LOGIC 

2 

3 

3 

UNIT 

ns 

SELECT SELECT DATA 
A 8 1C 

I 
OUTPUTS 

(7) 

1Y3 o 
H 
H -" H 
H 
H 9 
H 
H 
H 
L 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B.F 

TRUTH TABLES 

2-LlNE TO 4-LlNE DECODER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 1G 1C 1YO 1Y1 1Y2 1Y3 

X X H X H H H H 

I- L L H L H H H 
L H L H H L H H 

H L L H H H L H 

H H L H H H H L 

X X X L H H H H 

1-LlNE TO 4-LlNE DEMULTIPLEXER 

INPUTS OUTPUTS 

SELECT STROBE DATA 

B A 2G 2C 2YO 2Y1 2Y2 2Y3 

X X H X H H H H 
L L t L L H H H 
L H L L H L H H 
H L L L H H L H 
H H L L H H H L 
X X X H H H H H 

SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tpLH Low-to-hlgh A,B.2C. Y 15 23 
1G.2G 

tpHL High-to-iow 20 30 

tpLH Low-to;-high A.B Y 23 34 

tpHL High-to-iow 23 34 

tpLH Low-to-high 1C Y 18 27 

tpHL High-to-iow 22 33 

Load circulI and typical waveforms ar. shown at the front of section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

3-LlNE TO B-LlNE DECODER TO 1-LlNE TO a-LINE 
DEMULTIPLEXER 

INPUTS 

STROBE 
OR 

SELECT DATA (0) (1) 

ct B A G* 2YO 2Y1 

X X X H H H 

L L L L L H 
L L H L H L 

L H L L H H 

L H H L H H 

H L L L H H 

H L H L H H 
H H L L H H 

H H H L H H 

t C s Inputs lC and 2C connacted logether 
*G - Inputs lG and 2G ocnneetad together 

OUTPUTS 

(2) (3) (4) (5) (B) 

2Y2 2Y3 1YO 1Y1 1Y2 

H H H. H H 

H H H H H 
H H H H H 

L H H H H 

H L H H H 

H H L H H 

H H H L H 
H H H H L 

H H H H H 

LOGIC DIAGRAM 

SELECT SELECT DAtA 
A' B 1C 

LEVELS OF 
LOGIC UNIT 

2 ns 

3 

3 
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1Y3 

H 

H 

H 

H 

H 

H 

H 
H 
L 



SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B,F 
54LS F,W 74LS B,F 
54S F,W 74S B,F 

BLOCK DIAGRAM 

1A 
2 

1B 
3 

2A 
5 

2B 
6 

3A 
11 

3B 
10 

4A 
14 

13 
4B 

STROBE G 
15 

SELECT S 1 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL = 4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay time 

tPLH Low-to-high Data Any 9 14 

tPHL High-to-Iow 9 14 

tpLH Low-to-hlgh Enable ...Any 13 20 

tPHL High-to-Iow 14 21 

tpLH Low-to-high Select Any 15 23 

tPHL High-to-Iow 18 27 

tPLH Low-to-high Strobe Any 

tpHL High-to-iow 

Load circuit and typical waveforms are shown at the front of section. 

MIN 

PIN CONFIGURATION 

B,F,W PACKAGE 

positive logic: low level at S selects A inputs 
high level at S selacts B Inputs 

TRUTH TABLE 
INPUTS OUTPUTY 

STROBE SELECT A B 

H X X X L 
L L L X L 
L L H X H 
L H X L L 
L H X H H 

H = high level. L = low level. X = Irrelevant 

54/74LS 54/74S 

CL=15pF CL=15pF 
RL=2kO RL=2800 

TYP MAX MIN TYP MAX UNIT 

9 14 5 7.5 ns 

9 14 4.5 6.5 

15 23 9.5 15 

8 27 9.5 15 

13 20 8.5 12.5 

14 21 7.5 12 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 
54LS F,W 14LS B,F 
548 F,W 74S B,F 

BLOCK DIAGRAM 

lA 
2 

lB 
3 

2A 
5 

28 
6 

3A 
11 

3B 
10 

4A 
14 

4B 
13 

STROBEG 
15 

SELECTS 

SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=4000 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

Propagation delay time 

tPLH Low-to-hlgh Data Any 9 14 

tpHL High-to-iow 9 14 

tPLH Low-to-high Enable Any 13 20 

tpHL High-to-iow 14 21 

tpLH Low-to-high Select Any 15 23 

tPHL High-to-iow 18 27 

tPLH Low-to-high Strobe Any 

tpHL High-to-Iow 

Load clrcun and typical waveforms are shown at tha front of section. 

150 .--

MIN 

PIN CONFIGURATION 

B,F,W PACKAGE 

(
'A 2 

INPUTS 

,. 3 

posnlve logic: low level 1It S selects A Inputs 
high level at S selects B Inputs 

TRUTH TABLE 

INPUTS OUTPUT V 

STROBE SELECT A B 

H X X X H 
L L L X H 
L L H X L 
L H X L H 
L H X H L 

H - high level, L _ low level, X - Irrelevant 

54174LS 54174S 

CL=15pF CL=15pF 
RL=211:O RL=2800 

TVP MAX MIN TVP MAX UNIT 

7 12 4 6 ns 

7 12 4 6 

13 20 8 12 

16 24 8 12 
11 17 6.5 11.5 

12 18 7 12 



SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

DESCRIPTION 

74 B,F 
74LS B,F 

This synchronous presettable decade counter features an internal carry look-ahead for ap
plications In high-speed counting designs. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change cOincident with each other 
when so instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally associated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(positive-going) edge of the clock input waveform. 

This counter is fully programmable; that is, the outputs may be preset to either level. As 
presetting Is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data after the next clock pulse regardless of the 
levels of the enable inputs. The clear function for the 54/74LS160 is asynchronous and a 
low level at the clear input sets all four of the flip-flop outputs low regardless of the levels of 
clock, load or enable inputs. 

The carry look-ahead circuitry provides for cascading counters for n-bit synchronous appli
cations without additional gating. Instrumental In accomplishing this function are two count
enable inputs and a ripple carry output. Both count-enable Inputs (P and T) must be high to 
count, and Input T is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produce a high-level output pulse with a duration approximately equal to 
the high-level portion of the QA output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T inputs are al
lowed regardless of the level of the clock input. 

The 54174LS160 features a fully independent clock circuit. Changes made to control Inputs 
(enable P or T, load or clear) that will modify ,the operating mode have no effect until clock
Ing occurs. The function of the counter (whether enabled, disabled, loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

PARAMETER MEASUREMENT INFORMATION 

TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 

illustrated below is the following sequence: 
1. Clear outputs to zero 
2. Preset to BCD seven 
3. Count to eight, nine, zero, one, two, and three 
4. Inhibit 

CLEAR 

LOAD 

DATA { : 
INPUTS 

0 __ -+_ .... 
CLOCK ---+., 

PIN CONFIGURATION 

B,F,W PACKAGE 

ENABLEP __ -+_lrt------l-___ J tpLH TpHL 
(mHlu,, .. t'tn+101lseeNoteB) 

ENABLE T ---+-i-' 1,...---""'+------------------- VDH 

I 
CLEAR PRESET 

2 3 
---t---INHIBIT-

Vref Vref 

VOLTAGE WAVEFORMS 
NOTES: 
A. The Input pulses are supplied by a gelllll"ator having tha following characteristics: PRR :S 

lMHz. duty cycle:S 50%, lout '" 5011 tr:S 1Sns; tf:S ens, 

6. Outputs QO and carry are tested at tn+ 10, where In Is the bit time when all outputs are 
low, 

e, Vref = 1,3V. 

Load circuit Is shown at front of section (totem pote outputs). 

FIGURE 1-SWITCHING TIMES 

•• nl 151 
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CLOCK 
INPUT 

""aMI"" OUTPUTS 

NOTES: 

w 
- ___________________ w 

w 

----------~------- w r-----'------w 
_________ . _________ w 

~=--------w r--------- Voti 

L'-----I---+..J.--------------:--- VOL 
tpLH (m8BIUr&.attn+2 ortn+ot» 

r-------------V~ 
I V"" '-----+---1-'.-----------..----- VOL 

------- W 

Vn. 

VOLTAGE WAVEFORMS 

A. The inpul pulses are supplied by generalolll having Ihe following characteristics. PRR :S 
lMHz. duty cycle:S 50%. louI" SOil. Ir:S 15ns." :S 6ns. 

B. Enable P and enable T selup limes are measured al IN + 0 
C. Vref = 1.3V. 

Load circuit is shown al fronl 01 book (Iolem pole oulpUIS). 

BLOCK DIAGRAMS 

152 

D -" -v 

AA 

DAT AB 

AC 

K 

-t> <>-

AD 

~ 

UNT co 
ENAB :r NT 

LET 
coo 

ENAS 

---::- QA 

~J QAI---O 

CLOCK 

~ K CLEAR 

- .. r=u:=- J QBr-~ 
CLOCK 

~KCLEAR 
~ 

r=u:=-~r-r'6 
CLOCK 

5s:L KCLr 

~~ ~ 
CLOCK 

~ "D 

IK CLyAR 

r~ 
L RIPPLE 

CARRY 

N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry Circuit can 
be used to Implement a hlgh-speedn-blt counter. The 54/74LS160 
will count In BCD. Virtually any count mode (modulo-N. N1-toN2. 
N1-to-maxlmum) can be used with this fast look-ahead circuit. 

TYPICAL APPLICATION DATA 

54174LS 

CLEAR 111 



SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54n4 54n4LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=4OO!l RL=2KIl , 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

fClock Clock frequency 25 32 

tW(Clock) Width of clock 25 

Input pulse 

tw(Clear) Width of clear 20 

Input pulse 

tSetup Input setup time DA-DD 15 

Enable P 20 

Load 25 

A,B,C,D Q 

Enable P, Q 

EnableT 

Load Q 

tHold Input hold time Any 0 

A,B,C,D 

Others 

Propagation delay time 

IpLH Low-Io-hlgh Clock Carry 23 

IpHL Hlgh-to-Iow 23 

tpLH Low-to-hlgh Clock Q 13 

(load Input high) 

tpHL Hlgh-Io-Iow 15 

tpLH Low-to-high Clock Q 17 

(load input low) 

tpHL High-Io-Iow 19 

tpLH LOW-Io-high Enable T Carry 10 

tpHL High-to-Iow 10 

IpHL Hlgh-to-Iow Clear Q 20 

Load circuIt and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 
54LS F,W 74LS B,F 

DESCRIPTION 
This synchronous presettable binary counter features an internal carry look-ahead for ap
plications In high-speed counting designs. Synchronous operation Is provided by having all 
flip-flops clocked simultaneously so that the outputs change coincident with each other 
when so instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally asSOCiated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(posltive-going) edge of the clock input waveform. 

This counter is fully programmable; that is, the outputs may be preset to either level. As 
presetting is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data after the next clock pulse regardless of the 

25 .32 

25 

20 

ot 

20t 

20t 

25t 

10t 

35 23 35 

35 23 35 

20 16 24 

23 18 27 

25 17 25 

29 19 29 

14 15 23 

14 15 23 

30 26 38 

PIN CONFIGURATION 

B,F,W PACKAGE 

UNIT 

MHz 

ns 

ns 

ns 

ns 

o -ns 

" 9 
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levels of the enable Inputs. The clear function for the 54174LS161 Is asynchronous and a 
low level at the clear Input sets all four of the fl.ip-flopoutputs low regardless of the levels of 
clock. load or enable Inputs. 

The carry look-ahea~ circuitry provides for cascading counters for n"blt synchronous appli
cations without additional gating. Instrumental In accomplishing this function are two count
enable Inputs and a ripple carrY output. Both count-enable Inputs (P and n must be high to 
count. and Input T Is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produca a high-level output pulse with a duration approximately equal to 
the high-level portion of the QA output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T inputs ant aI-
lowed regardless of the level of the clock input. . 

The 54t74LS161 features a fully independent clock circuit. Changes made to control Inputs 
(enable P or T. load or clear) that will modify the operating mode have no effect until clock
Ing occurs. The function of the counter (whether enabled. disabled. loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

BLOCK DIAGRAMS 

154 

COUNT 
ENA8LET 

54174 

RIPPLE 
CARRY 

54174LS 

ENABLET.!!I''''-m __ -----------L 

111II1II1 

CLOCK",='~'-+--+-t-! 
LOAD t91 

CLEAR III 

DATAA~"!..' tll==::[yr--tL.J 

141 

I~ 

0, 



PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 

Illustrated below Is the following sequence: 
1. Clear outputs to zero 
2. Preset to binary twelve 
3. Count to thlrtean, fourteen, fifteen, zero, one, and two 
4. Inhibit 

CLEAR ---u (ASYNCHRONOUS) 

LOAD 

DATA .'-+---'- - _ - ______ _ 
{

A ~ __________ _ 

INPUTS ..... _+_.., _________ _ 
, __ - ------

r---I-........,---------
CLOCK ---M 

ENABLEP==O~====~=~ ENABLET 

aU"'UTS{::~~-E==~ =8=== <>c== ., 
00==-1 

RIPp~~;,.~~RY'----_t,lZ;-~13;-,:':4--!15' !:.-':'""-;'zl-------
I I---COUNT--~,_III__--INHIBlT

CLEAR PRESET 

NOTES 
A. The Inpul pulses are supplied by a generalor having Ihe following characterisllcs: PAR S 

1101Hz, Duty Cycle S 50%, ZOUI" 5011 Ir S 15ns, tf S 6ns. 
B. OUtpuIS QD and carry are lesled al In+ I 6, where In is the bil time when all outputs are 

low. 
C. Vref - 1.3V. 

VOL 

~------VOH 

~------vaH 

r------ VOH 

·~~,f_----------VOL 

FIGURE 1-VOLTAGE WAVEFORMS 

3V 
CLOCK INPUT 

,----f~~~-----------------~ 

--------------UI/ 
r------------------~ 

I~=--------------- ov 
~--------vOH 

EN~rLEP 
ENABLE T'-_+ _____ t--' 

RIPPLE CARRYOU"''''=UT'-! ___ '-_-t __ -; ____ ....J 

FIGURE 2-VOLTAGE WAVEFORMS 
NOTES 
A. The Input pulses are supplied by generators having the following characteristics: 

PRRS1MHz. Duty cycle S 50%. Zout" 500. tr S 1505. If S 6ns. 
B. Enable P and T setup times are measured at tn+o' 
C. Vref = 1.3V. 

Load circuit is shown at front of book (totem poie outpul). 

TYPICAL APPLICATION DATA 

N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to Implement a high-speed n-blt counter.The 54174LS161 
will count in binary. Virtually any count mode (modulo-N, N1-toN2, 
N1-to-maximum) can be used with this fast look-ahead circuit. 

-'"' L-oISABLE 
TOMORf· 
SIGNIFICANT 
STAGES 

I!IIIIII 155 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 54174LS 

CL=15pF CL;'15pF 
TEST CONDITIONS RL=4000 ~L=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX 

fClock Clock freql/fll1CY 25 32 25 
tw (Clock) Width 

of clock 25 25 
Input pulse 

tw(Clear) Width 
of clear 20 20 
Input pulse 

tsetup Input setup time DA-DD 15 
Enable P 26 

Load 25 
A,B,C,D Q ot 

Enable P, Q 20t 
EnableT 

Load Q 20t 

tHold Input hold time Any 0 
A,B,C,D 25t 
Others 10t 

Propagation delay time 
tPLH Low-ta-hlgh Clock Carry 23 35. 
tPHL Hlgh~ta-Iow 23 35 

tpLH Low-ta-hlgh Clock Q 13 20 
(load Input high) 

tPHL Hlgh-ta-Iow I 15 23 

tPLH Low-ta-hlgh Clock Q 17 25 
(load Input low) 

tpHL Hlgh-to-Jow 19 29 

tpLH Low-ta-hlgh EnableT Carry 10 14 
tpHL Hlgh-ta-Iow 10 14 
tPHL Hlgh-to-Iow Clear Q 20 30 

Load circuit and typical waveforms shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 
54LS F,W 74LS B,F 

DESCRIPTION 
This synchronous presettable decade counter features an Internal 
carry look-ahead for applications in high-speed counting designs. 
Synchronous operation is provided by having all flip-flops clocked 
simultaneously so that the outputs change coinCident with each 
other when so Instructed by the count-enable inputs and internal 
gating. This mode of operation eliminates the output counting 
spikes which are normally associated with asynchronous (ripple 
clock) counters. A buffered clock input triggers the four flip-flops on 
the rising (posltive-golng) edge of the clock Input waveforms. 

This counter is fully programmable; that Is, the outputs may be pre
set to either level. As presetting is synchronous, setting up a low 
level at the load input disables the counter and causes the outputs 
to agree with the setup data after the next clock pulse regardless of 

156 

32 

23 35 
23 35 

16 24 

16 27 

17 25 

19 29 

15 23 
15 23 
26 38 

UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

PIN CONFIGURATION 

B,F,W PACKAGE 



the levels of the enable inputs. The clear function for the 
54/74LS162 is synchronous and a low level at the clear input sets 
all four of the flip-flop outputs low after the next clock pulse. re
gardless of the levels of the enable inputs. This synchronous clear 
allows the count length to be modified easily as decoding the maxi
mum count desired can be accomplished with one external NAND 
gate. The gate output is connected to the clear input to synchron
ously clear the counter to 0000 (LLLL). 

The carry look-ahead circuitry provides for cascading counters for 
n-bit synchronous applications without additional gating. Instru
mental In accomplishing this function are two count-enable inputs 
and a ripple carry output. Both count-enable inputs (P and T) must 
be high to count. and input T Is fed forward to enable the ripple 
carry output. The ripple carry output thus enabled will produce a 
high-level output pulse with a duration approximately equal to the 
high-level portion of the QA output. This high-level overflow ripple 
carry pulse can be used to enable successive cascaded stages. 
Transitions at the enable P or T inputs are allowed regardless of the 
level of the clock Input. 

The 54174LS162 features a fully Independent clock circuit. Changes 
made to control inputs (enable P or T. load or clear) that will modify 
the operating mode have no effect until clocking occurs. The func
tion of the counter (whether enabled. disabled. loading or counting) 
will be dictated solely by the conditions meeting the stable set up 
and hold times. 

BLOCK DIAGRAMS 

LO 0 A 

"" v 

rAA 

,., 

TAe 

eLOC K .... 
V 

AD 

~ 4> 

UNT :r NT 
LET 

CD 
ENA 

---.:- DA 

~J OAf-JO 

CLOCK 

):L::.r-
r-- D, 

~J 0,-,0 

CLOCK 

::Dl-,K"f 

~r;-;;;f-~ 
CLOCK 

~KeLt 

~~ ~ 
CLOCK 

5)I "0 
K CLEAR 

~ 
l RIPPLE 

CARRY 

54/74LS 

o -" 9 

CLEAR I1J 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 54174LS 

CL=15pF CL=15pF, 
TEST CONDITIONS RL=4000 RL=2K!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX UNIT 

fClock Clock 
frequency 25 32 25 32 MHz 

tw(CIOCk) Width 
of clock 25 25 ns 
Input pulse 

tw(Clear) Width 
of clear 20 20 ns 
Input pulse 

tSetup Input 
seluptlme DA-DD 15 ns 

Enable P 20 
Load 25 
Clear 20 

A;B,C,D Q ot 
/:nable P, Q 20t 
EnableT 

Load Q 20t 
Clear Q 20t 

tHold Input hold time Any 0 ns 
A,B,C,D 25t 
Others lOt 

Propagation delay timE 
tpLH Low-to-hlgh Clock Carry 23 35 23 35 ns 
tpHL Hlgh-tOolow 23 35 23 35 

tpLH Low-lo-hlgh Clock Q 13 20 16 24 
tpHL Hlgh-tOolow 15 23 18 27 

(load Input high) 

tpLH Low-to-hlgh Clock I Q 17 25 17 25 
(load Input low) 

tpHL Hlgh-tOolow 19 29 19 29 

tPLH Low-to-hlgh EnableT Carry 10 14 15 23 

tpHL Hlgh-to-Iow 10 14 15 23 
tpHL Hlgh-to-Iow Clear Q 20 30 26 38 

Load clrcutt typical and waveforms are shown at the front of section, 
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PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT AND INHIBIT SEQUENCES 
Illustrated below Is the following sequence: 

1. Clear outputs to zero 
2. Preset to BCD seven 
3. Count to eight, nine, zero, one, two, and three 
4. Inhibit 

CLEAR 

LOAD 

DATA { : 

.....--t---,----------- - ----

.....--+-..,- - - - - - - - - - - - - -
INPUTS 0 ....--+--.- - - - - - - - - - - - --

--1---' 
CLOCK 

ENABLE~P==±j~t=======~===; ENABLE !. 

{

QA __ _ 

""== OUTPUTS ""==-, -- -, 00_-

CAR::~;~'~------~~~.~·. ~O--~'--.2~3~--------------
I I I---- COUNT .• INHIBIT_ 

CLEAR PRESET 

,.-----1"-----1------------------"" 

LOAD INPUT lr-------------------:rv 
--------011 --------3\1 

DATA INPUTS 

,,-B.c, and;,;D""-:::::I;:::::-.:::::-____ -r 
~HLt-- l~=::-------- OV 

ENABLEP 
M 

ENABLE T;.... __ + _________ +-...J 
RIPPlE 
CARRY 
OUTPUT ____ + __________ +-____ + ________ J. VOL 

1,...-------- "" 
·lr---------------VoH 

Os AND Oc OUtpUTS 

VOLTAGE WAVEFORMS 
NOTES: 
A. The Input pulses are supplied by ganerators haYing the following characteristics: PRR ~ 1 

MHz. duty cycle ~ 50%. lout" 50 0; tr< 15 ns. tf ~ 6 no. 
6. Enable P and enable T setup times are measured at tn+O' 
C. Vref = 1.3 V. 

FIGURE 2-SWITCHING TIMES 

3V 

,.---------,t------------------- VOH 

V ... 

'-~~--------------------- VOL 

VOLTAGE WAVEFORMS 
NOTES: 
A. The input pulses are supplied by a generator having the following characteristics: PRR ~ 

lMHz. duty cycle ~ 50%. Zout ~ 50 0; tr S 15 ns. tf ~ 6 ns; vary PRR to measure fmax. 
6. Outputs QO and carry are tested at tn+ 1 0 where tn Is the bit time when all outputs are 

low. 
C. Vref = 1.5 V. 
Load Circuit information is shown at the front of the book. 

FIGURE 1-SWITCHING TIMES 

TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry circuit can 
be used to implement a high-speed n-bit counter. The 54174LS162 
will count in BCD. Virtually any count mode (modulo-N, N1-toN2, 
N1-to-maximum) can be used with this fast look-ahead circuit. 

RIPPLE 
CARRY 
OUTPUT 

RIPPLE 
CARRY 
",mn 

RIPPl-E 
CARRY 

OU""' 
RIPPLE 
CARRY 

"""n 
TO MORE· 
8FGNrFICAI'IT 
STAGES 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B,F 
54LS F,W 74LS B,F 

54174LS 
ENABLET.!!""!?!---.-----------..., 

ENABLEP..!!"!...' r=~~~:!:>, 

CLOCK-"'~'-+--+--..I 
LOAD (91 

CLEAR (11 

DATAA.£"!!...' -l=$=::[J,---tol.J' 

DATA8~"!!...' t:1f=:[»-rt---t:t-) 

DATAC.!!"J~:::\:l~3~P_rtt_--J_.L.J 

DESCRIPTION 

BLOCK DIAGRAM 

COUNT 
ENABLET 

This synchronous presettable binary counter features an internal carry look-ahead for ap
plications In high-speed counting designs. Synchronous operation is provided by having all 
flip-flops clocked simultaneously so that the outputs change coincident with each· other 
when so instructed by the count-enable inputs and internal gating. This mode of operation 
eliminates the output counting spikes which are normally essociated with asynchronous 
(ripple clock) counters. A buffered clock input triggers the four flip-flops on the rising 
(posltlve-golng) edge of the clock Input waveforms. 

This counter is fully programmable; that is, the outputs· may be preset to either level. As 
presetting is synchronous, setting up a low level at the load input disables the counter and 
causes the outputs to agree with the setup data after the next clock pulse regardless of the 
levels of the enable Inputs. The clear function for the 54/74LS163 is synchronous and a low 
level at the clear input sets all four of the flip-flop outputs low after the next clock pulse, 
regardless of the levels of the enable Inputs. This synchronous clear allows the count length 
to be modified easily as decoding the maximum count desired can be accomplished with 
one external NAND gate. The gate output Is connected to the clear Input to synchronously 
clear the counter to 0000 (LLLL). 

160 .-.. 

PIN CONFIGURATION 

B,F,W PACKAGE 

CLEAR t 

ENABLEP 7 

54174 

1& RIPPLE CARRV OUTPUT 

r------~RIPPLE 
CARRV 



The carry look-ahead circuitry provides for cascading counters for n-bit synchronous appli
cations without additional gating. Instrumental in accomplishing this function are two count
enable Inputs and a ripple carry output. Both count-enable inputs (P and T) must be high to 
count, and input T Is fed forward to enable the ripple carry output. The ripple carry output 
thus enabled will produce a high-level output pulse with a duration approximately equal to 
the high-level portion of the QA output. This high-level overflow ripple carry pulse can be 
used to enable successive cascaded stages. Transitions at the enable P or T inputs are al
lowed regardless of the level of the clock input. 

The 54/74LS163 features a fully independent clock circuit. Changes made to control inputs 
(enable P or T, load or clear) that will modify the operating mode have no effect until clock
ing occurs. The function of the counter (whether enabled, disabled, loading or counting) will 
be dictated solely by the conditions meeting the stable setup and hold times. 

PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, PRESET, COUNT, AND INHIBIT SEQUENCES 
illustrated below is the following sequence: 

1. Clear outputs to zero 
2. Preset to binary twelve 
3. Count to thirteen, fourteen, fifteen, zero, one, arid two 
4. Inhibit 

CLEAR ~ (SVNCHRONOUS) 

LOAD ---t-u,----------------

{

A I r-----------
DATA B I' :P--= == = = = ::..== = 

INPUTS c.J I L-_ == === == === , 
D...J : L_=== ======= 

I 
CLOCK 

, 

ENABLE P i!: 

3V 

~---~-r-~ ~::::::::::::: 
",,---:J' ~! 

ENA{BLE ~ __ -I , 
1,.------,,-+------------------- VDH 

OUTPUTS "c ~:i:=JI::::::.-~==ll _____ _ 
Oo==~r-"""""""L--4-I---

RIPPLE~~~ i12 13 14 r!:-o.....,;---;2t-1------
I t--- COUNT--~· .... I·~-INHIBIT-

CLEAR PRESET 

CLEAR 
'NPUT 

r--~--~----------~ 

LOAO--~==~--4 
INPUT 

DATA INPUTS 
A. B.C."'" O __ +-____ -f 
ENABLE Por 

ENABLET 

RiPPLE 
CARRY 

--+-----+-' 

---------------w 
~ 

----------------w 

OUTPUT __ +-____ + __ +-___ -' VOL 

CLOCK 
INPUT 

QOUTPUTS ---.....;~ 

r---------~ 

"II-------- VOH 

VOLTAGE WAVEFORMS 
NOTES: 
A. The inpul pulses are supplied by generalolS having Ihe following characlerisllcs: PRR :S i 

MHz, duly cycle:S 50%. lout ~ 50 R; '163. Ir:S 10 os. If:S 10 no; and for 'LSI60 Ihru 
'LSI63. Ir:S 15 ns, tf:S 6 ns. 

B. Enable P and enabla T aatup times are measured al tn+O' 
C. Vref = 1.3 V. . 

FIGURE 2-SWITCHING TIMES 

v ... 

'---11---------- VOL 

VOLTAGE WAVEFORMS 
NOTES: 

. A. The Input pulses are supplied by a generator having the following characteristics: PRR :S 1 
MHz, duty cycle:S 50%, lout ~ 50 II; Ir:S 15 ns. If:S 6 ns. Vary PRR to measure fmax. 

B. OUtputs QO and carry are lesled at tn+ 16 where tn Is Ihe bll lime when all oulputs are 
low. 

C. Vref - 1.3 V. 
Load clrcuR Is shown at the fronl of the book. 

FIGURE 1--SWITCHING TIMES 

TYPICAL APPLICATION DATA 
N-BIT SYNCHRONOUS COUNTERS 
This application demonstrates how the look-ahead carry Circuit can 
be used to implement a high-speed n~bit counter. The 54/74LS163, 
will count in binary. Virtually any count mode (modulo-N, N1-toN2, 
N1-to-maxlmum) can be used with this fast look-ahead circuit. 

H-COUNT 
L~OISABLE 

H-COUNT 
L~DISABlE 

RiPPlE 
CARRY 

0'''''' 

'--v--' 

RIPPLE 

a" CARRY 
OUTPUT 

'--v--' 

RIPPLE RLPPLE 
'N< CARRY CARRY TO MORE· 

OUTPUT OUTPUT SIGNIFICANT 
STAGES 

'--v--' '--v--' 

161 

o -" 9 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=4OIKI 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

'Clock Clock frequency 25 32 

tw(CIOCk) Width of clock 25 

Input pulse 

tw(Clear) Width of clear 20 
Input pulse 

tSetup Input setup time DA-DD 15 

Enable P 20 

Load 25 

Clear 20 

A,B,C,D Q 

Enable P Q 

EnableT 

Load Q 

Clear Q 

tHold Input hold time Any 0 

A,B,C,D 

Others 

Propagation delay time 

tpLH Low-to-hlgh Clock Carry 23 35 

tpHL High-to-iow 23 35 

tpLH Low-to-hlgh Clock Q 13 20 

(load Input high) 

tpHL High-to-iow I -15 23 
tPLH Low-to-hlgh Clock Q 17 25 

(load Inllut low) 

tpHL High-to-iow 19 29 
tPLH Low-to-hlgh EnableT Carry 10 14 
tPHL Hlgh-to-loW 10 14 
tpHL Hlgh-tO-low Clear Q 20 30 

Load clrcult and typical waveforms are shown at the front of section. 

SPEEDIPACKAGE AVAILABILITY 
54 F,W 74 A 
54LS F,W 74LS A 

DESCRIPTION 
This a-bit shift register features gated serial inputs and an asyncpronous clear. The gated 
serial Inputs (A and B) permit complete control over incoming data es a low at either (or 
both) Input(s) entry of the new data and resets the first flip-flop to the low level at the next 
clock pulse. A high-level input enables the other Input which will then determine the state of 
the first flip-flop. Data at the serial Inputs may be changed while the clock Is high or low, 
but the only Information meeting the Setup requirements will be entered. Clocking occurs 
on the low-to-hlgh level transition of the clock Input. All inputs are diode-clamped to mini
mize transmission-line effects. 
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54174LS 

CL=15pF 
RL=2Kll 

MIN TYP MAX UNIT 

25 32 MHz 

25 ns 

20 

ot 

20t 

20t 

20t 

20t 

25t 

10t 

23 35 ns 

23 35 

16 24 

18 27 
17 25 

19 29 
15 23 
15 23 
26 38 

PIN CONFIGURATION 

A,F,W PACKAGE 

{ A' SERIAL 
INPUTS 

. • 2 



FUNCTIONAL BLOCK DIAGRAM 

SERIAL{A 1 
INPUTS 2 . 

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT 

~ ~ - - ~ - ~ -
PARAMETER MEASUREMENT INFORMATION 

CLOCK'-+--" 
PULSE 

GENERATOR 
IPRR ... ,MHz! 

3V 

,v 

TRUTH TABLE 

54174 

SERIAL INPUTS A AND 8 

INPUTS OUTPUT 
ATtn ATtn+1 

A 8 QA 

H H H 
L H L 
H L L 
L L L 

54174LS 

INPUTS OUTPUTS 

CLEAR CLOCK A 8 QA QB QH 

L X X X L L L 
H L X X QAO Qeo QHO 
H t H H H QAn QGn 
H t L X L QAn QGn 
H t X L L QAn QGn 

H = high level (steady state). L - low level (steady state) 
X = Irrelevant (any Input. Including transitions) 
t = transition from low to high Ievet. 
0AO' OB()O 0HO = the Ievet 01 0A 0B. or aH' respectively. 

before the indicated steedy-state Input 
conditions were established. 

OArl' aGn - tr~r~":I~~ ~t t~e ~?oc~~~~:~":t~:o::;: 
shift. 

TYPICAL CLEAR, SHIFT, AND CLEAR SEQUENCES 
NOTES: 
A. The pulse generators have the following characteristics: duty cycle S50 %. lout ~ 500; tr 

S 15n .. tfS6ns. 
B. CL Includes probe and jig capacitance. 
C. All diodes are IN3064 or IN916. 
D. 0A output Is illustrated. Relationship of serial Input A and B data to other a outputs is I~ 

lustrated In the typical shift sequenoe. 
E. OUtputs are set to the high level prior to the measure 01 tpHL from the cleer Input. 
F. Vref - 1.3V. 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=SOOO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fCountCount frequency 25 36 

tw Width of pulse 20 
tSetup Illput setup time 15 

tH.Old Input hold time 0 
Propagation delay time 

tpLH Low-to-hlgh Clock 8 17 27 
CL=50pF 

10 I 20 30 
tpHL High-to-iow 10 21 32 

CL=50pF 

10 I 25 37 
tpHL High-to-iow Clear 24 36 

CL=50pF 

I 28 42 

Load c~cUlt and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TYPICAL SHIFT, LOAD & INHIBIT SEQUENCES 

,CLOCK 

CLOCK INHIBIT 

SERIAL INPUT _---'--,_-+ ___________ _ 
SHIFTfLOAD l-J 

I 
A~~_~ ____________ _ 

B IL 
I 

c~~ __ ~ ______________________ _ 

IL 
I 

~~--~-----------------------IL I 
I I 

.~~--~:-------------------------
~'----~I~.-----------------------. I - I 

OUTPUTClH ==r-I-----+I.....".H--::-1l...!:.JH~ 

OUTPUTOH 

I 
I L 

I 
j.-INHIB1T-;.~I ..... ---

LOAD 
sERIALSHIFT----~.~1 

54n4LS 

CL=15pF 

MIN 

25 
20 
15t 
5t 

.RL=2k 

TYP MAX UNIT 

36 MHz 

ns 

ns 

ns 

17 27 ns 

21 32 

24 36 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 

INPUTS 

SHIFTI CLOCK PARALLEL 

LOAD INHIBIT CLOCK SERIAL A ••• H 

L X X X a ... h 
H L L X X 
H L t H X 
H L t L X 
H H t X )( 

H = high level (steady state). L - low level (steady state) 
X - irrelev.nt (any Input. Including transitions) 
4 = transition from low to high level 

INTERNAL 

OUTPUTS 

QA QB 

a b 
aAO aBO 

H aAn 
L aAn 

aAO aBO 

•... h - the level of steady-state Input at Inputs A thru H. respectively. 

OUTPUT 

QH 

h 
aHO 
aGn 
aGn 
aHO 

0AO 0BO' 0HO = the level of 0A, AB. or 0H. respectively. before the Indicated steady
state Input conditions were established. 0An' COn - the level of 0A or 0G' respectively. 
before the most recant t transition of the clock. 
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LOGIC DIAGRAM 

PARALLEL INPUTS , 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS Rt.=4OO0 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

'max 20 26 
tw Width 0' pulse Clock 25 

Load 15 
tSetup Input setup time 

Clock 30 
Enable 

Parallel 10 
Serial 20 
Shift 45 

tHold Input hold time 0 
Propagation delay time 

tpLH Low-to-hlgh Load Any 21 31 

tPHL High-to-iow 27 40 
tpLH Low-to-hlgh Clock Any 16 27 
tPHL High-to-iow 21 34 
tpLH Low-to-hlgh H QH 11 20 
tpHL High-to-iow 24 36 
tpLH Low-to-hlgh H QH 18 27 
tpHL High-to-iow 18 27 

Load circuit and Iyplcal waveforms are shewn althe fronl 01 section . 

..... 

Hi 

CLOCk CLOCK 
INHIBtT 

UNIT 

MHz 

ns 

ns 

ns 

ns 

OUTPUT ... 
OUTPUT 

"" 

SHIFT/LOAD 

o -" 9 
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PARAMETER MEASUREMENT INFORMATION 

~: -------------r~~~~ 
1 . . __ ~ 

CLOCK / INHIBIT 
INPUT __ --....I 

CLOCK 
INPUT 

FANDH~ INPUTS . U;V. I.5V 
(SeeN .... 
A .... al 

. 1 1 

SHIFT! 
LOAD 

I 1 
1 I 
I I 

1-+1'-

\ 
~I.5V . .I..sV 3V ..... _________ 11"-· ~.~ ____ ~ 

~-.-I 1+-"'(.-1-+1 1 \5V i t:\----1---------!------3V 
1---.-1 1 . I: 

f--'WUoadl_1 I 1 

..1 1 I '--_-J _____ 1 _________ 1 ______ ~ 

tpHL~ I-+1tpLH I---+l'PHL I-+1tpLH f+-+jtpHL ~tpLH 

1 \lJ : \'-____ ..:..: -J"r-----:-1 ...... \ ! r:: OUTPUT 
<It! 

tpLHr--+i i'+'-+ItpHL I-itpLH J-J'PHL ~tpLH ~'PHL 

~TPUT ____ T\\;... __ --Jlr---~\~ __ _....Jl ~ __ v~ 
NOTES: A. The remaining lix data Inputs and tht .rlllinput ... Iow. 

B. Prior to test, high-l",,' data is loaded intO H input. 
C. The input pul. generators have the follOWing characteriltics: tr '" 10 ns, tf" 10 M, PRR '" 1 MHz, duty cycle II( 60%, lout"==' 50n 

When testing 'max. v.y dock PRR 

,-----------------------------------------------3V 

CLOCK 
INPUT 

NOTES: A.lbe eight data inputs and the clock-inhibit input are low. Results are monitored at 
output QH at tn+7. 
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B. Th.lnput pulse generators have the foUQwing charactlristic$: tr <; 10 ns, 
" .. 10 ns. PRR '" MHz. duty cycle" 50%. ZoUI ~ 5011. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TRUTH TABLE 

INPUTS 

SHIFTI CLOCK 

CLEAR LOAD INHIBIT CLOCK SERIAL 

L X X X 
H X L L 
H L L t 
H H L t 
H H L t 
H X H t 

H = high level (steady state). L = low Ievef (steady state) 
X - Irrelevant (any Input. Including transitions) 
t - transition from low to high level 

X 
X 
X 
H 
L 
X 

a ... h = the level of steady state Input atlnpUls A thru H. respectively. 

INTERNAL 

PARALLEL OUTPUTS OUTPUT 

A .•. H QA QB OH 
X L L L 
X QAO QBO QHO 

a ... h a b h 
X H QAn QGn 
X L QAn OGn 
X QAOI'ISO QHO 

:"1 

0AO' 0eo. 0HO - the level of 0A' 0e' or 0H' respectively. belore the indicated steady-iltatelnpul conditions were 8Otab
Ushed. 

0An' 0Gn - the level of 0A or 0G. respectively. belorethe most recent t transition of the clock. 

LOGIC DIAGRAM 

CLEAR SERIAL SHIFT! A 
DATA LOAD 

TYPICAL CLEAR, SHIFT, LOAD, INHIBIT AND SHIFT SEQUENCE 

CLOCK1NHIBITl 

1 
1 r---l 
I I 

CLEAR "-'lJl I 
, I I 

SERIALINPUT~ I 
I 1 LL , 

I I I r-h I 
A I I 

J I I , J I , 1 

i 1 I , 
J I r-;;-n 
J I I I , 
I I ,I 

PARALLEL I I 
,~" I , J I r-;;-n 

I I I I , J 1 ,I 
I I 1 : 1 I'7il 
i 1 r-h " I 1 

--l 1 
OUTI'UTOH 1 -

ellAR I" 

.. -

PIN CONFIGURATION 

{ 
.. 
ow 

n. 

o. 

B,F,W PACKAGE 

CLOCK 
INHIBIT 
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SWITCHING CHARACTERISTICS. vcc = 5V, T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=4OOn 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

fCount Count frequency 25 35 MHz 

tw(CIOCk or Clear) 20 ns 

Width olclock 
or clear pulse 

tSetup Input setup time Mode 30 :,: ns 

Control 

Data 20 

tHold Input hold time 0 ns 

Propagation delay time 

tpLH Low-to-hlgh Clock 8 17 26 ns 

tpHL Hlgh-ta-Iow 8 20 30 

tPHL Hlgh-ta-Iow Clear 23 35 

Load circuit and typical waveforms are shown at the Imnt of section. 

PARAMETER MEASUREMENT INFORMATION 
-+f "'1-1 14-

CLEAR 
INPUT 
~ v.~----~.------------------------' --w 

.~:--------------------
I ~ (SooN",'1 to ~ 
I ~ ~--w 

CLOCK 
INPUT 

DATA 
INPUT 

~Jrrr------~,----------J 

OUTPUTQ 

I 
-I 

~.-~ ... .; Lov 
~"""'-r . w 

•. 5V: • .6V 

I ------ov 
-+llc~ 

'1 
~--ll~~ ---.t- - - - -VOH 

1,.5V 
\ . VOL 

A. The clock pulse has the followIng cheracterlstlcs: twlclock) ?; 20 ns and PAR - 1 MHz. The clear pulse has the following 
characteristics: tw(clear) ?; 20ns and thold - 0 ns. Wtien teSting fmax• vary the cicek PRR. 

B. CL Includes probe' and jig capacitance. 
C. All diodes are 1 N3064. 
D. A clear pulse Is applied prior to each tast. 

E. Propagation delay tImes (tpLH and tpHL) are measured at tn+l. Pmpet' shIfting of data Is vaMfiad at tn+8 with a functional 
test., 

F. tn - bit time before clceklng lransiHon 
tn+ 1 - bit time after one clocking translHon 

tn+8- bit time after eight clocking trensltlons 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 74 B 
54LS F.W 74LS B 

DESCRIPTION 
The register file Is organized as 4 words of 4 bits each and separate on-chip decoding Is 
provided for addressing the four word locations to either write-In or retrieve data. This 
permits simultaneous writing Into one location and reading from another word location. 

Four data Inputs are available which are used to supply the 4-blt word to be stored. Loca
tion of the word Is determined by the write-address Inputs A and B In conjunction with a 
wrlte-enable Signal. Data applied at the Inputs should be in its true form. That Is. If a high
level signal Is desired from the output. a high level Is applied at the data Input for that par
ticular bit location. The latch Inputs are arranged so that new data will be accepted only If 
both Internal address gate Inputs lire high. When this condition exists. data at the 0 Input Is 
transferred to the latch output. When the wrlte-enable Input. GW. is high. the data Inputs 
are Inhibited and their levels can cause no change in the Information stored in the internal 
latches. When the read-enable Input. GR. Is high. the data outputs are Inhibited and remain 
high. 

The Individual address lines permit direct acquisition of data stored In any four of the 
latches. Four Individual decoding gates are used to complete the address for reading a 
word. When the read address Is made in conjunction with the read-enable signal. the word 
appears at the four outputs. 

This arrangement-data-entry addressing separate from data read addressing and individ
ual sense line-eliminates recovery times. permits simultaneous reading and writing. and is 
limited In speed only by the write time (30 nanoseconds typical) and the read time (25 na
noseconds typical). The register file has a nondestructive readout In that data Is not lost 
when addressed. 

All Inputs except the read enable and write enable of the 54/74LS170 are buffered to lower 
the drive requirements to one Series 54LS174LS standard load. respectively. Input-

PIN CONFIGURATION 

a,F,W PACKAGE 

{ "a • 
AEAD-

SELeCT R 
A • 

{
04. 

OUTPUTS Oa 

READ FUNCTION TABLE 
(See Notes A and D) 

READ 
INPUTS OUTPUTS 

Ra RA GR Q1 Q2 Q3 Q4 

L L L WOB1 WOB2 WOB3 WOB4 

L H L W1B1 W1B2 W1B3 W1B4 

H L L W2B1 W2B2 W2B3 W2B4 

H H L W3B1 W3B2 W3B3 W3B4 

X X H H H H H 

clamping diodes minimize switching transients to simplify system design. High-speed. dou- WRITE FUNCTION TABLE 
ble-ended AND-OR-INVERT gates are employed for the read-address function and drive (See Notes A. B. and C) 
hlgh-slnk-current. open-collector outputs. Up to 256 of these outputs may be wire-AND 
connected for IncreaSing the capacity up to 1024 words. Any number of these registers 
may be paralleled to provide n-blt word length. 

.. ,. 

WRITE 
INPUTS WORD 

Wa WAGW 0 1 2 3 

L L L Q=D QO QO QO 

L H L QO Q=D QO QO 

H L L QO QO Q=D QO 

H H L QO QO QO Q=D 

X X H QO QO QO QO 

NOTES: 
A.. H - high level. L ~ low level. X = Irrelevant. 
B. (0 = OJ - The four oetected Internal flip-flop outputs will 

assume the stat .. appUed to the four external data In
puts. 

C. 00 ~ The level of 0 before the Indicated Input condltlOt)s 
were established. 

O. WOB 1 - The first bit of word O. etc . 
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BLOCK DIAGRAM 

PARAMETER MEASUREMENT INFORMATION 

WRITE-SELECT 
INPUTWAo,WB 
!SeeNo~A) 

DATA INPUT 
01,02,03,0.0' 
{Sea Not. A) 

WRITE-ENABLE 
INPUTGW 

READ-SELECT 
INPUT RA arRB 
(See Note BJ 

READ-ENABLE 
INPUTGR 

OUTPUT 
01,02,03, or 04 

NOTES: 

-J,.,.-------.~"f \~ - - - - - - - - - - - - 3V 

IsetuplWI [it,OkUWI ~~ _________________ 3V 

V'" 
'--..... __ J .... __ _ _____ ____ .(J\/ 

'hofdlDI 

VOLTAGE WAVEFORMS 
FIGURE 1 

OATAINPUT , 
1)1,02,03.9<0. 

WRITE-ENA8U 
IN'UTo. 

.,""" Ql,02,08.O'04 

OATAINPVt 
DI.D2.03,DlD4 

'-----VOf. 

VOLTAGE WAVEFORM 1 

-.. '--____ ...J. _________________ w 

VOLTAGE WAVEFORM 2 
FIGURE 2 

A. High-level InpUt pulses at the select and data Inputs are lUustrated In Figure 2; however, times associated WIth low-level puilles are measured from the same reference points. 
B. When measuring delay times from a read...aect Input, the read-enable Input Is low. When measuring delay times from the read-enable l!1put, both read-eslect Inputs have been eetabtlehed at 

Bleady Blates. 
C. In Figure 2, each select address Is teeted. Prior to the BIeri 01 eech of the above tests, both write and read address inputa are stabilized with W A - AA and WB - AB' During the leet GA Is 

low. 
O. Vref ~ 1.3V. 

Load circuits are shown at the front of book (open collector outputs) . 
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SWITCHING CHARACTERISTICS vee = 5V. TA = 25°e 

54n4 54/74LS 

CL=15pF CL=15pF 
TEST CONDITIONS RL=400n RL=2Kn 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

tw Width of pulse 25 25 ns 
tSetup Input setup time Data Write 10 10 ns 

Enable 
Write Write 15 15 

Enable Select 

tHold Input hold time Data Write 15 15 ns 
Enable 

Write Write 5 5 
Enable Select 

tLatch 25 25 ns 

Propagation delay time 
tpLH Low-to-high Read AnyQ 10 15 20 30 

Enable 

tPHL Hlgh-to-Iow 20 30 20 30 

tpLH Low-to-high Read AnyQ 23 35 25 40 
Select 

tpHL High-to-Iow 30 40 24 40 

tpLH Low-to-high Write AnyQ 25 40 30 45 
Enable 

tpHL High-to-Iow 34 45 26 40 

o -" tpLH Low-to-high Data AnyQ 20 30 30 45 
tpHL High-ta-Iow 30 45 22 35 9 

Load circuit and typical waveforms are shown at the front of secllon. 
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SPEED/PACKAGE AVAIL!tBILITY 
74S N 

TRUTH TABLE 

FUNCTION SECTION 1 

Write Address lWO, 1Wl, lW2 

. Write Enable 1GW 

Data Inputs 10A,10B 

Read Address lRO,lRl,lR2 

Read Enable 1GR 

Data Outputs lQA,lQB 

Clock 

172 

BLOCK DIAGRAM PIN CONFIGURATION. 

F,N PACKAGE 

> {-

~~ N 

.~ {. s-.> • 

~ . 

SECTION 2 DESCRIPTION 

2W/RO, 2W/Rl, 2W/R2 Binary write address selects one of eight two-bit word locations. 

2GW When low, permits the writing of new data into the selected word 
location on a positive tranSition of the clock input. 

Data at these inputs is entered on a positive transition of the 
clock input into the location selected by the write address inputs 
if the write enable input is low, Since the two sections are 

20A,20B 
independent, it Is possible for both write functions to be 
activated with both write addresses selecting the same word 
location. If this occurs and the Information at the data Inputs is 
not the same for both sections (i.e., 1 OA;#20A and/or 
10B;#20B) the low-level data will predominate in each bit and 
be stored. 

Common with write Binary write address selects one of eight two-bit word locations. 
address 

2GR When read enable Is low, the outputs assume the levels of the 
data stored In the location selected by read address Inputs. 
When read enable Is high, the associated outputs remain in the 

2QA,2QB high-impedance state and neither significantly load nor drive the 
lines to which they are connected. 

CK The positive-golng transition of the clock Input will enter new 
data Into the addressed location if the write enable input Is low. 
The clock Is common to both sections. 
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SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

fClock Clock frequency 20 

tw Width of pulse 25 

tsetup Input setup time Write tw+ 1O 
Select 

High level 30 

data 

Low level 45 

data 

Write 35 

enable 

tHold Input hold time 0 

tReleaseShlft/load 

release time 

Propagation delay time 

tPLH Low-to-hlgh Read 

select 

tpHL High-to-Iow 

tPLH Low-to-hlgh Clock 

tPHL High-to-Iow 

Output enable time 

tZH To high level 

tZL To low level 

Output disable time 

tHZ From high level 
tLZ From low level 

Load circuit and typical waveforms are shown at the front of section. 

PARAMETER MEASUREMENT INFORMATION 
TEST 
POINT 

I I 

CLOCK~t---tW---t 3V 
INPUT l.5V. l.5V 

t...O(10NS.,j - - - - (N 

RL _ _ _ t-:=::::::::::: tSETUP~ 1-.=-__ 3V 

FROMOUTPl!!.hr-+c:I-+-_ WRITE - - - "'~~/"""-
UNDER TEST ~~~~------1:~- - - - - -....t~CN 

fN~ 1SETUP _:-- TR!!:E~~3V 
(HIGH·LEVEL l.5V __ ~~:il __ -
DATAl r----tSETUP J!. OV 

~"}.1~~ . ~ ,..-IRELEASE 3V 

~~~EVEL ~.5V ' /' '1:' ___ -eN 

WRITE ~ tSETUP-----=:l ,..... tHOLD 3V 

ENA8LE~,.5V I ~ 
INPUTS ~Pl~=:DH 

OUT1'UT I ~VOL 
I.tPLti--1 VOti 

OUTPUT' y,:; 
. -VOL 

SWITCHING TIMES FROM CLOCK INPUT 

54n4 

CL=50pF 
RL=4000 

TYP MAX UNIT 

MHz 

ns 

ns 

ns 

10 ns 

33 45 ns 

30 45 

35 50 
35 50 

14 30 ns 
16 30 

CL = 5pF 

61 20 ns 
11 20 

READ ~ 3V 
ENABLE 1.6V 21.5V 
INPUT +-----av 

!-=1Zl......I tLZ~ ~C'l~ED 
WAVEFORM 1 I ~""4.5V~1 
(SEE NOTE BI l.5V "'.IiV 

IS1CLOSED, I --V 

~~:---t 1HZJo--.. rCVT- OL 

~H'''EN ~;:,==VOH 
WAVEFORM 2 S2CLOSED 1.5V ~"l.5V 
fSEE NOTE BI _ -.,OV Sl AND 

S2CLOseO 

ENABLE AND DISABLE TIMES FROM READ ENABLE 
A. Input waveforms are supplied by pUlse generalors having lhe following characteristics: Ir 

S 7 no, l,s 7 ns, PRR = 1 MHz. loul'" SOli 
B. Wavelorms 1 Is lor an outpul with Inlernal condilions such Ihat Ihe outpulls low except 

when disabled. Waveform 2 Is for an oulpul wllh Internal conditions such lhel Ihe oul
PUlis high excepl when disabled. 

C. Wrlle sefect setup lime, as specified. will protect dala written inlo previous address . 
O. Load circUlI Is shown on page 148. 
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SPEED/PACKAGE AVAILABILITY 
54 F.W 
54LS F.W 

DESCRIPTION 

74 B 
74LS B 
748 B 

Information at the D Inputs meeting the 
setup time requirements Is transferred to 
the Q outputs on the positive-golng edge of 
the clock pulse. Clock triggering oc:curs at a 
particular voltage level and is not directly 
related to th, transition time of the positIVe
going pulse. When the clock input Is at ei
ther the high or low level. the Input signal 
has no effect at the output. 

BLOCK DIAGRAM 

-1>---
I 

PIN (16) = Vee PIN (8) = GND 

SWITCHING CHARACTERISTICS VCC = 5V. T A = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=4OIl O 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

fClock Clock frequency 25 35 

tw Width of pulse 20 
Clock 
Clear 

tsetup Input setup time 

Data 20 
Clear Inactive 25 

tHold Input hold time 0 
Propagation delay time 
tpLH Low-ta-high Clock 20 30 

tPHL High-to-Iow 21 30 

tpHL Hlgh-to-Iow Clear Q 23 35 

Load circulI and typical waveforms are shown attha front of section. 

174 

MIN 

30 

20 

20t 

25t 

51 

PIN CONFIGURATION 

.,F,W PACKAGE 

TRUTH TABLE (Each Flip-Flop) 

INPUTS OUTPUTS 

CLEAR CLOCK 

L X 
H t 
H 1 
H L 

H = high level (steady state) 
L s low level (steady state) 
x"" irrelevant 

D 

X 
H 
L 
X 

t ~ transition from low to high level 

Q 

L 
H 
L 

Qo 

00· the level of 0 before the indiqated steady-state input 
conditions wete established 

54174LS 54n4S 

CL=15pF CL=15pF 
RL=2kO RL=2800 

TVP MAX MIN TVP MAX UNIT 

40 7S 110 MHz 
12 ns 

ns 
8 

15 

2 ns 

20 30 9 12 ns 

21 35 11 17 

23 35 13 22 



SPEED/PACKAGE AVAILABILITY FUNCTIONAL BLOCK DIAGRAM 
54 F.W 74 B 
54LS F.W 74LS B 

748 B 

DESCRIPTION 
Information at the D Inputs meeting the 
setup time requirements Is transferred to 
the 0 outputs on the posltlve-golng edge of 
the clock pulse. Clock triggering occurs at a 
particular voltage level and Is not directly 
related to the transition time of the positive
going pulse. When the clock input Is at ei
ther the high or low level. the D input Signal 
has no effect at the output. 

'41 '0 O---'---~ 

20 O---'--t-H 

30 o---+-t--I 

40 o---+-t--I 

CLOCK <>-'-'-1>0--1 

CLEAR o-0DOO--6-----' 

PIN 116) .. Vee. PIN 18) .. GND 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°C 

54n4 

CL=15pF 
TEST CONDITIONS RL=400D 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP 

fClock Clock frequency 25 35 

tw Width of pulse 20 
Clock 
Clear 

tSetup Input setup time 
Data 20 
Clear Inactive 25 

tHold Input hold time 0 

Propagation delay time 
tpLH Low-to-hlgh Clear 16 
tPHL Hlgh-to-Iow 23 

tpLH Low-to-high Clock 20 
tpHL High-to-Iow 21 

tpLH Low-to-hlgh Clear a 
tpHL High-to-Iow Clear 0 

Load circu~ and typical waveforms are shown at the front of section. 

'21 
Q 

MAX 

25 
35 

30 
30 

.-. 

,Q 

'0 

2Q 

20 

3Q 

3li 

4Q 

40 

MIN 

30 

20 

20 
25 

5 

PIN CONFIGURATION 

B,F,W PACKAGE 

Ct.EAR 1 

TRUTH TABLE (EACH FLIP-FLOP) 

INPUTS 

CLEAR CLOCK 

L X 
H t 
H t 
H L 

H • high level (steady state) 
L • low level (steady state) 
X-Irrelevant 

D 

X 
H 
L 
X 

I - transition from low to high level 

OUTPUTS 

Q Q 

L H 
H L 
L H 

00 00 

00· the level of a before the indicated steady..,tate Input 
conditions were established 

54174LS 54n4S 

CL=15pF CL=15pF 
RL=2kD RL=280D 

TYP MAX MIN TYP MAX UNIT 

40 75 110 MHz 

12 ns 

ns 
8 

15 
2 ns 

16 25 ns 
23 35 

20 30 9 12 
21 35 11 17 

13 15 
13 22 
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SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION 
54 F,W 74 A 

A,F PACKAGE 

Asynchronoos Input: 
low Input to claar sets aA. ae. ac.and aD low. 

WPACKAGE 

NOTE: 
For electrical specifications, refer to 8280 data shee .. 

Asynchronous Input: 
.low Input to clear sets aA' ae. ac and aD low. 

SPEED/PACKAGE AVAILABILITY BLOCK DIAGRAM PIN CONFIGURATION 
54 F,W 74 A 

A,FPACKAGE 

Asynchronous InPut: 
low Input to claar sets aA' ae. ac and aD low. 

WPACKAGE 

NOTE: 
For electrical specifications. reler to 828 I data shee .. 

Asynchronous Input: 
low input to claar sets aA' ae. ac and aD low. 

176 •.. -



Vee ~ (16) 
GND = (8) 

.. 

( ) - denotes pin numbers 

NOTE: 

'" '. 

For electrical spacHica1l0nS, refer 10 8271 and 82671 dala sheets. 

"" .. 
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SPEEDIPACKAGE AVAILABILITY' 
54 F,W '74 A 

LOGIC DIAGRAM 

!;-EVEN 
OUTPUT 

~-ooo 
OUTPUT 

PIN CONFIGURATION 

A,F,W PACKAGE 

{
:t-EVEN 5 

OUTPUTS 

~-ODD • 

INPUTS 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e TRUTH TABLE 

54/74 INPUTS OUTPUTS 

CL=15pF ~OF1'.AT ~ ~ 
TEST CONDITIONS 1\.=4000 OTHRU7 EVEN ODD EVEN ODD 

FROM TO EVEN 1 0 1 0 
PARAMETER INPUT OUTPUT MIN TYP MAX UNIT ODD 1 0 0 1 

Propagation delay time Odd input = OV 
EVEN 0 1 0 1 
ODD 0 1 1 0 

tpLH Low-to-high Data ~Even 40 60 ns X 1 1 0 0 
tpHL Hlgh-to-Iow 45 68 X 0 0 1 1 

tpLH Low-to-hlgh Data ~Odd 32 48 x - IrreleVant 

tpHL Hlgh-to-Iow 25 38 

Even Input = OV 

tpLH Low-to-hlgh Data ~Even 32 48 
tpHL High-Io-Iow 25 38 

tpLH Low-to-high Data ~Odd 40 60 
tpHL High-to-Iow 45 68 

tpLH Low-to-high Even,Odd ~Even, 13 20 
tPHL High-to-Iow ~Odd 7 10 

Load clrco~ and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 Q,F 74 N 
54L8 Q,F 74L8 N 

N,Q,F PACKAGE 

548 Q,F 748 N WORe a BO I Vee SUPPLY YOLTAGE 

FUNCTION-SELECT S3 3 

TRUTH TABLE FUNCTtON-8ELECT 52 4 

ACTIVE- ACTIVE-
HIGH LOW 

INPUT OUTPUT DATA DATA 

FUNCTION-5E1..I!CT 81 I> 

FUNCTlON--8EL.ECT SO • 

IIIIV. CARRV' en '7 

} 82 WOFlDa 

Cn Cn+4 (FIGURE1) (FIGURE 2) 

H H ASB A~B 

H L A>B A<B 
L H A<B A>B· 
L L A~B 'ASB 

MODE CONTROL M 8 

::~_:':::;-=~}i 
13 F3 FUNCTION 
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DESCRIPTION 
The S541N74LS181 arithmetic logic unit (ALU)lfunction generators have a complexity of 75 
equivalent gates on a monolithic chip. These circuits perform 16 binary arithmetic opera
tions on two 4-blt words as shown in Tables 1 and 2. These operations are selected by the 
four function-select lines (SO, S1, S2, S3) and Include addition, subtraction, decrement, and 
straight transfer. When performing arithmetic manipulations, the Internal carries must be 
enabled by applying a low-level voltage to the mode control Input (M). A full carry look
ahead scheme Is made available in these devices for fast, simultaneous carry generation by 
means of two cascade-outputs (pins 15 and 17) for the four bits In the package. When used 
In conjunction with the 182 full carry look-ahead circuit, high-speed arithmetic operations 
can be performed. 

If high speed Is not of importance, a ripple-carry Input (Cn) and a ripple-carry output (Cn+4) 
are available. However, the ripple-carry delay has also been minimized so that arithmetic 
manipulations for small word lengths can be performed without external Circuitry. 

The S54/N74LS181 will accommodate active-high or active-low data if the pin designations 
are Interpreted as follows: Subtraction is accomplished by 1's complement addition where 
the 1's complement of the subtrahend is generated internally. The resultant output is 
A-B-1 which requires an end-around or forced carry to provide A-B. 

The S54174LS181 can also be utilized as a comparator. The A = B output Is Internally de
coded from the function outputs (FO, F1, F2, F3) so that when two words of equal 
magnitude are applied at the A and B Inputs, it will assume a high level to indicate equality 
(A = B). The ALU should be In the subtract mode with Cn = H when performing this com
parison. The A = B output is open-collector so that it can be wire-AND connected to give a 
comparison for more than four bits. The carry output (Cn+4) can also be used to supply 
relative magnitude Information. Again, the ALU should be placed In the subtract mode by 
placing the function select inputs S3, S2, S1 SO at L, H, H, L, respectively. 

These circuits have been designed to not only incorporate all of the designer'S requlre
-ments for arithmetic operations, but also to provide 16 possible functions of two Boolean 
variables Without the use of external Circuitry. These logic functions are selected by use of 
the four function-select inputs (SO, S1, S2, S3) with the mode-control input (M) at a high 
level to disable the Internal carry. The 16 logic functions are detailed in Tables 1 and 2 and 
Include exclusive-OR, NAND, AND, NOR, and OR functions. 

FUNCTIONAL BLOCK DIAGRAM 

" '" 
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ALU SIGNAL DESIGNATIONS 
The S541N74LS181 can be used with the signal designations of either Figure 1 or Agure 2. 

The logic functions and arithmetic operations obtained with signal designations as in Figure 1 are given in Table 1; those obtained with the 
signal designations of Figure 2 are given In Table 2. 

PIN NUMBER 2 

Active-high data (Table 1) AO 

Active-low data (Table 2) AD 

TABLE 1 

S3 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

H 

FIGURE 1 
IFOR TABLE 11 

SELECTION 

S2 S1 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

FIGURE 2 
IFOR TABLE 21 

SO 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

1 

BO 

BO 

• Each bit Is shifted to the next more significant position. 

180 

23 22 

A1 B1 

A1 B1 

M=H 
LOGIC 

FUNCTIONS 

F=A 

F=A+B 

F=AB 

F=O 
-

F=AB 

F=S 

F= A E9 B 

F=AS 

F=A+B 

F=A (j) B 

F=B 

F=AB 

F=1 

F=A+B 

F=A+B 

F=A 

21 20 19 18 9 10 11 13 7 18 1.$ 17 

A2 B2 A3 B3 FO F1 F2 F3 Cn Cn+4 X y 

A2 B2 A3 B3 FO F1 F2 F3 Cn Cn+4 P G 

ACTIVE-HIGH DATA 

M=L: ARITHMEnC OPERATIONS 

Cn=H Cn=L 
(NO CARRY) (WITH CARRY) 

F=A F=A PLUS 1 

F=A+B F=(A+B) PLUS 1 

F=A+S F=(A+S) PLUS 1 

F=MINUS 1 (2's COMPL) F=ZERO 
-

F=A PLUS AS PLUS 1 F=A PLUS AB 

F=(A+B) PLUS AS F=(A-B) PLUS AS PLUS 1 

F=A MINUS B MINUS 1 F= A MINUS B 

F=ASMINUS 1 F=AS 

F=A PLUSAB F=A PLUS AB PLUS 1 

F=A PLUS B F=A PLUS B PLUS 1 

F=(A+S) PLUS AB F=(A+S) PLUS AB PLUS 1 

F=ABMINUS 1 F=AB 

F=A PLUS A* F=A PLUS A PLUS 1 

F=(A+B) PLUS A F=(A+B) PLUS A PLUS 1 

F=(A+S) PLUS A F=(A+B) PLUS A PLUS 1 

F=A MINUS 1 F=A 

IlJn.lII. 



TABLE 2 

ACTIVE-LOW DATA 

SELECTION 
M=H M=L: ARITHMETIC OPERATION8 

LOGIC Cn=L Cn=H 
83 82 81 SO FUNCTIONS (NO CARRY) (WITH CARRY) 

L L L L F=A F=A MINUS 1 F=A 

L L L H F=AB F=AB MINUS 1 F=AB 

L L H L F=A+B F=ABMINUS 1 F=AB 

L L H H F=1 F=MINUS 1 (2's COMPL) F=ZERO 

L H L L F=A+B F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1 

L H L H F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS 1 

L H H L F=AE& B F=A MINUS B MINUS 1 F=AMINUSB 

L H H H F=A+B F=A+B F={A+B) PLUS 1 

H L L L F=AB F=A PLUS (A+B) F=A PLUS (A+B) PLUS 1 

H L L H F=AEil B F=A PLUS B F=A PLUS B PLUS 1 

H L H L F=B F=AB PLUS (A+B) F=AB PLUS (A+B) PLUS 1 

H L H H F=A+B F=A+B F={A+B) PLUS 1 

H H L L F=O F=A PLUSA* F=A PLUS A PLUS 1 

H H L H F=AB F=AB PLUS A F=AB PLUS A PLUS 1 

H H H L F=AB F=AB PLUS A F=AB PLUS A PLUS 1 

H H H H F=A F=A F=A PLUS 1 
o -" 9 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25·C 

54174 54n4LS 541748 

M=OV M=OV M=OV 
SO =S3=4.5V SO=S3=4.5V SO=S3=4.5V 

S1=S2=OV S1=S2=OV S1=S2=OV 

·SO=S3=OV ·SO=S3=OV *SO=S3=OV 
TEST CONDITIONS ·S1=S2=4.5V *S1=S2=4.5V *S1=S2=4.5V 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TYP MAX UNIT 

Propagation delay time 

tPLH Low-ta-hl9h Cn CN+4 12 18 18 27 7 10.5 ns 

tpHL Hlgh-ta-Iow 13 19 13 20 7 10.5 

tpLH Low-ta-high Cn AnyF 13 19 17 26 7 12 

tpHL Hlgh-to-Iow SUM or DIFF Mode 12 18 13 20 7 12 

tpLH Low-ta-high Any A, B G 13 19 19 29 8 12 
SUM Mode 

tpHL Hlgh-ta-Iow 13 19 15 23 7.5 12 
tpLH Low-to-high "Any A,B G 17 25 21 32 10.5 15 

DIFF Mode 
tpHL High-ta-Iow 17 25 17 26 10.5 15 
tpLH Low-to-high AnyA,B P 13 19 20 30 7.5 12 

SUM Mode 
tPHL High-to-Iow 17 25 20 30 7.5 12 
tpLH Low-to-high "Any A,B P 17 25 20 30 10.5 15 

DIFF Mode 
tPHL High-to-Iow 17 25 22 33 10.5 15 
tpLH Low-to-hlgh AnyA,B AnyF 28 42 11 16.5 

SUM Mode 
tpHL Hlgh-ta-Iow 21 32 11 16.5 
tpLH Low-ta-high "AnyA,B AnyF 32 48 14 20 

DIFFMode 
tPHL Hlgh-to-Iow 23 34 14 22 
tpLH Low-to-hlgh "Any A,B A=B 35 50 33 50 15 23 

DIFFMode 
tpHL High-ta-Iow 32 48 41 62 20 30 
tpLH Low-to-high AnyA,B Cn+4 25 38 12.5 18.5 

SUM Mode 
tpHL High-to-Iow 25 38 12.5 18.5 
tpLH Low-ta-hlgh 'Any A,B Cn+4 27 41 15.5 23 

DIFF Mode 
tpHL 27 41 15.5 23 
tpLH Low-ta-hlgh Ai,Bi Fi 21 32 
tpHL High-to-Iow SUM Mode 13 20 
tpLH Low-to-high "Ai,Bi FI 21 32 
tpHL High-to-Iow DIFF Mode 15 23 

M= .5V M= .5V 
tPLH Low-to-high AnyA,B Any F 32 48 14 20 

Logic Mode 
tpHL High-ta-Iow 23 34 14 22 

M = 4.5V 

tpLH Low-to-hlgh AI,BI FI I 22 
33 

tpHL Hlgh-to-Iow Logic Mode 19 29 

Load circuit and typtcal waveforms are shown at the front of section. 
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LOGIC DIAGRAM 

G'" 

PIN DESIGNATIONS 

DESIGNATION PIN NOS. FUNCTION 

GO, G1, G2, G3 3,1,14,5 
Active-Low 

Carry Generate Inputs 

PO, P1, P2, P3 4,2,15,6 
Active-Low 

Carry Propagate Inputs 

Cn 13 Carry Input 

Cn+x, Cn+y, 12,11,9 Carry Outputs 
Cn+z 

G 10 
Active-Low 

Carry Generate Output 

P 7 
Active-Low 

Carry Propagate Output 

VCC 16 Supply Voltage 

GND 8 Ground 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=400U 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

Propagation delay 
time 

tpLH Low-to-high 11 17 
tpHL High-to-Iow 15 22 

tpLH Low-to-hlgh GO,G1,G2, Cn+x, 
G3,PO,P1, Cn+y, 

tpHL High-to-Iow P2, P3 Cn+z 
tpLH Low-ta-high GO,G1,G2, G 

G3,P1,P2, 
tpHL High-to-Iow P3 

tpLH Low-ta-high PO,P1,P2 P 
P3 

tPHL Hlgh-to-Iow 
tpLH Low-to-hlgh Cn Cn+x, 

Cn+y, 

tpHL Hlgh-to-Iow Cn+z 

Load clrcuR and typical waveforms are shown at the frOnl of saction. 

541748 

CL=15pF 
RL=2800 

MIN TYP MAX UNIT 

ns 

4.5 7 
4.5 7 

5 7,5 
7 10.5 

4.5 6.5 

6.5 10 
6.5 10 

7 10.5 

PIN CONFIGURATION 

INPUTS 

B,F,W PACKAGE 

I :: : 
GO , 

PO • 

.3 • 

P3 , 11 C"+v 

OUTPUT P 7 

" CO,") 
OUT
PUTS 

" G 

9 Cn+~ 

INPUT/OUTPUT SCHEMATICS 

EQUIVALENT OF EACH INPUT 
vcco--........ --- INPU1' ReqNOM 

2.8kCl 
1.4k{l 
940n 
'DOn 
400n 
350n 

INPUT 

Co 
P3 

R.. P2 
PO,P1,G3 

GO,G4 

G' 

TYPICAL OF ALL OUTPUTS 

-------r-ovcc 

. son NOM 

OUTPUT 

SPEED/PACKAGE RELIABILITY 
54 F,W 74 B 
548 F,W 748 B 

183. 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
.54lS F,W 

DESCRIPTlOM 

74 B 
,74lS B 

,T,he 54/74lS,190 Is a synchronous, reversi
ble up/down counter having.a complexity of 
. 58 equIValent gates. Synchronous operation 
Is provided by having all flip-flops clocked 
simultaneously so that the outputs change 
coincident . with each other when so in
structed by the steering logic. This mode of 
operation eliminates the output counting 
spikes normally associated with asynchron
ous (ripple clock) counters. 

The outputs of the four master-slave flip
flops are triggered on a low-to-high-Ievel 
transition of the clock. Input If the enllble 
input is low. A high at the enable Input in
hibltscountlng. Level changes at either the 
enable Input or the down/up input should 
be made only when the clock input is high. 
The direction of the count is determined by 
the level of the down/up input. When low, 
the counter counts up and when high, it 
counts down. 

These counters are fully programmable; 
that is, the outputs may be preset to either 
level by placing a low on the load input and 
entering the desired data at the data inputs. 
The output will change to agree with the 
data Inputs Independently of the level of the 
clock Input. nils feature allowS the counters 
to be used as modulo-N dividers by simply 
modifying the count length with the preset 
Inputs. 

The clock, down/up, and load inputs are 
buffered to lower the drive requirement 
which significantly reduces the number of 
clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to 
perform the cascading function: ripple clock 
and maximum/minimum count. The latter 
output produces a high-level output pulse 
with a duration approximately equal to one 
complete cycle of the clock when the 
counter overflows or underflows. The ripple 
clock output produces- a low-level output 
pulse equal in width to the lOW-lever portion 
of the clock input when an overflOW or un
derflOW . condition exists.' The counters' can 
be easily cascaded by feeding the ripple 
clock output to the enable input of the suc
ceeding counter if parallel clocking is used, 
or to the clock Input If parallel enabling. is 
used. The maximum/minimum count output 
can be used to accomplish look-ahead for 
high-speed operation. 
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BLOCK DIAGRAM 

CLOCK n-(1~ 
V 

DOWN/ ,,, ...... 
UP -V 

~'I 
DATA (151 

INPUT A 

'" b-ENABLE 

• LD 

DAT' 
INPUTB '" INPUT 

DATA 
INPUTC 

1101 

INPUT 

DATA ,~ 

INPUT 0 
INPUT 

LOAD ""-.... 
-.. 

.. ... 

PIN CONFIGURATION 

B,F,W PACKAGE 

tH~UT-[ DATA a , 

{
Ga' 

OUT~UTS 

Q •• 

t",A,aUlG 4 
If!lPUTS 

DOWN/UP 5 

laJlIPPLECLOC} 
Q~~ 

2 MINIMAX 

{ 
Q,. 

OUTPUTS . 

• 00 1 

"Coo. } 
10 DATA C INPUTS 

• OATJHt 

~rP {131 
RIPPLE 
CLOCK 

~ 
I1~ MAXIMIN 

OUTPUT 

~ 220 ~ I-- J OA ~ OUTPUT OA 

-"-... f-o CLOCK 

h -T L-_K '-'1 

-~f-~ 

~K 
J Os OUTPUT Os 

-C >CLOCK 

'--='-- -¥1 10- h 

-~-~ 
~K 

J ac OUTPUT OC 

-= i>CLOCK 

-K ~l 
h 

! CLyAR 

-::-wH:t: ,. ~~p.-. 
~ CLOCK 

Lrl ¥1 



SWITCHING CHARACTERISTICS vcc ~ 5V. TA ~ 25°C 

54n4 54n4LS 

CL~15pF CL~15pF 

TEST CONDITIONS RL~400{l RL~2K{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

'Clock Clock 'requenc) 20 25 MHz 

'max 20 25 MHz 

tw(Clock)Width 25 25 ns 

0' clock 
Input, pulse 

tw(Load) 35 35 .ns 

tSetup(D)lnput setup 20 20t ns 
time 

tHold(D)lnput hold 0 ot ns 
time 

tEnableEnable time 20t ns 
to cycle 

Propagation delay time 
tpLH Low-to-high Load QA.QB. 

QC.QD 22 33 22 33 ns 

tpHL High-to-Iow 33 50 33 50 o 
tpLH Low-to-high Data A. QA.QB. 14 22 14 22 

B.C.D QC.QD -" tpHL High-to-Iow 35 50 35 50 

tpLH Low-ta-high Clock Ripple 13 20 13 20 
Clock 9 

tpHL High-la-low 16 24 16 24 

tPLH Low-to-high Clock QA.QB. 16 24 16 24 
QC.QD 

tPHL High-ta-Iow 24 36 24 36 

tpLH Low-to-hlgh Clock Max/Min 28 42 28 42 
tpHL Hlgh-to-Iow 37 52 37 52 

tpLH Low-to-high Down/Up Ripple 30 45 30 45 
Clock 

tpHL Hlgh-to-Iow 30 45 30 45 

tpLH Low-to-hlgh Down/Up Max/Min 21 33 21 33 
tpHL High-la-low 22 33 22 33 

tpLH Low-to-hlgh Enable E Ripple 21 33 
Clock 

tpHL High-to-Iow 22 33 

185 



PARAMETER MEASUREMENT INFORMATION 
TYPICAL LOAD, COUNT, AND INHIBIT SEQUENCES 
Illustrated below Is the following sequence: 
1. Load (preset) to BCD seven. 
2. Count up to eight; nine (maximum), zero, one, and two. 
3. Inhibit. 
4. Count down to one, zero (minimum), nine, eight, and seven. 

LOAD 

{

A 

B 
DATA 

'NPUTS : 

CLOCK 

OOWNNP 

ENABLE 

QOUTPUT __ ----, __ --CJ 

o 9 8 7 

COUNT OOWN--I 

FIGURE 1-DATA SETUP TIME VOLTAGE WAVEFORMS 

N°lES: 
A: CL Includes probe and Jig capacitance. 
B. All diodes are 1 N3064. 
C. The input pulses are BUpplled by generators having the following characteristics: ZoU1 ~ 50 

II, duty cycle:s 50%, PRR:S 1 MHz. 
D. Vrel ~ 1.3V. 

INPUT 
(SEE NOTE C) 

NONINVERTING 
OUTPUT 

INVERTING 
OUTPUT 

See waveform sequences In ligures 3 through 6 lor propagation times from a specific Input to 
a ~iflc OU1pul. For simplification, pulse rise limes, reference levels, etc., have not been 
shOWn In flgures 3 through 6. 

FIGURE 2 - GENERAL VOLTAGE WAVEFORMS FOR 

PROPAGATION TIMES 

LOAO~ 
ANY'OATAINPUT ____ ...,~ 

CORRE~W~~~ f------1 .. 
. tn.H '. ~tpHL IpLH~ IpHL 

NOTE: 
E. Conditions on other inputs are Irrelevant. 

FIGURE 3 - LOAD TO OUTPUT AND DATA TO OUTPUT 

L~O~--~---------------

DOWN/UP 

CLOCK 

MAXIMIN 

NOTE: 
F. All data Inputs are low. 

FIGURE 4 - ENABLE TO RIPPLE CLOCK, CLOCK TO RIPPLE 

CLOCK, DOWN/UP TO RIPPLE CLOCK, AND DOWN/UP 

TO MAX/MIN 

LDAD--"LJ---------,Ur--------

OATAINPU1S=:========:-~:::-::::-::-:::-::::-:-:-:::-:::-=-:::-::::-:::: (SEE NOTES G TO HI: 

COUNT-----,U U 
--j I--.LH _ -+i .:-'PHL 

OUTPUT (SI UNDER TEST== ~', ___ 2..fr-:"':':O::....----....=::L[L::..:::. __ _ 
ENABLE -LOW I-

NOTES: 
G. To test 0A' 0B' and 0c outputs: Data Inputs A, B, and C are shown by the solid line. 
Data Input 0 Is shown by the dashed Une. 
H. To test 00 output: Data Inputs A and 0 are shown by the soUd Une. Data Inputs Band C 
are held at the low logic level. 

FIGURE 5 - CLOCK TO OUTPUT 

LOAD-Ur----------.U ... --------

OATAA;:~== DATAB,C,ANDD 
(SEENOTEJ) - - - - - ---

DOWN/UP 

COUNT~ ~ 
MAX/MIN~ Lt_'P_H_L ____ ~--' ~ IpHL 

ENABL.e.'''LOW:;:----.J 

NOTE: 
J. Data inputs Band C are shown by the dashed line. Data input 0 Is shown by the solid line. 

FIGURE 6 - CLOCK TO MAX/MIN 

lIP'" 



SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 
548 F,W 748 B 

DESCRIPTION 
The 54174LS191 is a synchronous, reversI
ble binary up/down counter having a 
complexity of 58 equivalent gates. Syn
chronous operation Is provided by having 
all flip-flops clocked simultaneously so that 
the outputs change cOincident with each 
other when so instructed by the steering 
logic. This mode of operation eliminates the 
output counting spikes normally associated 
with asynchronous (ripple clock) counters. 

The outputs of the four master-slave flip
flops are triggered on a low-to-high-Ievel 
transition of the clock Input if the enable 
input is low. A high at the enable input in
hibits counting. Level changes at either the 
enable input or the down/up input should 
be made only when the clock Input Is high. 
The direction of the count is determined by 
the level of the down/up input. When low, 
the counter counts up and when high, it 
counts down. 

These counters are fully programmable; 
that is, the outputs may be preset to either 
level by placing a low on the load input and 
entering the desired data at the data Inputs. 
The output will change to agree with the 
data inputs independently of the level of the 
clock Input. This feature allows the counters 
to be used as modulo-N dividers by simply 
modifying the count length with the preset 
Inputs. 

The clock, down/up, and load inputs are 
buffered to lower the drive requirement 
which significantly reduces the number of 
clock drivers, etc., required for long parallel 
words. 

Two outputs have been made available to 
perform the cascading function: ripple clock 
and maximum/minimum count. The latter 
output produces a high-level output pulse 
with a duration approximately equal to one 
complete cycle of the clock when the 
counter overflows or underflows. The ripple 
clock output produces a low-level output 
pulse equal In width to the low-level portion 
of the clock input when an overflow or un
derflOW condition exists. The counters can 
be easily cascaded by feeding the ripple 
clock output to the enable input of the suc
ceeding counter if parallel clocking is used, 
or to the clock Input if parallel enabling is 
used. The maximum/minimum count output 
can be used to accomplish look-ahead for 
high-speed operation. 

BLOCK DIAGRAM 

CLOCK 
(14' ..... 

OO;Nf '''~ 
~ 

I I-
V:J 

DATA (16/ 

IN'UTA 

",b ENABLE 
G 

LD 

DATA. '" ''''''' INPUT 

DATA nOI 
lr:ruTC 

.. ,. 191 
IMPUTO 
INPUT 

... '" 111!J... 
~ 

PIN CONFIGURATION 

B,F,W PACKAGE 

INPUT-[ DATA 8 1 

OU,.U~{ 

INPUTSFABI.-EG 4 

~OWN/UF 5 

13 RIPPLE CLoci 
OUTPUTS 

12 MINIMAX 

OUTPUTS{ D" 
DO ' 

"'DAD } 

10 DATA C INPUTS 

, 
>-

'rl 

9 DATA 0 

asynchronous inputs: low input to load sets 
OA=A,OB=B,QC=C,Oo=O 

rP-:"'w" ,o.oe, 
(12) MAXIMlN ,,,"'"' 

~t 
J DA OUTPUTOA 

CLOCK 

K CLEA~A 

+-i ~ PflrSE~B I--~ otJ'IlI'UTQB bfgpK +--c CLOCK. 

~, "1 ~ LT r h-

I- J PRfs~ 1--.;..0 OUTPUT ac 

~K r--< CLOCK 

1"""'''1 h-

B8r> ..!.-~. ~. DD DU""''''D 

L-..cf>CLOCK 

~ , "1 ~ 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

FROM 
PARAMETER INPUT 

fClock Input clock 

frequency 

tw(Clock) Width of 
clock input pulse 

tw(Load) Width of load 
Input pulse 

tsetup Input setup time 

tHold Input hold time 

tEnable Enable time 

to cycle 

tpLH Load 

tpHL 

tpLH DataA,a, 

C,D 

tpHL 

tpLH Clock 

tPHL 

tpLH Clock 

tpHL 

tpLH Clock 

tpHL 

tpLH Down/up 

tpHL 

tpLH Down/up 

tpHL 

tPLH Enable 

tpHL E 

*fmax= maximum clock frequency 

tpLHE propagation delay time, low-te-high-I.vel output 

tpHL = propagation delay tima high-to-Iow-Ievel output 

188 

TO TEST 
OUTPUT CONDITIONS 

OA,Oa, 

00,00 

OA,Oa, 

OC,OD 

Ripple clock 

See Figures 1 

OA,Oa, and 3 thru 6 

OC,OD 

Max/min 

Ripple clock 

Max/min 

Ripple clock 

11-

54/74 54n4LS 

CL=15pf RL=400!l CL=15pf TL=2K!l 

MIN TVP MAX MIN TVP MAX UNIT 

20 20 25 MHz 

25 25 ns 

35 35 ns 

20 20t ns 

0 ot ns 

20t 

22 33 22 33 ns 

33 50 33 50 

14 22 14 22 ns 

35 50 35 50 

13 20 13 20 ns 

16 24 16 24 

16 24 16 24 ns 

24 36 24 36 

28 42 28 42 ns 

37 52 37 52 

30 45 30 45 ns 

30 45 30 45 

21 33 21 33 ns 

22 33 22 33 

21 33 ns 

22 33 ns 



TYPICAL LOAD, COUNT, AND INHIBIT SEQUENCES 
Illustrated below Is the following sequence: 
1. Load (preset) to binary thirteen. 
2. Count up to fourteen, fifteen (maximum), zero, one, and two. 
3.lnhibit. 
4. Count down to one, zero (minimum), fifteen, fourteen, and thirteen. 

LOAD 

• DATA {

A 

INPUTS : 

CLOCK 

DOWNfUP 

ENABLE 

RIPPLECLOCK ___ 17 8 9 0 1 2 2 2 

l.r..!)---COUNT UP----+,NH,.,T.J 
LOAD 

DATA 

~~_____________ w 

LOAD 
INPUT 
(SEE NOTEel 

,1<;:;;;;-------- 3. 

-------ov 
""0M 

------------....!.--'-...... ~ ::: 
QOUTPUT --------" 

VOLTAGE WAVEFORMS 
FIGURE 1- DATA SETUP TIME VOLTAGE WAVEFORMS 

NOTES: 
A, CL includes probe and jig capacitance, 
B, All diodes are 1 N3064, , 
C. The input pulses are supplied by generators having the following characteristics: Zout = 50 

n, duty cycle:S 50%, PRR:S 1 MHz, 
D, Vref' 1.3 V. 

INPUT 
(SEE NOTE CI 

NONINVERTING 
OUTPUT 

INVERTING 
OUTPUT 

See waveform sequences In figures 4 through 7 for propagation times from a specific input to 
a specific output. For simplification, pulse rise times. reference levels, etc., have not been 
shown In ligures 4 through 7. 

FIGURE 2 -- GENERAL VOLTAGE WAVEFORMS 

FOR PROPAGATION TIMES 

LOAD~ 
CORRESPONDING~ . f------1 I 

. ANV DATA INPUT . ------1rn;= 
a OUTPUT- - - - - - tpLH 1.- trHL tPLH=r tpHL 

NOTE: 
E. Conditions on other inputs are irrelevant. 

FIGURE 3 -- LOAD TO OUTPUT AND DATA TO OUTPUT 

CMD~r---------------------------------------

DOWN/UP 

CLOCK 

~HC 

MAX/MIN;-----------------------------, 

NOTE: 
F. All data Inputs are low, 

FIGURE 4 - ENABLE TO RIPPLE CLOCK, 
,CLOCK TO RIPPLE CLOCK, 

DOWN/UP TO RIPPLE CLOCK, 

CDAD--""Ljr----------,U,...--------

, (SEEN~~~~N~~~-- --- - - - - - - ----I 

DOWN/UP 

!:;j ~"'H !:;j =~HC 
OUTPUT (51 UNDER TEST -=: J' ___ --'-__ ~r;_'=.--__:_----~--"'ILL= ______ "_ 

ENABLE"' LOW ~ 

NOTE: 
G. To test 0A. 0B, 0C. and 00 outputs: All four data inputs are shown by the solid line. 

FIGURE 5 - CLOCK TO OUTPUT 

LOAD-"LJ u 

'DATA"C'ANDD~~~ (SEE NOTEJI 

DOWN/UP 

COUNT~ ~ 
,;:: __ --.:.:...r-~"'L"'H---"'-i.::....::"H:::C~------2J ~ tpHL MA)(/MIN;; L_ 

ENABLE-LOW 

NOTE: 
H. Data Inputs Band C are shown by the dashed Hoe for the '190 and 'LS190 and the solid 

line for the '191 and 'LS191: Data input D is shown by the solid line for both devices, 

FIGURE 6 - CLOCK TO MAXIMIN 
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SPEEDIPACKAGE AVAILABILITY 
54 F,W 74 8 
54LS F,W 74LS 8 

DESCRIPTION 
This monolithic circuit is a synchronous reversible (up/down) counter having a complexity 
of 55 equivalent gates. Synchronous operation Is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincidently with each other when so instructed 
by the steering logic. This mode of operation eliminates the output counting spikes which 
ere normally associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered by a low-to-high-Ievel transition 
of either count (clock) Input. The direction of counting is determined by which count inputs 
Is pulsed while the other count input Is high. 

All four counters are fully programmable; that Is, each output may be preset to either level 
by entering the desired data at the data inputs while the load input Is low. The output will 
change to agree with the data Inputs independently of the count pulses. This feature allows 
the counters to be used as modulo-N dividers by Simply modifying the count length with the 
preset Inputs. 

A clear Input has been provided which forces all outputs to the low level when a high level 
Is applied. The clear function Is Independent of the count and load inputs. The clear, count, 
and load inputs are buffered to lower the drive requirements. This reduces the number of 
clock drivers, etc., required for long words. 

These counters were designed to be cascaded without the need for external circuitry. 80th 
borrow and carry outputs are available to cascade both the up- and down-counting funC:
tions. The borrow output produces a pulse equal In width to the count-down input when the 
counter underflows. Similarly, the carry output produces a pulse equal in width to the 
count-down Input when an overflow condition exists. The counters can then be easily cas
caded by feeding the borrow and carry outputs to the count-down and count-up inputs 
respectively of the succeeding counter. 

SWITCHING CHARACTERISTICS Vee = 5V, T A .. 25°e 

54174 

CL=15pF 
TEST CONDITIONS RL=40011 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX 

fCount Count Up Carry 25 32 

tw Width of pulse 

tSetup Input setup time 

tHold Input hold time 

Propagation delay time 
tpLH Low-to-hlgh Count up Carry 17 26 

Count Down Borrow 16 24 
Either Count Q 25 38 

Load Q 27 40 

tpHL Hlgh-to-Iow Count Up Carry 16 24 
Count Down Borrow 16 24 
Either Count Q 31 47 

Load Q 29 40 
Cleer Q 22 35 

190 

PIN CONFIGURATION 

MIN 

25 

20 

20t 

ot 

. B,F,W PACKAGE 

, OAT .. } 
INPUTS 

1 CLEAR 

13 BORROW} 
OUTPUTS 

12 CARRY 

"CDAD } 

10 DATA.C INPUTS 

9 OATAD 

logic: Low input to load sets OA = A. 
OB - B. 0c= C.andOO - 0 

54n4LS 

CL=15pF 
RL=2k 

TYP MAX UNIT 

32 MHz 

ns 

ns 

ns 

17 26 ns 
16 24 
25 38 
27 40 

16 24 ns 
16 24 
31 47 
29 40 
22 35 



BLOCK DIAGRAM 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

NOTES: 
A. The pulse generators have the following characteristics: lout !it: 50 n. and for the data 

pulse generator PRR :S 500 kHz. duty cycle • 50 %; for the load pulse generator PRR is 
two times data PRR. duty cycle. 50%. 

B. CL includes probe and jig capacitance. 
C. Diodes are lN3064. 
D. trsndtf:S7ns 
E. Vref is 1.3 vo~s 

FIGURE 1-CLEAR, SETUP, AND LOAD TIMES 

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
Illustrated below Is the following sequence: 
1. Clear outputs to zero. 
2. Load (preset) to BCD seven. 
3. Count up to eight, nine, carry, zero, one, and two. 
4. Count down to one, zero, borrow, nine, eight, and seven. 

ruM--1l~ __________ ~ __________________ _ 
I I 

.... 1· ~~~~~~~~~~~~~~~~~~~~~~~~~~~ • Jt-t---rL... ________________________ _ 
.... ,sti-H=========================: I I I L ________________________ _ 

• I I I I · I I I I ----------------------. 

.... "". ILum'IlATED 

NOTES: 

: LJl..f1IlIlJ 

A. Clear overrides load. data, and count Inputs. 
B. When counting up, count·down Input must be high; when counting down, count-up Input 

must be high. 
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PARAMETER MEASUREMENT INFORMATION 

~::~:~rJ-----------------" 
~\.--------------------------------~~ 

OUTPUTQD----------------~ 
tSea Note EI 

TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: 
A. The pulse generator has the following characteristics: PRR S 1 MHz, Zoot ~ 50 II. duty 

cycle - 50%. 
B. CL Includes probe and jig capacitance. 
C. Diodes are lN3064 
D. Count cycle Is 1 through 10. . . 
E. Waveforms 'or outputs OA' 0B' and QC are omitted to simplify the drawing. 
F. tr andt,s7ns 
G. Vrells 1.3 votts 

FIGURE 2-PROPAGATION DELAY TIMES 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 
54LS F,W 74LS B 

DESCRIPTION 
This monolithic circuit is a synchronous reversible (up/down) counter having a complexity 
of 55 equivalent gates. Synchronous operation is provided by having all flip-flops clocked 
simultaneously so that the outputs change coincidently with each other when so instructed 
by the steering logic. This mode of operation eliminates the output counting spikes which 
are normally associated with asynchronous (ripple-clock) counters. 

The outputs of the four master-slave flip-flops are triggered by a low-to-high-Ievel tranSition 
of either count (clock) input. The direction of counting is determined by which count inputs 
Is pulsed while the other count input is high. 

All four counters. are fully programmable; that Is, each output may be preset to either level. 
by entering the desired data at the data Inputs while the load Input Is low. The output will 
change to agree with the data inputs independently of the count pulses. This feature allows 
the counters to be used as modulo-N dividers by simply modifying the count length with the 
preset inputs •. 

A clear input has been provided which forces all outputs to the low level when a high level 
Is applied. The clear function is Independent of the count and load inputs. The clear, count, 
and load inputs are buffered to lower the drive requirements. This reduces the nl.!mber of 
clock drivers, etc., required for long words. 

These counters were designed to be cascaded without the need for external circuitry. Both 
borrow and carry outputs are available to cascade both the up- and down-counting func
tions. The borrow output produces a pulse equal In width to the count-down input when the 
counter underflows. Similarly, the carry output produces a pulse equal in width to the 
count-down Input when an overflow condition exists. The counters can then be easily cas
caded by feeding the borrow and carry outputs to the count-down and count-up Inputs 
respectively of the succeeding counter. 

192 .-

PlN CONFIGURATION 

a,F,W PACKAGE 

OATAB 1 

{ 

COUNT • 

I""PUTS DOWN 

COUNT 5 

"' 
O"T>U" { 

~-~ 

, DATAA} 
INPUTS 

,<I CLEAR 

13 BORROW} 
OUTPUTS 

12 CARRY 

:,' :::: J ,.,"" 
logic: Low input to load sets QA -A, 

OB = B, QC = C, and QO =0 



BLOCK DIAGRAM 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C 

FROM 
PARAMETER· (INPUT) 

fCount 
tw Input pulse width 

tSet-up Input setup time 

tHold Input hold time 

tPLH Count-up 
tpHL 

tpLH Count-down 
tpHL 

tpLH 

tpHL 
Either-count 

tpLH 
Load 

tpHL 

tpHL Clear 

* tmax = maximum clock frequency 
tpLH = propagation delay time, low-to-high-Ievel outpot 
tpHL = propagation delay time, high-to-Iow-tevel outpot 

TO 
(OUTPUT) 

Carry 

Borrow 

Q 

Q 

Q 

TEST 
CONDITIONS 

See Figures 1 and 2 

54/74 54/74S 

CL = 15pf RL =4000 CL=15pfRL=2k 

MIN TYP MAX MIN TYP MAX UNIT o 
25 32 25 32 MHz 
20 20 ns -" 20 20t ns 

0 ot ns 9 
17 26 17 26 

ns 
16 24 16 24 

16 24 16 24 ns 
16 24 16 24 

25 38 25 38 
ns 

31 47 31 47 

27 40 27 40 
ns 

29 40 29 40 

22 35 22 35 ns 
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PARAM~TER MEASUREMENT INFORMAT_ON 

TEST CIRCUIT 

------, 
I 
I 
I 
I 

I r~"~B) _! 
L_~ __ ~!'~T.! __ ~I 
r----LO'ADCiRcUiTi---' 
---..!~-·~~~ ___ I 

r-----L"oAocIRCUiii'---, 
L. ___ ~~=~"!:~ __ "'" 
r----LOAoCiiiCUiT4---, 
L ___ ~,,:!.":.~~1~ __ J 

~~ ____________________________ w 

VOLTAGE WAVEFORMS 
NOTES: 
A. The pulse generators have Ihe following characteristics: Zout ~ 50 II and for the data 

pulse generator PRR:S 500 kHz. duty cycle - 50%: for the load pulse generator PRR is 
two times data PRR. duty cycle - 50%. 

B. CL includes probe and jig capacitance. 
C. Diodes are 1 N3064 
D. trandtf:S7ns 
E. Vref is 1.3 volts 

FIGURE 1-CLEAR, SETUP, AND LOAD TIMES 

TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 
Illustrated below Is the following sequence: 
1. Clear outputs to zero. 
2. Load (preset) to binary thirteen. 
3. Count up to fourteen, fifteen, carry, zero, one, and two. 
4. Count down to one, zero, borrow, fifteen, fourteen, and thirteen. 

NOTES; 
A. Clear overrides load. data. and count Inputs. 
B. When. counting UP. count-down input must be high; when counting down. count-up Input 

must be high. 

COUNT 
UP 

INPUT 
{See NoteD) 

TEST CIRCUIT 

1-. 
, ~..rv:::\ • J1f-\ 15 .rv::-x. " ..rv,-- - 3V 

~",:~~"'I..-\...J • \....J 15 v"'-':'-J "+ . ..: ':::'":" __ w 

• I --VOH 

ouTPuroo"--_________ -' V;ef . .~ V 
1gefNoteEI --ltpH~HlJ-- OL 

g~:~~.------------------~v:-rel~ ,.L~ VOH 
l\:....J[2"~ VOL 

COUNT ~1H~~" ~ ___ 3V 

~~~~' 8 ref 9 15 Vref 16 Vref 

'''' No<> 01 "'".Lr- I' ~:.:. - ov 
~~~~~ bf I Fa VOH 

I..-.;,;;,. _____ .....,.r--:-+'..J. VOL 

~~~ tpH~lH_ VOH 

Vrel~VOl 

VOLTAGE WAVEFORMS 
NOTES: 
A. The pulse generator has the following characteristics: PRR ~ 1 MHz. Zout ~ 50 II. duty 

cycle = 50%. 
B. CL includes probe and jig capacitance. 
C. Dlodas are 1 N3064 
D. Waveforms for outputs 0A' 0B' and 0c are omitted to simplify the drawing. 
E. tr andtf:S7ns 
F. Vref is 1.3 volts 

FIGURE 2-PROPAGATION DELAY TIMES 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
54S F,W 

DESCRIPTION 

74 B 
74LS B 
74S B 

This bidirectional shift register is designed to incorporate virtually all of the features a sys
tem designer may want in a shift register. The circuit, contains 45 equivalent gates and 
features parallel inputs, parallel outputs, right-shift and left-shift serial inputs, operating
mode-control inputs, and a direct overriding clear line. The register has four distinct modes 
of operation, namely: 

Parallel (broadside) load 
Shift right (in the direction QA toward QD) 
Shift left (in the direction QD toward QA) 
Inhibit clock (do nothing) 

Synchronous parallel loading is accomplished by applying the four bits of data and taking 
both mode control inputs, SO and S1, high. The data are loaded into the associated flip
flops and appear at the outputs after the positive transistion of the clock input. During load
ing, serial data flow Is inhibited. 

Shift right is accomplished synchronously with the riSing edge of the clock pulse when SO is 
high and S1 Is low. Serial data for this mode is entered at the shift-right data input. When 
SO is low and S1 is high, data shifts left synchronously and new data is entered at the shift
left serial input. 

Clocking of the flip-flop is inhibited when both mode control inputs are low. The mode con
trols of the S54194/N74194 should be changed only while the clock input is high. 

MODE 
CLEAR S1 SO CLOCK 

L X 
H X 

H H 

H L 

H L 

H H 

H H 

H L 

H ~ high level (sleady state) 
L ~ low level (steady state) 

X 
X 

H 

H 

H 

L 

L 

L 

X ~ Irrelevant (any input. including transitions) 
t = transition from low to high level 

X 
L 

t 
t 
t 
t 
t 
X 

a.b.c.d. =the level of steady state input at inputs A.B.C. or 
D. respectively 

oAO' aBO' 0co. aDO = the level of 0A' 0B' Oc. or O[)o 
respectively. before the Indicated steady state Input 
conditions were established 

0An' 0Bn' 0en. 0Dn = the level of 0A. oB. OC. respec
tively. before the most recent t transition of the clock 

TRUTH TABLE 

INPUTS 
SERIAL PARALLEL 

LEFT RIGHT A a C 

X X X X X 

X X X X X 

x x a b c 

X H X X X 

X L X X X 

H X X X X 

L X X X X 

X X X X X 

PIN CONFIGURATION 

a,F,W PACKAGE 

CLEAR 1 

RIGHT SERIAL. INPUT SHIFT 2 

I.EFT SERIAL INPUT SHIFT 7 

o -" 9 
OUTPUTS 

D QA Qa Qc QD 

X L L L L 

X QAO QBO QCO QDO 

d a b c d 

X H QAn QBn QCn 
X L QAn QBn QCn 
X QBn QCn QDn H 

X QBn QCn QDn L 

X QAO QBO QCO QDO 
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BLOCK DIAGRAM (94) BLOCK DIAGRAM (LS194, 8194) 

, , 

SWITCHING CHARACTERISTICS vcc = 5V, T A = 25"C 

54n4 54n4LS 54n4S 

CL=15pF CL=15pF CL=15pF 
TEST CONDITIONS RL=40011 RL=2kn RL=28011 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX MIN TVP MAX UNIT 

fClock Clock frequency 25 36 25 36 70 105 MHz 

tw Width of pulse 20 20 ns 

Clock 7 

Clear 12 

tsetup Input setup time 

Mode control 30 30t 8 ns 

Serial, Parallel 20 20t 5 

Clear Inactive 25 25t 9 

tHold Input hold time Any 0 ot 3 ns 

Propagation delay time 

tpLH Low-ta-hlgh Clock 7 14 22 14 22 4 8 12 ns 

tpHL Hlgh-ta-Iow 7 17 26 17 22 4 11 16.5 

tpHL High-ta-Iow Clear 19 30 19 30 12.5 18.5 

Load circuit and typical wavefor"" are shown at the front of section . 
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TES1' TABLE FOR SYNCHRONOUS INPUtS PARAMETER MEASUREMENT INFORMATION 
TYPICAL CLEAR, SHIFT, AND LOAD SEQUENCES DATA INPUT OUTPUT TESTED 

FOR TEST 

A 

B 

C 

0 

L Serial Input 

R Serial Input 

CLEAR 

CLOCK 

OUTPUT Q --....... 1 

S1 SO (SEE NOTE E) 

4.5V 4.5V aAat tn+1 

4.5V 4.5V aB at tn+1 

4.5V 4.5V aC at tn+1 

4.5V 4.5V aD at tn+1 

4.5V OV aA at tn+4 

OV 4.5V aD at tn+4 

I':==~-------------------~ 

IN 

1,...--"" 

VOL 

VOLTAGE WAVEFORMS 
NOTES: 
A. The clock pulse generator has the following characteristics: lout "' 50 II and PRR :s MHz. 

tr :s 15 ns and tf :s 6 ns. When testing fmax vary PRR. 
B. Cl includes probe and jig capacitance. • 
C. All diodes are 1N3064 or 1N916. 
O. A clear pulse Is applied prior to each test. 
E. Vrel - 1.3V. 
F. Propagation delay times (tPlH and tpHll are measured al In + 1. Proper shifting of data Is 

verilled at tn+4 w"h a functional lest. 
G. tn - bil time before clocking transition. 

tn+ 1 "" bit time after one clocking tranSition. 
tn+4 "" bit time after four clocking transitions. 

FIGURE 1-SWITCHING nMES 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 
548 F,W 

DESCRIPTION 

74 B 
74LS B 
74S B 

This 4-bit register features parallel inputs, parallel outputs, J-t< serial inputs, shlftlload con
trol input, and a direct overriding clear. All inputs are buffered to lower the input drive 
requirements. The registers have two modes of operation: 

Parallel (Broadside) Load 
Shift (In direction aA toward aD) 

Parallel loading Is accomplished by applying the four bits of data and taking the shiftlload 
control input low. The data is loaded into the assOCiated flip-flop and appears at the out
puts after the positive transition of the clock input. During loading, serial data flow is 
Inhibited. 

Shifting Is accomplished synchronously when the shiftlload control input Is high. Serial data 
for this mode is entered at the J-t< inputs. These inputs permit the first stage to perform as 
a J-t<. 0-, or T-type flip-flop as shown in the function table. 

PIN CONFIGURATION 

B,F,W PACKAGE 

{ " 
SERIAL INPUTS 

K , 

{

A' .. 
PAFtALLEL INPUTS , . 

o , 
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TRUTH TABLE 

SHIFTI 
CLEAR LOAD 

L X 

H L 

H H 

H H 

H H 

H H 

H H 

H s high level (steady state) 
L ~ low level (steady state) 

CLOCK 

X 

t 

L 

t 

t 

t 

t 

X = irrelevant (any Input. including transitions) 
t = transition from low to high level 

J 

X 

X 

X 

L 

L 

H 

H 

INPUTS 

SERIAL PARALLEL 

K A B C D QA 

X X X X X L 

X a b c d a 

X X X X X aAO 

H X X X X aAO 

L X X X X L 

H X X X X H 

L X X X X QAn 

a.b.c.d = the level of steady-slate input at A.B.C. or O. raspectlvely 
0AO. 0BO.OCO. 000 = the level of 0A. 0B. OC. or 00. rOspectively. before the indicated steady."tat. input condMlons were established 
0An. OBn. 0Cn = the level of 0A. 0B. or 0C. raspectlvely. before the most recent tranaMlon of the clock 

SWITCHING CHARACTERISTICS VCC = 5V, T A = 25°C· 

54174 54n4LS 

CL=15pF CL=15pF 
TEST CONDInONS AL=4000 RL=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP 

fClock Clock frequency 30 39 30 39 

tw(Clock) Width of clock 16 16 
Input pulse 

tw(Clear) Width of clear 12 12 
Input pulse 

.tsetup Input setup time 
. Shift/Load 25 25t 
Serial/Parallel 15 15t 
Clear inactive 25 25t 

tRelease Shift/Load 10 
release time 

THoid Inpuf hold time Any 0 ot 

Propagation delay time 
tpLH Low-tOshigh Clock 6 14 22 14 

tPHL High-to-iow 7 17 26 17 

tpHL High-to-iow Clear 19 30 19 

198 .--

OUTPUTS 

QB QC QD QD 

L L L H 

b c d d 
aBO aCO aDO QDO 

QAO aBn aCn QCn 

QAn aBn aCn QCn 

aAn aBn acn QCn 

aAn aBn aCn QCn 

541748 

CL=15pF 
RL=4000 

MAX MIN TVP MAX UNIT 

70 105 MHz 

7 ns 

12 ns 

8 ns 
5 
9 

10t 6 ns 

3 ns 

22 8 12 ns 
26 11 16.5 

30 12.5 18.5 



BLOCK DIAGRAM 

191 (2j (31 (4' .. 
"" _______ ....:.. ___ ....-=-:_--=-_______ ..:..0 I CLEAR CLOCK 

=~ CONTROl..: 

tThis connection is made on • t95 only. 

PARAMETER MEASUREMENT INFORMATION 

~~~=+-==-~~==~~-=~~~=:-==-~~:= 

c'-'----.rhL-----+---'-----=.--+----r-h 
MFTIL.ON) I. Lr-J 

I
"~--+-: ~: -r:T'-!---.' , 

"$; c:: r:T1.+------
~:_~L_ _____ ~ 
~:=... : r--1L ____ -!_-! 

-CIc--"" : 
... :=~: ~~ --1. I -"------1. 1--------

Ir::::~----------.., 

DATA 

(Seartat.G)' ___ t-_-;::~~~ 

SHIFT/LOAD 

ASSOCIATED'---~
OUTPUTQ 

;;..-;:=£----"" 1-_____ --VOH 

v ... 
VOl. 

VOLTAGE WAVEFORMS 
NOTES: 
A. The clock pulse generator has the following characteristiCS: lout .. 50 11 and PRR :S I 

MHz 
tr S IS no and " :S 6 ns. When testing fmax• vary the clock PRR. 

B. CL includeS probe and jig capacitance. 
C. All diodes are IN3064. 
O. A clear pulse is applied prior to each test. 
E. Vref= I.3V. 
F. Propagallon delay times (tpLH and tpHLI are measured at '0+ I. Proper shifting of data is 

verified -"t '0+4 with a functional test. 
G. J and K inputs are _ad the same as deta A. B. C. and 0 inputs except that shiftlload 

input remains high. 
H. In =. bit time before clocking transition. 

tn+ 1 = bit time after one cl9cl<ing transition. 
'0+4 - bit lime after four clocking Iransiltons. 

FIGURE 1-SWITCHING n~s 

..... 199 

o -" 9 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54 F.W 
54LS F.W 
54S F.W 

74 A 
74LS A 
74S A 

A,FPACKAGE 

COUNT/L.OAO 1 

1 CLEAR 

t ' DATA INPUTS 

A • 

DESCRIPTION 
This high-speed monolithic counter consists of four DC coupled. master-slave flip-flops 
which are Internally Interconnected to provide a divide-by-two and a divide-by-five counter 
S54/N74LS196. This counter Is fully programmable; that Is. the outputs may be preset to 
any state by placing a low on the countlload input and entering the desired data at the 
data Inputs. The outputs will change to agree with the data inputs independent of the state 
of the clocks. . 
During the count operation. transfer of Information to the outputs occurs on the negative
going edge of the clock pulse. This counter features a direct clear which when taken low 
sets all outputs low regardless of the states of the clocks. 
This counter may also be used as a 4-blt latch by using the count/load Input as the strobe 
and entering data at the data Inputs. The outputs will directly follow the data Inputs when 
the count/load Is low. but will remain unchanged when the count/load is high and the clock 
Inputs are Inactive. 

SWITCHING CHARACTERISTICS VCC = 5V. T A = 25°C 
(54/74-Refer to 8290 Data Sheet. 54174S-Refer to 82S90 Data Sheet) 

FROM TO 
PARAMETER1 (INPUT) (OUTPUT) TEST CONDITIONS 

fClock Clock 1 QA 
Clock 2 QA 

~ Input pulse-width 
Clock 1 
Clock 2 
Clear 
Load 

tHold Input hold time 
High level 

tSetup Input setup time 
Low level 

High level 
Low level 

tEnable Count enable time 
(Note 1) CL = 15pF 
tpLH 

Clock 1 QA RL = 2kO tpHL 
tpLH 
tpHL Clock 2 QB 
tpLH 
tpHL Clock 2 QC 

tpLH 
tpHL Clock 2 QD 

tpLH 
tpHL A.B.C.D QA.QB.QC.QD 

tpLH 
tpHL Load Any 

tpHL Clear Any 

WPACKAGE 

54n4LS 

MIN TVP MAX 

30 40 
15 
20 
30 

15 
20 

tw(Loadl+ 

~Loadl+ 

10
1 

15 
20 

8 15 
13 20 
16 24 
22 33 
38 57 
41 62 
12 18 
30 45 
20 30 
29 44 
27 41 
30 45 
34 51 

lima. - max,mum Input count frequency tpLH - propagation delay time. Iow-to-hogh-ievel output. tpHL ~ propagation delay t'me. hogh-to-low-level output. 
NOTE: 

UNIT 

MHz 

ns 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1. Count enable time Is the Intemal immediately preceding the negative - golng edge olthe 'clock pulse 'during which Internal the count/load and claar inputs must be high to ensure counting . 

200 ........ 



LOGIC DIAGRAM 

CLOCK -, or 
CLOCK - 2 INPUT 

141 
DA 

15V 

AD 

(101 
DB 

'----VOL 

CLOCK-MODE VOLTAGE WAVEFORMS 

==k 3.5V 

COUNT/LOAD IN 
Of CLEAR -----.f1II 

----·3.5V 

CLOCK - 1 INPUT 1.5V ov 

..." 

I.::: OUTPUTOA 

13} 
Dc 

Co 

111) 
DD 

DATAINI'UTS 
A,B,C,andD 

COUNT/LOAD 
,~~ 

DO 

:::::t=~ 

CLEAR AND LOAD VOLTAGE WAVEFORMS 

NOTES: 
A. The Input pulse Is supplied by a generator having the fol

lOwing characteristics: PRR " 1 MHz. duty cycle" 50 %. 
tr " 15 ns. and unless specified. tf" 15 ns. When testing 
fmax• vary PRR. 

B. CL Includes probe and jig capacitance. 
C. All diodes are 1N3064. 
D. Unless otherwise specified. 0A Is connected to clock 2 . 

CLOCK ENABLE TIME VOLTAGE WAVEFORMS 

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74 A 
74LS A 
748 A 

PIN CONFIGURATION 

A,FPACKAGE WPACKAGE 

COUNT/LOAD 1 

{' DATA INPUTS 

A • 

.... 201 
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DESCRIPTION 
This high-speed monolithic counter consists of four DC coupled, master-slave flip-flops 
which are internally interconnected to provide a divide-by-two and a divide-by-elght 
counter S541N74LS197. These four counters are fully programmable; that is, the outputs 
may be preset to any state by placing a low on the countlload Input and entering the de
sired data at the data Inputs. The outputs will change to agree with the data Inputs 
independent of the state of the clocks. 

During the count operation, transfer of information to the outputs occurs on the negative
going edge of the clock pulse. These counters feature a direct clear which when taken low 
sets all outputs low regardless of the states of the clocks. 

These counters may also be used as 4-bit latches by using the count/load input as the 
strobe and entering data at the data Inputs. The outputs will directly follow the data inputs 
when the countlload Is low, but will remain unchanged when the count/load is high and the 
clock Inputs are Inactive. 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

FROM TO LIMITS 

PARAMETER1 (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

fCount Clock 1 QA 30 40 MHz 

Clock 2 QA 15 

tpLH 8 15 
Clock 1 QA 

ns 
tpHL 14 21 

tpLH 12 19 
Clock 2 QB 

ns 
tpHL 23 35 

tpLH 34 51 
QC 

CL = 15pF ns 
tpHL 

Clock 2 42 63 

tpLH 
RL = 2k!l 

55 78 
ns 

tpHL 
Clock 2 QD 63 95 

tpLH 18 27 
A,B,C,D QA,QB, ns 

tpHL QC,QD 29 44 

tpLH 26 39 

tpHL 
Load Any ns 

30 45 

tpHL Clear Any 34 51 ns 

1fmax ... maximum Input count frequency 
tpLH = propagation delay time. low-to-high-level output, tpHL = propagation delay time, high-to-iow-ievel output. 

PARAMETER MEASUREMENT INFORMATION 
r---------------------~--------------------------------------~ 

CLOCK -1 or 

CLOCK ~ 2 INPUT 

OUTPUT 
Op,. 0B. Oc. or 00 

OUTPUT 
~.QB.Oc.orOO 

----1:,....",..~ 

'----V~L 

CLOCK MODE 

COUNT/LOAD ~v 3.5V 
or CLEAR -----W 

----.3.5V 
CLOCK - t INPUT 1.5V 

rN 

OUTPUTQA _____ ..Jf :: 
CLOCK ENABLE 

202 

DATA INPUTS 
A,D,C, .. dO 

COUNT/LOAD 
INPUT 

ISV 

---+---....."",,-

OUTPUTS ~Ll-
OA..aBoDe,endQD \""",$'.6_" __ --' 

PLH~r r::1 

'--_______ t 1.5V ~_. VI"I 

CLEAR AND LOAD 

..... 



LOGIC DIAGRAM 

14) 
OA 

Q 

An 

IS) 

(10) 
DB 

SPEED/PACKAGE AVAILABILITY 
54 F.Q 74 N 

TRUTH TABLE 

INPUTS 
MODE SERIAL 

CLEAR S1 So CLOCK LEFT RIGHT 

L X X X X X 
H X X L X X 
H H H t X X 
H L H t X H 
H L H t X L 

H H L t H X 
H H L t L X 

H L L X X X 

H = high level (sleady stale). L = low level (steady stale) 
X = Irrelevant (any Inpul. Including iranSillans) 
t = Iransillon from low to high level 

Q 

19) 

J3) 
Dc 

PARALLEL 
A. .. H 

X 

X 

a ... h 
X 

X 

X 
X 

X 

a ... h = the levsl of sleady state inpul at inpuls A thru H. respecllvely. 

Co 

12) 

Q 

QA 

L 

QAO 
a 
H 

L 

QBn 
QBn 

QAO 

(11) 
00 

Q 

DO 

OUTPUTS 

QB ... QG 

L L 

QBO QGO 
b 9 

QAn QFn 

QAn QFn 

QCn QHn 
QCn QHn 
QBO QGO 

(12) 

QH 

L 

QHO 
h 

QGn 

QGn 
H 
L 

QHO 

0AO' 0SO. 0GO' 0HO = Ihe level of 0A. OS, 0G' or 0H' respeclively. before the indicated steady .. tale Input condillons 
were established. 

0An' 0Sn' etc. = lhe levet of 0A. OS, elc .• respectively. balere the most ... ecenl t Iransltlon of lhe clock . 

..... 

o -" 9 PIN CONFIGURATION 

F,N,Q PACKAGE 
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SWITCHING CHARACTERISTICS vcc = 5V. T A = 25°C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

fCount Count frequency 

tw Width of pulse 

tsetup Input setup time 

Mode control 

Data 

tHold Input hold time 

Propagation delay time 

tpLH Low-to-high Clock 

tPLH High-to-Iow 

tpHL High-to-Iow Clear 

Load c~cu" and typical waveforms are shown at the fronl of sactlon. 

BLOCK DIAGRAM 

.CLOCK SHIFT 11 so A 
IIIGHT 

204 

0. .. 

54174 

CL=15pF 
RL=4OCK1 

MIN TVP 

25 35 

20 

30 

20 

0 

8 17 
8 20 

23 

MAX UNIT 

MHz 

ns 

ns 

26 ns 

30 

35 

OF ... 

H .41FT Ct.£AR 
LEFT 



TYPICAL CLEAR, LOAD, RIGHT-SHIFT, LEFT-SHIFT, 
INHIBIT. CLEAR SEQUENCES 

PARAMETER MEASUREMENT INFORMATION 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT 
S1 So 

OUTPUT TESTED 
FOR TEST (SEE NOTE E) 

A 4.5V 4.5V QA at tn+1 
B 4.5V 4.5V QS at tn+1 
C 4.5V 4.5V QC at tn+1 
0 4.5V 4.5V QO at tn+1 
E 4.5V 4.5V QE at tn+1 
F 4.5V 4.5V QF at tn+1 
G 4.5V 4.5V QG at tn+1 
H 4.5V 4.5V QH at tn+1 

L Serial'lnput 4.5V OV QA at tn+8 
R Serial Input OV 4.5V QH at tn+8 

NOTES: 

---i twlclearl I..-

"''''NPU' ~r"5-V-_-_--_-_-_--_-_--_-_-_--_-_--_-: 
: In I~ ISeeNateFl In I~ 

CLOCK INPUT '.5V~'.5V ~ ~-ov --::ti: ~_ .. -. y~ --~thOkt Lov 
-I 'i'."" I-- X .... " lw:=taetuP!-t OV 

DATA I 1.EiV I 1.5V 1.5V I 1.5V 

:::~~EST! I ----OV 
TABLE): I ' lPL 

IPHL I -----\CLK~I/--
(clear-C]----l I --I tpHL L 

(CLK-O"!t---'21 ~_ -VOH 

\,.5V T 1.5V 1.5V 

..... ------~ VOL 

VOLTAGE WAVEFORMS 

A. The clock pulse has tha following characteristics: tw(clock) 2: 20 ns and PRR - 1 MHz. The cleer pulse has {he following characteristics: Iw(clear) 2:20 ns and thold = 0 ns. When testing 
Ima •• vary the clock PRR. 

B. CL Includes probe and jig capacitance. 
C. All diodes are 1 N3064. 
D. A clear pulse is applied prior to each test. 
E. Propagation delay times (lpLH and IpHL) are measured at In+ 1. Propar shifting 01 dala Is verified at tn+8 wilh a functional text. 

tn+ 1 = bR time after one clocking transition 
In+8 - bR time after eight clocking transitions 

load circuit shown at front of section. 
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SPEED/PACKAGE AVAILABILITY 
54 F,Q 74 N 

TRUTH TABLE 

INPUTS 

SHIFTI CLOCK SERIAL 
CLEAR LOAD INHIBIT CLOCK J 

L X X X X 
H X L L X 
H L L t X 
H H L t L 

H H L t L 
H H L t H 
H H L t H 
H X H t X 

H ~ high level (steady state). L - low level (steady state) 
X - Irrelevant (any input. including transitions) 
t ~ Iransltion from low to high level 

K 

X 
X 
X 
H 

L 

H 
L 
X 

PARALLEL 
A ... H 

X 
X 

8 .. . h 

X 

X 
X 
X 
X 

a ... h ~ the level of steady-state input at inputs A thru H. respectively. 

OUTPUTS 

QA QB QC ... QH 

L L L L 

QAO QBO QCO QHO 
8 b c h 

QAO QAO QBn QGn 
L QAn QBn QGn 
H QAn QBn QGn 

CiAn QAn QBn QGn 
QAO QBO QBO QHO 

0AO' 0BO' 0eo ... 0HO - the level of 0A' 0B' or 0e thru 0H' respectively before the Indicated steady state input condi
tions were established. 

,OAn' 0Bn' .. 0Gn = the level of 0A or 0B thru 0G. respectively. before the most recent t transition of the clock. 

BLOCK DIAGRAM 

0. °B Co °E 

K SHlFTI A 
LOAD 

206 ·RI·'·· 

PIN CONFIGURATION 

F,N,Q PACKAGE 

{~-
L" 

OF °H 

CLEAR 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25a C 

TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

fCount Count frequency 25 

tw Width of pulsE! 20 

tSetup Input setup time 

Mode control 30 
Data 20 

tHold Input hold time 0 

Propagation delay time 

tpLH Low-to-high Clock 8 

tpHL Hlgh-to-Iow 8 

tpHL Hlgh-to-Iow Clear 

Load circuit and typ;cal waveforms are shown at the front of section. 

PARAMETER MEASUREMENT INFORMATION 

----l 'wfcl .. ) l.-
~ yr-------------- ov 

CLEAR INPUT l~V~~V _____________ ov 

: In 1~ (See Nota F) In I~ 

CLOCK INPUT '.6V~'.5V Jt::'"\ . ~ - ov 
-:11 t ~_.-. '-l~ "k-lhold Lov 
~ 'j'-' ~ n'""" /~tsetuP:-t ov 

DATA I 1.5V I 1.5Y 1.SV I 1.5V 

:~~~EST r I ----oV 
TABLEI I I 

tPHL .J I ~c!k~ 
(cl_.QJ r- _I tpHL 1--

--,~LK.a'~~ __ VOH \uv trUlY l.6V \... _____ ...J VaL 
'OUTf'UT Q 

VOLTAGE WAVEFORMS 

Load circuit shown at front of section. 

54n4 

CL=15pF 
RL=4000 

TVP MAX UNIT 

35 

17 

20 

23 

MHz 

ns 

ns 

ns 

26 ns 

30 

35 

TEST TABLE FOR SYNCHRONOUS INPUTS 

DATA INPUT OUTPUT TESTED 
FOR TEST SHIFT/LOAD (SEE NOTE E) 

A OV QA at tn+1 
S OV QS at tn+1 
C OV QC at tn+1 
0 OV Qo at tn+1 
E OV QE at tn+1 
F OV QF at tn+1 
G OV QG at tn+1 
H OV QH at tn+1 

J andK 4.5V QH at tn+8 

NOTES: 

A. The clock pulse has the following characteristics: tw(cIOCk) 2: 20 ns and PRR = 1 MHz. 
The clear pulse has the following characteristics: tw(clear) 2: 20 ns and thold = 0 ns. When 
testing fmax• vary the clock PRR. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N3064. 
D. A clear pulse is applied prior to each test. 
E. Propagation delay times (tpLH and tPHL) are measured at tn+ 1. Proper shifting of data Is 

verified at tn+8 with a functional test. 
F. tn+ 1 = bit time after one clock transition 

In+8 ". bit time after eig~t clocking transitions 
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TYPICAL CLEAR, SHIFT, LOAD AND· INHIBIT SEQUENCES 

I I 

~~-, i :n-
ClEAR~ I :i 

IERIAL J+--CIJ~ ________ --+-I+I --r--+---------
INPUTS if--'---Jll : i 

I I II 
I I WI 
I I II 

A,~:-~:----------"~L--T-r---------
B r I LII 

t I II 

"~:-~:----------"~L--T-r---------
D I I III 

~EL E: : ~L--T-r---------
F I I III 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

BLOCK DIAGRAM 

TRUTH TABLE 

CE1 

CE2 
CE3 

DOUT 

MODE' CE· WE DIN 82818/118 82817/117 54n4S200/201 54n4S301 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 
WRITE "1" 0 0 1 0 

DISABLED 1 X X Hlgh-Z 

~ "0" ~ All C'E Input. low: "1" _ one or more C'E Inputs high, 

X • Don't care, 

208 

STORED STORED STORED 
DATA DATA DATA 

1 High-Z 1 
0 High-Z 1 

1 High-Z 1 

PIN CONFIGURATION 

B,FPACKAGE 



BLOCK DIAGRAM 

A4 

A, 
As 
A7 

TRUTH TABLE 

MODE CE· 

READ 0 

WRITE "0" 0 
WRITE "1" 0 

DISABLED 1 

WE 

1 

0 
0 

X 

DIN 82816/116 

X STORED 
DATA 

0 1 
1 0 

X High-Z 

"'0" ~ All CE Inputs low; "1" ~ one Of more CE inputs high. 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

BLOCK DIAGRAM 

121 

~ WORD 

828171117 

STORED 
DATA 

1 
0 

1 

CEl 

ffi 

CEl 

DOUT 

54n4S200/201 

STORED 
DATA 

High-Z 
High-Z 

High-Z 

SELECTION I----~ 1/16 16 x 16 BIT STORAGE MATRIX 

ADDRESS 
LINES 

A4 
A5 

As 

A7 

{"'" CHIP 
ENABLE CE'"2 

""3 

1'41... 

ill... 
!!!... 
~ 
i!!.!. 

.!!!... 
~ 
~ 

6) Vee = (1 
GND (8) 

DECODER 

1/16811 
SELECTION 
DECODER 

CHIP 
CONTROL 

( ) = Denotes Pm Numbers 

I 

WRITE AND 1-SENSE AMPLIFIER 

+ + 
OUTPUT I I INPUT 
DRIVERS CIRCUITS 

'161 tl121 tl13 
WE 0, 

lIP"· 

54n4S301 

STORED 
DATA 

1 
1 

1 

PIN CONFIGURATION 
B,FPACKAGE 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

PIN CONFIGURATION 

B,FPACKAGE 

TRUTH TABLE 

FUNcnON CE· WI OUTPUT 

Write L L 

(Store 01 H 

Complement) 

Read L H Stored Data 

Inhibit H X 

H 

H ~ high leVel. L - low level. X = Irrelevant 
(*)L - all CE Inputs low; H ~ one or more CE Inpu1s high. 
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DESCRIPTION 
The 54174LS221 is a monolithic dual multlvlbrator which features a negative-transition
triggered Input either of which can be used as an Inhibit input. Pulse triggering occurs at a 
particular voltage level and Is not directly related to the transition time of the input pulse. 
Schmitt-trigger input circuitry (TTL hystersls) for B input allows jitter-free triggering from 
Inputs with transition rates as slow as 1 volt/second, providing the circuit with excellent 
noise immunity of typically 1.2V. A high Immunity to Vee noise of typically 1.5V is also pro
vided by internal latching circuitry. 

Once fired, the outputs are independent of further transitions of the A and B Inputs and are 
a function of the timing components, or the output pulse can be terminated by the overrid
Ing clear. Input pulses may be of any duration relative to the output pulse. Output pulse 
length may be varied from 35ns to 49s (54LS221) or 70s (74LS221) by choosing appropri
ate timing components. With Rext = 2kO and Cext = 0, an output pulse of typically 30ns is 
achieved which may be used as a d-c. triggered reset signal. Output rise and fall times are 
TTL compatible and independent of pulse length. Typical triggering and clearing sequences 
are Illustrated as a part of the switching characteristics waveforms. 

Pulse width stability Is achleved.through Internal compensation and Is virtually independent 
of Vcc and temperature. In most applications, pulse stability will only be limited by the ac
curacy of external timing components. 

Jitter-free operation is malntalned over the full temperature and Vee ranges for more than 
six decades of timing capacitance (10pF to 10"F) and more than one decade of timing re
sistance (2k!! to 70kO for the 54LS221, and 2kO to 100kO for the 74LS221), Throughout 
these rangas, pulse width is defined by the relationship: tw(out) = CextRext. In 20.7 Cext
Rext. In Circuits where pulse cutoff Is not critical, timing capacitance up to 1000"F and 
timing resistance as low as 1.4k may be used. Also, the range of Jitter-free output pulse 
widths Is extended If Vee is held to 5V and free-air temperature is 25°C. Duty cycles as 
high as 90% are achieved when using maximum recommended RT. High duty cycles are 
available If a certain amount pulse width jitter Is allowed. The variance in output pulse width 
from device to device is typically less than ±0.5% for given external timing components. 

Pin assignments for this device are identical to those of the 54LS123/74LS123 so that the 
54174LS221 can be substituted for those products in systems not using the retrlgger by 
merely changing the value of Rext and/or Cext. 

PARAMETER MEASUREMENT INFORMATION 

5-9-u-------- w 

:~ : _________ GV 

Q""""'~ j"uuu __ ::: - .. " 
~=~:: 

TRIGGER FROM B, THEN CLEAR-CONDITION 1 TRIGGERING FROM POSITIVE TRANSITION OF CLEAR 

IIIMPIIJT~3V 
i-_~ : 

eu"" '--1-_, _______ av 

ihllfl\lllltdll> 

TRIGGER FROM B. THEN CLEAR-CONDITION 2 TRIGGER FROM A. THEN· CLEAR 

A,INI'UT~: 

TRIGGERED 

QD~:::~D:-_____ ~II:: 
A\npoIIilloM 

QOU'TPUT LIw(outl .~: 
UOUTPUT {4 tWkMnl---C:: 
8 ......... , ... "'_...,. 

CLEAR OVERRIDING B. THEN TRIGGER FROM B TRIGGER FROM A 

NOTES: 
A. Input pulses are supplied by generators having the following characteristics: PRR,; 1 MHz, Zout ~ 50 II: 'r ,; 15 os. tf ,; 6 

ns. 
B. All measurements are made between the t .3V points of the indicated transhlon. 
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PIN CONFIGURATION 

B,F,W PACKAGE 

positive logic: 
Low input to clear reset Q low and 
1:i high regardless of d-c levels at A 

or B input. 

TRUTH TABLE 
(EACH MONOSTABLE) 

INPUTS OUTPUTS 

CLEAR A B Q 

L X X L 
X H X L 
X X L L 
H L t ...rl-

H ~ H -"'-

Also see description and switching characteristics 

H s high level (steady state) 
L c low leval (steady state) 
t - transition from low to high level 
j = transition from high to low level 

.n., = one high leval pulse 

."". "" one low level pulse 
X - Irrelevant 

Q 
H 
H 
H 

-w-
-u-

SPEED/PACKAGE AVAILABILITY 
54 F,W 
54LS F,W 

74B 
74LS B 



HYSTERESIS VS. TEMPERATURE - TYPICAL VALUES 

54174 54174LS 

PARAMETER -SS°C +25°C +125°C _55°C +25°C 1I-125°C 

VT+ Positive going threshold 

A Input 1.4 2 

B Input 1.55 2 

VT _ Negative going threshold 

A Input 0.8 1.4 

B Input 0.8 1.35 

Hysteresis 

SWITCHING CHARACTERISTICS VCC = 5V, TA = 25°C 

54174 54174LS 

CL=15pF CL=15pF 
RL=4000 RL=2kO 

Cext = aopF Cext = aopF 
TEST CONDITIONS Rexl = 2kO Rext=2kO 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX 

Iw(out) A,a a,a 70 110 150 70 110 150 
Cext=O Cext=O 

Rext=2kO Rext=2kO 

20 I 30 50 15 I 25 70 
Cext=100pF Cext=100pF 
Rext=10kO Rext=10kO 

6501700 750 6001700 750 
Cext=1l'f Cext=1l'f 

Rext=10kO Rext=10kO 
6.5 7 7.5 6.0 7 7.5 

tw(in) 50 50 

tw(clear) Width of clear 20 40 

input pulse 

tsetup (clear) 15 15t 

dv/dt Rate of rise or 
fall of input 
pulse 
Schmitt,B 1 1 
Logic Input, A 1 1 

Rext External timing (54) (54) 
resistance 1.4 30 1.4 70 

(74) (74) 
1.4 40 1.4 100 

Cext External timing 0 1000 0 1000 
capacitance 

Output duty cycle 67 67 
Rext=Max RT=Max Rext 

90 90 

Propagation delay time 
tpLH Low-to-high A a 45 70 45 70 
tpHL High-to-Iow A a 50 80 50 80 

tpLH Low-tO-high a a 35 55 35 55 
tpHL High-to-Iow a a 40 65 40 65 

tPLH Low-to-high Clear a 40 65 
tpHL High-to-Iow Clear a 27 55 

Load circun and typical waveforms are shown at the front of section. 

UNIT 

V 

V 

V 

V 

UNIT 

ns 

ms 

ns 

ns 

ns 

VIs 
VljtS 

kO 

kO 
I'F 

% 

% 

ns 

Vee 
( 

Rext 

TO Cext TO RextlCext 
TERMINAL TERMINAL 

TIMING COMPONENT CONNECTIONS 

o -" 9 
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SWITCHING CHARACTERISTICS vcc = 5V,TA = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=4000 

PARAMETER MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high 15 22 ns 

tpHL High-to-Iow 15 22 

Load clrcuR and typical waveforms ara shown at the front of section. 

HYSTERESIS VS TEMPERATURE-TYPICAL VALUES 

54174 

PARAMETER -55°C +25°C 

VT+ Positive going threshold 1.5 1.7 

VT- Negative going threshold 0.6 0.9 
Hysteresis 0.4 0.8 

SPEED/PACKAGE AVAILABILITY 
54L8 F,W 74L8 B 
548 F,W 748 B 

DESCRIPTION 
These monolithic data selectors/multiplexers contain full on-chip 
binary decoding to select one-of-elght data sources and feature a 
strobe-controlled three-state output. The strobe must be at a low 
logic level to enable these devices. The three-state outputs permit 
up to 49 54L8251 and 129 74L8251 outputs to be connected to a 
common bus. When the strobe Input Is high, both outputs are In a 
high-impedance state in which both the upper and lower transistors 
of each totem-pole output are off, and the output neither drives nor 
loads the bus significantly. When the strobe is low, the outputs are 
activated and operate as standard TTL totem-pole outputs. 
To minimize the possibility that two outputs will attempt to take a 
common bus to opposite logic levels, the output control circuitry is 
designed so that the average output disable time is shorter than the 
average output enable time. 

BLOCK DIAGRAM 

=111 
W 

., 
o=~ 

" 
., 

"T-' 
~ 

,. 
=bl ~ "' r~-' ~ 

~" fI"""' \81 OU11'UTW ,- D4 (Iii 

~ 
r===' 

~ ,~ 

De (1:11 

fI-' 
IJ7 (lZJ 

~. { "" DArA" !JGI ~. 
lIELECT • 
~ 

, ~ 
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+125°C UNIT 

2 V 
1.1 V 

V 

PIN CONFIGURATION 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 A 

PIN CONFIGURATION 

I,F,W PACKAGE 

1
3 , 

2 • 
DATA 

INPUTS 1 31 

° • 
{ 

y • 

OUTPUTS 
W. 

TRUTH TABLE 

INPUTS 

SELECT STROlE 

C I A S 

X X X H 
L L L L 
L L H L 
L H L L 
L H H L 
H L L L 
H L H L 
H H L L 
H H H L 

H - high logic level. L - low logic level 
X ~ ~ralevant. Z - high impedance (off) 

OUTPUTS 

Y W 

Z Z 
DO DO 
01 01 
02 02 
03 03 
04 D4 
05 05 
06 06 
07 07 

DO. 01 ... 07 = the level of the respective 0 Input 



SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e - PAGE 212 

54174LS 54/74S 

eL=15pF CL=15pF 
TEST CONDITIONS RL=2kO RL=2800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX UNIT 

tpLH Low-to-hlgh A,B,C Y 29 45 12 18 ns 
(4 levels) 

tpHL High-to-Iow 28 45 13 19.5 

tpLH Low-to-hlgh A,B,C W 20 33 10 15 
(3 levels) 

tpHL High-to-iow 21 33 9 13.5 

tpLH Low-to-hlgh Any 0 y 17 28 8 12 

tpHL High-to-Iow 18 28 8 12 

tpLH Low-to-high Any 0 W 10 15 4.5 7 

tpHL High-to-Iow 9 15 4.5 7 

Output enable time 

tZH To high level Strobe y 17 27 13 19.5 

tZL To low level 26 40 14 21 

tZH To high level Strobe W 17 27 13 19.5 

tZL To low level 24 40 14 21 

Output disable time CL=5pf 

RL=2kD 

o -" tHZ From high level Strobe y 30 45 5.5 8.5 

tZL From low level 15 25 9 14 9 
tHZ From high level Strobe W 30 45 5.5 8.5 

tLZ From low level 15 25 9 14 
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DESCRIPTION 
Each of these Schottky-clamped data selectors/multiplexers con
tains Inverters and drivers to supply fully complementary, on-chip, 
binary decoding data selection to the AND-OR gates. Separate 
output control inputs are provided for each of the two four-line sec
tions. 

The three-state outputs can interface with anc:! drive data lines of 
bus-organized system·s. With all but one of the common outputs 
disabled (at a high-impedance state) the low-impeda~ of the sin
gle enabled output will drive the bus line to a high or low logic level. 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54/74LS 

CL=15pF 
TEST CONDITIONS RL=2k!l 

FROM TO 

54/74S 

CL=15pF 
RL=280!l 

PIN CONFIGlJRATION 

54/74LS 
BiF,W PACKAGE 

OUTPUT 
CONTROL 1 ,G 
B SELECT Z 11/',..,.-"""- OUTPUT 

16 CONTROL. 
2G 

[

3 . 
DATA 

INPUTS : 

OUTPUT ,V 

IIII,--+i-o<"iHi4l,4 A SELECT 

OUTPUT 
2Y 

PARAMETER INPUT OUTPUT MIN TVP MAX MIN TVP MAX UNIT 

Propagation delay time 
tpLH Low-to-high Data y 11 
tpHL High-to-Iow 13 

tpLH Low-to-high Select y 20 
tpHL High-to-Iow 21 

Output enable time 
tZH To high level Output y 11 

control 
tZL To low level 15 
Output disable time CL=5pf 
tHZ From high level Output y 27 

control 
tLZ From low level 12 

tpH Control y 

tpL 

tpLZ Control y 

tpHZ 

Load circuit and wave forms shown at front of section (totem pole outputs). 

BLOCK DIAGRAM 

(2) 

(14) 

(10) 

(11) 

(12) 

(13) 

STR08EZG (16) 
{ENABlEI 

214 

25 6 
20 6 

45 11.5 
32 12 

23 

23 
RL=2k 

41 

27 

6 
7 

6 

9 ns 
9 

18 
18 

13 ns 
14 

14 

54n4S 
B,F,W PACKAGE 

8 
NZ 

"iI 
tr.I!O 
m r 

}~ i 
iii 

o 
IQ ~ ~ 

c: 
-< 

5 8.5 SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS B 
54S F,W 74S B 

TRUTH TABLE 

SELECT OUTPUT 
INPUTS DATA INPUTS CONTROL OUTPUT 

B A CO C1 C2 C3 G V 

X X X X X X H Z 
L L L X X X L L 
L L H X X X L H 
L H X L X X L L 
L H X H X X L H 
H L X X L X L L 
H L X X H X L H 
H H X X X L L L 
H H X X X H L H 

Address inputs A and B are common to both sections. 
H = high level. L - low level. X = Irrelevant. Z = high impedance (off) 
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SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS B 
54S F,W 74S B 

DESCRIPTION 
This Schottky-clamped high-performance multiplexer features three-state outputs that can 
Interface directly with and drive data lines of bus-organized systems. With all but one of the 
common outputs disabled (at a high-impedance state) the low impedance of the single 
enabled output will drive the bus line to a high or low logic level. To minimize the possibility 
that two outputs will attempt to take a common bus to opposite logiC levels, the output
enable circuitry is designed such that the output disable times are shorter than the output 
enable times. 

This three-state output feature means that n-bit (paralleled) data selectors with up to 258 
sources can be implemented for data buses. It also permits the use of standard TTL regis
ters for data retention throughout the system. 

FUNCTION TABLE 

INPUTS OUTPUTY 

OUTPUT 
CONTROL SELECT A B 

H X X X Z 
L L L X L 
L L H X H 
L H X L L 
L H X H H 

H - H • high level. L = low level, X = irrelevant. Z = high impedance (off) 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

54/74LS 541748 

CL=15pF CL=15pF 
TEST CONDITIONS RL=280!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh Data Any 12 18 5 7.5 ns 

tpHL High-to-Iow 12 18 4.5 6.5 

tpLH Low-to-high Select Any 14 21 8.5 

tpHL High-to-Iow 14 21 8.5 

Output enable time 

tZH To high level Output Any 20 30 13 19.5 
control 

tZL To low level 20 30 14 21 

Output disable time CL=5pF CL=5pF 

tHZ From high level Output Any 
114 

30 
15~5 

8.5 
control 

tLZ From low level 14 25 14 

load circuit and wave forms shown at front of section (totem pole outputs). 

PIN CONFIGURATION 

B,F,W PACKAGE 

SELECT 1 

{

A 2 

INPUTS 
,. 3 

16 OUTPUT CONTAOL 

{

2A' 
INPUTS 

2. " 3A} INPUTS . 
, 3. OUTPUT 2V 7 

BLOCK DIAGRAM 

o -" 9 
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SPEED/PACKAGE AVAILABILITY FUNCTION TABLE PIN CONFIGURATION 
54L8 F.W 74L8 B 
548 F.W 748. B 

INPUTS OUTPUTY B,F,W PACKAGE 
OUTPUT 

DESCRIPTION CONTnOL SELECT A B 

H X X X Z 
L L L X H 

SELECT 1 

{

A12 

INPUTS . 
,S 3 

16 OUTPUT CONTROL 

L L H X L 
L H X L H 
L H X H L 

This .8chottky-clamped high-performance 
multiplexer features three-state outputs that 
can Interface directly with· and drive data 
lines of bus-organized systems. With ali but 
one of the common outputs disabled (at a 
high-Impedance state) the low impedance of 
the single enabled output will drive the bus 
line to a high or low logic level. To minimize 
the possibility that two outputs will attempt 
to take a common bus to opposite logic 
levels. the output-enable circuitry Is de
signed such that the output disable times 
are shorter than the output enable times. 

H = high level. L "" low level, X = irrelevant,' Z == high Imped~ OUTPUT 2V 7 

This three-state output feature means that 
n-blt (paralleled) data sel"ctors with up to 
258 sources can be implemented for data 
buses. It also permits the use of standard 
TIL registers for data retention throughout 
the system. 

ance (off) 

SWITCHING CHARACTERISTICS Vee = 5V. T A = 25°e 

54/74LS 

CL=15pF 
TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX 

Propagation delay time 

tPLH Low-tO-high Data Any 12 18 

tpHL Hlgh-to-Iow 12 18 

tpLH Low-ta-hlgh Select Any 14 21 

tpHL High-ta-Iow 14 21 

Output enable time 

tZH To high level Output Any 20 30 
control 

tZL To low level 20 30 

Output disable time CL=5pF 

tHZ From high level Output Any 14 30 

tLZ From low level control 14 25 

Load circuit and waveforms shown at front of sectIon (totem pole outputs). 
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BLOCK DIAGRAM 

~Lo."::O·I>-------'-' 
'" 
'" ,. 
'" 
111' 

". 
1141 

54174S ". 
CL=15pF '" 
RL=2800 

MIN TVP MAX UNIT 

4 6 ns 

4 6 

8 12 

7.5 12 

13 19.5 

14 21 

CL=5pF 

5.5 8.5 

9 14 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
54LS F,W 74LS A 
548 F,W 74S A A,F,W PACKAGE 

SWITCHING CHARACTERISTICS vee = 5V, T A = 25°e 

54n4LS 54n4S 

CL=15pF CL=15pF 
TEST CONDITIONS RL=2kll RL=280 

PARAMETER MIN TYP MAX MIN TYP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh 10 15 3.5 5.5 ns 

tpHL High-to-Iow 10 15 3.5 5.5 

Load circuit and typical waveforms are shown at the front of section. 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS 8 

DESCRIPTION 
These low-power Schottky circuits are designed to be used in parallel multiplication appli
cations. They perform binary multiplication In two's-complement form, two bits at a time. 

The M Inputs are for the multiplier bits and the 8 inputs are for the multiplicand. The Q 
outputs represent the partial product as a recoded base-4 number. This recodlng effec
tively reduces the Wallace-tree hardware requirements by a factor of two. 

The outputs represent partial products in one's-complement form generated as a result of 
multiplication. A Simple rounding scheme using two additional gates is needed for each 
partial product to generate two's complement. 

The leading (most significant) bit of the product is Inverted for ease In extending the sign to 
square (left justify) the partial-product bits. 

BLOCK DIAGRAM FUNCTION TABLE 
INPUTS 

LATCH 

PIN CONFIGURATION 

B,F,W PACKAGE 

LATCH 
CONTROL 3 

G 

{". . 
OUTPUTS 03 6 

0' , '" aD} 
OUTPUTS • Q, 

OUTPUTS 

CONTROL MULTIPLIER 

G M2 M1 MO G4 Q3 Q2 Q1 

L X X X Q40 Q30 Q20 Q10 
H L L L H L L L 
H L L H B4 B4 B3 B2 
H L H L B4 B4 83 82 
H L H H B4 B3 B2 81 
H H L L B4 B3 B2 B1 
H H L H B4 B4 B3 B2 
H H H L B4 B4 B3 B2 
H H H H H L L L 

QO 

QOo 
L 

B1 
81 
80 
BO 
B1 
B1 
L 

H = high level. L = low level. X = irrelevant 
040 , •. 000 = The logic level of the same output before the hlgh-to-low- transRlon of G. 
84 ... 80 - The logic level of the indicated multiplicand (b) Input. 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

FROM TO LIMITS 

PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

~ Width of enable pulse 25 ns 

tsetup Input setup time 
Any M input Q 17~ ns 
AnyB input Q 15~ ns 

tHold Input hold time 
Any M input Q O~ ns 
Any 8 input Q O~ ns 

tpLH Propagation delay time EnableG AnyQ 22 35 ns 
Low-to-high-Ieveloutput e L = 15pF, RL = 2kll 

tpHL Propagation delay time 
Hlgh-to-Iow-Ievel output 

Enable G AnyQ 20 30 ns 

tpLH Propagation delay time Any M input AnyQ 25 40 os 
Low-to-hlgh-Ievel output 

tpHL Propagation delay time Any M input AnyQ 22 35 ns 
High-to-Iow-Ievel output 

tpLH Propagation delay time Any 8 Input AnyQ 27 42 ns 
Low-to-hlgh-Ievel output 

tpHL Propagation delay time 
Hlgh-to-Iow-Ievel output 

Any 8 input AnyQ 24 37 os 

Load c~cuRs and typical waveforms are shown at the front of section. 
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TYPICAL APPLICATION DATA 
Multiplication of the numbers 26 (multiplicand) by 29 (multiplier) 
In decimal, binary, and 2-blt-at-a-tlme-blnary Is shown here:. 

DeCIMAL 

8 26 
M 29 

234 
52 

754 

BINARY 
Sign 
Bit 

011010 
011101 

o~~~~O}~artial 
011010 Products 

011010 
000000 

~110111100101 

2·BIT·AT·A·TIME BINARY 

Sign 
Bit 

011010 
(+2)(-1)(+1) 

00000011010 }3 
111100110 Partial 

0110100 Products 
------= 
01011110010 

t' I I 
Sign Product 
Bit 

. ~ I 
SI9n Product 

Bit 

Two points should be noted In the 2-bit-at-a-tlme-binary example 
above. First, In positioning the partial products beneath each 
other for final addition, each partial product is shifted two places 
to the left of the partial products above it Instead of one place as 
Is done In regular multiplication. Second, the msb of the partial 
product (the sign bH) Is extended to the sign-bit column of the 
final answer. A substantial reduction of multiplication time, cost, 
and power Is obtained by implementing a parallel partial
product-generatlon scheme using a 2-blt-at-a-time algorithm, fol
lowed by a Wallace Tree summation. 
Partlal-product-generation rules of the algorithm are: 
1. Examine two bits of multiplier M plus the next lower bit. For 

the first partial product (PP1) the next lower bit Is zero. 

24 2 3, 22, 2' 20 o! 
L..,--J 

PP3 PP2 PPl 

2. Generate partial product (PPi) as shown in the following table: 
3. Weight the partial products by indexing each two places left rela

tive to the next-less-significant product. 
4. Extend the most-significant bit of the partial product to the sign

bit place value of the final product. 

EXAMPLE OF ALGORITHM 

M = 29 = 011101 Operator B = 26 = 011010 

If' Symbol 

110 +1B 00000011010 

011 -1B 111100110 
+2B 0110100 

The summation of these partial products was shown in the 2-blt-at
a-time binary multiplication example above. 
The 54/74LS261 generates partial products according to this algo
rithm with two exceptions: 
1. The one's complement is generated for the cases requiring the 

two's complement. The two's complement can be obtained by 
adding one to the one's complement; this rounding can be done 
by using one NAND gate and one AND gate as shown in Figure 
B. 

2. The most-significant bit is complemented to reduce the hardware 
required to extend the sign bit. This extension can be accom
plished by adding a hard-wired logic 1 in bit position 221+15 of 
each partial product and also in bit position 216 of the first partial 
product (PP1). 

MUL TIPLER BITS 
FROM STEP 1 

:PI-1 z2I-2 
0 
0 
0 
0 
1 

1 

1 

1 

LATCH 
CONTROL 

0 
0 
1 
1 
0 

0 

1 

1 

221-3 

0 
1 
0 
1 
0 

1 

0 

1 

OPERATOR TO OBTAIN 
SYMBOL PARTIAL PRODUCT 

0 Replace multiplacand by zero 
+1B Copy multiplicand 
+1B Copy multiplicand 
+28 Shift multiplicand left one bit 
-2B Shift two's complement of 

multiplicand left one bit 
-1B Replace multiplicand by 

two's complement 
-1B Replace multiplicand by 

two's complement 
0 Replace multiplicand by zero 

FIGURE A-FIRST PARTIAL PRODUCT, PP1 

~"'" 
CONTROL 

, 
19 JNPUTS TOWALLACE TREE 

FIGURE B-OTHER PARTIAL PRODUCTS, PPi 

IRIIlIIeS 219 
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12" 

1 2" 

, 2" 

, ". 

FIGURE C - MANIPU.LATION OF PARTIAL PRODUCTS FOR 
ENTRY INTO WALLACE TREE 

SPEED/PACKAGE AVAILABILITY 
54LS F.W 74LS A 

DESCRIPTION 
The 54174LS266 Is comprised of four inde
pendent 2-lnput exclusive-NOR gates with 
open-collector outputs. The open-collector 
outputs permit tying outputs together for 
multiple-bit comparisons. 

SWITCHING CHARACTERISTICS Vee = 5V. T A = 25°e 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH Aor B Other Input low 
tpHL 
tpLH 
tpHL 

AorB Other input high 

*tpLH - propagation delay time. low-to-high-level output 
tpHL = propagation delay time. high-to-Iow-Ieval output 

Load eireu" and waveforms are shown at the front of the book. 

FUNCTION TABLE 
INPUTS OUTPUT 

A B Y 

L L H 
L H L 
H L L 
H H H 

H - high level. L = low level 

e L = 15pF. 

RL = 2k!l 

MIN 

In general. the 4 x 2 bit 54174L$261 can be expanded for use In 4m 
x 2n bit multipliers. Partlal~product generation uses m x n 
54174LS261s. m x n + 16 54174LSOOs. and m x n + 16 
54174LS06s. The sIZe of the Wallace Tree and ALU requirements 
vary depending on the sIZe of. the problem. The count for the 16 x 
16 bit multiplier Is: 

32 S54LS261/N74LS261 
2 S54LSOO/N74LSOO 
2 S54LS08/N74LS08 

58 54H183174H183* 
7 S54LS181/N74LS181 
2 S54LS1821N74LS182* 

·Not currenUy avanabie from Signetics. 

PIN CONFIGURATION 

A,F,W PACKAGE 

LIMITS 

TVP MAX UNIT 

18 30 
18 30 ns 

18 30 
18 30 ns 
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SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

TRUTH TABLE 

S· 

H 
L 
H 
L 

H - high leVel 
L-Iow leVel 

INPUTS 

R 

H 
H 
L 
L 

OUTPUT 

Q 

QO 
H 
L 

H1 

Co-the level of C before these input conditions were estab
lished 

-For latches with double 5 inputs; 
H = both 5 Inputs high 
L ... one or both S inputs low 

'This outJ!Ut Is JlS8udo-stable; that is, It may not persist 
when the S and A inputs return to their inactive (H) level. 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

54n4 

CL=15pF 
TEST CONDITIONS RL=400 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high S 12 22 ns 
tpHL High-to-Iow 9 15 
tpHL High-to-iow R 15 27 

Load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
548 F,W 748 A 

SWITCHING CHARACTERISTICS Vee = 5V, T A = 25°e 

54n4S 

CL=15pF 
TEST CONDITIONS RL=180{l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-hlgh Data E Even 14 21 ns 
tpHL High-to-Iow 11.5 18 
tpLH Low-to-hlgh Data EOdd 14 21 
tpHL High-to-iow 11.5 18 

Load circuit and typical waveforms are shown at the front of section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

Vee 4S 4R 4Q 3S2 :lS1 3R 3Q 

1R 181 152 1Q 2R 25 2Q GND 

o -" 9 

PIN CONFIGURATION 

A,F,W PACKAGE 

'NPUTS { 

INPUT I 4 
INPUTS 

OUT- {EV~N 5 
PUTS 1: 

000 

GND 1 

TRUTH TABLE 

NUMBER OF INPUTS 
OUTPUTS 

ATHRUI 
THAT ARE HIGH EEVEN EODD 

0,2,4,6,8 H L 
1,3,5,7,9 L H 

H-hlgh level L=low level 
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BLOCK DIAGRAM 

SPEEDIPACKAGE AVAILABILITY 
54LS F.W 74LS B 

DESCRIPTION 
This Improved full adder performs the addition of two 4-blt binary numbers. The sum (l:) 
outputs are provided for each bit and the. resultant carry (C4) Is. obtained from the fourth 
bit. This adder features full Internal look ahead across all four bits generating the carry 
term In ten nanoseconds typically. This provides the system deSigner with partial look
ahead performance at the economy and reduced package count of a ripple-carry imple
mentation. 

The adder logic. including the carry. Is Implemented in its true form meaning that the end
around carry can be accomplished without the need for logic or level inversion. 

SWITCHING CHARACTERISTICS Vcc = 5V. TA = 25°C 

FROM TO 
PARAMETER* (INPUT) (OUTPUT) TEST CONDITIONS 

tpLH CO Any l: 
tpHL 

tpLH AI or Bi l:1 
tpHL 

tpLH 
tpHL 

CO C4 

tpLH AlorBi C4 
tpHL 

*tPLH - propagation delay time. low-t<rhlgh-Ievel output 
tpHL - propagation delay time. high-t<rlow-Ievel output 

Load circuit and waveforms are shown at the front of the book. 
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CL = 15pF. 

RL = 2kU 

LIMITS 

MIN TVP MAX UNIT 

16 24 
15 24 ns 

15 24 
15 24 ns 

11 17 
11 17 

ns 

11 17 
12 17 ns 

PIN CONFIGURATION 

8,F,W PACKAGE 

BLOCK DIAGRAM 



TRUTH TABLE 
OUTPUT 

WHEN WHEN 
INPUT CO=L CO=H 

WHEN WHEN 
C2=L C2=H 

Al Bl A2 B2 2:1 2:2 C2 2:1 2:2 C2 

A3 B3 A4 B4 2:3 2:4 C4 2:3 2:4 C4 

L L L L L L L H L L 
H L L L H L L L H L 
L H L L H L L L H L 
H H L L L H L H H L 
L L H L L H L H H L 
H L H L H H L L L H 
L H H L H H L L L H 
H H H L L L H H L H 
L L L H L H L H H L 
H L L H H H L L L H 
L H L H H H L L L H 
H H L H L L H H L H 
L L H H L L H H L H 
H L H H H L H L H H 
L H H H H L H L H H 
H H H H L H H H H H 

H = high level. L .' low level 

NOTE: Inpul condRions at AI. B 1. A. B2. and CO are used 
to determine outputs 2:1 and 2:2 and the value of the 
Internal carry C2. The values at C2. A3. B3. A4. and 
B4. are then used to determine outputs 1:3. 1:4. and 
C4. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

DESCRIPTION 
This monolithic counter contains four master-slave flip-flops and additional gating to pro
vide a dlvide-by-two counter and a three-stage binary counter for which the count cycle 
length is divide-by-five. 

The 54174LS290 has a gated zero reset and has gated set-to-nlne Inputs for use In BCD 
nine's complement applications. 

To use the maximum count length (decade or four-bit binary) of these counters, the B input 
Is connected to the aA output. The Input count pulses are applied to input A and the out
puts are as described in the function table. A symmetrical divlde-by-ten count can be 
obtained by connecting the aD output to the A input and applying the input count to the B 
Input which gives a dlvlde-by-ten square wave at output aA. 

o -" 9 
PIN CONFIGURATION 

A,F,W PACKAGE 

Rg(1) 1 

{
ac • 

a. 
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BCD COUNT SEQUENCE 
(S .. NoleA) 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

COUNT 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

OUTPUT 

QD QC QB 

L L L 
L L L 
L L H 
L L H 
L H L 
L H L 
L H H 
L H H 
H L L 
H L L 

BI-QUINARY (5-2) 
(S .. NoleB) 

OUTPUT 

QA QD QC 

L L L 
L L L 
L L H 
L L H 
L H L 
H L L 
H L L 
H L H 
H L H 
H H L 

QA 

L 
H 
L 
H 
L 
H 
L 
H 
L 
H 

QB 

L 
H 
L 
H 
L 
L 
H 
L 
H 
L 

RESET/COUNT FUNCnON TABLE 

RESET INPUTS OUTPUT 

Ro(1) Ro(2) Rg(1) Rg(2) QD QC QB QA 

H H L X L L L L 
H H X L L L L L 
X X H H H L L H 
X L X L COUNT 
L X L X COUNT 
L X X L COUNT 
X L L X COUNT 

NOTES: 
A. Output QA Is connected to Input B for BCD count. 
B. OUtput QD Is connected to Input A for bl-quinary count. 
C. OUtput QA Is connected to Input B. 
D. H - high level. L - low level. X a Irrelevant 

BLOCK DIAGRAM 

The J and K Inputs shown w~hout connection are for refer
ence only and are functionally at a high level. 

SWITCHING CHARACTERISTICS VCC = 5V. TA = 25°C 

FROM TO LIMITS 

PARAMETER* (INPUT) (OUTPUT) TEST CONDITIONS MIN TYP MAX UNIT 

fCount A QA 32 42 MHz 
e Qe 16 

tw Input pulse width 
A Q 15 ns 
e Q 30 ns 

Reset Q 15 ns 

tSetup Input setup time 25l ns 

Propagation delay time 

tpLH Low-ta-hlgh level 
A QA 

10 16 

tpHL Hlgl1-to-low level CL = 15pF. 12 18 
ns 

tpLH Low-to-hlgh level 
A QD RL = 2kO 32 48 

tpHL Hlgh-to-Iow level 34 50 
ns 

tpLH Low-to~hlgh level 
e Qe 

10 16 
tpHL · High-to-iow level 14 21 

ns 

tpLH Low-to-high level 
e QC 

21 32 

tpHL Hlgh-to-Iow level 23 35 
ns 

tpLH Low-to-hlgh level 
e 110 

21 32 
tpHL High-to-Iow level 23 35 

ns 

Set-to-O Any 
tpHL High-to-Iow level 26 40 ns 

tpLH Low-ta-high level 
Set-to-9 QA.QO 20 30 

tpHL Hlgh-to-Iow level Qe.Qc 26 40 
ns 

tpLH = low-to-hlgh-I .... I output 
tpHL = hlgh-to-tOW-I .... 1 output 
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PARAMETER MEASUREMENT INFORMATION 
-- - - - --- -----3V 

RESET TO 
9 INPUTS 

(See Note AI ~--------~~~2---------------i~~------------W tsetup---+i 

- - - - - - - - - - - -3V 
RESET TO 
o INPUTS 

(See NoteAI--+----J ~--~~I~------------~2,2~----------w 

CLOCK A Vref 
INPUT __ +-___ ~---J '-----oV 

~I~_I-",,- - -VOH 

OUTPUTOA 
AND --+-..11 

CLOCK B INPUT 

OUTPUTOB--+_ 
(See Note BI 

OUTPUT ac--+_ 
(See Note BI 

Vref 

tpLH Measure at tn+61+---'--'-I_---~il--.J:::==:12 

OUTPUTOD 

VOLTAGE WAVEFORMS 
NOTES: 
A. Input pulses are supplied by a generator having the following characteristics: tr :S 15ns, tr :S 5ns, PRR ~ 1 MHz, duty cycle = 50 %, lout ~ .50 ohms. 

B. CL includes probe and jig capacitance. 
C. All diodes are 1 N916 or 1N3064. 
D. Each rese1 input is tested separately with the other re .. t at 4.5V. 
E. Reference waveforms are shown with dashed lines, 
F. Vre! = 1.3V. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

DESCRIPTION 
This monolithic counter contains four master-slave flip-flops and a gated zero reset to pro= 
vide a dlvide-by-two counter and a three-stage binary counter for which the count cycle 
length is divlde-by-eight. 
To use the maximum count length (decade or four-bit binary) of this counter, the B input is 
connected to the QA output. The input count pulses are applied to input A and the outputs 
are as described in the function table. 

PIN CONFIGURATION 

A,F,W PACKAGE 

-Gc • 
OUTPUTS 

a •• 

• a A} 

• aD 

o -" 9 

OUTPUTS 
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SWITCHING CHARACTERISTICS vcc = 5V, TA = 25°C 

FROM TO 
PARAMETER* (INPUT) (OUTPUT) 

fCount A QA 
B QB 

\v Input pulse width A Q 
B Q 

Reset Q 

tSetup Input setup time 

tpLH A QA 
tpHL 

tpLH 
tpHL 

A Qo 

tpLH 
tpHL 

B QB 

tpLH 
tpHL 

B QC 

tpLH B Qo 
tpHL 

tpHL Set-to-O Any 

*fmax ... maximum count frequency 
tpLH - propagation delay time, low-to-hlgh-Ievel output 
tpHL ~ propagation d.lay time, high-to-Iow-Ievel output 

TEST 
CONDmONS 

CL = 15pF, 

RL = 400n 

PARAMETER MEASUREMENT INFORMATION 

RESETTQ9 
INPUTS 

!SeeNotesA) 

RESET TO 0 

LIMITS 

MIN' TYP MAX 

32 42 
16 

15 
30 
15 

25-1 

10 16 
12 18 

46 70 
46 70 

10 16 
14 21 

21 32 
23 35 

34 51 
34 51 

26 40 

INPUTS 
ISeeNotesAI_+-_-'1 1'----+-.. ,..------ ______ ov 

NOTES: 

CLOCK A 
INPUTS 

OUTPUTQA 
AND 

CLOCK B 
INPUT 

OUTPUTQa 
(See Notes Bl 

OUTPUTOc 
ISeaNotesB) 

OUTPUTQO 

VOLTAGE WAVEFORMS 

VOLTAGE WAVEFORMS 

UNIT 

MHz 

ns 
ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

A. Input pulses are supplied by a generator having the following characteristics: tr :S 15 ns, tf:S 5 ns, PRR - 1 MHz, duty cy-
cl. = 50 %, Zout .. 50 ohms. 

~: ~~ ~=:~~~~~!I~~~~:tance. 
D. Each rose! Input is tested separately with the other reset at 4.5 V. 
E. Reference waveforms are shown with dashed lines. 
F. Vref = 1.3 V. 
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COUNT SEQUENCE 
1! .. NoteC) , 

OUTPUT 

COUNT QD QC QB QA 

0 L L L L 
1 L L L H 
2 L L H L 
3 L L H H 
4 L H L L 
5 L H L H 
6 L H H L 
7 L H H H 
8 H L L L 
9 H L L H 
10 H L H L 
11 H L H H 
12 H H L L 
13 H H L H 
14 H H H L 
15 H H H H 

RESET/COUNT FUNCnON TABLE 

RESET INPUTS OUTPUT 

Ro(1) Ro(2) QD QC QB QA 

H H L L L L 
L X COUNT 
X L COUNT 

NOTES: 
A. OUtput QA Is connected to Input B for BCD count. 
B. Output QD is connected to Input A .for bl-quinary count. 
C. OUtput QA Is connecfed to Input B. 
D. H = high level, L = low level, X = irrelevant 

BLOCK DIAGRAM 

INPUT A .. '.:::10 .... ' ___ --<II> 

INPUTS .. '.:.:",-' ----t-<'I> 

Rom ..;.":.:::2'_~, 
RO(2J -"-"-,--" 

The J and K Inputs shown without connection aro for refer
ence only and are functionally at a high level. 



DESCRIPTION 
These 4-blt registers feature parallel inputs, parallel outputs, and clock, serial, mode, and 
output control inputs. The registers have three modes of operation: 

Parallel (broadside) load 
Shift right (the direction QA toward QD) 
Shift left (the direction QD toward QA) 

Parallel loading Is accomplished by applying the four bits of data and taking the mode con
trol input high. The data Is loaded Into the associated flip-flops and appears at the outputs 
after the hlgh-to-Iow transition of the clock input. During parallel loading, the entry of serial 
data Is Inhibited. 

Shift right Is accomplished when the mode control Is low; shift left is accomplished when 
the mode control is high by connecting the output of each flip-flop to the parallel input of 
the previous flip-flop (QD to Input C, etc.) and serial data is entered at input D. 

PIN CONFIGURATION 

A,F,W PACKAGE 

SERIAL 
INPUT 1 

MODE 
CONTROL fi 

When the output control is high, the normal logic levels of the four outputs are available for 
driving the loads or bus lines. The outputs are disabled Independently from the level of the 
clock by a low logic level at the output control Input. The outputs then present a high 
Impedance and neither load nor drive the bus line; however, sequential operation of the 
registers is not affected. 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS A 

BLOCK DIAGRAM 

FUNCTION TABLE 

INPUTS 

MODE PARALLEL 

CONTROL CLOCK SERIAL A B C D QA 

H H X X X X X QAO 

H ~ X a b c d a 

H ~ X QBt Qct QDt d QBn 

L H X X X X X QAO 

L l H X X X X H 

L l L X X X X L 

When the output control is low. the outputs are disabled to the high impedance state.1towever. sequential operation of the registers is not affected. 

tShifting left requires external connection of Os to A. 0e to B. and 00 to e. Serial data is entered at Input O. 
H = high level (steady state). L = low levei (steady state). X = irrelevant (any input. including transijions) 
I = transition from high to low level. 
a, b. c, d "" the level of steady state input at Inputs A, S, C, or D. respectively. 
0AO' 0SO. 0eo. 000 = the ievel of 0A' 0e or 00' respectively. before the indicated steady state Input conditions were established. 
0An' 0Sn. 0en' 00n = the levei of 0A' 0B: 0e. or 00' respectively. before the most recent I transition of the ciock. 

OUTPUTS 

QB QC 

QBO QCO 

b c 

QCn QDn 

QBO QCO 

QAn QBn 

QAn QBn 

QD 

QDO 

d 

d 

QDO 

QCn 

QCn 
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SWITCHING CHARACTERISTICSvCC = 5V, TA = 25°C 

PARAMETER 

fClock Clock frequency 

tw(CIOCk) Width of clock pulse 

tSetup Input setup time, high or low level 

tHold Input hold time, high or low level 

tpLH Propagation delay time, low-to-high-Ievel output 

tpHL Propagation delay time, high-to-Iow-Ievel output 

tZH Output enable time to high level 

tZL Output enable time to low level 

tHZ Output disable time from high level 

tLZ Output disable time from low level 

Load circuh and waveforms are shown at the front of the book. 

SPEED/PACKAGE AVAILABILITY 
54 F,W 74 B 

SWITCHING CHARACTERISTICS Vce = 5V, T A = 25°C 

54174 

CL=15pF 
TEST CONDITIONS RL=400 

PARAMETER MIN TYP MAX UNIT 

tw Width of Input pulse 20 ns 

tsetup Input setup.tlme 
Data 15 ns 
Word select 25 

tHold Input hold time 
Data 5 ns 
Word select 0 

Propagation delay time 

tpLH Low-to-hlgh 18 27 ns 

tpHL Hlgh-ta-Iow 21 32 

Load circuit and typical waveforms are shown at the front of section. 

LIMITS 

TEST CONDITIONS MIN TYP MAX 

20 28 

25 

20l 

20l 

CL = 15pF, 40 32 

RL = 2kn 47 36 

15 25 

21 30 

39 60 

32 50 

PIN CONFIGURATION 

TRUTH TABLE 

INPUTS 

WORD 
SELECT CLOCK 

L l 
H l 
X H 

H = high level (steedy state) 
L ~ low level (steedy state) 

QA 

A1 
A2 

QAO 

X ~ Irrelevant (any Input, InclUding transitions) 
I ~ transition from high to low level 

B,F,W PACKAGE 

OUTPUTS 

QB QC 

B1 C1 
B2 C2 

QBO Qeo 

UNIT 

MHz 

ns 

ils 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

QD 

01 
02 

QDO 

At, A2, etc. = the level 01 "eedy-statelnpUl at At, A2, etc. , 
0AO, 0eo, etc. R the level of 0A' 0B' etc. entered on the last i transition of the clock Input. 
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BLOCK DIAGRAM 

(31 
Alo-----, 

A2 
(21 

(41 
Bl 

(11 
B2 

191 
Cl 

(51 
C2 

171 
01 

02 
(61 

(111 

CLOCK 

SPEED/PACKAGE AVAILABILITY 
AND ELECTRICAL 
CHARACTERISTICS 
Refer to Bipolar Memory Section 

TRUTH TABLE 

DOUT 

MODE CE· WE DIN 54n4S301 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 
WRITE "1" 0 0 1 1 

DISABLED 1 X X 1 

• "0" = all CE Inputs low; "1" "" one or more CE inputs high. 
X == don't care. 

o -" 9 
BLOCK DIAGRAM PIN CONFIGURATION 

B,FPACKAGE 
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SPEED/PACKAQE AVAILABILITY 
54LS F,W 74LS A 

SWITCHING CHARACTERISTICS Vcc = 5V, TA = 25°C 

FROM 
PARAMETER* (INPUT) TEST CONDITIONS 

tpLH 
tpHL 

Aor B Other input low CL = 15pF, 

tpLH RL = 2kll 

tpHL Aor B Other input high 

*tpLH = propegation delay ti 

SPEED/PACKAGE AVAILABILITY 
54LS F,W 74LS B 

DESCRIPTION 

FUNCTION TABLE 
(EACH GATE) 

INPUTS 

A B 

L L 
L H 
H L 
H H 

H = high level 
L ~ lowle.ol 

OUTPUT 

L 
H 
H 
L 

LIMITS 

MIN TVP MAX UNIT 

10 23 
10 17 ns 

10 30 
10 22 ns 

The S54LS670 and N74LS670 MSI 16-blt TTL register files Incorporate the equivalent of 98 
gates. The register file Is organized as 4 words of 4 bits each and separate on-chip decod
Ing Is provided for addressing the four word locations to either write-In or retrieve data. 
This permits simultaneous writing Into one location and reading from another word loca
tion. 
Four data inputs are available which are used to supply the 4-blt word to be stored. Loca
tion of the word Is determined by the write-address inputs A and B in conjunction with a 
write-enable signal. Data applied at the inputs should be in Its true form. That Is, If a high
level signal Is desired from the output, a high-level Is applied at the data input for that par
ticular bit location. The latch inputs are arranged so that new data will be accepted. only if 
both internal address gate Inputs are high. When this condition exists, data at the D input is 
transferred to the latch output. When the write-enable input, GW, is high, the data inputs 
are Inhibited and their levels can cause no change in the information stored In the Internal 
latches. When the read-enable Input, GR, is high, the data Qutputs are Inhibited and go into 
the hlgh-Impedanca state. 
The Individual address lines permit direct acquisition of data stored in any four of the 
latches. Four Individual decoding gates are used to complete the address for reading a 
word. When the read address is made In conjunction with the read-enable Signal, the word 
appeaars at the four outputs. 
This arrangement-data-entry addressing separate from data-read addressing and individ
ual sense line-eliminates recovery times, permits simultaneous reading and writing, and Is 
limited In speed only by the write time (27 nanoseconds typical). The register file has a 
nondestructive readout in that data Is not lost when addressed . 
. All Inputs except read enable and write enable are buffered to lower the drive requirements 
to one Series 54LS/74LS standard load, and input-clamping diodes minimize switching 
tranSients to simplify system design. High-speed, double-ended AND-OR-INVERT gates are 
employed for the read-address function and have hlgh-sink-current, three-state outputs. Up 
to 128 of these outpu~s may be wire-AND connected for increasing the capacity up to 512 
words. Any number of these registers may be paralleled to provide n-blt word length. 

~30 

PIN CONFIGURATION 

A,F,W PACKAGE 

POSITIVE LOGIC: Y = A Ell 8 = A8 + A1!i 

PIN CONFIGURATION 

B,F,W PACKAGE 

iO' , 

DATA 03 2 

04 , 

REAO"{RB • 
SELECT 

RA , 

{
<l4 • 

OUTPUTS 
Q3 , 

" WA} WAITE-

SELECT 
13 WB . 

" WRIT'} 
ENABLE 

11 READ 

"Q, } 
OUTPUTS 

• Q2 



WRITE FUNCTION TABLE 
(See Notes A, B and C) 

FUNCTIONAL BLOCK DIAGRAM 

WRITE 
INPUTS WORD 

WB WAGW 0 1 2 

L L L 0=0 00 00 

L H L 00 0=0 00 

H L L 0 0 00 0=0 

H H L 0 0 0 0 00 

X X H 00 00 00 

READ FUNCTION TABLE 
(See Notes A and 0) 

READ 
INPUTS OUTPUTS 

RB RA GR Q1 Q2 Q3 

3 

0 0 

00 

00 

0=0 

00 

Q4 

DATA 
INPUTS 

I 
L L L WOB1 WOB2 WOB3 WOB4 

L,b'---D" ~---+++----,-----t::J::!=:;::=~====rtii::tD 
L H L W1B1 W1B2 W1B3 W1B4 

H L L W2B1 W2B2 W2B3 W2B4 

H H L W3B1 W3B2 W3B3 W3B4 

X X H Z Z Z Z 

NOTES: 
A. H ~ high level, L ~ low level, X ~ irrelevant, Z ~ high 

impedance (off). 
B. (0 ~ D) ~ The four selected internal flip-flop outputs will 

assume the Inverse of the states appJled to the four exter
nal data Inputs. 

C. 0 0 ~ the level of 0 before the Indicated input oonditions 
were established. 

D. WOB 1 ~ The first bit of word 0, etc. 

PARAMETER MEASUREMENT INFORMATION 

DATA INPUT 
D1. 02, 03, Qr D4 
(See Note AI 

WRITE-ENABLE 
INPUTGW 

READ-5ELECT 

-:-________ ov 

,-______________ w 

__ ~,~~~---------3V 

::'UJ!\j' Ra _______ ..J 1"------oV 

OUTPUT 
Q1, 02, 03, or Q4 

VOLTAGE WAVEFORMS (S1 AND S2 ARE CLOSED) 
NOTES: 
A. High-level Input pulses at the select and data inputs are Illustrated; however, times asso

ciated with low-level pulses are measured from the same reference pOints. 
B. When measuring delay times from a read-select input, the read-enable Input Is low. 
C. Input waveforms are supplied by generators having the following characteristics: PRR :S 2 

MHz, Zout ~ 50 II, duty cycle:S 50%, tr:S 15 ns, tr:S 6 ns. 

DATA INPUT 
D1, 02. 03,. or D4 

WRITE· ENABLE 
INPUT Gw 

OUTPUT 
Ql.Cl2.Q3,orQ4 

,-----~------------- 3V 

~ ___________ oV 

~-~----OV 
tp"L 

1.3V 

'----VOL 

VOLTAGE WAVEFORM 1 (S1 AND S2 ARE CLOSED) 

,---------- 3V 
DATA INPUT 
01, D2. 00, or D4 

WRITE·ENABLE 
INPUTGw 

OUTPUT 
Q1, 02, 03, or 04 

'-_____ OV 

r--- 3V 

1.3V 

VOLTAGE WAVEFORM 2 (S1 AND S2 ARE CLOSED) 

NOTES: 
A. Each select address i. tested. Prior to the stan of each of the above tests both w~te and 

read address Inputs are stabilized with WA - RA and We = RB' During the test GR is low. 
B. Input waveform. are supplied by generator. having the following characte~.tics: PRR :S 1 

MHz, Zout ~ 50 II, duty cycle:S 50%, tr S 15 ns, tr S 6 ns. 
Load clrcun·1s shown at front of book (for three state outputs). 
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SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

FROM TO UMITS 

PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS MIN TVP MAX UNIT 

tw Width of wrlte-enable or 
read-enable pulse 25 ns 

tSetup Input setup time 
(See fig. 2) Data Input Wrlte-enable 10 

ns 
Write-select Wrlte-enable 15 

tHold Input hold time 
(See note 2 & fig. 2) Data input Write-enable 15 

Write-select Write-enable' 5 
ns 

tLatch Latch time for new data 
(Note 3) 25 ns 

Propagation delay time 

tpLH Low-to-hlgh 
Read select AnyQ 

23 40 
ns 

tpHL Hlgh-to-Iow 25 45 

tpLH Low-to-hlgh 
Write enable AnyQ e L = 15pF, RL = 2kO 26 45 

tpHL Hlgh-to-Iow 28 50 
ns 

tpLH Low-to-high 
Data AnyQ 

25 45 

tpHL High-to-Iow 23 40 
ns 

tZH Output enable time 
to high level 15 35 

tZL Output enable time ns 

to low level AnyQ 
22 40 

tHZ Output disable time 
Read enable from high level 30 50 

tLZ Output disable time ns 

from low level 16 35 

NOTES: 
1. Vottage values are with respect to network ground terminal. 
2. Wrlte-select setup time will protect the data written Into the previous address. If protection of data In the previous address is not requlrea. tSetup(wl can be Ignored as any address selection 

sustained for the flnal 30 ns of the wrlt<HInable pulse and during tHOId(w) will result in data being written into that location. Depending on tha duration of the Input conditions. one or a num
ber of previous addressee may have been written Into. 

3. Latch time is the time· allowed for the intemal output of tha latch to assume the state of new data. See Agure 2. This Is Important only when attempting to read from a location immediately 
after that location has received new data. 

SPEED/PACKAGE AVAILABILITY 
S9300 F,W N9300 B 

TRUTH TABLE 

J K Qatl 

L L L 
L H Q at t (no change) 
H L Q at t (toggles) 
H H H 

~ - High. MR - High. (n + 1) Indicates state after naxt 
clock. 

232 

PIN CONFIGURATION 

a,F,W PACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V, T A = 25°C 

9300 

TEST CONDITIONS CL=15pf 

PARAMETER MIN TVP 

tPD+ Turn off delay 20 

tpD_ Turn on delay 25 

fSR Shift right register 15 25 
CPpw Clock pulse width 35 15 

ts Setup time 35 17 

tr Release time 16 

ts(PE) Setup time for PE 45 26 

tr(PE) Release time for 25 
PE 

tPD_(MR)Reset time for 35 
MR 

tree (~)Recovery time 20 
for MR 

~Rpw Min reset pulse width 15 

NOTE: 
For electrical specifications, refer to 54/74195 data sheet. 
Load circuit and typical waveforms shown in 54/74195 .. ctlon. 

SPEED/PACKAGE AVAILABILITY 
S9301 F,W N9301 B 

TRUTH TABLE 

Ao A1 A2 A3 0 1 2 3 
L L L L L H H H 
H L L L H L H H 
L H L L H H L H 
H H L L H H H L 
L L H L H H H H 
H L H L H H H H 
L H H L H H H H 
H H H L H H H H 
L L L H H H H H 
H L L H H H H H 
L H L H H H H H 
H H L H H H H H 
L L H H H H H H 
H L H H H H H H 
L H H H H H H H 
H H H H H H H ·H 

NOTES: 
For electrical characteristics, refer to 8252 data sheet. 
H - High voltage level 
L _ Low voltage level 

4 
H 
H 
H 
!'I 
L 
H 
H 
H 
H 

!"I 
H 
H 
H 
H 
H 
H 

5 

H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

8 

H 
H 
H 
H 
H 
H 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 

MAX UNIT 

35 ns 

45 ns 

MHz 

ns 

ns 

0 ns 
ns 

10 ns 

ns 

ns 

ns 

7 8 9 

H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 
L H H 
H L H 
H H L 
H H H 
H H H 
H H H 
H H H 
H H H 
H H H 

IBDD •• 

o -" PIN CONFIGURATION 9 
B,F,W PACKAGE 

LOGIC DIAGRAM 

O· .. P1NNUMBER 
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SPEED/PACKAGE AVAILABILITY 
89309 F.W N9309 B.F 

TRUTH TABLE 

SELECT INPUTS 

So S1 

L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 

So 81 

L L 
L L 
H L 
H L 
L H 
L H 
H H 
H H 

L • low voltage level 
H - high voltage level 
X - either high or low logic level 

INPUTS 

AO A1 A2 

L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

So a1 B2 
L X X 
H X X 
X L X 
X H X 
X X L 
X X H 
X X X 
X X X 

OUTPUTS 

A3 FA FA 

X L H 
X H L 
X L H 
X H L 
X L H 
X H L 
L L H 
H H L 

~ Fa Fa 

X L H 
X H L 
X L H 
X H L 
X L H 
X H L 
L L H 
H H L 

PIN· CONFIGURATION 

a,F,W PACKAGE 

MUL TIPLE>IlER OUTPUT Fa 1 

COMPLEMENTARY 

MULTIPLEXER OUTPUT FB 2 

COMMON SELECT INPUTS 51 3 

{

BO' 

., 
MULTIPLEXER INPUTS 

·2 

·3 

1(, FA MUL.TIPL.EXER"OUTPUT 

COMPLEMENTARY 

14 FA MULTIPL.EXER OUTPUT 

13 So COMMON SELECT INPUT 

" AO} 
11 A1 

MUL.TlPLEXER INPUTS 

10 A2 

, A3 

SWITCHING CHARACTERISTICS Vee = 5V. TA = 25°e 

. TEST CONDITIONS 

FROM TO 
PARAMETER INPUT OUTPUT 

tPD+ Turn off delay I 80 Za 

tPD_ Turn on delay 

load circuit and typical waveforms are shown at the front of section. 

SPEED/PACKAGE AVAILABILITY 
89312 F.W N9312 B.F 
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9309 
CL=15pF 

MIN TYP MAX UNIT 

24 32 ns 

or 

24 36 
24 32 ns 

or 

24 36 

PIN CONFIGURATION 

MULTIPLEXER 

INPUTS 

ItgDDhel 

GND a 

a,F,W PACKAGE 

15 Z MUL TlPLEXEA OUTPUT 

:: :JM~~T~:~~~:~~~~;UT 
12 51 SELECT INPUTS 

11 So 

10 E ENABLE (ACTIVE LOW) INPUT 

9 17 MULTIPLEXER INPUT 



TRUTH TABLE 

E S2 S1 So 

H X X 
L L L 
L L L 
L L L 
L L L 
L L H 
L L H 
L L H 
L L H 
L H L 
L H L 
L H L 
L H L 
L H H 
L H H 
L H H 
L H H 

H • high voltage level 
L = low voltage level 

X 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 
L 
L 
H 
H 

10 

X 
L 
H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X • level does not affect output. 

11 12 13 14 

X X X X 
X X X X 
X X X X 
L X X X 
H X X X 
X L X X 
X H X X 
X X L X 
X X H X 
X X X L 
X X X H 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 
X X X X 

SPEED/PACKAGE AVAILABILITY 
59324 F,W N9324 B,F 

LOGIC DIAGRAM 

IS Ie 17 

X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
X X X 
L X X 
H X X 
X L X 
X H X 
X X L 
X X H 

Z Z 

H L 
H L 
L H 
H L 
L H 
H L 
L H 
H L 
L H 
H L 
L H 
H L 
L H 
H L 
L H 
H L 
L H 

LOGIC DIAGRAM 

" 

@ 
"O:::-J>o-,-<JI>--+--+-++--It-t---j,-+-++--++----t#----, 

, , 

PIN CONFIGURATION 

B,F,W PACKAGE 

SWITCHING CHARACTERISTICS Vee = 5V, TA = 25°e 

9324 
CL=1SpF 

TEST CONDITIONS RL=400!l 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-high A2 A>B 23 28 ns 

tpHL High-to-Iow 19 23 

tpLH Low-to-high A2 A=B 40 45 

tPHL High-to-iow 35 42 

tpLH Low-to-high A2 A<B 29 37 

tpHL High-to-iow 24 29 

tPLH Low-to-high E A=B 12 17 

tpHL High-to-iow 10 16 

Load Circuit and typical waveforms are shown at the front of section, 

IRnDlilB 

o -" 9 
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TRUTH TABLE 

E A'I By 

H X X 
L Word A=Word B 
L Word A> Word B 
L Word B.> Word A 

H - high voRago level 
L - low voltago lovel 
X - oRhor high or low voltago leval 

A<B 

L 
L 
L 
H 

SPEED/PACKAGE AVAILABILITY 
89334 F,W N9334 B 

TRUTH TABLE 

A>B A=B 

L L 
L H 
H L 
L L 

PRESENT OUTPUT STATES 

C E D Act A1 A2 

L H X X X 
L L L L L 
L L .H L L 
L L L H L 
L L H H L 
L L H H H 

H H X X X 

H L L L L 
H L H L L 
H L L H L 
H L H H L 
H L L H H 
H L H H H 

x ~ don't caro condition 
L = low voltage lovel 
H - high voltago level 

X 
L 
L 
L 
L 
H 

X 

L 
L 
L 
L 
H 
H 

0N-l - pravlous output stalo 

QO 

L 
L 
H 
L 
L 
L 

QN-1 

L 
H 

QN-1 
QN-1 
QN-1 
QN-1 

Q1 02 Q3 ~ Q5 Os Q7 

L L L L L L L 
L L L L L L L 
L L L L L L L 
L L L L L L L 
H L L L L L L 
l L L L L L H 

:;;. 
QN-1 QN-1 QN-1 ;,. 
QN-1 QN-1 ~ 

L QN-1 ~ 
H QN-1 > 

:;;. QN-1 L 

;,. QN-1 Ii 

SWITCHING CHARACTERI.STICS VCC = 5V, T A = 25°C 

1334 

CL=15pF 
TEST CONDITIONS RL=8800 

FROM TO 
PARAMETER INPUT OUTPUT MIN TYP 

Propagation delay time 

tpLH Low-to-high Delay Output 19 
enable 

tpHL High-to-Iow 16 

tpLH Low-tQ-hlgh Delay 
Data 

Output 28 

tpHL High-to-Iow 16 

tpLH Low-to-high Delay Output 
Address 

tpHL High-to-Iow 

tpHL High-to-Iow Delay Output 21 
Clear 

load circuit and typical waveforms are shown at the front of section. 

MODE 

CLEAR 
DEMULTIPLEX 

MEMORY 

ADDRESSABLE 
LATCH 

MAX UNIT 

23 ns 

24 

35 

24 

35 

35 

25 

236 .10lIl1 

PIN CONFIGURATION 

B,F,W PACKAGE 



LOGIC DIAGRAM 

SPEED/PACKAGE AVAILABILITY 
N9601 A,F 

PIN CONFIGURATION 

A PACKAGE 

·Pinsfor EKternat Timing 

NC - No Internal Connection 

Load circuit and waveform shown at front of section. 

o -" 9 
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SPEED/PACKAGE AVAILABILITY 
89602 F,W N9602 B,F 

BLOCK DIAGRAM 

12 n--'l'"-' 
11U-......... _ 

238 

9602 

13 

Q 

Q 

Q 10 

Q 

PIN CONFIGURATION 

B,FPACKAGE 

WPACKAGE 



SWITCHING CHARACTERISTICS vcc = 5V ± 10%, TA = -55°C to 125°C 

9602 

RX=5.00 
CX=OO 

TEST CONDITIONS C1..=15pF 

FROM TO 
PARAMETER INPUT OUTPUT MIN TVP MAX UNIT 

Propagation delay time 

tpLH Low-to-higl'l True 25 35 
ns 

tPHL High-to-Iow Complement 29 43 

t(min) True 72 90 
ns 

Complement 78 100 

RX=10k 

CX=1000pF 

t 3.08 \3.42 3.76 ,..S 

VCC = 5V ± 5%, TA = O°C to 75°C 

Propagation delay time 
tpLH Low-to-high True 25 40 
tpHL High-to-Iow Complement 29 48 

ns 

t(min) True 72 100 ns 
Complement 78 110 

RX=10k 
o -CX=1000pF 

t 3.08 I 3.42 3.76 ,..S 
Load circuit and typical waveforms are shown at the front of section. " 9 
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ORDERING INFORMATION 
Unless otherwise specified all devices are available in the "5" and 
"N" temperature ranges: 

"5" -55·C to +125·C 
"N" = O·C to + 75·C 

ABSOLUTE MAXIMUM RATINGS 
Over Operating Free-Air Temperature Range (unless otherwise 
noted) 

The absolute maximum ratings constitute limiting values above 
which serviceability of the device may be impaired. Provisions 
should be made In system design and testing to limit voltages In 
accordance with Table 1. 

NOTES: 

Input Voltage 
Output Voltage 
VCC (Note 2) 

Table 1 

Storage Temperature Range 
A,B,N packages 
F,I,Q,W packages 

+5:5V 
+7.0V 
+7.0V 

-65·C to +175·C 
-65·C to +200~C 

1. All devices must be derated at elevated temperatures besed on maximum allowable 
junction temperature. 
(See maximum storage temperature above and the thermal resistance of the package. 
given in section 8). 

2. Operating Vee for the 8200 Series Is specified at +5V '" 5%. None of the Signetics 
MSI elements will be damaged by supply voltages of 7 volts or less; however. in some 
of the more complex functions, power dissipation at such voltages could become ex
cessive. It Is recommended therefore. that such over-voRages be limited to a maximum 
of 1 second duration. 

PART IDENTIFICATION 
Y8XXXZ 

240 

Y = Operating Temperature Range 
"S" = -55°C to +125°C (Military) 

"N" = O·C to + 75·C (Commercial) 

NOTE: 
82XX -standard MSI 
82SXX=Schottky MSI 
8TXX -Interface circuit 

z 
V 
A 
B 
N 
F 
W 
I 
Q 

= Package Type Designator 
= 8-pin Dual-in-line Plastic Package 
= 14-pin Dual-in-line Plastic Package 
= 16-pin Dual-in-llne Plastic Package 
= 24-pin Dual-In-line Plastic Package 
= 14, 16, 24-pin Dual-in-line Ceramic Package (Cerdip) 
= 14, 16-pin Ceramic Flat Package (Cerpac) 
= 14, 16, 24-pin Ceramic Dual-in-line Package 
= 14, 16, 24-pin Ceramic Flat Package 



SYSTEMS DESIGN CONSIDERATIONS 
DC Fan-Out and Noi •• Margin 
Because of the growing complexity of new MSI and memory prod
ucts, loading and noise margin tables are not included in this 
section. The numbers are easily generated for individual cases as 
shown below. The lower of the two numbers Is the DC fan-out. 

DC FAN OUT ("0" Output Condition) 
"0" maximum output current of driving element 

"0" maximum Input current requirement 
of driven element 

DC FAN OUT ("1" Output Condition) 
"1" maximum output current of driving eleinent 

"1" maximum Input current requirement 
of driven element 

DC Noise Margin ("0" state)'ls obtained by subrtracting the maxi
mum "0" level output voltage for the driving gate from the 
minimum "0" threshold for the driven gate. 

DC Noise Margin ("1" state) Is obtained by subtracting the maxi
mum "1" level Input threshold of the driven gate from the minimum 
"1" output voltage level of the driving gate. 

OUTPUT STRUCTURES 
Certain guidelines should be observed to ensure optimum system 
performance. Systems incorporating TTL elements such as gates, 
binaries and MSI circuits have inherent VCC and GROUND tran
sients attributable to the current spike produced by, '~totem pole" 
output structures. 

Figure 1 shows totem pole structures commonly used in MSI de
signs as output buffers. to increase fan-out and provide adequate 
switching speeds. 

DECOUPLING MSI 
The current spike produced by the totem pole output structure dur
Ing switching transitions can cause MSI subsystems to malfunction 
If VCC Is not adequately decoupled to GROUND. With the large 
number of SSI and MSI devices available it is almost impossible to 
establish a general rule for decoupling. When In doubt, a capacitor 

of 2000pF or more, for each totem pole structure should be con
nected from VCC to GROUND. The non-Inductive capacitor 
(ceramic disc, tantalum slug, etc.) should be mounted with leads as 
short as possible and should be placed In close proximity to the 
MSI package to minimize lead length Inductance. A properly de
signed printed circuit board should have the total required 
capacitance evenly distributed throughout the board. Example: A 
printed circuit board contains 25 packages averaging four totem 
pole structures per package. The total capacitance required is 25 
packages x 4 totem pole structures x 2000pF or 0.2"F ceramic disc 
capacitors evenly distributed, satisfy the VCC to GROUND decou
piing requirements. 

POWER SUPPLY AND GROUND DISTRIBUTION 
SYSTEMS 
High-frequency distribution techniques should be used for Vec and 
GROUND. These techniques should include a large ground plane to 
minimize DC offsets and to provide an extremely low impedance 
path to reduce transient voltage signals on the printed circuit 
board. The power supply should be +5V ±5% with R-F (1GHz) by
passing. Catastrophic damage can occur If VCC is not properly 
regulated. 

Power distributed from the main supply must, by necessity, come 
through a path which displays finite resistance (Rps)' Inductance 
(Lps) and capacitance (Cps), as illustrated in Figure 2. The resistive 
component of the power lines Is small, producing very little DC volt
age drop at the VCC and GROUND inputs to the printed Circuit 
board. However, the inductance In the power lines can cause the 
noise generated by current spiking to be transmitted throughout 
the system on the VCC and GROUND lines. If the printed circuit 
boards are adequately decoupled, the power line noise will be re
duced significantly. In order to repel power line noise transmitted to 
a printed circuit board, ferrite beads may be placed ·on the incom
ing VCC and GROUND lines as shown in Figure 3. A 10"f tantalum 
capacitor, per 25 packages, connected from VCC to GROUND 
should be placed on the printed circuit board in the position shown. 
In conjunction with the distributed ceramic disc capacitors, this 
approach will prevent most system malfunctions attributable to In
ternally generated noise. 

COMMON TOTEM POLE OUTPUT STRUCTURES 
v~ 

v~ 

v" 
v, 

v, v, 

v, 

Figure 1 
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POWER CHARACTERISTIC IMPEDANCE 

r-------, 
I 
I 
I
I 
I 
L __ PO~~U:'L:'_..J 

R .. 

*NOlse SPIKES GE.NEAATED BY 
lOTEM-POLE STRUCTURES 
WHEN NOT PROPERLY BYPASSED 

Figure 2 

FERRITE BEAD 
ISOLATION OF GENERATED NOISE 

· i ~," ~ (1r · -tr-
___ ·:-I_:~_:O~R~_TE_/---"o:-_'_0_"F_+T_A_NT_A_LU .. M I :~:'C DISC 
• I 

'II I NOISE 

GROUND I .L _______ _ 

Figure 3 

ISOLATION DIODES 
NEVER REVERSE THE Vee AND GROUND POTENTIALS. easta
strophic failure can occur if more than 100mA is conducted through 
a forward biased substrate (isolation) diode. 

DISPOSITION OF UNUSED INPUTS 
Electrically open Inputs degrade Ae noise immunity as well as the 
switching speed of an MSI circuit. To optimize performance. each 
input must be connected to a low impedance source. Depending on 
their logical activating level. unused Inputs should be tied to Vee. 
GROUND or a driving source. When paralleling an unused Input 
with a driven input of the same multiple emitter transistor (MET). 
.care should be taken to remain within the "1" level fan-out specifi
cations for the driving source. The AND or NAND structures do not 
affect the "0" level fan-out of the driving source. When an unused 
Input of an OR or NOR structure is commoned with a driven input. 
both the "1" and "0" level fan-out of the driving source are af-
fected. . 

If fan-out of the driving source will be exceeded or If there is no 
convenient connection to an appropriate driven Input. a second 
method of avoiding open Inputs Is useful. Inputs which activate on 
"0" (AND and NAND) may be tied directly to Vee or tied to Vee 
through a current limiting resistor of 1 K{l or more. 

242 

{ TO P.C. #1 

{ TOP.C." 

The current limiting resistor is required if power supply transients 
can exceed 5.5V for longer than 1/Lsec; since the power dissipated 
In the emitter junction under these conditions can destroy the junc
ti.on. 

More than one unused input can be tied to Vee through a single 
resistor. 

INPUT CLAMP DIODES 
MSI circuits contain input clamp diodes as shown In Figure 4. At 
the Input. these diodes limit negative excursIons which exceed 
-1V by providing a low Impedance current. source from GROUND 
through the forward biased diode clamp. The clamps are designed 
to minimIze ringing which may result from Interconnect wires in 
excess of six inches In length. 

INPUT CLAMP DIODES r--------I Vee 

DIFFUSED 

I 
I 
I 

INPUT o-f-._--r 
CLAMP 
DIODES 

SIGNAL PROCESSING 

DIFFUSED INPUT 
CLAMP DIODES 

Figure 4 

r 
r 

-A- ISOLATION 
LT~ DIODE 

--~--

The rise and fall times of all incoming data signals should be less 
than 200ns. The amplitude of incoming data signals should be 2.4V 
or greater. Figure 5 shows the transfer characteristic of the classic 
TTL gate. In the Input threshold region. from point one to point two. 
the gate has approximately 25dB of gain. In this region. any dIscon
tinuity of the input waveform will be amplified more than 10 times at 
the output of the gate. 

IRnB'II. 
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TTL TRANSFER CHARACTERISTIC 
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~ 
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!. 
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POINT 2 . .. ta:. ...... . ... 

0.4 0.8 1.2 1.6 

INPUT VOLTAGE (VI 

Figure 5 

2.0 2.4 

Should the input voltage remain in the threshold region 
(approximately 200mV wide) for more than 15ns, a typical TTL gate 
tends to oscillate as shown in Figure 6. The equivalent circuit in 
Figure 7 Illustrates the potential oscillatory feed-back paths. The 
primary contributor to OSCillation is the changing power supply volt
age with the chip, caused by the current spiking which occurs 
during switching transitions. Since output voltage is directly propor
tional to Vee and threshold voltage tends also to drop with lower 
supply voltage, the net effect Is a positive feedback loop from out
put to input. 

TYPICAL TTL GATE OSCILLATION 
WITH SLOW INPUT TRANSITIONS 

Figure I 

POTENTIAL OSCILLATORY FEEDBACK PATHS 
v'" 

v,.o--'VV'v--'TTln.. ...... _-f 

GNO 
F'IQure7 

WIRED-AND APPLICATIONS OF OPEN-COLLECTOR 
MSI 
Open-collector MSI, when supplied with a proper load resistor (RL) 
can be paralleled with other similar MSI or open collector TIL gates 
to perform the WIRED-AND function, and simultaneously, will drive 
several TIL loads. For any of these conditions an appropriate load 
resistor value must be determined for the desired circuit configura
tion. The user may choose a load reSistor that must be between the 
following limits: A maximum reSistor. value must be determined 
which will ensure that sufficient load current to the TIL loads to be 
driven, as well as leakage current to the paralleled outputs, is avail
able during the logical "1" state at the output. A minimum reSistor 
value must be determined which will ensure that current through 
this resistor and sink current from the TIL loads will not cause the 
output voltage to rise above the logical "0" level even if one of the 
paralleled outputs is sinking all the current. 

LOGICAL "1" (off level) CALCULATIONS FOR RL 
MAX 
The maximum value of load resistance RL MAX) is determined by 
the maximum voltage drop across RL caused by the total leakage 
current which will still ensure a minimum logical "1" at the common 
collector node. As shown in Figure 8: 

Total leakage current I (1) total = n I (1) off + m I (1) In 
n = number of commoned collectors (driving gates) 
m = number of fan-outs (driven gates) 

V(1)O\nM1N 
n1(1)oFF 

TTL LOADS 

I 

~ 
111'1,. 

Rl MAXC ~1~;:F~l!:I(~II: 
WHERE: V(1IouT";2.4V 

Figure 8 
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LOGICAL "0" (on level) CALCULATIONS FOR RL 
MIN 
The minimum value of load resistance (Rl MIN) is determined from 
the worst cese maximum logical "0" state iii which only one ele
inent Is sinking CUrrent This condition is illustrated in Agure 9: 

I 
I 

~ 
* CURRENTINTOTHEOFFOUTPUTS 

IS NEGLIGIBLE AT A LOGICAL '0', 

Figure I 

TTl..l.OADS 

YCF-VIOlg:a MAX 
RlMLf4 '; HO)OI.JT MAX _ mHOI 1N 
WHERE: V(Olour<OAV 

PROPAGATION DELAY 
Propagation delay for.the 8000 Series elements Is specified In 
terms of ton and toff switching times which provides a figure of 
merit by which comparison can be made with similar products. The 
guaranteed delay times· given In the electrical characteristics sec
tion take into consideration the logical "1" and logical "0" input 
current and load capacitance as shown in the AC test figures. In
verting and non-inverting paths are measured as shown in Agure 
10. 

PROPAGATION DELAY WAVEFORMS 

NON-INVERTING PATHS INVERTING PATHS. 

IN 

~ 
4t"ffr,:: 
~ 

OUT 

Figure 10 
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82S OPTIMIZED SCHOTTKY MSI 
Series 82S optimized Schottky MSI circuits are implemented 
with SchoUky-barrier-Oiode (SBO) clamping to achieve ultra
high speed previously only attainable with emitter-coupled 
logic and in addition low current PNP inputs provide numerous 
systems advantages. These integrated circuits are directly 
compatible with other TTL circuits such as the 8000 MSI 
circuits, 82/82S bipolar memories, 54fl4 and 54Sfl4Sas well as 
MaS/CMOS. 

The Schottky barrier diode is a metal-semiconductor diode that 
is characterized by the absence of minority carriers near the 
forward biased junction, thus making it possible to switch the 
diode rapidly since there is no stored charge. Another major 
difference between the Schottky diode and a p-n junction diode 
is that the SBO has a lower forward voltage for a given current. 
SBO clamping from the base to the collector of a switching 
transistor is shown in Figure 1. The Schottky diode prevents the 
transistor from saturating and there is no stored charge either in 
the diode or the transistor. Thus recovery times that contribute 
significantly to the overall propagation delays experienced ,in 
saturated digital-logic design are eliminated. 

The Schottky-clamped transistors are formed by using 
Schottky-barrier-diodes in parallel with the base-collector 
junction. The SBO is realized physically by depositing metal 
over the base and N region of the collector forming a metal
silicon diode. The effect of this diode, which has a lower forward 
voltage than the collector-base function is to hold the transistor 
out of saturation by diverting the excess base current. The 
reduction in stored-charge plus the use of smaller geometries 
results in a major improvement of switching characteristics. 

SCHOTTKY TRANSISTOR 

EQUIVALENT 
REPRESENTATION 
WITH TRANSISTOR 
(SCHOTTKY DIODE) 

FIGURE 1 

SYMBOL FOR 
SCHOTTKY 

TRANSISTOR 

The standard processing approach to charge storage reduction 
in conventional IC's has been gold doping. Since this is no 
longer necessary in Schottky circuits, elimination of gold 
doping has made it possible to use smaller geometries and 
shallower diffusions for higher speed transistors. 

By eliminating gold doping normally employed in conventional 
TTL processing to reduce storage time, PNP transistors can 
also be used to advantage by the circuit designers. 

In 82S MSI circuits PNP transistors are used to reduce input 
loading as illustrated in Figure 2. Maximum low level input 
current is specified at400"A which allows the systems' designer 
to upgrade existing designs without encountering fanout 
limitations as well as interface with MaS and CMOS. 

INPUT TRANSISTO~S COMPARISON 

ADVANCED SIGNETICS 
82S INPUT 

Vee 

liN (D) '" 400J.lA 
2.BK 

FIGURE 2a 

CONVENTIONAL 
74S INPUT 

liN (0) '" 2mA' 

I'N (1) =5QpA 

FIGURE 2b 

Since the 82Sfl4S output structure is the same, far more devices 
can be driven from one output since the 82S input loading is 
only one-fifth that of standard 74S Schottky inputs. Should a 
termination resistor be needed when driving long lines in 
addition to 10 PNP loads, it can be accommodated easily 
without fan-out red uction. 

82S174S OUTPUT STRUCTURE 

FIGURE 3 
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FEATURES 

-3 ns typical gate propagation delay 
-20 mW per gate typical power dissipation 
_ Low current pnp Inputs (400A max.) 
- Schottky diode clamped Inputs 
- High output drive capability 

BENEFITS 

- Compatible with 8000 series, 54/74, 54S/74S TTL as well as 
DTL and C-MOS 
- Terminated, controlled Impedance lines not normally required 
-Drives high capacitive loads 
- Low A.C. noise susceptibility 

FUNCTION TABLE 

Absolute maximum ratings (Over operating free-air temperat
ure range unless otherwise noted) 

The absolute maximum ratings constitute limiting values above 
which serviceability .of the device may be impaired. Provisions 
should be made in system design and testing to limit voltages in 
accordance with Table 1. 
Imput Voltage 
Output Voltage (Off-State) 
VCC (Note 2) 
Storage or Junction Temperature Range 

A, B, N, F Packages 
Operating Free-Air Temperature 

NOTES 

+5.5V 
VCC 

+7.0 V 

-65°C to +175°C 
OOC to 75°C 

1.AII devices must be derated at elevated temperatures based on maximum allowable 
junction temperature. 
(See maximum storage temperature above and the thermal resistance afthe package. 
given in Section 8). 
2.0perating vce forthe 82S Series is specified at +5V.±.5%. None olthe Signetics MSI 
elements will be damaged by supply voltages of 7 volts or less; however, in some of 
the more complex functions, power dissipation at such voltages could become 
excessive. It is recommended therefore, that such over-voltages be limited to a 
maximum of 1 second duration. 

Function Typical Speed Comments 

82830 8-lnput Digital Multiplexer 7 ns Replaces FSC 9312 or T.I. SN 29312 and 
82831 8-lnput Digital Multiplexer Signetics 8230 for higher speed. 
82832 8-lnput Digital Multiplexer Replaces Signetics 8231 and Signetics 8232 

for higher speed. 

82833 2-lnput 4-Bit 7 ns Replace equivalent non-Schottky parts for 
82834 Digital Multiplexer higher speed. 

82S41 Quad Exclusive OR 7 ns Replaces 8241 for higher speed. 

82S42 Quad Exclusive NOR Replaces FSC 9386 and 8242 for speed. 

82850 BIN to Octal Decoder 12 ns Replaces 8250 for higher speed. 
82851 BCD to Decimal Decoder Replaces 8251 for higher speed. 
82S52 BCD to Decimal Decoder Replaces FSC 9301, T.I. SN29301, and 

8252 for higher speed. 

82862 9-Bit Parity Checkerl 17 ns Replaces 8262 for higher speed and is 
Generator pin-for-pin replacement for 93S62. 

82866 2-lnput 4-Bit Digital 8 ns Replaces equivalent non-Schottky parts 
82867 Multiplexers and Conditional for higher speed. 

Complementers 

82870 4-Bit Shift Register 60 MHz Replaces 8270, T.I. 74178 and FSC 93178 
82S71 4-Bit Shift Register w/Clear for higher speed. 

Replaces 8271, T.I. 72179 and F$C 93179 
for higher speed. 

82S82 BCD Arithmetic Unit 20 ns Replaces many MSI and Gate elements Pri-
82S83 BCD Adder marily these are implementations that use 

multiples of 7483's and Gates. 

82S90 Presettable Decade Counter 100 MHz Replaces 8280,8290, T.I. 74176, T.I. 74196, 
82S91 Presettable Binary Counter FSC 93176, FSC 93196. 

Replaces 8281, 8291, T.I. 74177, T.I. 72197, 
FSC 93177, FSC 93197 for highe[ speed. 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC~MIN VCC~MIN 
TEST VIN~* VIN~* 

CONDITIONS IOL~16mA IOH~-800"A 

DEVICE MIN TVP MAX MIN TVP MAX 
IOL~9.6mA 

8200 0.4 2.6 3.5 

IOL~9.6mA 
8201 0.4 2.6 3.5 

IOL~9.6mA 
8202 0.4 2.6 3.5 

IOL~9.6mA 
8203 0.4 2.6 3.5 

8230 0.4 2.6 3.5 

8231 0.4 2.6 3.5 

8232 0.4 2.6 3.5 

8233 0.4 2.6 3.5 

8234 0.4 N/A 

8235 0.4 N/A 

8241 0.4 2.6 3.5 

IOL~25mA 
8242 0.4 N/A 

IOL~12.8mA 
8243 0.4 N/A 

8250 0.4 2.6 3.5 

8251 0.4 2.6 3.5 

8252 0.4 2.6 3.5 

IOL (FN. CG. CR)= 
8260 9.6 mA 2.6 3.5 

0.4 

IOL-9.6mA 
8261 0.4 2.6 3.5 

8262 0.4 2.6 3.5 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO("A) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN~2.0V VIN~10MA 

MIN TVP MAX MIN TVP MAX 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

150 5.5 

N/A 5.5 

N/A 5.5 o -100 5.5 

" 100 5.5 

N/A 5.5 9 
25 5.5 

150 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 
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8200'MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAM.ETER IIL(MA) IIH(ltA) 
.. LOW LEVEL "IGHLEVEL 

VCC=MAX VCC =; MAX 
TEST VIN=OAV VIN=4.5V 

CONDITIONS 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC=MAX 
VOUT=OV 

DEVICE MIN TYP. MAX MIN TYP MAX MIN TYP MAX 

8200 -0.1 -1.6 40 -20 -70 

8201 -0.1 -1.6 40 -20 -70 

8202 -0.1 -1.6 40 -20 -70 

8203 -0.1 -1.6 40 -20 -70 

8230 -0.1 -1.6 40 -20 -70 
Input INH 

80 

8231 -0.1 -1.6 40 -20 -70 
Input INH 

80 

8232 -0.1 -3.2 40 -20 -70 
Input INH 

80 

8233 -0.1 -1.6 40 -20 -70 

8234 -0.1 -1.6 40 N/A 

8235 -0.1 -1.6 40 N/A 

8241 -01. -3.2 80 -20 -70 

8242 -0.1 -3.2 80 -20 -70 

8243 -0.1 -1.6 40 N/A 
Data In 

80 

A,B,C 
8250 -0.1 -1.2 40 -10 -55 

D 
-0.1 -1.0 

8251 -0.1 -1.2 40 -10 -55 

8252 -0.1 -1.6 40 -10 -55 

XN,CINH,YN XN.CINH.YN FN,CG,CR 
8260 -0.1 -3.2 80 -20 -70 EINH. CINI. EINH. CINI. 

Through CIN5 Through CIN5 Cp 
-0.1 -1.6 40 -30 -90 

8261 G,A,B,PI -1.6 . G,A,B.PI 40 -20 -70 
P2 -3.2 P2 80 
P3 -4.8 P3 120 

P4,P5 -6.4 P4,P5 160 

8262 Data Inputs Data Inputs -20 -70 
-0.1 -1.6 80 

Inhibit Inhibit 
-0.1 -3.2 160 

248 -
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POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 

VIN=OV 

MIN TYP MAX 

409/77.7 580/110 

409177.7 580/110 

409/77.7 580/110 

409/77.7 580/110 

184/35 250/47.7 

184/35 250/47.7 

173/33 262/50.0 

200/38 252/48 

160/31 210/40 

VIN=4.5V 
230/44 310/59 

225/42.4 300.57.1 

170/32 250/47.5 

315/60 SOOflS.2 

124/23.8 

135/25.7 

135125.7 

400176.2 600/114.1 

115/22 158/30 

300/57 370170 



8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V)7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC=MIN VCC=MIN 
TEST VIN=* VIN=* 

CONDITIONS IOL=16mA IOH=-800"A 

DEVICE MIN TYP MAX MIN TYP MAX 

IOL-9.6mA 
8263 0.4 2.6 3.5 

8264 0.4 N/A 

8266 0.4 2.6 3.5 

8267 0.4 N/A 

IOH=-500"A 
8268 0.4 2.6 3.5 

8269 0.2 0.4 2.6 3.5 

IOL=11.2mA 
8270 0.4 2.6 3.5 

IOL=11.2mA 
8271 0.4 2.6 3.5 

IOL=9.6mA lOW -500"A 
8273 0.2 0.4 2.6 3.5 

8274 0.2 0.4 2.6 3.5 

8275 0.4 2.6 3.5 

8276 0.4 2.6 3.5 

8277 0.4 2.6 3.5 

8280 0.4 2.6 3.5 

8281 0.4 2.6 3.5 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO("A) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN=2.0V VIN=10MA 

MIN TYP MAX MIN TYP MAX 

N/A 5.5 

200 5.5 

N/A 5.5 

25 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 o -N/A 5.5 " N/A 5.5 9 
N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 

N/A 5.5 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER IIL(MA) IIH("A) 
LOW LEVEL HIGH LEVEL 

TEST VCC = MAX VCC=MAX 
CONDITIONS VIN=OAV VIN=4.5V 

DEVICE MIN TVP MAX MIN TVP MAX 

8263 -0.1 -1.6 40 
SO.SI SO.SI 
-0.1 -3.2 80 

8264 -0.1 -1.6 40 
SO.S, SO.SI 
-0.1 -3.2 80 

8266 -0.1 -1.6 40 

8267 -0.1 -1.6 40 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC=MAX 
VOUT=OV 

MIN TVP MAX 

-20 -70 

N/A 

-20 -70 

N/A 

Xl.X2.XC,Y1,Y2,YC L,L 
8268 -0.1 -1.6 40 -18 -57 

X,Y COUT 
-0.1 -2.6 -18 -70 

C'N C,N 160 
-0.1 -8.0 

8269 -0.1 -3.2 80 -18 -55 

8270 -0.1 -1.2 40 N/A 

8271 -0.1 -1.2 40 N/A 

8273 -0.1 -1.6 40 -20 -70 

°N.SO,S, 
8274 -0.2 -1.2 40 -20 -70 

Clock 
-0.2 -1.6 

8275 Data Data -20 -70 
-0.1 -3.2 80 

Enable Enable 
-0.1 -6.4 160 

8276 -0.1 -1.6 40 -18 -55 

8277 Data,Reset.Clock Data,Reset,Clock N/A 
Separate Separate 

-0.1 -1.6 40 
Data,Select,Clock Data,Select,Clock 

Common Common 
-0.1 -3.2 80 

8280 Data Inputs Strobe,Data,lnputs -10 -60 
-0.1 -1.2 40 

Strobe Reset,Clk 1, Clk 2 
-0.1 -1.6 80 

Reset Clk 1,2 
-0.1 -3.2 

8281 Data Inputs Strobe,Data -10 -60 
Inputs,Clk 2 

-0.1 -1.2 40 
Strobe,Clk 2 Reset Clk 1 

-0.1 -1.6 80 
Reset,Clk 1 

-0.1 -3.2 

250 

amoo,ms 

POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 
VIN=OV 

MIN TVP MAX 

378172 420/80 

400176 475/90.4 

200/38.1 275/52.4 

200/38.1 275/52.4 

152/29 185/35 

278/53 

168/32 247/47 

271/52 344/65 

341/65 540/103 

380172 5671108 

205/39' 265/50 

205/39 340/65 

540/103 

184/35 236/45 

184/35 236/45 



8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC=MIN VCC=MIN 
TEST VIN=* VIN=* 

CONDITIONS IOL=16mA IOH=-800jLA 

DEVICE MIN TYP MAX MIN TYP MAX 

IOL=9.6mA 
8284 0.4 2.6 3.5 

IOL=9.6mA 
8285 0.4 2.6 3.5 

8288 0.4 2.6 3.5 

IQL=9.6mA low2OOILA 
8290 0.4 2.6 3.5 

IOL=9.6mA IOH=200jLA 
8291 0.4 2.6 3.5 

li~nl!lleli 

OUTPUT CURRENT INPUT VOLTAGE 

ICBO(jLA) 8 INPUT 
LEAKAGE CURRENT VOLTAGE RATING 

VIN=2.0V VIN=10MA 

MIN TYP MAX MIN TYP MAX 

N/A 5.5 

N/A 5.5 

N/A 5.5 o -" 9 
N/A 5.5 

N/A 5.5 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER IIL(MA) ·IIH("A) 
LOW LEVEL HIGH LEVEL 

TEST VCC = MAX VCC = MAX 
CONDInONS VIN=OAV VIN=4.5V 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC = MAX 
VOUT=OV 

.DEVICE MIN TVP MAX MIN TVP MAX MIN TVP MAX 

8284 Reset,Count, Reset,Count, -20 -70 
Enable,Clk, Enable,Clk 
Up/Down Up/Down 

-0.1 -1.6 40 
Carry In Carry In 

-0.1 -3.2 120 
Set Set 

-0.1 -6.4 200 

8285 Reset,Count Reset,Count -20 -70 
Enable, Clk Enable Clk, 
Up/Down Up/Down 

-0.1 -1.6 40 
Carry In Carry In 

-0.1 -3.2 120 
Set Set 

-0.1 -6.4 200 

8288 Data Inputs Data Strobe -10 -60 
Data Input 

-0.1 -1.2 40 
Data Strobe, 

Clk 2 
-0.1 -1.6 

Reset Clk 1 Reset, Clk 1 
Clk 2 

-0.1 -3.2 80 

Data Inputs Data Inputs, A 
8290 -0.1 -1.2 -20 -70 

Data Strobe 
Data Strobe 40 

-0.1 -1.6 
Reset Clk 1 B,C,D 

Reset 80 -10 -60 
-0.1 -2.8 

Clk1,Clk2 elk 2 120 
-0.1 -4.8 

Data Inputs Data Strobe, A 
8291 -0.1 -1.2 Data Inputs -20 -70 

Data Strobe 40 B,C,D 
-0.1 -1.6 Reset,Clk1 -10 -60 

Clock 2 Clk2 80 
-0.1 -2.4 

Reset 
-0.1 -2.8 

Clock 1 
-0.1 -4.8 

252 

POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 
VIN=OV 

MIN TVP MAX 

315/60 420/80 

315/60 420/80 

184/35 236/45 

, 

190/36.5 255/48 .. 5 

190/36.5 255/48.5 



8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT VOLTAGE 

PARAMETER VOL (V) 7 VOH(V)6 
LOW LEVEL HIGH LEVEL 

VCC=MIN VCC=MIN 
TEST VIN=* VIN=* 

CONDITIONS IOL=16mA IOH=-800I'A 

DEVICE MIN TVP MAX MIN TVP MAX 

IOL=3.2mA IOH= 1OOI'A 
8292 0.4 2.6 3.5 

IOL=3.2mA IOH= 1OOI'A 
8293 0.4 2.6 3.5 

By DC tests per the truth table. all inputs have guaranteed thresholds of 0.8V fOf low level, and 2.0V for high level. 

NOTES: 

OUTPUT CURRENT 

ICBO(I'A) B 
LEAKAGE CURRENT 

VIN=2.0V 

MIN TVP MAX 

N/A 

N/A 

1. All voltage measurements are referenced to the ground terminal. Terminals not specifically referenced are tied to Veo. 
2. All measurements are taken with ground pin tied to zero volts. 
3. POSitive current is defined as into the terminal referenced. 
4. Positive logic deffnitlon: "UP" level ~ "1". "DOWN" level is "0". 
5. Precautionary measures should be taken to ensure current limiting in accordance with Absolute Maximum Ratings. 
6. OUtput source current is supplied through a resistor to ground. 
7. Output sink current is supplied through a resistor to Vec. 
a. Connect an external 1 K ± 1 % resistor from Vee to the output for this test. 
9. Not more than one output should be shorted at one time. 

ImODllIIB 

INPUT VOLTAGE 

INPUT 
VOLTAGE RATING 

VIN=10MA 

MIN TVP MAX 

5.5 

5.5 

o -" 9 
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8200 MSI SERIES PRODUCT FAMILY INFORMATION 
8200 MSI CHARACTERISTICS 

INPUT CURRENT 

PARAMETER IIL(MA) IIH(I'A) 
LOW LEVEL HIGH LEVEL 

TEST VCC=MAX VCC=MAX 
CONDITIONS VIN=OAV VIN=4.5V 

OUTPUT CURRENT 

IOS(MA)9 
SHORT CIRCUIT 

VCC=MAX 
VOUT=OV 

DEVICE MIN TYP MAX MIN TVP MAX MIN TVP MAX 

Data Inputs, Data Inputs, -5 -45 
8292 Data Strobe Data Strobe 

-0.1 -0.4 20 
Reset,Clk1 Reset,Clk 1 

-0.1 -0.6 40 
Clock 2 Clock 2 

-0.1 -1.2 80 

Data Inputs, Data Inputs, 
8293 Data Data -5 -45 

Strobe Strobe 
-0.1 -0.4 20 

Reset,Clk 1 Reset,Clk 1 
Clk 2 Clk 2 

-0.1 -0.6 40 

254 
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POWER/CURRENT 
CONSUMPTION (MW/MA) 

VCC=MAX 
VIN=OV 

MIN TYP MAX 

52.5/10 69/13.1 

52.5/10 69/13.1 



DESCRIPTION 
The 8200/8201/8202/8203 MSI Buffer Reg
isters are arrays of ten clocked "0" flip
flops especially suited for parallel-in paral
lel-out register applications. They are also 
suitable for general purpose applications as 
parallel-in serial-out, serial-in parallel-out 
registers. 

The flip-flops are arranged as dual 5 arrays, 
(8200 & 8201) and single 10 arrays with re
set, (8202 & 8203). The true output of each 
bit is made available to the user. 

The 8200 and 8202 feature true "0" inputs. 
The logic state presented at these "0" in
puts will appear at the Q outputs after a 
negative transition of the clock. 

8201 
N,F,Q PACKAGE 

TRUTH TABLE 

Dn Dn RESET Qn+1 

8200 
1 - - 1 
0 - - 0 

8201 - 1 - 0 
- 0 - 1 

8202 
1 - 1 1 
0 - 1 0 

8203 
0 - 1 1 
1 - 1 0 

The 8201 ancL 8203 feature complementing 
"0" Inputs ("0"). The logic state presented 
at these "0" inputs will invert and appear at 
the Q outputs after a negative going transi
tion of the clock. This complementing input 
feature ("0") permits the use of standard 
ANO-OR-INVERT gates to achieve the ANO
OR function without additional gate delays. 

8202 
N,F,Q PACKAGE 

82oo,01,02,03-N,F,Q 

PIN CONFIGURATION 

8200 
N,F,Q PACKAGE 

8203 
N,F,Q PACKAGE 

SWITCHING CHARACIERISTICS TA=25°C, VCC=5V 

FROM TO LIMITS 

PARAMETER INPUT OUTPUT MIN TYP MAX UNIT 

Propagation delay time 

ton turn-on time Clock Q 30 45 ns 
Reset Q 30 45 

toff turn-off time Clock Q 25 40 

tsetup setup time 6 15 ns 

thold hold time2 0 5 ns 
tw input pulse width min, clock 12 17 ns 

Transfer rate 15 35 MHz 
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8200,01,02,03-N,F,Q 

LOGIC . DIAGRAMS 

8200 DUAL 5-BIT BUFFE.R REGISTER 8201 DUAL 5-BIT BUFFER REGISTER-INVERTED INPUTS 

(11 
CLOCK lo---D---+-4-I--4-+-4-I--4-+.J CLOCK 10.;:(1:..) --r>---1I-.... +-+--1I-.... +-+--1---l 

Vee-(24) 
GND=(12) 

(231 

( I-denotes pin numbers 

Vee=(24) 
GND-(12) 
( I-denotes pin numbe", 

Vee = (24) 
GNSD-(12) 
( )= denotes pin numbe", 

256 

(23) 

VCC=(24) 
GND=(12) 

(23) 

( )=denotes pin numbers 

8202 1C1-BIT BUFFER REGISTER 

8203 1C1-BIT BUFFER REGISTER - INVERTED INPUTS 
('91 

04 
113) 

Q1D 

06 
(18) 



8200,01,02,03-N,F ,Q 

AC TEST FIGURES AND WAVEFORMS 

ton FROM RESET TO Q 'pel FROM CLOCK TO Q 

Input pulse: 
Ampntude ~2.6V 
~: P.R.R. ~ 5 MHz 
Reset: P.R.R. ~ 5 MHz 
PW ~ 30 ns (at 50% point) 
t,~tf~5ns 

D, 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

Dg 

D,O 

s.ov 

Vee 
2.6V 

0, 

Oz 
'son 

03 

04 

8202- 05 TO 
IN 9,6 

Oa OUTPUTS 

07 18pF 5' 

08 

Qg 

CLOCK 

RESET----_, r---,.5VL-/,.6V 
, 

1.5V n--\, 1.5V 
OUTPUT-----'· , ,"'.----

.......... 1 toN L.--

s.ov 

ft Vee 
D, 0, 

D2 Oz 
D3 03 

.In D4 04 

Do 
8202" 

05 
D6 06 

OJ 07 

D8 Os 
Dg Qg 

D,O 0'0 
GND 

DATA ___ ........ ! 'NVERT FORD '--

CLOCK 

OUTPUT~ 
I 1.5V 1.6V I , , 
I I I I 

._, 'oN r- -I 1-- 'oFF 

TYPICAL APPLICATIONS 

2O-BIT (4 WORDS X 5 BITS EACH) MEMORY CELL 
r----------------------~--------~ ~ 

o--L1 -t>-__ ~=:=~~~~~~IIo, I ~ 
CLO 1103 

004 

2.BV 

'.00 

TO IN 9,6 
OUTPUTS 

Input pulse: 
Data ~ P.R.R. ~ 7.5 MHz 
Clock ~ P.R.R. ~ 15 MHz 
PW - 17 ns (at 50 % point) 
t,=tf=5nsMax 
Ampl"ude~2.6V 
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8200,01,02,03-N,F,Q 

TYPICAL APPLICATIONS (Cant'd) 

ONE OUT OF TEN - COUNTER/DISPLAY (SELF-CORRECTING) 

o .2 e 

"1 
I 
I 
I 
1 
1 

CLOCK~~~--[>--~~--t-~~~~--~~--~~~~--~~~~--~~~ 1 ____________________________________ J 

8202 

TYPICAL APPLICATIONS 

MULTIPLICATION AT 10 MHz OF A 2O-BIT BINARY WORD 

nrllllllllllllllllrr: 
0 

CL I 

I 
CEn 

I 
I 

Xo IXI ~ 

r ir r 
i 8260 

I 

.-J ~ 
to t, 

0 

CL 

0 

p n ~ (Xn)M where Xn "" multiplicand 
M=multlpller 
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X3 

r 

U 
t2 

8202 

x4 X5 Xe x7 Xe 

I r I r r 
8260 

U ..J ,..J ..J W 
t3 1:4 t5 Ee E7 

8202 

OUTPUT BUFFER 

0 0 01 
I 

8202 ~ 
I 

RO CL RO 

I 
I 
I 

Xg X,O XII x,2 X,3 X,4 X,5 X,6 X,7 X,8 X,9 I 

r I I I I I I I r I 1 
i 
I 
I 

8260 8260 8260 
1 __ , 

I 
I 

W W ,..J ,..J ,j ,..J ~ w ,..J ,j ..J J 
E8 E9 1:,0 Ell E12 t '3 1:,4 E'5 EI6 E'7 t '8 t '9 

0 0 0 

8202 

Ro a OtlTPUT BUFFER RO 

Po 
CLEAR 



SPEED/PACKAGE AVAILABILITY 
8230, 31, 32-8, F, W 
82830, 31, 32-8, F 

LOGIC DIAGRAMS 

8230/31 

Ao A, A2 INHIBIT 

Vee (16) 

GND" (8) 
() denotes pin numbers 

'91 
'70 

'. 
'. 
'. 
'3 

'2 

" 

'0 

Vee = (16) ... A, ... 
GND = (8) 
( ).- denotes pin numbers 

8232 

INHIBIT 

PIN CONFIGURATION 

B,F,W PACKAGE 

DESCRIPTION 
The 8-lnput Digital Multiplexer is the logical equivalent of a single
pole, 8 position switch whose position is specified by a 3-bit input 
address. 

The 8230 incorporates an INHIBIT input which, when low, allows 
the one-of-eight inputs selected by the address to appear on the f 
output and, in complement, on the f output. With the INHIBIT Input 
high, the f output is unconditionally low and the f output is uncon
ditionally high. The 8230 is a functional and pin-far-pin re
placement for the 9312. 

The 8231 is a variation of the 8230 that provides open collector 
output f for expansion of input terms. The 8232 is similar to the 
8230 except in the effect of the INHIBIT input on the f output. With 
the INHIBIT input low, the selected input appears at the f output 
and, in complement, on the f output. With the INHIBIT input high, 
both the f and the f output are unconditionally low. 

TRUTH TABLE 

ADDRESS DATA INPUTS OUTPUT 
8230/ 
82S30 

823~ 
A2 A1 Ao tr Ie 15 14 13 12 11 10 INH f 8231/ 82S3 

82S31 
i i 

0 0 0 x x x x x x x 1 0 1 0 0 
0 0 1 x x x x x x 1 x 0 1 0 0 
0 1 0 x x x x x 1 x x 0 1 0 0 
0 1 1 x x x x 1 x x x 0 1 0 0 
1 0 0 x x x 1 x x x x 0 1 0 0 
1 0 1 x x 1 x x x x x 0 1 0 0 
1 1 0 x 1 x x x x x x 0 1 0 0 
1 1 1 1 x x x x x x x 0 1 0 0 

0 0 0 x x x x x x x 0 0 0 1 1 
0 0 1 x x x x x x 0 x 0 0 1 1 
0 1 0 x x x x x 0 x x 0 0 1 1 
0 1 1 x x x' x 0 x x x 0 0 1 1 
1 0 0 x x x 0 x x x x 0 0 1 1 
1 0 1 x x 0 x x x x x 0 0 1 1 
1 1 0 x 0 x x x x x x 0 0 1 1 
1 1 1 0 x x x x x x x 0 0 1 1 

x x x x x x x x x x x 1 0 1 0 

x = don't care 
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SWITCHING CHARACTERISTICS TA=25°C vcc = 5V 

LIMITS 

8230 8231 8232 82S30 82S31 82S32 

. PARAMETER TYP MAX TVP MAX TVP MAX TVP MAX TVP MAX TVP MAX UNIT 

Propagation Delay 

An to' 19 30 19 30 19 30 14 17 16 19 14 17 ns 

In to' 11 20 13 24 11 20 7 10 9 12 7 10 ns 

ftof 10 15 10 15 10 15 6 9 6 9 6 9 ns 

INH to' 18 30 18 30 - - 12 16 • 14 18 12 16 ns 

INN to f or' - - - - 11 20 - - - - - - ns 

AC TEST FIGURE AND WAVEFORMS (8230/31/32) AC TEST FIGURES AND WAVEFORMS 
sc"'" 8230,31,32 NON-INVERTING PATHS 

INPUT I\TBNe 

:--\l-pw--I,-- 2.6V 

50%-1'---". 
It t, IN 

tr=lt 2:3ns 

--T~Z.V 
3OPF y 5K 

A B 

IN 

1N916 

RZ 

~.5V 
-I ":-to-n-;-I----

OUT *.5V 

8302/32 8231 

360n 

4401} 84.5U 
8230,31,32 INVERTING PATHS 

e o 
NOTES: 
1. SK. 30pF load includes test jigs and scope impedance. 
2. Scope terminals to be < 1112" from package pins. 
3. See truth table for logical conditions. 

AC TEST CONDITIONS- 8230, 31, 32 

1.5V~ 

!L.Ji1- . 
---. ton I ..... 

OUT ~V 1 • 

INPUTS WAVE- AC TEST CONDITIONS-82S30, 31, 32 
STEP DELAY FORM 

NO. TYPE/S FROM-TO 10 11 Ao INH TYPE 

1 ALL Ao to.' OV Vee P.G. OV C,D 
2 ALL !O to f P.G. OV OV OV C,D 

TEST INPUTS OUTPUTS 
NO. AO A1 A2 INH 10 11 12 13 14 IS 16 17 F F 

1 PG 0 0 0 o 1 o 0 o 0 o 0 T T 
3 ALL f to f* P.G. OV OV OV C,D 
4 8230 INH to i Vee OV OV P.G. A,B 

8231 
5 8232 INH to' OV OV OV P.G. C,D 
6 8232 INH to f Vee OV OV P.G. C,D 

2 0 PG 0 0 o 0 1 0 o 0 o 0 T 

3 0 0 PG 0 0 0 o 0 1 0 o 0 T 
4 0 1 1 PG 0 0 0 0 0 1 0 0 T 
5 1 1 1 0 0 0 o 0 0 o 0 PG T 

NOTE: 1. P.G. ~ pulse generator 
'Both f and i are Simultaneously loaded. 

F. "I" = 2.7V "0" = GROUND 

NOTE 
1. AC test jigs must not have any switches. 
2. AC test jigs must have less than Va inch lead lengths from package pins. 
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TYPICAL APPLICATIONS 

EXPANSION OF 8231 TO MULTIPLEXER 64 LINES 

In=lO+I1+12. .. .. f7 
True Output 
All Outputs may be tied together 
to drive 8 x 16mA (eight 1.6mA F.O.) 
or each Output may drive separately 
ten 1.6 mA F.O. 
NOTE: 
Each 8231 has 8 daa inputs which are not shown. 

" 

1----.l.-----....... -ofnINVERTEDOUTPUT 

A.C. TEST FIGURE AND WAVEFORMS 

INPUT PULSE: 
PRR ~ 'MH~ 

~~~~:~5n. 

ALL DIODES ARE lN31l64 

'" "" TABLE 

Cl lNCLUOES PROBE AND JIG CAPACITANCE 

" '. 
" 
" '. 
" '. 
" 
'" A, 

" 'N" 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 

9mDotiC9 

--\'-1-= . -:l± ____ '" 
tt.~ 7sv ~I 

--""'gj ~'" 
rNVERTlNGourFU~~~ \"0 

I I.SV I I.SV 

I I 

Fl~FF ----~ 

'''"~ 
~

---v" 

I.SV I.SV 

NON·INVERTING OOTP~ voo 

o -" 9 
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DESCRIPTION 
These devices arEt'2-input, 4-bit Digital Mul
tiplexers designed for general purpose 
data-selection applications. 

The inhibit state 80 = 81 = 1 can be used 
to facilitate transfer operations In an arith
metic section. 

PIN CONFIGURATION 

B,F,W PACKAGE 

The 8233 features non-Inverting data paths; 
and, the 8234 features inverting data paths. 

The 8235 Is designed for input to adders, 
registers and general paralleled data han
dling due to its capability to perform 
CONDITIONAL COMPLEMENTING (TRUEI 
COMPLEMENT). When the two inputs for 
each bit position (Ai, Bi) are connected to
get her, the f output will provide either the 
True or Complement of the input data. This 
capability is especially useful for transfer
ring data into parallel adders where both 
true data for adding or multiplying and also 
complemented data for subtracting or div
iding are needed. 

TRUTH TABLE 

8233182533 

8234/82534 

8235 

vee = (16) 
GND = (8) 

80 

0 
1 
0 
1 

0 
1 
0 
1 

0 
0 
1 
1 The 8234 and 8235 designs have open 

collector outputs which permit direct wiring 
to other open collector outputs (collector 
logic) to yield "free" four-bit words. As 
many as one hundred four-bit words can be 
multiplexed by using fifty 8234/8235s in the 
WIRED-AND mode. 

( ) = denotes pin numbers 

AC TEST FIGURE 

SWITCH POSITIONS 

AO 
B~ 

00 

8233 

8234 
8235 

INPUT PULSE: 
PR!t~ lMHI 

:.:I~:;5ns 

R, 

360!! 

ALlDIODESARE1N3084 

8233/34/35 

R2 

84.5!! 

44O!! 

82533, 82534 

.. ., .. .. A, 
B, 
A, ., ., ., 

it~"';fg;~ig::~!~~DA'~~ ~~~CC~I~Nc; IN OHMS 

262 
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Input pulse: 
Amplitude = 2.6v 
PW = 200ns 
PRR = , MHz 
tr =tf=5ns 

81 

0 
0 
1 
1 

0 
0 
1 
1 

0 
1 
0 
1 

fn 

B 
A 
B 
0 

B 
A 
B 
1 

AnBn 
Bn 
An 
1 

SPEED/PACKAGE AVAILABILITY 
8233, 34, 35-8, F, W 
82533, 534-8, F 

LOGIC DIAGRAMS 

8233182533 (ACTIVE PULL-UP) 

8234182834 (OPEN COLLECTOR) 

8235 (OPEN COLLECTOR) 

"0 

'. 



SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

LIMITS 

8233 8234 8235 82S33 82S34 UNIT 

PARAMETER TYP MAX TYP MAX TYP MAX TVP 

ton Turn-on Time 

An,Sn to fn 16 25 16 25 - - 7 

50 to fn 27 38 27 38 27 38 13 
5, to fn 27 38 27 38 27 38 11 
An tofn - - - - 16 25 -
Sn to fn - - - - 24 35 -

toff Turn-off Time 
An, Sn to fn 16 25 16 25 - - 7 
50 to fn 27 38 27 38 27 38 13 
5, to fn 27 38 27 38 27 38 11 
An to fn - - - - 16 25 -
Sn to fn - - - - 24 35 -

PULSE REQUIREMENTS 
82533/82534 

INPUT 

I_ PW-----I 

'-i 'on '-i 'off 

1.5V-Y '\L_ 1.5V 

OUTPUT --~. "'-

--I 14- tf 
INPUT "I 1 

1 
1.5V - I --- 1.5V 

I I 
1 1 
I-PW-I 
I---~ 'on I---~ 'off 

OUTPUT ---. I : 

82533/82534 

--l+~ --lJ=- --- -'v "" ... 
1.5'1 1.5'1 '~""MIJ~ ~ il,~ " 

INVERTINGOlJ,",UT~~ V1Q 

I 1,511 I 1.5'1 

I I 

~
TOFF ----vaG 

TON 1-----1 

~
---v" 

UN I.SII 

NON-INVERTING OUTPUT VOO 

MAX TYP MAX 

12 7 12 ns 

18 13 18 ns 

16 11 16 ns 

- - - ns 
- - - ns 

12 7 12 ns 
18 13 18 ns 
16 11 16 ns 
- - - ns 
- - - ns 

AC TEST CONDITIONS- 8233, 8234, 8235 

PRODUCT PATH PARAMETER S1 ~ 83 84 

ALL AO to fO ton a b b c 
toft 

8233 
So to fO ton b 

8234 toft 
c a c 

8233 
50 to fO 

ton b b a b 
8234 toft 

8233 
50 to fO ton b 8234 toft 

c a c 

8235 So to fO ton c a c b 
toft 

8235 BO to fO ton 
toft 

b c a b 

8235 51 to fO ton b b c a 
toft 

8233 
51 to fO ton b c b a 

8234 toft 

AC TEST CONDITIONS-82S33, 82S34 

TEST INPUTS OUTPUTS 

NO. So 51 AO BO A1 B1 A2 B2 A3 B3 FO 
1 PG 0 1 0 1 0 1 0 1 0 T 
2 PG 0 1 0 1 0 1 0 1 0 T 
3 PG 0 0 1 0 1 0 1 0 1 
4 1 PG 1 0 1 0 1 0 1 0 
5 0 0 0 PG 0 0 0 0 0 0 T 
6 0 1 0 0 0 PG 0 0 0 0 
7 1 0 0 0 0 0 PG 0 0 0 
8 1 0 0 0 0 0 0 0 PG 0 

"1··02.7V 'O";GROUND 

NOTE 
1. AC test jigs must not have any switches. 
2. AC test jigs must have less than 1h inch lead length from package 
pins. 

F1 F2 F3 

T T T 
T 

T 

T 
T 

T 
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SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8241, 42-A, F, W 
82541, 542-A, F 

DESCRIPTION 
The 8241 contains four independent gating 
structures to perform the Exclusive-OR 
function on two input variables. 

The output of the 8241 employs the totem
pole structure characteristic of TIL devices. 

The 8242 contains four independent exclu
sive-NOR gates which may be used to 
Implement digital comparison functions. 
The 8242 outputs are bare collector to facil
Itate implementation of multiple-bit com
parisons; a 4-bit comparison is made by 
connecting the outputs of the four inde
pendent gates together. 

A,FPACKAGE WPACKAGE 

TRUTH TABLE SWITCHING CHARACTERISTICS TA-25°C VCC-5V - , -
A B t 

0 0 0 8241 

.8241182541 
1 0 1 
0 1 1 

PARAMETER TYP MAX 

1 1 0 Propagation Delay 

0 0 1 

8242182542 
1 0 0 
0 1 0 
1 1 1 

ton Turn-on time 17 23 
toff Turn-off time 11 17 

Inverting path 
ton Turn-on time 
toff Turn-off time 

Non-inverting path 
Ton Turn-on time 
toff Turn-off time 

LOGIC DIAGRAM 

8241, 82S41 QUAD EXCLUSIVE-OR 

121 161 151 181 191 1131 1121 111 
r ----- -----, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L ___________________________ ~ 

Vee = (14) 

GND = (7) 

fO 

131 141 1101 1111 

( ) ... denotes pin numbers for 14~pin dual-in-line package 
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LIMITS 

8242 82S41 82S42 

TYP MAX TYP MAX TYP MAX 

7 10 9 14 
7 10 9 14 

12 20 
14 23 

14 2 
20 28 

,UNIT 

ns 



LOGIC DIAGRAM 

8242 4-BIT DIGITAL COMPARATOR (OPEN COLLECTOR) 

Ao 110 A, B, AZ BZ A3 83 

111 121 (61 (51 181 (91 (131 (121 

I -1 

I I 

L 

Vee ". (14) 10 

GND (7) 
() denotes pin numbers for 14 pin dual-in-line package 

AC TEST FIGURE 

INPUT 

PULSE GENERATOR 

NOTE: 

1. 530U resistor connected for 8242 only. 
2. 5kU and 30pF includes jig and scope. 

61.n 

IN:~~~~'i:~~ 
til ·tf~ 2.5nl 

"""'SO,,, 
ALL DIODES ARE 1N3064 

8241,8242 

UNIT UNOER TEST 

82541 

.. 
" 
" 

'" " TEST 
TABLE " 

" ., 
" 

~1:~NAC~~~::3:~~~OAJ~~ ~~~I~~ IN OHMS 

o -OUTPUT Vee 
C " NOTE 1 9 

B4.2n ... 

~,! 
~ 

5kn 

....... 

2.6V 
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AC TEST FIGURE 

INPUT PULSE: 
PRR.,1MHz 
t.,=t,."'2.5ns 

INPUT 

60 

PW=60nI -: 

SEE 
TEST 

TABLE 

CL INCLUDES JIG AND PROBE CAPACITANCE 

.. ., 
B, ., 
B, .. 
B, 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 

TEST TABLE--82S41 

INPUTS OUTPUTS ---
AOBOA1B1A2B2A3B3 FO F1 F2 F3 

o 0 PG 1 o 0 0 0 T 
o 0 1 PG 0 0 0 0 T 

3 PG 1 000 0 0 0 T 

1 PG 0 000 0 0 T 

5 0 0 0 o 1 PG 0 0 T 

6 0 0 0 o PG 1 0 0 T 

7 0 0 0 0 0 0 1 PG T 
B 0 0 0 000 o PG 1 T 

","=2.7V, "O"=GROUND 

NOTE 
,. AC test jigs must not have any switches. 
2. AC test jigs must have less than % inch lead length from package 
pins. 

PROPAGATION DELAY WAVEFORMS 

NON-INVERTING PATHS 
A B 

IN 

1.5V~ 
OUT 'on{-1.6V 

INVERTING PATHS 

c D 

IN 

~ 
-l'ottr,:: 
~ 
DUT 
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Vee 

82842 

OUTPUTS 

r - -LOAD CiRcUiT;- --1 
I I 
I 280: 

,~~4--+~--r-------r-~~--~I--~W 

F,I--1--1-....j 
I ICL"'Spf I 
I I 
L-,- __ ~ ____ J 

F, 

F3 

r--------.., 
I LOAD CIRCUITS I 

'-------: SAM~!::OAD ~ 
CIRCUIT 1 I 

L ____________ ..J 

TEST TABLE-82S42 
TESl INPUTS OUTPUTS 

# lAo BO A1 B1 A2 B2 A3 B3 FO F1 F2 F3 

1 0 0 PG 1 0 0 0 0 T 

2 0 0 1 PG 0 0 0 0 T 

3 PG 1 0 0 0 0 0 0 T 

4 1 PG 0 0 0 0 0 0 T 

5 0 0 0 0 1 PG 0 0 T 

6 0 0 0 0 PG 1 0 0 T 

7 0 0 0 0 0 0 1 PG T 

8 0 0 0 0 0 0 PG 1 T 

"'" = 2.7V, "0" = GROUND 

82841 

-+~I-::::-__ ~--1 ± -- -- -- --'v 

".J/.:' '::~II ". ._, INPUT(PG'...::::.J'~ ~ uv 

~\ ~ 
I ''''' 
I I 
~'-----~ 

82842 

INPUT IPG) ____ .t' 

NON-INVERTING PATH 

OUTPUT - __ ~-I-' voo 

V,. 
INVERTING PATH 



TYPICAL APPLICATIONS 

EQUALITY GATE USED FOR COMPARISON 

+5V 

;:~ . ) 

:~~>-----I 
.. , .. "'WORDS ARE EQUAL 

::; ~>-----J)' L:.::"" 

••... S1Ifr __ 

DESCRIPTION 
The 8243 8-Bit Position Scaler is an MSI array of approximately 70 
gate complexity. The primary function of the 8243 is to scale (or 
shift) data bit positions by a selection of a 3-bit binary selector 
code. 

The most significant bit input (17) may be shifted 8 positions to the 
least significant bit output (00). At zero shift, or scale select, all 
eight input data bits are transferred and inverted to their respective 
outputs, (10 to 00, 11 to 01, 12 to 02, etc.) At a shift, or scale select, 
of one, each input bit (In) will shift to the next lower output bit (On-
1). See truth table for other shift codes. 

The 8243's advantages over shift registers are the speed of opera
tion and lower complexity of external logic required to effect a scale 
function. The speed of the 8243 Scaler is a function of gate propa
gation delays-the speed of equivalent shift registers is the time for 
clock perlod5 plus the propagation delay to effect a scale function. 

The 8243 is provided with open collector outputs to provide expan
sion to larger scaling functions. Data input logic zero loading is 
reduced to less than -100jtA when the unit is disabled. 

TRUTH TABLE 

ENABLE 
INHIBIT 1&2 So S1 S2 00 01 02 03 

0 1 0 0 0 10 11 12 13 
0 1 1 0 0 i1 i2 i3 i4 
0 1 0 1 0 i2 i3 14 is 
0 1 1 1 0 i3 14 IS i6 
0 1 0 0 1 14 is i6 i7 
0 1 1 0 1 is i6 i7 1 
0 1 0 1 1 16 17 1 1 
0 1 1 1 1 i7 1 1 1 
1 X X X X 1 1 1 1 
X 0 X X X 1 1 1 1 

X indicates either logic" 1" or logic "0" may be present. 

PARITY GENERATORITESTER 

Ao<>---\~ A, o---J 

~~ @ 

8243-N,F,Q o -" 
PIN CONFIGURATION 

N,F,Q PACKAGE 9 

04 05 06 07 

14 is 16 i7 
is 16 i7 1 
16 17 1 1 
17 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 1 1 
1 1 .1 1 
1 1 1 1 
1 1 1 1 

267 



LOGIC DIAGRAM 

NOTE: All inputs have diode clamps; 

Vee' (24) 
GND· (12) 
( ) = denotes pin numbers 

SWITCHING CHARACTERISTICS T A = 25°C and VCC = 5.0V· 

LIMITS 

PARAMETER TEST CONDITIONS TYP MAX UNIT 

Propagation delay 
Data in In,SO,Sl,S2, 20 32 ns 
Select Sn Enable 1 & 2 30 40 
Inhibit Inhibit = lOrnA 25 35 
Enable 1 & 2 30 45 

NOTES 
In "0" threshold 0.7 volts for 58243. 

AC TEST :rABLES 

SCALE OUTPUTS SCALE 
FACTOR 1 2 3 4 5 6 7 FACTOR 

0 A B C 0 E F G SCALE 0 
1 1 A B C 0 E F RIGHT 1 
2 1 1 A B C 0 E 2 
3 1 1 1 A B C 0 3 
4 1 1 1 1 A B C 4 
5 1 1 1 1 1 A B SCALE = 0 5 
6 1 1 1 1 1 1 A AROUND = 0 6 
.7 1 1 1 1 1 1 1 .7 

SCALE OUTPUTS SCALE 
FACTOR 1 2 3 4 5 6 .7 FACTOR 

0 A B C 0 E F G SCALE 0 
1 G A B C 0 E F RIGHT 1 
2 F G A B C 0 E & AROUND 2 
3 E F G A B C 0 3 
4 0 E F G A B C 4 
5 C 0 E F G A B SCALE = 0 5 
6 B C 0 E F G A AROUND = 1 6 
.7 A B C 0 E F G .7 
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8243-N,F,Q 

OUTPUTS 
1 ·2 3 4 5 6 .7 

A B C 0 E F G SCALE 
B C 0 E F G 1 LEFT 
C 0 E F G 1 1 
0 E F G 1 1 1 
E F G 1 1 1 1 
F G 1 1 1 1 1 SCALE = 1 
G 1 1 1 1 1 1 AROUND = 0 
1 1 1 1 1 1 1 

OUTPUTS 
1 2 3 4 5 6 .7 

A B C .0 E F G SCALE 
B C 0 E F G A LEFT 
C 0 E F G A B & AROUND 
0 E F G A B C 
E F G A B C 0 
F G A B C 0 E SCALE = 1 
G A B C 0 E F AROUND = 1 
A B C 0 E F G 



AC TEST FIGURE AND WAVEFORMS 

PROPAGATION DELAY, ENABLE TO OUTPUT .... 

'. vee 

" 

" 
'3 

'. 
INPUT '5 

'. 
" 
EN, 

ENABLE ~'.5V =-..Jj,.~" ~ 

~' OUTPUT I 1.5V I UV 
I I I 

....-...!tar.~ ~ ~fott 
I I r I 

.... ,.W 

soon 
480Il 

' .. ' .. 

INPUT PULSE: 
Amplitude" 2.6V 
PW = 1 DOns @ 50 % points 
PRR .5MHz 

IN916 

tr = tf = 5ns (10% to 90% pOints) 
NOTE: 
Enablet with Enable2 at Vee or 
Enable2 with Enablel at Vee. 

PROPAGATION DELAY, DATA SELECT TO OUTPUT 

EN, 

EN, 

'. 
" 

,1-..-+---ISo 

INPUT PULSE: 
Amplitude" 2.SV 
PRR.5MHz 
PW • lOOns @ 50 % pOints 

., 
s, 

tr. tf " 5ns (10% to 90% points) 

5." 

S.DV 

.. t----._O-..-+:l-_500"""O.-() 2.8V 

24p' 6k 

TRUTH TABLE FOR ARRAY EXPANSION 
SCALE 

ADDRESS 8243-1 

MSB LSB BO B1 ~ B3 B4 BS 

0 0 0 AO A1 A2 A3 A4 A5 
0 0 1 1 AO A1 A2 A3 A4 
0 1 0 1 1 AO A1 A2 A3 
0 1 1 1 1 1 AO A1 A2 
1 0 0 1 1 1 1 AO A1 
1 0 1 1 1 1 1 1 AO 
1 1 0 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 

11& 
A6 
A5 
A4 
A3 
A2 
A1 
Ao 
1 

8243-N,F,Q 

PROPAGATION DELAY, DATA INPUT TO DATA OUTPUT 

EN, 

EN, 

'. 
" 

.,I-...,--t--lSo ., 
" 

5." 

.... 
IN 916 

..1----._I---..--!<I--'VSODnv;...._<l'.6V 

' .. ' 51< 

INPUT PULSE: 
Amplitude. 2.SV 
PW. lOOns @ 50% poinls 
PRR" 5MHz 
lr " tf " 5ns (10% to 90% points) 

PROPAGATION DELAY, DATA SELECT TO OUTPUT 

INPUT PULSE: 
Amplitude = 2.SV 
PRR .5MHz 
PW = 100ns @ 50 % points 

.... 

Vee 

EN, 

EN, 

'. 
" 
So ., 
" 'NH 

tr • tf • 5ns (to% to 90% points) 

Itr B7 Be Bg 

A7 A7 1 1 
A6 A6 A7 1 
A5 A5 A6 A7 
A4 A4 A5 A6 
A3 A3 A4 A5 
A2 A2 A3 ~ 
A1 A1 A2 A3 
AO AO A1 A2 

UV 

IN916 .. soon 
t----.--O-..--!<I-~~_<l~ 

24p' 6k 

GND 

So~ 
Uo~ ____ ~~ 

:~1.5V 
I I I I 

---..I tan '-- ---..I "'--toft 

8243-2 

B10 B11 B12 B13 

1 1 1 1 
1 1 1 1 
1 1 1 1 

"iq 1 1 1 
A6 A7 1 1 
A5 A6 A7 1 
~ A5 A6 A7 
A3 A4 A5 A6 

B14 

1 
1 
1 
1 
1 
1 
1 

A7 
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TYPICAL APPLICATIONS 

ARRAY EXPANSION 

v 

-[>0-

Bo a.,i>o- B7 B14 

1111111i:----- ------tllllill 

270 

SCALING 
ADDRESS 

LSB 

MSB 

C7 

So 
SI 

S2 
17 

WHERE: A; = INPUT BITS 

~ = OUTPUT BITS 

00 

B243-1 

10 

00 r-oEN3 -So 
r-oEN2 -s, 8243-2 

r-o INH. S210 

I J 

-THESE LINES HAVE THE SAME INFORMATION 
AND MAY BE CONNECTED. 

BI-DIRECTIONAL a-POSITION SHIFTER 
OUTPUTS 

1234567 

~060504Da~0100 
ENABLE 1 
ENABLE 2 

INHIBIT 1 
S21---,.J:. 
SI r--- -

17 16 IS 14 13 12 I, 10 So , } 

* 

'Aiil!lil' l' G ~+I~ !~ 
INPUTS 

SC~LE 
RIGHT/LEFT 

20 21 22 
SCALE ~ ~ 

FACTOR 

AROUND 

I I 
~0s%04Da°20l00 

ENABLE 1 
ENABLE 2 

INHIBIT 1 
S21---, 4:-
s, r-- -

17 16 IS 14 13 12 I, 10 So I ) 
~J II 

.. ~~~ 
~ 

I 

l!Jnm •• 

07 

17 

8243-N,F,Q 

-0 
-0 
-0 



SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8250-A,F,W 
8251,52-B,F,W 
82550-A,F 
82552-B,F 

DESCRIPTION 
The 8250, 8251 and 8252 are gate arrays 
for decoding and logic conversion applica
tions. 

The 8250 converts 3 lines of input to a one
of-eight output. The fourth input line (D) is 
utilized as an inhibit to allow use in larger 
decoding networks. 

The 8251 and 8252 convert a 4 line input 
code (with 1-2-4-8 weighting) to a one-of
ten output as shown in the Truth Table. 

The 8252 is a direct replacement for the 
9301 with all outputs being forced high 
when a binary code greater than nine is 
applied to the inputs. 

The selected output is a logic "0". 

TRUTH TABLE 
OUTPUT 5TATE5 

INPUT 
5TATE 8250/112550 

A B C D 0 1 2 3 4 5 6 7 

0 0 0 0 0 1 1 1 1 1 1 1 
1 0 0 0 1 0 1 1 1 1 1 1 
0 1 0 0 1 1 0 1 1 1 1 1 
1 1 0 0 1 1 1 0 1 1 1 1 
0 0 1 0 1 1 1 1 0 1 1 1 
1 0 1 0 1 1 1 1 1 0 1 1 
0 1 1 0 1 1 1 1 1 1 0 1 
1 1 1 0 1 1 1 1 1 1 1 0 
0 0 0 1 1 1 1 1 1 1 1 1 
1 0 0 1 1 1 1 1 1 1 1 1 
0 1 0 1 1 1 1 1 1 1 1 1 
1 1 0 1 1 1 1 1 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 
1 0 1 1 1 1 1 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 

8251 

8 9 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
0 1 
1 0 
0 1 
1 0 
0 1 
1 0 
0 1 
1 0 

8250,82550 
A,FPACKAGE 

82521 
82552 

8 9 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
0 1 
1 0 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

SWITCHING CHARACTERISTICS TA~25°C, VCC~5V 

LIMITS 

8250 8251 8252 
PARAMETER. TYP MAX TYP MAX TYP MAX 

ton TURN-ON DELAY 20 I 35 20 1 35 20 1 35 
toft TURN-OFF DELAY 20 35 20 35 20 35 

82550 
TYP MAX 

12 116 
12 .16 

8250,82550 
WPACKAGE 

8251,8252,82552 
B,F,W PACKAGE 

82552 
TYP MAX UNIT 

12 1 16 ns 
12 16 ns 

o -" 9 
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LOGIC DIAGRAMS 

VCC_(14) 
GND = (7) 

11\ 

(13) : 

121 

13\ 

( )= Denotes pin numbers 

AC TEST FIGURE 

8250,82850 

vee = (16) 
GND = (8) 

A " 161 .... 

.~ 

141 ..... 

c" 
III .. 

~ 
12\ ,... 

1~ 
..... 

l~ ..... 

j ~ 
,... 

l~ ,... 

( ) = Denotes pin numbers 

8250,8251,8252 

8251,8252,82852 

0 

"113 

1 

(12 

2 

1 
111 

.............. 3 

110 

· 
I 

191 

...----. 5 

(3\ 

· I' 
~ 

}. · 161 

""'}.:' 9 

17\ 

·Connections made on 8252 only 

TURN-ON DELAY (ton) TURN-OFF DELAY (toH) 

INPUT 

272 

2.SV 

84.5n 

IN 916 

r.'---~""'>-O OUTPUT 

'" "" TABLE 

82S50 

INPUT Vee 

A 

B 

e 

D 

G) Non-selected inputs are connected to ground. 

----------, 
I 

LOAOCIRCUITS I 

INPUT PULSE, 
PRR m lMHz 
IR~tf~2.s", 

PW~60 ... 

SAM13;':'Li!rJ C~=~J.T 1 I 
L-.--,----' ~====~I I L ________ .J 

AllOtOOESARE1N3084 

~lLNRCE~~'~::~:~J'E~DAJJ~ ~e~~r'l'tf; IN OHMS 

2.6V 

84.sn 



AC TEST FIGURE (CONT'D.) 

AC TEST TABLE 
82850 

TEST INPUTS 
NO. A B C 0 0 1 
1 1 1 PG 0 
2 1 1 PG 0 
3 PG 1 0 0 
4 0 PG 1 0 
5 0 0 0 PG T 
6 1 0 PG 0 T 

'" TEST 
TABLE 

82852 

2, 3, ~~5~~.~1.~~~~~[) 10 : 
SAME AS LOAD CIRCUIT 1 I 

INPUT PULSE: 
PRR-IMH. 
'R-,.2.5n. 
PW-SOn. 

'----,--' ~==~ ________ J 
ALL DIOD~S ARE IN:JO&4 

~t~N~g:~{~::~:~~~AJ~~ ~ft~~'j.~CDE IN ~MS 

OUTPUTS TEST INPUTS 

2 3 4 5 6 7 NO. A B C 

T 1 0 0 PG 
T T 2 PG 1 0 

T T 3 0 0 0 

T T 4 1 0 PG 
5 1 PG 0 

T 6 PG 1 1 

82852 

OUTPUTS 
0 0 1 2 3 4 5 6 
0 T 
0 T T 

PG T 
0 T T 
1 
0 

"1" = 2.7V "0" = Ground 

VOLTAGE WAVEFORMS 

8250,8251,8252 82850,82852 

--++= -1 tr- ----,. "'" .... 
I.SV I.SV "'""~) $~ PH tL~ OV 

INVERTINGOUTPUT~~ Vl0 

! 1.&V I 1.5V 

1 1 

~
~Ff ----~ 

TON I----i 

~
---v" 

'.W 1.5V 

NON· INVERTING OUTPUT VOO 

INPUT 

) 

---+1 :--- tr • 5ns 

90%- --7::-_I - -- - - \-- 2.6V 

1.5V- _.1 - - - - - - -

10% - - _I -1 _______ _ 

OUTPUT 

Si!lDOliCS 

7 8 9 o -T 

T " 9 
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TYPICAL APPLICATIONS 

BINARY NUMBER 

rA,N B,N C'N "DIN E'N F,N) 

.jJ 2' z2 23 24 .z; 

r 

01234567 

INHIBIT 

TYPICAL APPLICATIONS 

ONE-OF-10 DECODER 

274 

RESET o-----i 

vCCo----<lI STROBE 

CLOCK o----<lI C, 
DECADE COUNTER 8280 

BCD-TO-DECIMAL DECODER 8251 

CONTROL LINES 

ONE-OF-64 DECODER 



DESCRIPTION 
The 8260 Arithmetic Logic Element is a monolithic gate array incorporating four full-adders 
structured in a look-ahead mode. The device may be used as four mutually independent 
exclusive NOR or AND gates by proper addressing of the inhibit lines. 

As a four-bit adder the 8260 permits high speed parallel addition of four sets of data and 
features both simultaneous addition on a character to character and on a bit to bit basis 
within the package. 

When true input variables'are used, the true sum is formed at the f output. Inverted input 
variables produce the complement of the sum of the true variables. 

The carry-outs available are: Internally Generated (CG); Propagated (Cp); and Ripple (CR). 
This gives the 8260 complete flexibility when used in Ripple Carry or Anticipated Carry 
Adder Systems. 

BLOCK DIAGRAM 

r 

1II1 

LOOK-AHEAO I-&-CARRY TERM 

LOGIC DIAGRAM 

1'1 

CINH ---....... -1 

(3) { , 
(4) 

(5) C1N 
(6) 

(7) 

[l 
r-- II 
--
~ 

TRANSFER TERM 

An OD Bn --
XnlPYnORXnoYn 

t" 

liJnonOI 

PIN CONFIGURATION 
8260-N,F,Q 

N,F,Q PACKAGE 

o -" 9 

(14) (1::J) 

CG Cp 
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8260-N,F,a 

TRUTH TABLE 

CINH = 1 ~ An= 1 I CINH - 0 ~An .. 
CIN A1 A1 X1 Y1 A2 A2 X2 Y2 A3 Aa Xa Y3 ~ EINH Xn Yn Bn 
--0 ~O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

1 1 0 0 1 0 0 0 1 0 0 0 1 0 
An Bn fn 0 0 1 0 

0 1 0 0 0 1 0 0 O· 1 0 0 0 1 0 0 
0 1 1 1 0 1 1 1 0 1 1 1 0 0 1 0 1 1 1 

0 1 0 1 0 0 0 
1 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 1 0 
1 0 1 1 1 0 1 1 1 0 1 1 1 1 1 1 1 0 0 
1 1 0 1 1 1 0 1 1 1 0 1 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 

l 

SWITCHING CHARACTERISTICS TA = 25°C, VCC = 54 MODE OF OPERATION 

LIMITS Least Significant CONTROLS 

PARAMETER TYP MAX UNIT INPUTS CIN Inpulslo be' CINH EINH f 

Propagation Delay Xn'Yn 0 0 0 Ln Add 

Xn, Y n, Cin to CR 14 20 ns 
Xn, Yn to Cp, CG 14 20 
Xn, Yn to fn 24 33 
Cin to fn 14 22 1 

0 0 1 -- Not used 

0 1 0 XnYn Coincidence 
+XnYn 

0 1 1 XnYn AND 

Xn'Yn 1 0 0 Ln Add 

1 
1 0 1 --- Not Used 

1 1 0 XnYn Coincidence 
+XnYn 

1 1 1 XnYn AND 

*Least significant of a "Multiple Package"· adder system. 

AC TEST TABLE 
SWITCH POSITION 

STEP DELAY DRIVEN OTHER INPUTS WAVEFORM 

NO. FROM-TO INPUTS X1- Y1 X2 Y2 X3 Y3 x.. Y4 CIN EINH CINH TYPE 

Xn to CR A,B 
1 or 2 2 1 2 1 2 1 2 1 2 2 2 

Xn to Cpo C,D 

Yn to CR A,B 
2 or 2 1 2 1 2 1 2 1 2 2 2 2 

Yn to Cp C,D 

3 Xn, Yn to fn 2 1 1 1 1 1 1 1 1 1 1 1 A,B 

4 CIN to CR 2 2 2 2 2 2 2 2 2 2 2 2 A,B 

5 CIN to fn 2 1 2 1 2 1 2 1 2 2 2 2 C,D 
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AC TEST FIGURE 

BNC x, f, 

~ 
v, 

f2 
X2 

V2 
f3 

,1(3 

. V3 
f4 

X4 
V4 CR 

'} BNC 
2 cr;t, 3 CIN 

CG 

: CINH 
CP 

VCC 
EINH 

-: r 2 
VCC 

02 
-: 

J 
NOTE: Scope terminals to be :S 1f~" from Package Pins. 

TYPICAL APPLICATIONS 
The 8260 contains the control logic necessary to allow operation as 
a general purpose arithmetic logic device. Below, the internal car
ries are inhibited to effect Exclusive-NOR or coincidence operation. 
The 87260 may also be operated as four independent AND gates to 
Implement masking and similar requirements of micro-pro
gramming. 

The Ripple Adder System is the simplest but also the slowest appli
cation of the 8260. The typical total addition time (input to sum 
output for 12-bit ripple adder is 42ns). 

The Fast Adder System provides complete carry look-ahead addi
tion for words to 24 bits in length and is the fastest application of 
the 8260 units. The typical total addition time for a 24 bit fast adder 
is 42ns. 

FOUR-BIT COMPARATOR 

8260 

"0" • A ·9 

8260-N,F,Q 

VOLTAGE WAVEFORM 

INPUT I\T BNC 

'.5~--'P-!L:- 2.W 

(TV--;:~~W 
t,.='t ~3n. 
PW= SOn. 
f= 1MHz 

A 

B 

~I ~I'otfl;:-
~ 

C 

~II --. 'on --
OUT t.. 

o 

RIPPLE ADDER SYSTEM 

-Tied to Vee if noHrue inputs are used. otherwise to ground. 
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TYPICAL APPLICATIONS 

24-BIT FAST ADDER SYSTEM 

"Tied to Vee if not-true inputs are used. otherwise to ground. 

DESCRIPTION 
The 8261 Fast Carry Extender is a monolithic gate array designed 
specifically to be used in conjunction with the 8260 Arithmetic Logic 
element. A 8260/8261 combination facilitates the implementation of 
the look-ahead technique in adder systems, thus considerably im
proving propagation times. The circuit structure of this array is of 
the familar TTL type. 

LOGIC DIAGRAM 

Vee = (14) 
GND = (7) 

A B 

( ) = Denotes Pin NUmbers 

278 

P, P2 P3 p. Ps 
113 121 141 161 191 

IIJIIIIIII 

8260-N,F,Q 

8261-A,F,W 

PIN CONFIGURATION 

A,F PACKAGE 

WPACKAGE 



SWITCHING CHARACTERISTICS T A ~ 25°C, VCC ~ 5V 

LIMITS 

PARAMETER TYP MAX UNIT 

Ion Turn-on delay 
GlaCE 16 25 ns 
PIa CE 13 25 

loff Turn-off delay 
GlaCE 16 23 ns 
PlaCE 9 15 

AC TEST TABLE 

PIN INPUT 

DESIGNATION A B G1 G2 G3 G4 P4 

1 PULSE 1 1 1 1 1 1 

2 1 PULSE 1 1 1 1 1 

3 1 1 PULSE 1 1 1 1 

4 1 1 1 PULSE 1 1 1 

5 1 1 1 1 PULSE 1 1 

6 1 1 1 1 1 PULSE 1 

7 2 2 2 2 2 2 PULSE 

AC TEST FIGURE 
Vee 

'1 
Vee " 

'3 

INPUT 
A 

4- G, C. 

G, 

ONE CIRCUIT Vee 
PER LINE 

G3 ":" 

G. 

INPUT 

4- '. 
Vee 

":" 

TYPICAL APPLICATION 

G, 
CE 

826' A 

P2 G2 P, 

-
CG3 Cp3 CG2 Cp2 

C,N' CG C,N , CG 

8260 8260 

C'N2 - CR C'N2 CR 
C" 

16 BIT. T A = 42n •• 'ypieal Fa., Adder Sy'lem (5 packages) 
*Tied to Vee if noHrue inputs are used, otherwise to ground. Unused 8261 pins should be tied to Vee. 

Itgill •• 

WAVEFORM 

A,S 

C,D 

C,N' 

8260 

C'N2 
CR' 

8261-A,F,W 

VOLTAGE WAVEFORMS 

NOTES: 

A 
IN 

~ -1'-... -" -:-1---
~ 

B 

~I ~I ... ffl;:-
~ 

C 

~I-
OUT 'C. 

o 

~ -I"'ffl-
~ 

INPUTATBNC 

'.5~--tp_k=-2.6V 
(TY-;:0-J~ W 

trIO tf ~3ns 
PW =50ns 
f'" 1MHz 

A. Position 1 on all switches provides a logical "1", 
Position 2 on all switches provides a logical "0" when 
input signal is not present. 

B. All measurements are made at 1.5 volts level. 

CGI 

CG C,N' 

8260 

CR C'N5 
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SPEED/PACKAGE AVAILABILITY 
8262-A,F,W 
82S62-A,F 

DESCRIPTION 
The 8262 g-Input Parity Generator/Parity Checker is a versatile MSI 
device commonly used to detect errors in data transmission or in 
data retrieval. Two outputs (EVEN and ODD) are provided for versa
tility. An INHIBIT input is provided to disable both outputs of the 
8262. (A logic 1 on the INHIBIT input forces both outputs to a logic 
0). 

When used as a Parity Generator. the a262 supplies a parity bit 
which is transmitted together with the data word. 

At the receiving end. the 8262 acts as a Parity Checker and indi
cates that data has been received correctly or that an error has 
been detected. 

LOGIC DIAGRAM 

VCC = (14) 

GND = (7) 
( ) = Denotes Pin Numbers 

LOGIC EQUATIONS: 
Odd = 

INHIBIT 
18) 

EVEN OUTPUT '--__ r-. 
19) 

ODD OUTPUT 
)0-<'------< 16) 

P1 (j) P2 (\) P3 (j) P41) P5 (j) P6 (j) P7 (j) Pa (\) Pg 

Even = 

SWITCHING CHARACTERISTICS TA=25°C. VCC=5V 

PIN CONFIGURATION 

A,FPACKAGE 

WPACKAGE 

TRUTH TABLE 8262 

MEASURE SWITCH POSITION WAVEFORM 

DELAY FROM INH P8 Pe EVEN ODD 

Pa to ODD 1 2 1 1 
Pg to ODD 1 1 2 2 
Pa to EVEN 1 2 1 2 
Pg to EVEN 1 1 2 1 
INH to EVEN 2 1 1 2 

AC TEST TABLE-82S62 
8262 82S62 Test Inputs Outputs 

PARAMETER TEST CONDITIONS TYP MAX TYP MAX UNIT 

ton Turn-on Times 

P1-Pa to even Under test: pulse 35 50 17 23 ns 
P1-Pa to odd Under test: pulse 30 45 18 28 ns 
Pg to even Under test: pulse 20 35 7 12 ns 
Pgto odd Under test: pulse 15 30 12 18 ns 

Inhibit to even l[lhibit: pulse 8 15 7 9 ns 
Inhibit to odd Inhibit: pulse 8 15 6 9 ns 

toft Turn-off times 

P1-P8 to even Under test: pulse 38 55 17 23 ns 

P1-P8 to odd Under test: pulse 32 45 18 28 ns 

Pg to even Under test: pl,llse 23 40 7 12 ns 

Pg to odd Under test: pulse 20 35 12 18 ns 
Ihhibit to even Inhibit: pulse 10 18 7 9 ns 

Inhibit to odd Inhibit: pulse 10 18 6 9 ns 

280 .00' •• 

No. 

1 

2 

3 

4 

5 

6 

7 

P1 P P3 P4 P5 P6 P7 P6 P9 INH Even Odd 
PG 0 0 0 0 0 0 0 0 0 T T 

0 o PG 0 0 0 0 0 0 0 T T 
0 0 0 o PG 0 0 0 0 0 T T 
0 0 0 0 0 o PG 0 0 0 T T 
0 0 0 0 0 0 0 o PG 0 T T 
0 a 0 0 0 0 0 0 0 PG T 
0 0 0 0 0 0 0 0 1 PG T 

"1" = 2.7V "0" = Ground "T" = Test 

NOTE: 
1. AC Test Jig Must Not Have Any Switches. 
2. AC Test Jigs Must Heve Less Than % Inch Lead Length From 

Package Pins. 



AC TEST FIGURE AND WAVEFORMS 

8262 foe- 50ns --.j 
I I 
I I 

2.6V : I 

INPUT 
IN916 

!-o--+--f<:I-...,.,....-oz ... 
84.5 

"
5V ==i- -t "5V 
OV : :'-____ _ 

-, 'off 14-~ 'on i---.. 1: I: 
INPUT (01-.... --+ I " 

WAVEFORM 1 1.5V ____ -!-! I 
i - : 

----;-'~ I 

1.5V 

1 t--r----'off 
84.' 

WAVEFORM 2 1.5V ----+-1 ---." .. -____ -...,F 

" " " 
SEE P4 

TEST '"5 
TABLE '6 ., 

'. '. 
IN~~~ ~,L;!~ INH 

:!~=t~~~5m '---,,.--' 

ALL DIODES ARE lN3064 

~t~NRCE~~~ig::~!~~E~D;~~ ~~~~I~~C;: IN OHMS 

TYPICAL APPLICATION 

8-81T 
DATA 

SOURCE 

CONTROL 

L ", 
'-- "2 

'--- "3 
L.--- "4 8282 

"5 
"& 
P7 
P8 
P9 

PARITY 
GENERATOR 

"Output can be conditioned for odd or even parity. 

82S62 

r---------, 
I LOAO CIRCUIT 2 I 
I SAME AS LOAD CIRCUIT 1 1 
L ________ ..l 

I I , , 
'on ---j4- --I ,-' 1.0 MHz .,.-,,"5ns 

-++-= --l± ____ '" 
~,:" '" -::~ 

INPUTIPG)~~ 1 '0% ov 

tNVERTU\lGOOTPUT~~ V10 

I 1.SV I UV 
I I 

Pl~FF ----~ 
'<IN I---i 

1.5V 1.5V ~
---VIO 

NON-INVERTING OUTPUT voo 

8-BIT 
, DATA 

RECEIVER 

Lp, 
'-- "2 

-"3 

l 
~"4 8282 

OUTPUT-

"5 ERROR SIGNAL 
"& 
"7 
"8 

"9 
OUTPUT PARITV 81T* 

PARITY CHECKER 

An "even parity bit" checking code has a parity bit such that the sum of the 1'5 in the data word plus the parity bit is always 
an even number. 

An "odd parity bit" checking code has a parity bit such that the sum of the 1's in the data word plus the parity bit is always 
an odd number. 

'911111m1 281 

o -" 9 



DESCRIPTION 

8264 

8263-N,F,Q • 8264-N,F,Q 

PIN CONFIGURATION 

8263 
The 8263/8264 3-lnput, 4-Bit Multiplexer is 
a gating array whose lunction is analogous 
to that 01 a 4-pole, 3-position switch. Four 
bits 01 digital data are selected Irom one 01 
three inputs. A 2-bit channel-selection code 
determines which input is to be active. 

N,F,O PACKAGE N,F,O PACKAGE 

The Data Complement input controls the 
conditional complement circuit at the Multi
plexer output to effect either inverting or 
non-Inverting data Ilow. 

The 8263 employs active output structures 
to effect mini. mum delays: the 8264 utilizes 
bare collector outputs lor expansion 01 in
put terms. 

The 8264 may be expanded by connecting 
Its outputs to the outputs 01 another 8264. 
Provision is made lor use 01 a 3-bit code to 
determine which Multiplexer is selected; 
thus, eight Multiplexers may be commoned 
to effect a 4-pole, 24-position switch. 

SWITCHING CHARACTERISTICS TA=25°C, VCC =5V 

LIMITS 

8263 8264 

PARAMETER TYP MAX TYP MAX UNIT 

Propagation Delay 
An to In 17 26 25 36 ns 
80,81 to In 25 36 25 36 
DC to In 17 26 20 30 
OE to fn 20 30 

LOGIC DIAGRAM 

8263 (ACTIVE PULL-UP) 

"DATA COMPLEMENT 

TRUTH TABLE 

DATA CHANNEL 
INPUT SELECT DATA 

An Bn Cn So S, COMPLEMENT 

An x x 1 1 0 

x Bn x 0 1 0 

x x Cn 1 0 0 
x x x 0 0 0 

An x x 1 1 1 
x Bn x 0 1 1 
x ·x Cn 1 0 1 
x x x 0 0 1 
x x x x x x 

X either state 

(17~ 

S(I I CHANNEL 

rlrt-It---H1HH+--H1-hH!-~~H!--<::I----""""(16il I SELECT 

(15} r---I")-~!-+--~i-+---,.1-+---, 

C~::~~NT~;)~--HrTt-~rlrT+-~~~--t+o 

VCC"(24) 
GND"(12) 
( ) '" denotes pin numbers 

282 

'0 .. " .. 

OUTPUT 
ENABLE DATA 

(8264) OUTPUTS 

1 An 
1 Bn 
1 Cn 
1 0 

-
1 An -
1 Bn 
1 Cn 
1 1 

0 1 



LOGIC DIAGRAM 

Vee" (24) 
GND • ('2) 
( ) = denotes pin numbers 

AC TEST FIGURE 

(15) 
DATA 

COMPLEMENT 

'-.()>---(I'-"'I An 

NOTES 

BO 

Co 
A, 
0, 
C, 

A2 

B2 

C2 

A3 
83 

C3 

OE, 
OE2 
OE3 

So 
S, 
oc 

1. Scope terminals to be < 1%" from package pins. 
2. Position 1 on switch provides a logical "1", 

Position 2 on switch provides pulse. 
Position 3 on switch provides a logical "0", 

3. All measurements are made at 1.SV level. 
4. See truth table for logical conditions. 
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8264 (OPEN COLLECTOR) 

.. 
(4) (5) (6) (11 (2) (3) (23) (22) (211 (20) (19) (18) /17) 

r-+--w--+r~~~-n~~~~~+-~~~C~----~-o~ 

rl"tl---tt---+i1--t.Hft--+lf-fft-H--tt1-ttt---tt---<I----r-o s, 
.--ttt-t1H-tn---i-tt--tti-tIr-ttHfH--i+r---'---o(]---' ('6) 

'0 '2 '3 

..... 1---------- OAT A OUTPUTS ---------< .... 

" 
OUTPUT 

IN 916 
44o.\l 

8263-N,F,Q ·8264-N,F,Q 

I CHANNEL 
SELECT 

OUTPUT 

IN 916 
'son 

--+~Q--'\II/Ir-o 2.BV - .......... -tCJ--'\II-I'v---o 2.BV 

51< 
'2 51< 

8263 

283 
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AC TESTING 

STEP DELAY DRIVEN 

NO. FROM-TO INPUTS AO BO Co 

1 An to fn 2 2 1 1 

2 80 to fn 2 3 1 1 

3 80 to fn 2 1 3 1 

4 81 to fn 2 1 1 3 

5 DC to fn 2 1 1 1 

6 OEn to fn 2 1 1 1 

NOTE: 
Step number 6 Is for 8264 only. 
·Test one input at a time - others remain at "1". 

WAVEFORMS 

NON-INVERTING PATHS 

INPUT AT BNC 

l~--PW"'!L:- 2.SV 

~-;-0-1::-

A1 B1 C1 

2 1 1 

3 1 1 

1 3 1 

1 1 3 

1 1 1 

1 1 1 

B A 

IN I 

-:::X-uv 

OU;1 '" .... =~~"':"-------1-.5V- . 
1~5V , 

-- 'off --
OUT}.: 1.5V 

INVERTING PATHS 

c 

~ --I .... 1--
OUT ' ~ 

tr=tf:S3ns 
Amplitude .2.6V 
PW·20Ons 
PRR.tMHz 

o 

SWITCHING POSITIONS 

A2 

2 

3 

1 

1 
1 

1 

OTHER INPUTS 

~ 

1 

1 

3 

1 
1 

1 

C2 A3 B3 C3 OE OE 

1 2 1 1 1 1 

1 3 1 1 1 1 

1 1 3 1 1 1 

3 1 1 3 1 1 

1 1 1 1 1 1 

1 1 1 1 . . 

EXPANDING THE 8264 

c-

OUTPU TENABLE 

. .L--
'0--- f-

;0 
21 
i2 '- 8264 f--

CHANNEL 

SELECT 

DATA 
COMPLEMENT 

~ 

~ 

':= 
'<>--

,:= 
!<>--

;:= :!' , 
'<>--" 

f----
50 

~ 
-

I-
8264 I-f-

I-f-
I-f-

--r-
r--

---
82114 ---

---

'--r""" 
r--

8264 

'-r 

OE So 

1 1 

1 2 
1 2 

1 1 

1 1 . 1 

t-

-

Figure 1 

TYPICAL APPLICATIONS VARIABLE MODULUS COUNTER 
An approach to expanding the 8264 (bare collector output) is 
shown in Figure 1. The idea is to use common collectors with exter
nal pull-up resistors (one resistor for each of the four outputs) and 
make use of the output enable code. 

As can be seen, the channel select lines are tied common, while a 
different enable code would be used to selecty a particular 8264. 
All non-selected 8264's have their outputs in the logic "1" condi
tion, thus allowing the selected multiplexer to predominate. 

Figure 2 illustrates a typical example using the 8263 (totem pole 
output) along with the 8281 (4-bit binary counter) and the 8270/71 
(4-blt shift register), to implement a variable modulus counter. The 
8270's act as a 3-reglster memory. The outputs of the 8270's are 
fed to the corresponding Inputs of the 8263. Now there are three 
different preseUable 4-bit words that can be chosen by the 8264. 
By alternating the channel select codes, the 8281 counter is preset 
with one of three words and produces an output whose repetition 
rate Is dependent on the inputs from the multiplexer. 
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CLOCK 

Cz 

FIGURE 2 

8263-N,F,a ·8264-N,F,a 

S1 

1 

1 

1 

2 

1 

1 

DC 

1 

1 

1 

1 

2 
1 

WAVEFORM 

TYPES 

C,D 

A,B 

C,D 

C,D 

C,D 

C,D 

o '. " 
" 
3 
, 

r-- -----<>: 2· 
2' 
22 .... ==: 

'-r 
r--

.. 84 

'-r 
-

"84 

-r 
r--

8264 

::r-

---

~. 
r--o: 

;0 
2' 
22 

~~ 
1--0: 

:!' 
--; 

22 

~. 
f---o 

VARIABLE FREQUENCY OUTPUT 



DESCRIPTION 
The 8266/8267 2-lnput. 4-Bit Digital Multi
plexer is a monolithic array utilizing familiar 
TTL circuit structures. The 8267 features a 
bare-collector output to allow expansion 
with other devices. 

The multiplexer is intended for use at the 
inputs to adders. registers and in other par
allel data handling applications. 

SPEED/PACKING AVAILABILITY 
8266,67-B,F,W 

82S66,S67-B,F 

The multiplexer is able to choose from two different input sources. each containing 4 bits: A 
= (AO. A1. A2. A3). B = (BO. B1. B2. B3)' The selection is controlled by the input So. while 
the second control input. S 1. is held at zero. 

For conditional complementing. the two inputs (An. Bn) are tied together to form the func
tion TRUE/COMPLEMENT. which is needed in conjunction with added elements to perform 
ADDITION/SUBTRACTION. Further. the inhibit state So = S1 = 1 can be used to facilitate 
transfer operations in an arithmetic section. 

LOGIC DIAGRAM 

'0 

vee' (14) 
GND, (7) 
( ) "" Denotes pin numbers 

'2 '3 

SWITCHING CHARACTERISTICS T A = 25°C. VCC = 5V 

LIMITS 

8266 8267 82S66 

PARAMETER TYP MAX TYP MAX TYP MAX 

Propagation delay 
So to fn (short path) 18 28 18 28 12 18 
So to f n (long path) 20 30 27 36 - -

An to fn 13 20 15 20 5 10 

Bn. S1 to fn 14 25 21 28 - -
81 to fn 10 15 

Bn to fn 8 12 

82S67 

TYP MAX 

15 20 
- -
8 12 

- -
13 18 
10 15 

8266-B.F.W· 8267-B.F.W 

PIN CONFIGURATION 

B,F,W PACKAGE 

TRUTH TABLE 
SELECT LINES OUTPUTS 

So S1 In (0, 1, 2, 3) 

0 0 Bn 
0 1 Bn o 
1 0 An 
1 1 1 -" 9 

UNIT 

ns 
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AC TEST FIGURE 

An,On,SOorS1 PER WAVE FORM 

SUl 

'148266/67 

So S, 

Vee 

R2 

2.6V 

8267 

3300 
84.50 4700 

82S66.82S67 

IN~~~~~~~ 
~~·mt~:~5m 

ALL DIODES ARE 'N3064 

eo 
A, 
e, 
A, ., 

~\:~NtE~'~ig::~:~~E~O ~~~ ~~;~lI~N~E IN OHMS 

AC TEST TABLE-82S66,82S67 

TEST INPUTS OUTPUTS 
NO. So S1 AO 80 A1 81 A2 82 A3 83 FO F1 F2 F3 

1 1 PG 1 1 1 1 1 1 1 1 T 
2 1 PG 1 1 1 1 1 1 1 1 T T T T 
3 PG 0 1 1 1 1 1 1 1 1 T T T 
4 0 0 0 0 0 PG 0 0 0 0 T 
5 0 0 0 0 0 0 0 PG 0 0 T 
6 1 0 PG 1 0 1 0 1 0 1 T 
7 1 0 0 1 0 1 0 1 PG 1 T 

"'" = 2.7V "0" = Output 

NOTES: 
1. AC Test Jigs Must Not Have Any Switches. 
2. AC Test Jigs Must Have Less Than \i, Inch Lead Length From Package Pins . 

286 •• 1111 
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8266-B,F,W • 8267-B,F,W 

VOLTAGE WAVEFORMS 

8266,8267 82S66,82S67 

NON-INVERTIN.G PATHS INVERTING PATHS 

INPUT ATBNC 

'.5~4-PW--V-2.6V 
ITV-;:0--/::-

A 

IN I 
~1.5V 
-I '":-",-. -:-1'--

OUT \'-I.SV 

B 

TYPICAL APPLICATIONS 

Ais 

1-------
I 
I 

Sol 

C 

~II ..., 'on .-

OUT ~ 

D 
IN . 

~ -I"'ff 1-
~ 

tr=tf~5ns 
Amplilude ~ 2.6V 
PW ~ 200n5 
PAR ~ 1MHz 

---, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ .J 

--+I=~_----.-1± ____ ----w 

It:' ':~I 
lNPUT(l'Gl~~ "1\-10% OV 

INVERTINGOUTPUT~. ~ V1D 

1 1.5V I 1.5V 

I I Pl 'ON~---VOO 
I ~,:--V10 

NON'INVEI1T[NGOUTPUT~ I.gv ~voo 

---, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ .J 

The 8266 can be used in conuunction with the 8260 (Look-Ahead Garry Adder) to form an adder-subtractor. 

11J11l1iI1I 287 
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DESCRIPTION 
The 8268 Is a single-bit full adder with 
gated true and complementary inputs. 
complementary sum (L and !:) outputs and 
an Inverted carry output. By taking advan
tage of the unique true or inverted inputs 
and true or inverted outputs. parallel addi
tion speed is greatly enhanced (by 
eliminating unnecessary inversions). 

The device is designed for medium speed 
parallel and serial adder systems. 

LOGIC DIAGRAM 

vee ~ (14). 

GND. (7) 
( ) ~ Osnot .. pin numbers 

WPACKAGE 

E(51 

"f161 

SWITCHING CHARACTERISTICS T A = 25°e. Vee = 5V 

FROM TO TEST LIMITS 

PARAMETER INPUT OUTPUT CONDITIONS TYP MAX 

Propagation delay time 
tpLH Low-to-high 

elN COUT 
8 13 

tpHL High-to-Iow 8 13 

tpLH Low-to-high 
Yc COUT 

20 25 
tpHL Hlgh-to-Iow 20 25 

tPLH Low-ta-high 
Xc L 35 45 

tpHL Hlgh-to-Iow 35 45 

tpLH Low-to-high Yc ~ 25 35 
tpHL High-to-Iow 25 35 

tpLH Low-ta-high' 
X1. X2 X 30 40 

tpHL High-to-Iow' 15 20 

tpLH Low-to-high' 
Y1. Y2 Y 30 40 

tpHL High-to-low1 15 20 

NOTES: 
1. This test Is a measure of the required worst-case data set~up time. 

288 

UNIT 

ns 

8268-A.F.W 

PIN CONFIGURATION 

A,FPACKAGE 

TRUTH TABLE 

CIN y X COUT L !: 
0 0 0 1 0 1 

0 0 1 1 1 0 

0 1 0 1 1 0 
0 1 1 0 0 1 

1 0 0 1 1 0 

1 0 1 0 0 1 

1 1 0 0 0 1 
1 1 1 0 1 0 

NOTES: 

1. x •. x:.Xc;Y •. Y'Ycwherex~Xl·Y2;Y~Yl·Y2 
2. When X or Yare usee as inputs. X 1 and X2 or Y 1 or Y 2 

respectively must be tied to GND. 
3. When X 1 and X2 or Y 1 and Y 2 are used as Inputs, X or Y 

respectively must be left open or used to perform the 
WIRED·AND function. 



AC TEST FIGURE AND WAVEFORMS 

+5.0 V OUTPUT 

X.rV 

CIN 

Xc 

SEE 
X, 

TEST X2 
TABLE 

Y, 

Y2 

YC 

L-_-.4c:J..-.-"",,-o2.6V 

TEST TABLE (See Note 5) 

TEST OUTPUTS APPLY APPLY APPLY 
NO. UNDER TEST INPUTATO INPUT B TO +2.6VTO 

1 Cout None Gin None 

2 Cout None Gin None 

3 Cout Yc None Gin 

4 Cout Yc None Gin 

5 L Xc None Gin 

6 L Xc None Gin 

7 I: Yc None Gin 

8 I: Yc None Gin 
9 X None X1 X2 

10 X None X1 X2 

11 Y None Y1 Y2 

12 Y None Y1 Y2 

.11.1 

8268-A,F,W 

~' I I 
INPUT B '.5V '.5V 

I I 
I I 

~': INPUT A '.5V ,.5V 
I I 
I I 

...... ~ . .., ;-- . .., : __ tpdO 

, I 

OUTPUT !.SV '.BV 

NOTES: 
1. Perform test in accordance with test table. 
2. Each output is tested separately. 
3. Voltage values are with respect to network GNO terminal. 
4. The generator has the following characteristics: 

Vgen • 2.6V. tr = t f oS 15ns. PW = 0.5ns, PRR = lMHz. 
5. Inputs and outputs not otherwise specified are open. 
6. Capacitance shown include probe and jig capacitance. 
~. All resistances are in ohms. 

APPLY APPLY OUTPUT 
GNDTO LOADING TO 

Y1 Gout 

Y1 Cout 

X1, Y1 Cout 

X1, Y1 Cout 

L 
X1, Y1 I: 

Cout 

L 
X1, Y1 I: 

Cout 

Y1 I: 
Y1 I: 

None X(GL = 15 pF) 

None X(GL = 15 pF) 

None Y(GL = 15pF) 

None Y (CL = 15 pF) 

289 
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TYPICAL APPLICATIONS 

N-BIT PARALLEL ADDER 

INPUT 
CONTROL 

NOTES: 

PARALLEL DATA INPUTS 

INPUT REGISTER X 1m 
SERIAL DATA INPUT, ~ Os DA DB DC DO 

1_ LOAD 
MODE CONTROL 10-- SHIFT 

CLOCK ~ C Ao BO 

I 

8270 

Co DO 

I 

~----------------'I r--
CLOCK <>--< C AD So Co DO 

MODE CONTROL! 0-- SHIFT 8270 
10-- LOAD 

SERIAL DATA INPUT 0-- Os DA DB DC Do 
INPUT REGISTER - Y 1 1 1 1 
~ 

PARALLEL DATA INPUTS 

MODE CONTROL I ~ 

8268-A,F,W 

PARALLEL DATA OUTPUTS 

~~~:L 
LOAD AD BO Co 

SHIFT 
8210 

DO 
OUTPUT 

'OUTPUT 
REGISTER 

CLOCK o-c C DA DB ,DC DO 

I 

To expand storage register for serial/parallel operation. connect DO to Ds of next stage and common the mode control lines and the clock line of the first stage to their respective second 
stage equivalents . 
• To expand output register for parallel outputs common clock, shift and load lines with their respective counterparts. For serial data output, also connect DO of first register to Ds of next 

register, 

4-BIT SERIAL ADD/SUBTRACTOR 

SERIAL 
DATA 0--+-" 
INPUT 

SERIAL 
DATA o-~-tI 
INPUT 

CLOCK 

290 

ADD/SUB 
CONTROL 
ADD "0" 
SUB"'" 

INHIBIT/ENABLE 
SUM CONTROL 

l!Jnollll 

SUM 

8268 

CARRY F/F 

R 
I-':.--~ K' Q 

C 8825 



DESCRIPTION TRUTH TABLE 
The 8269 4-Bit Comparator is an array of 
gates designed to perform the numerical 
comparison of two four-bit binary numbers. 
The outputs indicate whether the two num
bers are equal in value, or which number is 
the greater. The 8269 is a functional and pin
for-pin replacement for the DM8200. 

INPUT OUTPUT 

LOGIC DIAGRAM 

""""31-.....-l..-lL..l" 

vcc - (14) 
GND - (7) 
( ) - denotes pin numbers 

An 

A > 
A < 
A = 

A ~ 

Bn STROBE X 

B 0 1 
B 0 0 
B 0 1 
B 1 0 

=I }--

SWITCHING CHARACTERISTICS T A=25°C, VCC=5V 

FROM TO LIMITS 
PARAMETER INPUT OUTPUT TEST CONDITIONS MAX 

Propagation Delay Time 
tpLH Low-to-high Data Test Figure 1 40 
tpHL High-to-Iow 30 
tpLH Low-to-high Strobe Test Figure 2 27 
tpHL High-ta-Iow 18 

IIJOIlIiCI 

Y 

0 
1 
1 
0 

UNIT 

ns 

8269-A,F,W 

PIN CONFIGURATION 

A,F,W PACKAGE 

o -" 9 
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AC TEST FIGURE AND WAVEFORMS 

Input Pulse: 
I=IMHz 
PW=100ns 
I, ~ II - IOns ",Ins 
AMP. - 3.0V 

PIN CONFIGURATION 
8271 

380n 

DIODES 
IN 916 

";' VOUT 

vl---<P------O 

FIGURE 1 

B,F,W PACKAGE 

292 

Vee 

INPUT A----' ... 

STROBE---.II 

• OUTl'UT----i' 

I 

8269-A,F,W 

DIODES 

IN 916 

VOUTl'UT·----;M I i\5V IF\ r 
_~~:::t.I':;1, .... , I-- '----J 

Inpul Pulse: 
InpulA 
I-1MHz 
PW=10Ons 
" - II - IOns '" Ina 
AMP. =3.0V 

8270 
A.FPACKAGE 

FIGURE 2 

Sl,obe Inpul 
I-1MHz 
Ihold - Ons 
lsel-up = IOns 
I, = II - 10ns",lno 

8270-A,F,W·8271-B,F,W 

8270 
WPACKAGE 



SPEED/PACKAGE AVAILABILITY LOGIC DIAGRAM 
827G-B,F,W/8271-A,F,W ,-----------------------------, 
82S70-B.,F/82S71-A,F 8270 

DESCRIPTION 
The 8270 is a 4-bit Shift Register with both 
serial and parallel data entry capability. 

The data input lines are single-ended true 
input data lines which condition their spe
cific register bit location after an enabled 
clocking tranSition. Since data transfer is 
synchronous with clock, data may be trans
ferred in any serial/parallel input/output 
relationship. 

The Internal design uses level sensitive bi
naries which respond to the negative-going 
clock tranSition. A buffer clock driver has 
been included to minimize Input clock load
ing. 

Mode control logic is available to determine 
three possible control states. These register 
states are serial shift right mode, parallel 
enter mode, and no change or hold mode. 
These states accomplish logical decoding 
for system control.. The truth table for the 
control mades is shown below. 

For applications not requiring the hold 
mode, the load Input may be tied high and 
the shift input used as the mode control. 

The 8271 provides a direct reset (RD), and a 
Dout line in addition to the available outputs 
of the 8270 element. The fan-out specifica
tion for this output is the same as the true 
outputs of the 8270 element. 

TRUTH TABLE 

CONTROL STATE LOAD SHIFT 

Hold 0 0 
Parallel Entry 1 0 
Shift Right 0 1 
Shift Right 1 1 

Vee - (14) 'o:O~:-" -D~t>o--' '" 
GND _ (7) " 
( ) - denotes pin numbers 

RD II) 

" 

Vee = (16) 1~;;:;:~=---ii>o-.1.f.)---' '" 
GND _ (8) . " 
( ) - denotes pin numbers 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

8270n1 

PARAMETER TEST CONDITIONS MIN TYP MAX 

ton Turn-on delay time 
All binaries 25 40 

toft Turn-off delay time 
All binaries 25 40 

Clock Interval (High) Clock=2V 20 

Transfer Rate 15 22 

tsetup Set-up time 
Load 20 30 
Data 7 15 

IIJln ... 

" '" 

" '" 

'" " 

8271 

'" " 

80 111 

82S70/571 

MIN TYP 
11 
11 

11 11 

8 11 

40 60 

3 
1 

lIS) 
'c 

MAX 
20 

16 

20 

16 

6 
3 

<, 

'" 

<, 

'" 

UNIT 

ns 

ns 

ns 

MHz 

ns 

112) 

'0 

1141 

" 

" 1101 

1121 

"ii 

293 
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8270-A,F,W·8271-B,F,W 

AC TEST FIGURES AND WAVEFORMS 

'000 

MOMENTARILY ~ 
PUSH TO START I 

294 

LOAD 

RESET 

SHIFT 

8270,8271 

TURN ONIOFF AND TRANSFER RATE 

OUT 2.6V 

1N916 

~f-+---. 24T-1"F ~ 
5K 

CLOCK r--l1.5V,--
1NPUr..J"1..J t,. = tf ,. 5ns 

~-T--r-";"",;,,:::,;::::,,...J 

~ 
1210 

TO 
LOAD 

CIRCUITS 

5.OV 

A 

8 

C 

o 

eli 

.w 

~2.0V 

TYPICAL LOAD CIRCUIT 

20n'~5n' . 

CLOCK 1.0V. 

DATA SET-UP TIME 

INPUT 
Notes: 
1. Ion'Ioft 
2. Transfer rate & min clock "1" level: check that binary out-

puts are changing. 

~'.5V ~'.5V 
CLOCK.../~ ~ ~ 

DATA INPUT 
OR PARALLEL .......t -...l 
DATA INPUT 1.5V 

RELATEO~ r
OUTPUT '----J' 

Notes 
1. Switch in posHion 1 to lest serial data input. 
2. Switch in position 2 to test parallel data input. 

Adjust data input or parallel input dalsys to test condition and 
vertfy output operation. 



AC TEST FIGURE AND WAVEFORMS (CONTO.) 

8270,8271 

SHIFT/LOAD SET -UP TIME 
VCCy.OV 

L 1 
RESET AO I lOAD , I 
SHIFT 

I SEE FIG. 1 

~~ { DO 

0 GENERATOR 0 LOAD 

CLOCK Os 
DA Os DC DO 

ClO~ / ~ / \-5012 SOU ,;0.(, I I 1 2.0V 

L I I I I 
I I----' .. 'IOI~ 1--''''111---1 

-::- ~ -::- -= SHIFT I ~ : }' I I 
I I I 
~ t--- tset{O) --I t-+-tset (1) 

lOA~ }' "-
OUT~ / o 

NOTES: -1. All resistor values are In ohms. 
2. All capacitance values are in picofarads and include Jig and 

probe capacitance. Capacitance as measured on Boonton 
Electronic Corporation Model 75A-S8 Capacitance Bridge 
or equivalent. f = 1 MHz. V AC = mV rms. 

3. All diodes are 1N916. " 9 
82570,82571 

NOTES 
1. All diodes are 1 N3064. 
2. CL includes Jig and Probe Capacitance 
3. Input pulses are supplied by pulse generators having ZOUT = son and the 

OUTPUT 

l·c""", 

following characteristics: 
CLOCK INPUT PULSE 
tr ~ tf ~ 2.5ns (10% to 90%) 
Pulse amplitude = 3V 

FROM OUTPUT PRR (ton. tolO ~ 1 MHz 
UNDER TEST 

l tw (ton. toll) ~ 50 ns 
I~"'5PF 

SEENOlE1 

':- ISEENOTEZ! PRRR (Max. Freq.) ~ 40MHz 
4. Data input and output are any related pair. Serial and other data inputs are at 

ground, The serial input is tested with the A output when in the shift mode, 

SHIFT/LOAD ANa DATA INPUT PULSE 
tr ~ tl = 2.5 ns (10% to 90%) 
Pulse amplitude = 3V 
PRR ~ 'h 01 Clock Freq. 
tw ~ 50% Outy Cycle 

.IDI .. 295 



AC TEST FIGURE AND WAVEFORMS (CONT'O.) 

RESET 
(ASYNCHRONOUS) 

1.6V 

82S70, 82S71 

3V 

________________ ov 

~~T 3V 

- -- - - - - -- - - - OV 

____________ - 3V 

LOAD ----+-" OV 

- ------------ 3V 

1.5V 

DATA ov 
(SEE NOTE 4) 

3V 

CLOCK ------+----" OV 

OUTPUT 
(SEE NOTE 4) 

to~ 
" ~~I._5V __________ ~ 

_____________ - - - V
,OUT toN~ 

TYPICAL APPLICATIONS 

SHIFT-RIGHT/SHIFT-LEFT/PARALLEL ENTRY SHIFT REGISTER 

~A~~FT -------------'----, 

CLOCK D------------ICL 

~IFT 

LOAD 

x O--_+_+_-I fO I 
1 

18233 

1.5V 

DATA 
TO RIGHT 

VOOUT 

Yo---..... " 1>-..... -+----1 5, 1 

~~----~-+--+_--r_~I~~--T--r-r--~~ 

XY Function 
!j'(j'~ 
01 Shift Left 
1 0 Parallel Load 
1 1 Shift Right 

296 

DATA 
FROM LEFT 

~,---------~v,----------'# 
PARALLEL DATA IN 

. .-. 

DATA , 
FROM RIGHT' 

Package Counl: 1-8270 
I-S233 
lIz-SH90 
liz-SHOO 



8273-B.F,W 
DESCRIPTION 
The 8273. 10-8it Shift Register is an array of binary elements inter
connected to perform the serial-in. parallel-out shift function. This 
device utilizes a common buffered reset and operates from either a 
positive or negative edge clock pulse. Clock 1 is triggered by a 
negative going clock pulse and Clock 2 is triggered by a positive 
going clock pulse. The unused clock input performs the Inhibit func
tion. The circuit configuration is arranged as a single serial input 
register with ten true parallel outputs. 

TRUTH TABLE 

INPUT RESET CLOCK 1 

1 1 Pulse 
0 1 Pulse 
1 1 1 
0 1 1 
1 1 Pulse 
0 1 Pulse 
1 1 0 
0 1 0 

NOTE: 
The unused clock Input performs the INHIBIT function. 

RESET - 0-0 - 0 

LOGIC DIAGRAM 

a, 
1111 

CLOCK 2 

0 
0 

Pulse 
Pulse 

1 
1 

Pulse 
Pulse 

a, 
1121 

a, 
1131 

Qn +1 

1 
0 
1 
0 
Q 
Q 
Q 
Q 

"< 
1141 

05 
(151 

as 
(11 

PIN CONFIGURATION 

a, 
121 

B,F,W PACKAGE 

Os 
13) 

Os 
(41 

~o---~~----~~-+--~---+--~--~~--~--+---~--~--~---+--~--~--~~--+---~~~-, 

"0" INPUT 0----------1 

CLOCK2 O---~:j~~-J~ ____ JL ______ -l ______ -J~ ______ ~ ______ JL ______ -l ______ -J~ ______ ~~ __ ~ 
CLOCK 1 

AC TEST FIGURE AND WAVEFORMS 

NOTES: 
1. Unused clock 2 input must be grounded. 
2. Input pulse characteristics 

CLOCK 
AmplHude _ 3.0V 

tr - tfS 5ns. 

i2~:n 
IN 916 

"9l • '}J" 
I I -, ,-- ...... 

S~nl!tics 

a,. 
(51 
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SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

FROM TO LIMITS· 

PARAMETER INPUT OUTPUT TEST CONDITIONS MIN TVP MAX 

Data Transfer Rate 
ton Turn-on delay Clock 1 

Clock 2 
Reset 

toff Turn-off delay Clock 1 
Clock 2 

tw{clock)Wldth of clock Clock 1 
Input pulse Clock 2 

tset-up Setup time Clock 1 
Clock 2 

thold Hold time Clock 1 
Clock 2 

DESCRIPTION 
The 8274 10-Blt Shift Register is an array of 
binary elements i.nterconnected to perform 
the parallel-In serial-out shift function. The 
circuit has ten parallel inputs and a single 
true serial output. The 01 Input can also be 
used for serial entry. Two control inputs, So 
and 51, determine the operating mode of 
the shift register as shown in the Truth Ta
ble. A single buffered clock line connects all 
ten flip-flops which are activated on the 
high-to-Iow transition of the clock pulse. 
Guaranteed Input clock frequency is 
25M Hz. With the exception of the Hold 
Mode, the control Inputs may be changed 
when the clock is in either the high or low 
state without causing false triggering. The 
Hold Mode can be entered only when the 
clock is low. Applications for the 8274 Shift 
Register include Parallel-to-Serial conver
sion, Modem Data Transmislon, Pseudo
Random Code generation and Modulo-N 
Frequency Division. 

LOGIC DIAGRAM 

CLOCK 

TRUTH TABLE 

So S1 

0 0 
0 1 
1 0 
1 1 

~I:~~~N~~RTIAL 0, 02 

25 35 
Clock 2 = OV: 

ReSet=4.5V 32 40 
ReSet=4.5V 28 40 

Clock 1=4.5V 35 50 
Clock 2=OV 25 40 
Clock 1=4.5V 19 40 
Clock 2=OV 16 25 

Clock 1 =4.5V 12 20 
Clock 2=OV 15 

Clock 1=4.5V 10 
Clock 2=OV 15 

Clock 1=4.5V 10 

PIN CONFIGURATION 

OPERATING 
MODE 

B,F,W PACKAGE 

Hold 
Clear 
LOad 
Shift 

Q~--ir-t+-I::=f, 

02 

0'0 
_------____ PARALLEL DATA INPUTS ________ _ 
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UNIT 

MHz 

ns 

ns 

ns 

ns 

ns 

8274-B,F,W 



8274-B.F.W 

SWITCHING CHARACTERISTICS TA=25°C. VCC=5V 

LIMITS 

PARAMETER MIN TVP MAX UNIT 

Data Transfer Rate 25 30 MHz 

ton Turn-on delay 

Clock to output 27 40 ns 

toff Turn-off delay 

Clock to output 21 40 ns 

tw Width of clock pulse 15 20 ns 

tsetup Setup time 

On 16 10 ns 

SO.S1 16 25 

AC TEST FIGURE AND WAVEFORMS 
2.6V 

84.5,11 

So QI-----4 
5, o -" CLOCK 9 

PW l-
So I I I L I I 

1 
I _I i--'t.okl 

-f I \ I I I s, 
1 

1 I I 
I --i , ... u.i-- I I 

1 I t .. tup ........ 1 l-
I I I I 
I I ~%W-0,. I I 
1 I 
I I I 1 -I 1--

-I '0" r-- ~'off~ 

Q -\ J L Clock Pulse Characteristics 
Pulse Amplitude ~ 3.0V 
tr• tf:S 10n8 
PW S SOns 
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DESCRIPTION TRUTH TABLE (EACH LATCH) 
The 8275 Is a QUAD LATCH circuit de
signed to provide temporary storage of four 
bits of Information. A common application 
Is as a holding register between a counter 
and a display driver (such as the 8280 and 
8T01.) Separate enable lines to latches 1-2 
and' 3-4 allow Individual control of each pair 
of latches. Initially, data is transferred on 
the rising edge of the enable pulse. While 
the enable Is high, output Q follows the data 
input. When the enable falls, the Input data 
present at fall time is retained at the Q out
put. Both Q and Q are accessible. 

LOGIC DIAGRAM 

ENABLE 

1 
.1 
0 
0 

-No change. 

o~. OTHER 

LATe: 

ENABLE DATA 

DATA 

1 
0 
1 
0 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

FROM TO TEST LIMITS 

PARAMETER INPUT OUTPUT CONDITIONS MIN TVP 

tsetup Setuptime1 
Low D 14 
High 12 

thold Hold tlme2 
Low D 0 6 
High 0 15 

Propagation Delay Time 
tpLH Low-to-hlgh D Q 16 
tpHL Hlgh-to-Iow 14 

tpLH Low-to-high D Q 24 
tpHL Hlgh-to-Iow 7 

tPLH Low-to-hlgh E Q 16 
tpHL Hlgh-to-Iow 12 

tpLH Low-to-hlgh E Q 16 
tpHL High-to-Iow 12 

NOTES: 
1. 'selup' is defined as the time prior to the fall of the clock. 
2. thold is defined as the time after the 'all of the clock. 
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Q 

1 
0 . . 

MAX 

20 
20 

30 
25 

40 
15 

30 
20 

30 
20 

8275-B,F,W 

PIN CONFIGURATION 
0 B,F,W PACKAGE 
.0 
1 . . 

UNIT 

ns 

ns 

ns 



TYPICAL APPLICATION 

CL OCK 

DATA STROBE 

OUTPUT STROBING OF RIPPLE COUNTER TO ACHIEVE 
SYNCHRONOUS OUTPUT CHANGES 

I. ONE SHOT ..I 
It 8T22 0 

1 

I It= lOOns) I 
1 1 

DS C, Rl EN, EN2 

DA RIPPLE AoUT 
DO "0 DA 

COUNTER 

D. 
.200 

BOUT 0, a, D. 8250/51 
8281 QUAD 8230/31/32 
8288 LATCH 
8290 

D2 
8275 

DC DC 829' COUT O2 
8292 
8293 

Do DOUT D3 0 3 DD 

Ro 

1 
AC TEST FIGURE 

IN 916 

IN 916 
... om 

·SEE NOTE, 

AC TEST WAVEFORMS 

----1::"""" 'P, ",. 'P,- ": 
, " ~ i :-'0 , r------VGEN 
" 90% 9O'lIO " , 

D INPUT , '.5V ,.6V , '.5V 
10% '---'sETUP 1---1 : ,10% I 

: --1,,1- -1'e~i:=-,' 'sETUPO------:t~~~;;----- ov 
__ J ___ +.J =:t..i+________ -I-~-------- VGEN 

ENABLE I 90% 90% I I ' I 
INPUT I 1.5V '.5V I : ,.6V 

ISEENOTE5) 10% I I I 10% I I 

i--t "'2 I I 'P2..::::i '--

NOTES: 

I 
I 

;.rlID-O) :: • 

OUTPUTO ! 

I 

-' .-- 'j>d'IE-O) J4- 'pdO(D-O)-r ;.rOIE-O) 

: "'if I I r _____ VVoOUUTTII01)) i ; 1.~ 1 ,\.sv . 
, : _1j>d'IE-m-'--------..J 

_-f-I __ -+-~ I I v 

o~~~-g,~~.---'I--fl..·5-V---~--;.r-l-ID-.Q-)----r..J7·5V ~v:::::: 
-...i ~ tpdO(E.Q1 

,. The pulse generators have the 'ollow'ng characteristics: Vgen = 3V. t, = 'Os,Ons. and 

Zout",501l. For pulse generator A. tp" m '''' and PRR = 500Hz. For pulse generator B. tp2 = 500ns and Prr = 'MHz. Posi
tions of [).input and enable input pulses are varied with respect to each other to verify setup and hold times. 

2. Each latch is tested separate'y. 
3, CL includes probe and jig capacitance. _ _ 
4. When measuring tpd' (0-0). tpdO (0-0). tpdQ (0-0). and tpd'(o-O). enable input must be held at loglca". 

rl!l.' •• 

8275-8,F,W 

o -" 9 
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Product available in 0° to 75°C temp. range only. 

DESCRIPTION 
The 8276 is a serial-in, serial-out 8-Bit Shift Register composed of 
eight R-S master slave flip-flops. This shift register has input gating 
and an internal clock driver. In addition, a data transfer inhibit input 
is provided. 

Data Input and Data Enable are gated through inputs A and B. An 
internal inverter provides the complementary inputs to the first bit 
of the shift register. All inputs are fully buffered. Complementary Q 
and Q outputs are provided. 

The internal clock driver linverter causes the 8276 to shift data to 
the output on the positive edge of the input clock pulse, making the 
shift register compatible with the 8825 J-K Binary and the 8828 
Dual 0 type Binary. The register is inhibited from shifting data when 
the Transfer Inhibit line is high. The inhibit function is achieved by 
preventing data transfer from master to slave sections of the regis
ter elements when the inhibit line is used. 

SWITCHING CHARACTERISTICS TA =25°C, VCC =5V 

LIMITS 

PIN CONFIGURATION 

A,F PACKAGE 

TRUTH TABLE 

In 

A B 

PARAMETER MIN TYP MAX UNIT 
(Data Enable) (Data Input) 

Transfer rate 15 20 MHz 
ton Turn-on delay 

Clock to output 22 33 ns 
toff Turn-off delay 

0 0 
0 1 
1 0 
1 1 

Clock to output 22 33 ns NOTES: 

tw Clock pulse width 25 ns 
tSetup Setup time (logical) 

tn Bit time before clock pulse, 
tn I 8 Bit time after 8 clock pulses. 

Low at A or B input 25 ns 
High at A or B input 25 

LOGIC DIAGRAM 

BIT NUMBER ONE BIT NUMBER TWO 

DATA 
ENABLE 

181 

DATA 
INPUT 

TRANSF·ER 
INHIBIT 

r------------ ---, 
I 
I 
I 
I 
I 

, ____________ , ~ ~ I ______ n_~ 
I I 
I I 

I 
I 
I 

r-----------, 
I I 
I I 
I I 
I I 

I : ii 

... 
g 

IX 191 

... 
)o--~~------------~~~~------------+-~1-------------~-+------------~-' = 

l:! 
CLOCK 

CP 151 

~~%: ~~~) 
( ) "" denotes pin numbers 
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I 
I 
I 
I I 

I I I I 
I I I I L __________ J L _____________ .J 

MASTER FlIP·FLOP NO.1 SLAVE FLlP·FLOP NO.1 

•• 01111 

I I I I 
I I I I L _________ ..J L ___________ ....l 

MASTER FLlp·FLOP NO.2 SLAVE FLlp·FLOP NO.2 

8276-A,F 

tn+8 

Q 

0 
0 
0 
1 



LOGIC DIAGRAM 

181 

161 <>--I.!:....J 

VCC·(14) 
GND=(7) 

CP 

( ) denotes pin numbers 

AC TEST FIGURE AND WAVEFORMS 

Vee:: 5,OV OUTPUT 

A 

co 

IX 

NOTES: 
1. Unused input connected to 2.6V 
2. Input pulse characteristics: 

TN9T6 B4.sn 

5kf! 

IN9T6 B4.sn 

5kf! 

CLOCK: 
Amplitude". 3.0 max 
Ir""1=5n5 max 
PRR. 15 MHz 

+2.6V 

+2.6V 

3. Setup time "" 25n5 
Hold time", Ons Pulse width = 25n5 at 50 % points 

TYPICAL INPUT/OUTPUT WAVEFORMS 

1 2 thru 7 8 9 thru 15 16 17 18 19 thru 23 24 25 26 27 

Fri~CTK PULSE n.n:: rum:: llflJl..flIT:: J1Jl.J1IlJl 
INPUT A L. ______ . ___ -1L. __ . _____ _ 
OUTPUTQ __ • ___ Sl.___ . __ . .r-L 

NOTE: Input B is connected to 2.6V. Transfer inhibit connected to OV 

90% 

CO 50% 

10% 

DATA 

90% 
50% 
10% 

Q 

jj 

50% 

INPUT: 
Amplilude.3.0V 
tr = If = 5ns max 
PRR = 7.5 MHz 

8276-A,F 

a (111 

a (10) 

"'NOTE: These fUnctions are interchangeable . 
• ·NOTE: Transfer inhibits prevents transfer of data 

from master to slave. 

"--11-11-" 

1 
~FF~=I I 

1 
~Nl=\ -/~FF L 

Pulse width = 25ns at 50 % points 
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Product available in 0° to 75°C temp. range only. 

DESCRIPTION 
The 8277 Is a dual 8-Bit Shift Register which provides the designer 
with sixteen (16) bits of serial storage operating at a typical shift 
rate of 20M Hz. Features of the 8277 are: 

1. TRUE and COMPLEMENT outputs are provided on each regis
ter's eighth bit. 

2. Positive edge triggering on clock input. 
3. SEPARATE CLOCK lines (pins 7 and 10) for each 8-bit register 

are provided as well as a COMMON CLOCK line (pin 9) for all 
Sixteen storage bits. 

4. Common RESET (pin 1). 
5. AND-OR gating to the input of each 8-bit register is provided to 

accomplish the multiplex function. 
6. Direct replacement for 9328. 

SWITCHING CHARACTERISTICS TA=25°C VCC=5V 

LIMITS 

PARAMETER MIN TVP MAX UNIT 

ton Turn-on delay 
Clock to output 25 40 ns 
Reset to output 25 40 

toff Turn-off delay 
Clock to output 25 40 ns 
Reset to output 25 40 

tw Width of clock pulse 15 ns 
. Shift rate 15 20 MHz 

tsetup Data setup time 20 30 ns 
tHold Data hold time 5 ns 

LOGIC DIAGRAM 

0, (SI 

Os (4) 

DO (6) 

8277-B,F 
PIN CONFIGURATION 

B,FPACKAGE 

TRUTH TABLE 

DS DO D1 Reset Function 

0 0 x 1 Shift in "0" 
0 1 x 1 Shift in "1" 
1 x 0 1 Shift in "0" 
1 x 1 1 Shift in "1" 
x x x 0 Reset "0" to "0' 

'ESET <>-;;,,;-<, f>....,..---------'-+--!--+--4.--+---I-lr-~l--t_--'-;_--'-+---' 
CLOCK SEPARATE 

CLOCK 
COMMON '9' 0, 

(12) 
Os 

(13) 

f14J 

Do 
(11) 

CLOCK (15) 

SEP~A~'A~TE~::::::::::::~~ __ l-__ -L __ -l __ -J __ -JL-__ l-__ J-__ ~ 
Vee· (16) 0;'0) 
GND. (8) 
( ). Denotes pin numbers 
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AC TEST FIGURE AND WAVEFORMS 

OUT 

1N914 B4.5!l 
t--"""t""""1--4-K1!-'WIf-O+2.6V 

DATA 

1N914 84.5.0: I 

118 
pF 

OUT 

~FF~--I 1.SV 

0 

I 
a 

~Nl=\ 1.SV 

t--"""t""""1--t-Kll-'w ...... o +2.6V 

NOTES: 
1. Each register is tested separately. 
2. All T delay measurements taken at 1.5V level. 
3. Tie all unused inputs to 2.6V. 
4. 18pF on outputs includes probe and jug capacitance. 

TYPICAL APPLICATION 

a-BIT SERIAL ADD/SUBTRACTOR 

SERIAL 
DATA 
INPUT 

DATAlliiiM 

CLOCK 

ADD/SUB 
CONTROL 
ADD - "0" 
SUB - "1" 

X1 SUM 

CN 

8288 

Y1 

Y Co 

8277-B,F 

CLOCK PULSE: 
P.A. = 3.0V 
P.R.R. = 15 MHz 
P.W. = 15 ns 
Tr = Tf '" 5ns 

\ r DATA PULSE: 
P.A. = 3.0V 
P.R.R. = 7.5 MHz 
P.w. = 25ns 
Tr '" Tf :: 5ns 

/ l 
T SETUP =.25ns 
THOLD = 0 ns 

CARRY F/F 
o -" R 

K 0 9 
C 8822 

(1121 
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DESCRIPTION 
The 8280 Decade Counter and 8281 16-
State Binary Counter are four-bit subsys
tems providing a wide variety of 
counter/storage register applications with a 
minimum number of packages. 

The 8280 Decade Counter can be con
nected In the familiar BCD counting mode, 
In a dlvlde-by-two and dlvlde-by-five config
uration or In the BI-Qulnary mode. The Bi
Quinary mode produces a square wave out
put which Is particularly useful In frequency 
synthesizer applications. 

The 8281 Binary Counter may be connected 
as a divlde-by-two, eight, or sixteen 
counter. 

Both devices have strobed parallel-entry 
capability so that the counter may be set to 
any desired output state. A "1" or "0" at a 
data Input will be transferred to the asso
ciated output when the strobe Input Is put 
at the "0" level. For additional flexibility, 
both units are provided with a reset Input 
which Is common to all four bits. A "0" on 
the reset line produces "0" at all four out
puts. 

The counting operation is performed on the 
falling (negative-going) edge of the input 
clock pulse, however there Is no restriction 
on the transition time Since the individual 
binaries are level-sensitive. 

306 

WPACKAGE 

DO ' 

DOUT 2 

Vee 4 

DSTROBE 5 

COUT 6 

LOGIC DIAGRAMS 

8280-A,F,W • 8281-A,F,W 
PIN CONFIGURATION 

A,FPACKAGE 

DSTROBE , 

COUT 2 

'2 DOUT 

AOUT 6 

• AOUT • BOUT 

a 

AO 
(5) 

8280 

no) 
DB 

8281 

(101 

DB 

a 

GND 7 

BO 
19) 

131 
DC 

BO 
19) 

(3) 

Dc 

a 

Co 
121 

a 

DO 
(121 

DO 
(12) 



SWITCHING CHARACTERISTICS TA= 25°C, VCC = 5V 

LIMITS 8280/8281 

PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

ton Turn-on delay time 
Clock mode BltA,B,C,D 15 25 ns 
Data/strobe 25 35 

toff Turn-off delay time 
Clock mode Bit A,B,C.D. 15 25 ns 
Data strobe 30 40 

Toggle rate 20 25 MHz 
tw Width of input pulse 

Strobe 20 35 ns 
Reset 20 35 

trelease Release time 
Strobe 30 40 ns 
Reset 50 75 

TYPICAL OUTPUT CHARACTERISTICS 
4.OV 

3SV 

10V 

W 
(!l 

2.5V <C 
1-
.J 
0 2.OV 

> 
f-

1.5V ::l 
a. 
f-
::l l.ov 

l\ 

~ +125'C 

~ ~ 
~ ~ 

t><.25'C 

~ 

~" ~ 

7D 

OJ 

;t 50 

.§ 
40 II 

Z 
§l 311 

20 
0 

osv 
""-,,'" ~ " 

"" 1"-' 
10 '5 20 25 30 

Isource (mAl 

TYPICAL APPLICATIONS 

VARIABLE MODULUS COUNTER 

A, 

IRIDI'III 

8280-A.F.W • 8281-A,F,W 

ACWAVEFORM 

it 
If! 

Ar' 
/# 

INPUT 
PULSE 

A 

/ 
Id 
r-

O.2V O.4V O.6V 

1-, 
I 

i , 
1 

+125·C 

+2S"C 

-5S"C 

o~V 

Vce(VOLTSI 

OUT 

STROBE 

~ 

'.OV 

I , 
I , 
I 
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AC TEST FIGURES AND WAVEFORMS 
TOGGLE RATE 

OUTPUTS 

ABC 0 

GNO 

CIRCUIT UNDER TEST 

:: 11: 45 6 1~~0111213141516 
INPUT fl.l1IUlIlIUUU1 
A OUTPUT I1l1.rrnJlJ1JlJ 
BOUTPUT~ 

COUTPUT~ 
o OUTPUT _____ --' L 

C OUTPUT ____ --' 

o OUTPUT 

Inpul pulse: 
Amplilude ~ 2.6V 
tA ~ 25ns, tB ~ 25ns, 
tr = tf = 5ns max. 

CLOCK MODE ton/toH DELAY 

:;L-___ ...J 

~1.5V 
~ 
I 

: 
---tt4 toff 

OUTPUT' 

OUTPUT 
, , , , , 
I -: 'on 

] 

IN 916 ".M' 
---TOOUTPUTS~2.6V 

y" 

Input pulse: 
Amplitude ~ 2.6V 
P.W. ~ 30ns 
tr~tf~5ns. 

1. ton and toff are measured from the clock Input of each 
binary to the Q output of that binary. 

2. Each Q output will be loaded with a load circuit as 
shown. 

8280-A.F.W·8281-A.F.W 

DATA/STROBE tonltoH 

-IN916 

]
---TOOU"UTS~"'V 

y" 

Strobe, P.A. ~ 2.6V 
P.W. - 300ns 
PRR _ 1 MHz 

tr~tf~5ns 
Data, P.A. ~ 2.6V 

P.W. ~ 500ns 
PRR ~ 500 KHz 

tr ~ tf ~ 5ns. 

MINIMUM STROBE PULSE WIDTH 

}-- TO v' ".5!! 2 .• V OUTPUTS 
24pF 5K 

INPUT PULSE: 
DA,B,C,D i I 

I I \,~I4-----------
l~._u 

Amplitude - 2.6V 
tr - tf ~ 5ns. 

OUTPUTS....Jr1.5V . ! ~ 
A,B,C,D I . I 
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AC TEST FIGURES AND WAVEFORMS 
MINIMUM RESET PULSE WIDTH 

I TO • 84.'" 

---OUTPUTS ~.2.6V 
240F y5" 

----+I PW l+
I I 
I I 

RESET---1 r-::-:--
1.5V-U- I.5V 

OUTPUTS 
A.B.C.O~ 

INPUT PULSE: 
Amplilude = 2.6V 
tr = If := 5ns max. 

Note: Outputs must be previously brought high by placing a "0" on the 0 strobe input. 
A pulse generator may be substituted for the switch. 

NOTES: 
1. All resistor values are in ohms. 
2. All capacitance values are in picofarads and include jig and probe capacitance. 
3. Input pulse notations apply unless otherwise specified. 

STROBE/RESET 

CLOCK 

8280-A,F,W' 8281-A,F,W 

STROBE/RESET RELEASE TIME 

~.5V 
I 
I 
I 
I 

Vee 

: ~.5V 
I I ~--------
I RELEASE I 
~ TIME :--

TIMING DIAGRAM 

Clock. Strobe/Reset: 
Ampl = 2.6V 
tr ... tf "" 5nsmax. 
PRR = 1 MHz 50 % Duty Cycle. 

8 9f ro '1 12 13 14 ~ 16 " 1 

==~ ____________________ r---
STROBE" OUT U-
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SPEED /PACKAGE AVAILABILITY 
82S N,F 

DESCRIPTION 
The 82S82 binary coded (BCD) arithmetic unit is a high speed Schottky MSI circuit with 
lookahead carry/corrow that has been designed for easy systems usage. Depending on the 
state of the aoo/subtract control line, the unit produces the BCD sum or difference of two 
decimal numbers presented to the BCD inputs in the 8-4-2-1 weighted BCD format. A 
comparison output (A=B) is provided as well. When in the subtract mode, this output 
indicates if two BCD numbers are equal and its open collector feature allows easy 
comparison of several decades. 

The 82S82 BCD arithmetic unit has been designed such that input and output logic levels 
including the carry/borrow are in their true logic form. Compared to multichip hardware 
solutions previously at the designer's disposal, the 82582 arithmetic unit generates the BCD 
carry/borrow terms internally in the look-ahead mode and does BCD arithmetic directly. 
For more than one BCD decade the carry/corrow term may ripple between 82S82's. For 
ultra fast BCD arithmetic operations the Signetics 74182 fast-carry extender may be used 
together with the 82S82's. The 74182 suitably combines the 82S82's active low carry 
generate (CgOUT) and carry propagate (CpOUT) terms for complete look-ahead carry 
between decades. 

When the ADD/SUBTRACT control input is low, BCD addition is performed (A + B + CIN = 
F). Input codes above 9 to either the AN or BN inputs are not defined to give valid output 
sums except for the special case of binary to BCD conversion. In the normal BCD addition 
mode the F outputs show true BCD results and an active high carryout signal results for 
sums greater than 9. 

For subtraction the ADD/SUBTRACT control input must be high. Internally subtraction is 
performed by 9's complement addition yielding the difference (A - B-1 = F) of two BCD 
numbers when the CIN/BIN input is low. If the CIN/BIN is high during subtraction, the 
absence of a borrow in Signal gives A-F=F. For A;;' Bthe BCD difference is available atthe F 
outputs in its true form. If A < B, the 10's complement of the correct answer appears atthe F 
outputs with CIN/BIN high or if CIN/BIN is lowthe9'scomplement results. As long as A< B 
an active low borrow is also generated. 

Thp,82S82 BCD arithmetic unit is also useful for binary to BCD conversion. By summing B=O 
with binary inputs 0 .s;;; A .s;;; 15, where A is the number being converted, a true BCD output 
results. A carry is generated to the next decade for A> 9. 

The function table for the 82S82 summarizes the device operation. In those applications 
where only BCD addition is required, the Signetics 82S82 BCD adder should be considered. 

FUNCTION TABLE 

FUNCTION 
ADDI 

AIAS.A4.A2.A,1 B(B8.B4.B2.B,1 CinlBin FIFS.F4.F2.F,1 Coutmmrt 
COMPARE 

SUB (A=BI 

Add 0 BCD Augend BCD Addend l=Carry IF Cin = 1 F<;9 
F=A+B+l Cout/Bout"'O X 

Q=No Carry IF Cin = 0 F>9 
F=A+B Cout,fB(j'jJt=l 

Subtract 1 BCD Minuend BCD Subtrahend O=Borrow IF Bin = a A>B X 
F=A-B-l Cout/Bout=1 

A<;B 

Cout/BOOt=O 
l=No Borrow IF Bin = 1 A<B 

F=A-B Cout/Bout=O 
A>B 

Cout/Bout=l 

If 

Compare 1 BCD Word A BCD Word B 1 A-B A<B A=B 

Cout/Bout=O Compare 

=1 
If 

A>B MB 

Caut/Bo;;"t= 1 Compare 
=0 

Binary to 0 O<;A<; 15 B=O X BCD A<;9 X 
BCD Can· Cout = 0 
version A>9 

Cout'" 1 
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N,F PACKAGE 

AlJI:)/SUB 2 

TRUTH TABLE 
BCD CODE 

DECIMAL BCD NUMBER 
EQUIVALENT 8 4 2 1 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 



SWITCHING CHARACTERISTICS TA = 25°C and VCC = 5.0V 
LIMITS 

CHARACTERISTIC TEST CONDITIONS MIN. TYP. MAX. UNITS 

Turn On/Turn Off Delays 

Any AN. BN. Cin/Bin 

to FN 22 35 ns 

22 35 ns 

Any AN to Cout/Bout ton 32 40 ns 

toff 22 35 ns 

Any BN to Cout/Bout ton 35 45 ns 

toff 26 35 ns 

CjnlBfri to Cout/Bout ton 17 25 ns 

toff 
RL = 2800 

10 15 ns CL = 15pF 
-

Add/Sub to FN ton 25 35 ns 

toff 25 35 ns 

AN. BN. to CPout ton 19 25 ns 

toff 19 25 ns 

AN. BN to Cgout ton 19 25 ns 
toff 25 32 ns 

o -" AN. BN to (A = B) ton 32 50 ns 

toff 40 50 ns 9 
LOGIC DIAGRAM 

117) F,OUT 

~~ 
A, 1'9)1'10. 

:o~m .- ~ 8, I,BI 

RJo.-~ 
=F=I }, gr ",,'''"' " 1 ..... 

lUi .... 

IL . ... I 

,r~ ~ I" 
'::f~ I~ a.. 111 

_~~~l Ba~ 
. I .. ,'" 

11~11 I" 

~~ ~ (~I 

~ ~P ",,'''"' 
A.t all 

Ae 141 
.. tn-

1-' 1 

~ ~ 
FaoUT 

1141 

~ 
111 eI'OuT 

C'Nlarn 161 
... ~ l[} .. 

181 COUTIIIOiiT 

CUI ~ GROUND 

~:t~~~~r~~~~~ ~';~~s ~ ttl BlOuT 
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AC TEST FIGURES AND WAVEFORMS 

Vee 

0 

IT-

INPUTPUl.SI:: 
PRR"lMHI 
" .. tt"'S", 

ALL DIOOES ARE TN31164 

t --ARRANGEMENT 
AS SHOWN FOR A, 

CL INCLUDES PROBE AND JtG CAPACITANCE 

" A, 
" .. .. .. 

TYPICAL APPLICATIONS 

-l 
L",28(K11 

I 

I~~;F I 
I ~ I L ____ ...J 

INPUT PULSE 

INVERTING PATH 

'r t--- -----! 't r--
....1:1-----1..1 I 

90% 
I 

I I 
~10~% ___ _ 

I 
I 

--, 'on r-- 'on r= 

1 \,--l~v __ +---,F 
I 
I 

NON-INVERTING PATH I 
I 
I 
I 
I 

--I 'off 

2 DECADE ADDER/SUBTRACTER 
2 DECADES BCD 2 DECADES BCD 

ADDEND/SUBTRAHEND AUGEND/MINUEND 

I '" , I '" , 
II 

I 
CARRY A, A2 A4 As B, B2 B4 B8 A, A2 A4 As B, B2 B4 Ba 

-g~~:JT INPUT' Cj,,!iiir; coIBa Cj,,!iiir; Cola; 
;-- AildlSUb 82S82 Cg [)..;....-o r-- Add/Sub 82S82 Cg 0-:.....0 

CaMPS, Sz~ Sa 
Cp [)..;....-o 

CaMPS, Sz S4 Sa 
Cp c>--<) 

I 1 COMPARE OUT 
A=B 

ADD Q LOGIC "D" 
SUBTRACT = LOGIC "'" 

\ J VCC 
" 2 DECADES BCD SUM/DIFFERENCE 

FAST BCD ADDITION/SUBTRACTION USING FAST CARRY EXTENDER 

11111111 I II I I 1'1 I I I I I I I I I I I I I I I I I 
A1A2A.$Aa81B2~BB ", A2A4Ae.'.2""L- A, A2 A4 As B, 82 84 BL A1 A2 A4 As 81 B2 84 Ba 

~ c.,t1lO C.,tBO ColBo c.,t1lO 
o-r- CinfBin B2S82 c"o-- Cj.,!l; 82SB2 c,p-- r- cln/Bfr; 8288. c,p-- r- CinfBin 8 .... c"b--

Aa./!Sub 
Cp 0- Add/Sub eplo- Add/Sub 

c. P. AtliJ/Sub 
Cp b-

COM' ., ...... COMP Sl~S4Sa COMP . , '2" .. COMP ., ...... 
I I I I I I I I I I I I I I I I 

Po Go Cn+x " 01 Cn+y P2 G2 Cn+z P3 03 

CN 74182 FAST CARRV EXTENDER 

G P 
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TYPICAL APPLICATIONS (CONT'D.) 
NUMBER COMPARISON OF BCD DECADE$ 

Vee 

SIGN AND MAGNITUDE GENERATION FOR (A - B) 
2 DECADES 2 DECADES 

BCD SUBTRAHEND BCD MINUEND 

I I 
I 'r( ( I 

v cc 
) 

ADD/SUB I 
A, A2 A4 A8 B, B2 B4 B8 A, A2 A4 A8 B, B2 

Co/SO L CIN/BIN CG 0--0 CIN/BIN 
82582 82582 

BCD SUBTRACTER 

ADD/SUB Cp C>-O ......-- ADD/SUB 
COMP 5, 52 54 58 COMP 5, 52 54 58 

! b 

-l- I I -1 I 
A, A2 A4 A8 B, B2 B4 ~ A, A2 A4 A8 B, B2 B4~ 

CONDITIONAL 
'0', COMPLEMEN T 

-
CIN/BIN 

ADD/SUB 
COMP 5, 

! 
I ( 

82582 

52 54 58 

( ( ( 

CO/BO L CIN/B IN CG 0--0 

Cp 0--0 ......-- ADD/SUB 
COMp S, 52 54 58 

! 
( ( 

I 

2 DECADES BCD DIFFERENCE 

BINARY TO BCD CONVERSION 

TRUTH TABLE FOR BINARY TO BCD CONVERSION 
('0 " AN " 15, BN = 0) 

Add/Sub Cin/Bin AS A4 A2 Al S8 S4 S2 S, Cout/BOirt 

0 0 1 0 1 0 0 0 0 0 1 
0 0 1 0 1 1 0 0 0 1 1 

0 0 1 1 0 0 0 0 1 0 1 

0 0 1 1 0 1 0 0 1 1 1 
0 0 1 1 1 0 0 1 0 0 1 
0 0 1 1 1 1 0 1 0 ~ 1 

0 1 1 0 1 0 0 0 0 1 1 

0 1 1 0 1 1 0 0 1 0 1 
0 1 1 1 0 0 0 0 1 1 1 

0 1 1 1 0 1 0 1 0 0 1 
0 1 1 1 1 0 0 1 0 1 1 
0 1 1 1 1 1 0 1 1 0 1 

Si!l0otiCS 

CO/BO 
CG 

Cp 

I 

B4 B8 
~ Co/Bo 

CG P-o 
CPIo-o. 

--0 

~ 

~ 

BCD OUTPUT 

A~B 
A<B 

"" "0' 

SIGN POSITIVE 
SIGN NEGATIVE 

'= NEGATIVE 
'= POSITIVE 

BCD CARRVOUT 
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SPEED/PAC~AGE AVAILABILITY 
DESCRIPTION 
The 82883 4-bit binary coded (BCD) adder is a high speed 
Schottky MSI circuit that has been designed for easy systems 
usage. This unit produces the BCD sum of two decimal numbers 
presented in the 8-4-2-1 weighted BCD format. Carry-in and 
carry-out terms are provided for easy expansion to any number 
of decades. The 82883 BCD adder has been designed such that 
input and output logic levels including the carry are in theirtrue 
logic form. . . 

Compared to cumbersome hardware implementations previ
ously at the designer's disposal that consist of binary addition 
followed by decimal correction, the 82883 BCD adder generates 
the BCD carry terms internally in the look-ahead mode and does 
BCD addition directly. For valid BCD numbers (0 through 9) at 
the A and B inputs the BCD sum is formed at the output. If 
addition (A+B+CIN) would yield a number greater than 9, a valid 
BCD number and a carry result. 

Input codes above 9 are not defined except for binary to BCD 
conversion. Binary to BCD conversion is obtained by applying 
any 4-bit binary number to the AN or BN inputs while the 
remaining inputs are grounded . .For input codes 0 through 9 a 
BCD number result at the output is usual If binary inputs 10 
through 15 are applied a carry term is generated and the carry 
output together with the sum out are the BCD equivalent of the 
binary input. Conversion of binary numbers greater than 16 can 
be achieved by cascading 82883's. 

Subtraction can be done with the 82883 by using 9's comple-
ment addition. Rather than implementing a 9's complement 
circuit with gates or ROM's, the 82883 BCD arithmetic unit 
should be used. The 82883 incorporates the 9's complement 
feature and performs BCD addition, BCD subtraction, and 
number comparison. 

SWITCHING CHARACTERISTICS 

TA = 25°e and vee = 5.0V 

LIMITS 
PARAMETER 

MIN. TYP. MAX. UNITS 

Turn-OnITurn-Off Delays 
Any AN, BN, Cin ton 20 35 ns 
to 8N toff 20 35 ns 

Any AN, BN, to ton 33 40 ns 
Cout toff 17 25 ns 

.Cin to Cout ton 17 25 ns 
toff 10 15 ns 

314 

PIN CONFIGURATION 

B,FPACKAGE 

B~O~~P~! B2 , ,. vcc Supply Voltage 

BCD Input 
Ward B* 

BCD Input 
Word a*" 

BCD Input 
Word A* 

Carry Input CIN 5 

Carry Output COUT • 

BCD Sum S 
Output* 4 

Ground 

TRUTH TABLE 

Decimal 
Equivalent 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

BCD Input 
Word A* 

BCD Input 
Word A* 

BCD Input 
Word A* 

B, BCD InP!Jt 
Word B' 

BCD Sum 
Output* 
BCD Sum 
Output* 

BCD Sum 
Output* 

'Weighted (84-2-1) 

BCD CODE 

BCD Number 

8 4 2 1 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 



LOGIC DIAGRAM 

.. 11&1 

··oo;,-jrlo-.--~--++---jRittt1--;:~ 

Vcc. (1B},GND < (8) 

I l-OENOTES'INNUMBEFIS 

ACTEST FIGURE AND WAVEFORMS 

INPUT PULSE: 
PRR = 1 MHz 
tr=tf=5ns 

l .. ,"" ARRANGEMENT 
AS SHOWN 

fORA 1 

ALL DIODES ARE 1 N3064 
CL INCLUDES PROBE AND JIG CAPACITANCE 

)0--------;.;;", '00, 

--t t, t--- --t " t---
I ......,' ,..-.---~' I 
, 90% I INPUT PULSE 

II I I 
I ~10~%~ ____ __ 

'_""'''lli i ~y ~ F 
I 
I 

NON· INVERTING PATH I 
1.5V 

I 
I 
I 
I 

---l 'on 
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TYPICAL APPLICATIONS 
PARALLEL ADDITION OF FOUR DE<;:ADES 

4 DECADES BCD INPUTS 

CARRY IN CARRY OUT 

4 DECADES BCD SUM 

BIT PARALLEL-WORD SERIAL BCD MULTIPLIER 

ROM MULTIPLIER 

MSD 

IN 
4 X 8223 
PROMS 

LOOK·UP 
TABLE 

(100 8·BIT 
WORDS) LSD 

IN 

2" BCD DIGIT PRODUCT 

BINARY TO BCD CONVERSION FOR TWO DECADES 

2' 

82883 COI~------------------' 

1ST DECADE 2ND DECADE 
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TYPICAL APPLICATIONS (CONTO.) 

BINARY TO BCD CONVERSION USING Ai INPUTS 

PARTIAL TRUTH TABLE FOR Ai > 9, Bi = 0 

CIN A1 A2 A4 A8 B1 B2 B4 B3 S1 $2 S4 S8 CO 
0 0 1 0 1 0 0 0 0 0 0 0 0 1 
0 1 1 0 1 0 0 0 0 1 0 0 0 1 
0 0 0 1 1 0 0 0 0 0 1 0 0 1 YTH ~ 0 1 0 1 1 0 0 0 0 1 1 0 0 1 
0 0 1 1 1 0 0 0 0 0 0 1 0 1 

A,A2A,AsB,B264Ba -

1 
CARRVIN '" "''' '0 CARRVOUTTO 

0 1 1 1 0 0 0 0 1 0 1 0 1 HIGHER D~CADE 

S, S2 s.Sa 

1 0 1 0 1 0 0 0 0 1 0 0 0 1 

LE4STSt~'C~TtCADE 1 1 1 0 1 0 0 0 0 0 1 0 0 1 

1 0 0 1 1 0 0 0 0 ~ 1 0 0 1 
1 1 0 1 1 0 0 0 0 0 0 1 0 1 

1 0 1 1 1 0 0 0 0 1 0 1 0 1 
1 1 1 1 1 0 0 0 0 0 1 1 0 1 

BINARY TO BCD CONVERSION USINGBi INPUTS 

PARTIAL TRUTH TABLE FOR Bi > 9, Ai = 0 

CIN A1 A2 A4 A8 B1 B2 B4 B8 S1 S2 S4 S8 CO 
0 0 0 0 0 0 1 0 1 0 0 0 0 1 

0 0 0 0 0 1 1 0 1 1 0 0 0 1 

0 0 0 0 0 0 0 1 1 0 1 0 0 1 rtTf 0 0 0 0 0 1 0 1 1 1 1 0 0 1 ~B1B264118 
0 0 0 0 0 0 1 1 1 1 0 0 1 0 

CARRV,,,. '" .~, '0 ~~~~tR O~~!gE 0 0 0 0 0 1 1 1 1 1 0 1 0 1 
8, ~ 5.t S8 

1 0 0 0 0 0 1 0 1 1 0 0 0 1 
LEAST~GJfl!N~DECADE 1 0 0 0 0 1 1 0 1 0 1 0 0 1 

o -" 9 
1 0 0 0 0 0 0 1 1 1 1 0 0 1 

1 0 0 0 0 1 0 1 1 0 0 1 0 1 

1 0 0 0 0 0 1 1 1 1 0 1 0 1 

1 0 0 0 0 1 0 0 0 0 1 1 0 1 
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DESCRIPTION 
The Up/Down Counter is' a monolithic 51 circuit containing gates 
and binaries Interconnected to provide a bidirectional divide-by-ten 
(decade) or dlvide-by-slxteen (hexadecimal) -result as a function of 
the clock Input. 

The output code of the decade up/down counter is the commonly 
used BCD (8421) code, and the output sequence generated is the 
binary equivalent of the decimal numbers 0 through 9. 

The hexadecimal up/down counter provides the output sequence 0 
through 15 which Is presented in a weighted binary code (8421). 

Set and Reset on the binary elements provide asynchronous entry 
with respect to the clock line, causing a count of "0" or "15" (8284) 
or of "0" or "9" (8285), and also inhibit propagation of count ena
bledata. 

Entry and propagation of data is performed In a synchronous man
ner with the clock line, which is active on its negative going 
excursion. The Input from a previous stage or other source is chan
neled through "Carry In" and its propagation can be inhibited by 
the "Count Enable" line. ','Carry In" and "Count Enable" input 
duality gives added flexibility in multiple package cascading appli
cations. 

Direction of the counter Is steered from a single line (Up/Down), 
where a "0" level will cause a "down" count and a "1" level 'will 
accomplish an "up" count. 

In addition to ali Q outputs of the four binaries the a output of the 
most significant binary (Q4) and the Carry Out term are available. 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

FROM TO 
PARAMETER INPUT OUTPUT MIN 

ton turn-on time Clock Q4,Q4 
Clock Q1, Q2, Q3 
Reset Qn 
Reset an 

toff Turn-off time Carry In Carty Out 
Clock Qn,Qn 
Set Qn 

Clock Min High Interval 20 

Count Rate 20 

tsetup Setup time Carry In, 
Count Enable 

tHold Hold time Up/Down 

tw Input pulse width Set/Reset 

TYPICAL APPLICATIONS 

LIMITS 

TVP MAX 

32 45 
28 40 
24 35 
32 45 
15 25 

20 30 
25 35 
15 25 

15 

30 

15 25 

0 2 

20 25 

UNIT 

ns 

ns 

MHz 

ns 

ns 

ns 

8284-A,F,W • 8285-A,F,W 

PIN CONFIGURATION 

A,FPACKAGE 

WPACKAGE 

SYNCHRONOUS EXPANSION UP/DOWN COUNTERS 

318 

Vec 
COUNT C~TROL 

OUTPUTS 

~ 
OUlPUTS 

~ 

COUNT ENABLE CARRY OUT 
~~e~TROLo-~----------~------~----------~----~----------~----~----------4-----~~ 

eL~KO-------------~------------------~----------------~----------------~----~~ 

smnulRI• 



8284-A,F,W·8285-A,F,W 

LOGIC DIAGRAMS 

CARRYINfl~~~b RESET (2 

SET ,13) 

1121 

::: ~~ 
19\ °3 
(1011~ 

COUNT 
ENABLE ... ,,,----L._ 

CLOCK 

UP/OOWN 
llil 

~~%: (;:i 
( ) = denotes pin numbers for 14 pin duaHn-tine package 

COUNT o---i._ 
ENABLE <I, 

CARRY 
ClOCK~~~::~~~~::~~I:::::::::::::~~~~~~~~~~~~~~~~~~~~~Jrr-------~~ "" 

UP/DOWN 
'., 

VCC' (14) 
GND· (7) 
( ) = denotes pin numbers for 14 pin duaHn-line package 

AC TEST TABLE 

r.'!ODE OF OPERATION SET RESET CARRY IN 

A. Asynchronous 1 0 x 
8284 Only 0 1 x 
8285 Only 0 1 x 

B. Synchronous 
1 1 0 
1 1 x 
1 1 1 
1 1 1 

COUNT 
ENABLE 

x 
x 
x 

x 
0 
1 
1 

·Function is synchronous with NEGATIVE going transition 01 the Clock pin. 
X = don't care. 
CARRY OUT 

Carry Out8284 • Carry 'n (°1°2°3°4 UP + 010i:i304 DOWN 

Carry OU'8285. Carry 'n (0,04 UP + 010204 DOWN 

TO POINTS SHOWN 

UP/DOWN FUNCTION 

x 110" (0000) 
x "15" (1 1 1 1) 
x "9" (1001) 

x Hold' 
x Hold' 
0 "Down" Count' 
1 "Up" Count" 
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AC TEST FIGURES AND WAVEFORMS 

SET/RESET MODE (Ion and .off) 

VCC=5.OV 

Vee 

CARRY IN OUTPUT 
IN 916 

160H 
U.P/DOWN 

CLOCK 
PULSE A 

RESET 
} SkI'·P' 

.pULSE B 
TVPICAL LOAD SET 

51!! 51U 

Pulse A and B 
Pulse amplitude; 2.6V 
Pulse Width (0) ; 25ns 

Frequency; 5MHz 
tr ; TI ; 5ns at 10% to 90% points 

":' -=- EACH OUTPUT 

PULSE A 

PULSE B.-+----'" 

0',2, 
3,OA4 

tOFF 

CARRY !N/CARRY OUT (Ion and .off) 

Vee 
COUNT ENABLE CARRV OUT 

CLOCK 

2." 

CLOCK MODE (Ion AND toft) 

Vcc""5.OV 

Vee 
CARRV IN 

COUNT ENABLE 

0, 
0, 
0, 
0, 

( 
__ OUi,'1JTS __ ~ 

18pF 

PULSE 8'o-,-,-~ 

NOTE; ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

~25ns 14-
PULSEA~ 

~'.5V 
PULSE8~ ~ 

......,j 25"I~ 

--f I-'oNIl 

0 1,2,30";' ~I 1.5V 

'~V 
--1 f-'oFF 1i 

--1 25n'l
PULSEA~ 

TVPICAL LOAD 
EACH OUTPUT 

Reset Tied To Vee 
S l' Position 1 
82' Position 1 

PULSE A 
Pulse amplitude ~ 2.0V 
Pulse width (01 ~ 25n5 at 1.5V 
Frequency ~ 5MHz 
tr - tl ~ 5nsat 10% 
to 90% pOints 

Set Tied to Vee 
5,' Position 2 
52' Position 2 

PULSEB 
Pulse amplitude ~ 2.0V 
Pulse Width _ 25no at 1.5V 
Frequency - 5 MHz 
tr - tf - 5ns at 10% 
to 90 % pOints 

161M' 
SET CARRY OUT 1-"-"t-"1"~~--'\M_02.6V 

CARRV IN 

Carry in pulse 
Pulse amplitude; 2.6V 
Pulse width (0) ; SOns 

Frequency; 10MHz 
tr ; If; 5ns at 10% to 90% points 
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18pF 
5k 

eARRYIN~ 

CARRY OUT toN 

'OFF 
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DESCRIPTION PIN CONFIGURATION 
The 8288 Divide by Twelve Counter is a four-bit subsystem consisting of divide by two and 
divide by six counters in a 14 pin package. For Divide-by-Twelve operation. output A is A,F PACKAGE 
connected externally to the clock 2 input. 

The 8288 has strobed paralleled data entry capability so that the counter may be preset to 
any desired output state. A "1" or "0" at a data input will be transferred to the associated 
output when the strobe input is put at a ''0'' level. For additional flexibility. the 8288 is 
provided with a common reset. A "0" on the reset line produces "0" at all four outputs. 

The counting operation is performed on the falling (negative going) edge olthe input clock 
pulse. however. there is no restriction on transition time since the individual binaries are 
level sensitive. The data strobe and reset functions are asynchronous with respect to the 
clock. 

LOGIC DIAGRAM 

vee c (14) 

GND = (7) 
( ) "" denotes pin numbers 

1101 
Os 

131 
DC 

1111 
DO 

SWITCHING CHARACTERISTICS TA=25°C, VCC=5V 

TEST LIMITS 

PARAMETER CONDITIONS MIN TYP 

ton Turn-on delay time 
Clock mode BltA,B,C,D 15 
Data/strobe 20 

toff Turn-off time 
Clock mode BitA.B.C.D 15 
Data/strobe 25 

Toggle rate 20 25 

thold Hold time VIN = 0.8V:Reset=2V: 
Strobe Clock 1 = 2V: Clock 2 = Output A 25 
Reset Data strobe = 2V: VIN = 0.8V: 20 

Clock 1 = 2V: Clock 2 = Output A 

trelease Release time 30 
Strobe 
Reset 50 

I!DOIIlIi 

DO 
1121 

MAX UNIT 

25 ns 
35 

25 ns 
40 

MHz 

35 ns 
35 

40 ns 

75 

DSTROBE ' 

COUT z 

AOUT 5 

GND 7 

WPACKAGE 

Do , 

DOUT 2 

Vcc 4 

DSTROBE 5 

COUT • 

Dc 7 

TRUTH TABLE 

OUTPUT 

Count D C 

0 0 0 
1 0 0 
2 0 0 
3 0 0 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 1 0 
9 1 <i 

10 1 0 
11 1 0 

AC WAVEFORMS 

NOTE: 
Input pulse nolations apply 
unless otherwlsa specified. 

B 

0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 

8288-A,F,W 

0 -" 9 
A 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
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AC TEST FIGURES AND WAVEFORMS 

TOGGLE RATE 

CIRCUIT UNDER TEST 

::~IIt= 
1 12 3 4 5 6 7 8 9 10 11 12 

INPUT nJUUlIlIlI1Il.f 
A OUTPUT .f'U1..f'U"1..I 
BOUTPUT~ 
C OUTPUT ---' 

o OUTPUT _______ ..... L 

CLOCK MODE ton/toH DELAY 

Input pulse 
Amplitude = 3.4V 
tA = lOOns 
Ir =2Oos 

Ie = 300no 

1. ton and 1011 are measured from lhe clock input of each binary 10 the Q 
OUlput of Ihat binary. 

2. Each Q output will be loaded with tho fOllowing load clrcun: 

NOTES: 

INPUT 

OUTPUT 

OUTPUT ! 
----+! lon 

1. All resistor values are in ohms. 

( -OU~U"-~28V 
f ""Lf 

Input pulse: 
Ampl"ude = 2.6V 
P.W. _ 30ns 

tr-If- 50s 

2. All cepscnance values are In picofarads and include jig and probe copacllanoo. 

322 

8288-A.F.W 

DATA/STROBEtontoH 

~ TO IN916 84.6 

-OUTPUTS-~UV 

24"Lf" 

=t!\JoaE ,'.5V 1.S": 
, ' , , 
: I , r-~~~~~ 

Input Pulse 
Amplitude _ 2.6V 
Ir =tf=5ns 

STROBE HOLD TIME 

STROBE 

A 

I.'HOLo--i 
I I 
I I 

} 
IN 91 .... ~, 

---'.""'wn~'.~ ySK 

B 

\4-tHOLO---i 

I I 
I I 

OA,B,C, 0-----___ \\,. _______ _ 
Inpul pulse 
AmpIiIUdo-2.6V 
Ir=lf=5ns 

OUTPUTSJ 
A,B,C,O \'----



8288-A,F,W 

AC TEST FIGURES AND WAVEFORMS (CONT'D) 

STROBEfRESET 

STROBE/RESET RELEASE TIME 

~5V 
, , 

IN 916 845!.! 1--"-__ ~~~1<I-~16V 

MINIMUM RESET PULSE WIDTH 

---t pw_ 
I I 
I I Input pulse: 

I Clock, strobe/reset ampJitude "" 2.6V 
C.;..L;.;O-"C_K ___ -+, __ ---. tr ~ tf ~ 5ns max. PRR ~ lMHz 50% 

: \:.5V duty cycle. 

RESET ~ r:-:::---
1.5V-U-l.5V Amplitude - 2.6V 

tr = tf ~= 5ns max. 

, , ..... _----, , 
_ RELEASE '--

1 TIME I OUTPUTS 

A.B.C.o~ 

Note: outputs must be previously brought 
high by placing a "0" on the 0 strobe Input. 
A pulse generator may be substituted for the 
switch. 

SPEED/PACKAGE AVAILABILITY PIN CONFIGURATION 
8290,8291 
82590, 82591 

A,F,W 
A,F 

8290/91 82590/82591 
A,FPACKAGE 

DSTROBE , 

COUT 2 

AOUT • 

GND 7 

PIN DESIGNATIONS 

DO ' 

DOUT' 

VCC 4 

DSTROBE • 

COUT 6 

Dc 7 

8290/91 
WPACKAGE 

CP1 Clock input to counter first stage (active low going 
edge) 

CP2 Clock input to counter last three stages (active low 
going edge) 

OS Data Strobe Input for enabling data entry (active low) 

RS Reset Input for resetting ali stages and outputs to zero 
(active low) 

DA, DB, DC, DO Data Inputs 

AO, BO, CO, DO Data Outputs 

II!IDOl1l9 . 323 
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DESCRIPTION 
The 8290 Decade Counter and 8291 Binary Counter are high 
speed devices providing a wide variety of counter/storage 
register applications with a minimum number of packages. 

The 8290 Decade Counter can be connected in the familiar BCD 
counting mode, in a divide-by-two and divide-by-five configura
tion or in the Bi-Quinary mode. The Bi-Quinary mode produces 
a square wave output which is particularly useful in frequency 
synthesizer applications. 

The 8291 Binary Counter' may be connected as a divide-by-two, 
four, eight, or sixteen counter. 

Both devices have strobed parallel-entry capability so that the 
counter may be set to any desired output state. A "1" or "0" at a 
data input will be transferred to the associated output when the 
strobe input is put at the "0" level. For additional flexibility, both 
units are provided with a reset input which is common to all four 
bits. A "0" on the reset lines produces "0" at all four outputs. 

The counting operation is performed on the falling (negative 
going) edge of the input clock pulse. 

Triggering requirements are compatible with any of the 8000 
Series elements. 

FUNCTIONAL DESCRIPTION 
1. 82S90 Decade Counter 

The 82S90 can be used in three basic modes as follows: 

a. BCD Counter. The CP2 input must be connected to the 
AO output and CP1 receives the count input. The count 
sequence obtained is BCD in accordance with the truth 
table. 

b. Bi-Quinary Counter. If a symmetrical output is required 
for divide by 10 operation, the DO outp'ut must be 
connected to the CP1 input and the count input applied to 
CP2. A symmetrical square wave is then obtained at AO of 
one-tenth the input frequency present at CP2 in accor
dance with the truth table. 

c. Separate Divide by Two and Five Counters. Because the 
inherent structure of the counter is that of two separate 

LOGIC DIAGRAM 

8290 

vcc = (14) 
GND = (7) 

8290-A,F,W • 8291-A,F,W 

divide by two and divide by five sections, no other 
connections are required for this mode of operation. An 
input presented to CP1 will appear at AO output at half 
the input frequency. An input presented to CP2 will 
appear at outputs BO, CO and DO as a binary divide by 
five count (Le., from 0 = 000 to 4 = 100). Operation of the 
DS and RS inputs remain common to all four flip flops as 
with any other count mode. . 

2. 82S91 Binary Counter 
The 82S90 can be used in two basic count modes as follows: 
a. Binary Counter-For this mode of operation AO output 

must be connected to CP2 input and the count input 
connected to CP1. Subdivisions of the count input 
frequency then appear at AO = -2, BO = -4, CO = -8, 
DO = -16 as shown in the truth table. 

b. Separate Divide by Two and Divide by Eight Counters
In similar manner to the 82S90 the 82S91 inherent 
structure allows separate use of the first and last three 
stages. In the first stage the input count frequency 
presented to CP2 appears at outputs BO = -2, CO =-4 
and DO oo-8simultaneously. Operation of the DSand RS 
inputs remains common to all stages. 

3. Operation of the OS Data Strobe and RS Reset Inputs: 
a. Data Strobe OS Input When DSooOthefourstagesofthe 

82S90/91 can be used as four separate latches with the 
outputs AO - DO following the data presented to the 
inputs DA - DD regardless of clock inputs. 

With DS = 1 the four stages remain unchanged until the 
next clock inputs, which activate counting in accordance 
with the various modes described previously. The Reset 
RS inputs when low overrides DS as described below. 

b. Reset RS Input With RS = 0 the clock inputs CP1/CP2 
and DS input are overriden, all stages ofthe82S90/91 are 
cleared and zeros appear at the counter outputs AO - DO. 
When RS = 1, operation is controlled by DS or DP1/CP2 
clock inputs as described. 

8291 

'" (101 D, '" DC 

(111 

\12J 

( ) = denotes pin numbers 
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TRUTH TABLE 

8290 8291 

BI-QUINARY(5-2) DECADE (BCD) BINARY 
INPUT BO Co DO DO AO BO Co DO AO BO Co DO 

0 0 0 0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 1 0 0 0 
2 0 1 0 0 0 1 0 0 0 1 0 0 
3 1 1 0 0 1 1 0 0 1 1 0 0 
4 0 0 1 0 0 0 1 0 0 0 1 0 
5 0 0 0 1 1 0 1 0 1 0 1 0 
6 1 0 0 1 0 1 1 0 0 1 1 0 
7 0 1 0 1 1 1 1 0 1 1 1 0 
8 1 1 0 0 0 0 0 1 0 0 0 1 
9 0 0 1 1 1 0 0 1 1 0 0 1 
10 0 1 0 1 
11 1 1 0 1 
12 0 0 1 1 
13 1 0 1 1 
14 0 1 1 1 
15 1 1 1 1 

SWITCHING CHARACTERISTICS T A = 25°C, VCC = 5V 

TEST 8290/8291 82S90/82S91 

PARAMETER CONDITION. MIN TYP MAX MIN TYP MAX 

Propagation delay time 
ton Turn-on time 

Clock mode Bit A 12 25 9 12 
Bits B,C,D 15 30 10 13 

Strobed data All Bits 31 42 15 22 

toff Turn-off time 
Clock mode Bit A 12 23 5 8 

Bits B,C,D 15 25 6 10 
Strobed data All Bits 33 42 13 20 

tw Input pulse width 
Strobe 15 25 5 10 
Reset Clock 2 = Aout 25 40 7 15 

trelease Release time 
Strobe/reset Clock 2 = Aout 20 30 10 15 

Toggle rate 40 60 

Switching test 
Clock mode1 75 

NOTES: 
1. This test guarantees the device win reliably trigger on 8 pulse with 75ns fail-time. 

UNIT 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

MHz 

ns 

INPUT AND OUTPUT STRUCTURES 

82S90,82591 

DATA, STROBE 
and RESET INPUTS 

vcco-----p---

2.5k 

82S90,82591 

CLOCK INPUTS 

82590,82591 
OUTPUTS 

900 50 

o -" 9 
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AC TEST FIGURES AND WAVEFORMS 

326 

CLOCK MODE ton/toft DELAY 

8290,8291 

(
TO " 

__ OUTPUTS_~'6V 

C'li" 

8290,82891 

TO 
--OUTPUTS--.~-I<Jt-'-i>l-i>lH:l"'" 

~ 
I 
I 

-: 'off 
OUTPUT I 

OUTP~TI 
: I.5V 
I 'on 

Note: 
ton and toff are measured from the 
clock Input of each binary to the 0 
output of that binary. 

Inpul pulse: 
Amplitude = 2.6V 
PW = 30ns. 50% to 50% 
tr = tf= 5ns 
PRR = lMHz 

CLOCK MODE SWITCHING TEST 

8290 

1 2 3 4 5 6 7 8 9 10 

INPUT rtIlJ11l.IlIU1J 
AOUTPUT ..r-LJ""l.SLI"l 
BOUTPUT~ 
COUTPUT~ 
D OUTPUT ______ ---'r-t. 

8291 

1 2 3 4 5 6 7 8 910111213141516 

tNPUT IUUUUUUUUllU1Il 
AOUTPUT Il11JlJlJ1JlLfL 
BOUTPUT~ 
COUTPUT~ 
DOUTPUT I L 

Inpul pulse: 
Amplilude = 3.4V 
PW = lOOns. 50% to 50% 
PRR = 2.5MHz 
I, = 20ns. tf = 75ns 

TOGGLE RATE 

Vee 

8290/82591 
1 2 ~ 4 5 6 7 8 9 W 

INPUT rtIlJ11l.IlIU1J 
A OUTPUT ..r-LJ""l.SLI"l 
BOUTPUT~ 
COUTPUT~ 
D OUTPUT r-t. 

8291,82891 
1 2345 & 78910111213141518 

INPUT IUUUUUUUUllU1Il 
A OUTPUT Il11JlJlJ1JlLfL 
BOUTPUT~ 
COUTPUT~ 
DOUTPUT I L 

8290-A,F,W·8291-A,F,W 

82S90,82S91 

TO 
_OUTPUTS -.,-i<t-'-i>t-i>l-1>h 

Inpul pulse: 
Amplilude - 2.6V 

tr = tf ",,5ns max, 
PRR = 40 MHz. 50 % duty cycle. 

STROBED DATA tonltoft DELAY 

(

TO 8290,8291 " 
--OUll'UTS--~2.6V 

c'li" 
82S90,82S91 

TO 
--OUTPUTS-.,-i<t-'-i>l-PlH>tl 

LOAD CIRCUIT 1 

Strobe. 

PA = 2.6V 
PW = 3OOns. 50% to 50% 
PRR = lMHz 

6T~OBE I.5V I.5V 
I I 
I I 

tr =t1=5n5 

: r-"7--""'\ 
I 
I 

DA.B,c.DI 

.... 
OUTPUT 

Dala. 
PA = 2.6V. 
PW = SOOns. 50% to 50% 
PRR = 500kHz 
1,=lf=5ns 



AC TEST FIGURE AND WAVEFORMS (CONT'D.) 

I 
I I 

MINIMUM STROBE PULSE WIDTH 

l '" 8290191 R, 

--OUTPUTS--~2.6V 

c'liR
, 

82890/82891 

LOAD CIRCUIT , 

l.5V 
Input pulse: 

i~."" OUTPUlSJ15V ! ~ 
A,BJ;IJ I I 

Amplitude.2.6V 
Ir ·lf-5ns 

STROBE/RESET RELEASE nME 

.. 
·0 
C, 

Do 

!' TO 8290/91 R, 

--<>UT1'U""-~2"V 

c'LIR
, 

82S90182891 

TO 
--OUTPUr8--~5VRL'280 

CL "'5pF 

~ LOAD CIRCUIT 1 ":" 

~5V STROBE/RESET ! 
CLOCK, STROBE/RESET, 
AMPLITUDE"" 2.6V I 'Xv 

I '----

.. -l R~7~~SE r-- r----=--=---=., 

PRR -1MHz, IiO% DUTY CYCLE 
t,'" Itm 5115 MAX. 

NOTES 

0, 
DC 

DO 

1. All resistor values are in ohms. 

AOUT 

BOUT 

CoUT 

°OUT 

82890/91 
5V 

!~L'''' TO 
--OUTPUTS--

CL ~ 15pF 

J LOAD CIRCUIT 1 -::-

8290/91 
TO 8290/91' R2 

--OUTPUTS--~2.6V 

C'LIR
, 

INPUT PULSE: Amplilude = 2.6V Ir - If - 5ns. 

Nole: Outputs musl be previously brought high by plac
ing a "0" on the 0 strobe Inpul. A pulse generator may 
be substituted for the swllch. 

2. All capacitance values are in picofarads and include jig and probe capacitance. 
3, All diodes are 1 N916. 
4, Rt - 201<. R2 = 14611. Cl - 3OpF. 
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DESCRIPTION 
The 8292 Decade Counter and 8293 Binary Counter are low power 
devices providing a wide variety of counter/storage register appli
cations with a minimum number of packages. 

The 8292 Decade Counter can be connected in the familiar BCD 
counting mode, in a divide-by-two and divide-by-five configuration 
or in the Bi-Quinary mode. The BI-Quinary mode produces a square 
wave output which Is particularly useful in frequency synthesizer 
applications. 

The 8293 Binary Counter may be connected as a divide-by-two, 
four, eight, or sixteen counter. 

Both devices have strobed parallel-entry capability so that the 
counter may be set to any desired output state, A "1" or "0" at a 
data input will be transferred to the associated output when the 
strobe input is put at the "0" level. For additional flexibility, both 
units are provided with a reset Input which Is common to all four 
bits. A "0" ,on the reset line produces "0" at all four outputs. 

The counting operation is performed on the failing (negative-going) 
edge of the input clock pulse. 

Triggering requirements are compatible with any of the 8000 Series 
elements. 

TRUTH TABLE 
8292 

BI QUINARY (5-2) DECADE(BCD) 

Input BO Co DO Au Au BO Co DO Au 
0 0 0 0 0 0 0 0 0 0 
1 1 0 0 0 1 0 0 0 1 
2 0 1 0 0 0 1 0 0 0 
3 1 1 0 0 1 1 0 0 1 
4 0 0 1 0 0 0 1 0 0 
5 0 0 0 1 1 0 1 0 1 
6 1 0 0 1 0 1 1 0 0 
7 0 1 0 1 1 1 1 0 1 
8 1 1 0 1 0 0 0 1 0 
9 0 0 1 1 1 0 0 1 1 
10 0 
11 1 
12 0 
13 1 
14 0 
15 1 

328 

8293 

BINARY 

BO Co 
0 0 
0 0 
1 0 
1 0 
0 1 
0 1 
1 1 
1 1 
0 0 
0 0 
1 0 
1 0 
0 1 
0 1 
1 1 
1 1 

DO 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 

8292-A,F,Wo8293-A,F,W 

PIN CONFIGURATION 

A,FPACKAGE 

DSTROBE 1 

COUT' 

AOUT • 

GND ' 

DO , 

DOUT. 

VCC' 

DSTROBE • 

COUT' 

DC 7 

WPACKAGE 

" DOUT 

, BOUT 

" GND 

• AOUT 



SWITCHING CHARACTERISTICS TA=25°C. vcc = 5V 

PARAMETER TEST CONDITIONS 

Propagation delay time 
ton Turn-on time 

Clock mode All bits 
Strobed data 

toff Turn-off time 
Clock mode 

All bits 
Strobed data 

.tw Input pulse width VIN = O.SV: reset. 
clock 1 = 2V: 

Strobe clock 2 = Aout 
Reset Vin. reset 

clock 1 = 2V: 
clock 2 = Aout 

trelease Release time 
Strobe/reset clock 2 = Aout 

Toggle rate 

NOTES: 
1. This test guarantees the device will reliably trigger on a pulse with 75n5 faN-time. 

LOGIC DIAGRAM 

AO 
IS) 

1101 
DB 

8292 

BO 
(9\ 

(3) 
DC 

Co 
(2) 

(11) 
DD 

LIMITS 

MIN TVP 

5 

37 
SO 

32 
SO 

60 

45 

SO 

10 

~ 
(12) 

Vee ~ (14) 
GND· (7) 

MAX 

55 
100 

55 
100 

75 

60 

( ) "" denotes pin numbers 

UNIT 

ns 

ns 

ns 

MHz 

Ao 

Q 

15) 

(10) 
DB 

8293 

... 

Q 

(9\ 

(3) 

DC 

8292-A.F.W-8293-A.F. W 

"0 

Q 

(21 

"(111 
DD 

"0 
(121 

Q 
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AC TEST FIGURES AND WAVEFORMS 
CLOCK MODE tonltoff DELAY 

~NPUT 1.5V 
i 
I , , , 

-''oFF 
OUTPUT ' 

'oN 

NOTE: 

I TO ... 

--OUTP\JTS--~. 2.6V 

'"F LI"" . 

Input pulse: 
Amplitude - 2.6V 
P.W. - 3Ons, 50% to 50% 
tr - tf -Sns 
PRR - lMHz 

1. ton and totf are measured from the clock 
input 'Of each binary to the Q output of 
that binary. 

STROBED DATA ton'toff DELAY 

STR~BE 1.5V 1.5V 
I , 
I , 

: r--'-==::-"\ 

LOAD CfRCUIT 1 

Strobe. 
P.A. - 2.6V 
P.W. - 300ns. SO% to 50% 
PRR - lMHz 
tr = tf '" 5ns 

Data, 
P.A. - 2.6V 
P.W. - SOOns. SO% to 50% 
PRR - SooKHz 
t,-tf- Sns 

·8292-A.F,W-8293-A.F.W 

CLOCK MODE SWITCHING TEST 

"our 
'oUT 

"ouT 
"ouT 

I TO 
r-OUTPUTS--

8292 

1 2 3 4 5 6 7 8 9 10 
INPUT nJlIlf1JUUUUUl. 
AOUTPUT~ 
BOUTPUT~ 
COUTPVT~ 
DOUTPUT ______ --JIL 

8293 
1 2 34 56 78910111213141516 

INPUT IlIUUUlJ1IlJ1IU 
A OUTPUT fif1J1IlIlIlJU1 
BOUTPUT~ 
COUTPUT~ 
o OUTPUT I L 

Input pulse: 
Amplitude.= 3.4V 
P.W. = lOOns, SO% to SO% 
PRR - 2.SMHz 
tr - 20ns 
tf - 7Sns 

MINIMUM STROBE PULSE WIDTH 

DA.B,C,D--H,--.. , , 
1.5V 

I TO c- OUTPUTS--

, I 

OUTPUTS~ 
A,B,C,D, ' 

Input pulse: 
Amplitude - 2.6V 
tr = tf = 5ns max. 
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AC TEST FIGURES AND WAVEFORMS (CONT'D.) 
MINIMUM RESET PULSE WIDTH 

----t PW I--
I I 
I I 

RESET....., ~ 
1.5V~1.5V 

OUTPUTS 
A.B.C.D~ 

t TO 440 
'--OUTPUTS--~2'6V 

\ "" LI'" 

Input pulse: 
Amplitude 2.6V 
Ir '" t, = 5ns max. 

NOTE: outputs must be previously brought high by placing a "a" on the 0 strobe light. 

A pulse generator may be substituted for the switch. 

TOGGLE RATE 

I '0 
C-OUTPUTS--

8292 

1 234 5 6 J 8 9 W 
INPUT rtn.flIlI1.Ilf1 
A OUTPUT..rLr1J"L.fL..f 

BOUTPUT~ 

COUTPUT~ 

DOUTPUT rL 

8293 
1 2345878910111213141618 

INPUT IUUUUUUUU1IUIIU 
A OUTPUTIlllI1..nnnl1n 

BOUTPUT~ 

COUTPUT~ 

DOUTPUT I L 

Input pulse: 
Amplitude = 2.6V 
PRR = 5MHz, 50 % duty cycle 
t{ = If = 5ns max. 

8292-A,F, W'8293-A,F, W 

STROBE 

CLOCK 

STROBE/RESET RELEASE TIME 

.,f.5V 

I 
I 
I 
I 

/ ' ~5V'",.". 
'" ·--OUTPUTS--

\ CL ~ 15pF 

J LOAD CIRCUIT 1 -= 

: ~.5V 
I 1 ... ·-----
: RELEASE 1..-

-I TIME I Clock, strobe/reset: 
Amplitude. 2.6V 

AO r--- ___ ....J1 
PRR = 1 MHz. 50 % duty cycle 
tr = tf = 5ns max. 

NOTES: 
1. All resistor values are in ohms. 
2. All capacitance values are in picofarads and include jig' and probe capacitance. 
3. All diodes are 1 N916. 
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DESCRIPTION 
The 10,000 series of monolithic integrated logic circuits presents 
the system designer with an integrated circuit family designed to 
permit system implementation with a relatively small number of in
dividual types. This approach offers cost savings, reduced power 
supply requirements, small physical size and high reliability. 

'ECl II circuits feature very fast propagation times relative to rise 
and fall times. This and the constant current feature impose fewer 
restrictions on system design, layout and fabrication than other 
high-speed families. 

FEATURES 
• Full replacements for Motorola 10,000 series parts 
• Excellent noise immunity 
• Simultaneous OR/NOR outputs 
• High fan-in and fan-out 
·Internaltem".rature compensation 

DEFINITIONS 
lin Current drawn by the input of the test unit when a 

maximum logic "1" (VIH max) is applied at that input 

lout 

IR 

Vss 

VSE 

VCS 

VCC 

VEE 

Vin 

VIH max 

VIHmin 

Vil max 

Vilmin 

Output current 

Reverse current drawn from a transistor input of the 
test unit when VEE is applied at that input 

Sias reference supply voltage (-1.29 V nominal at 
25°C) 

Sase-to-emitter voltage drop of a transistor 

Collector-to-base voltage drop of a transistor 

Most positive power supply voltage for a circuit 

Most negative power supply voltage for a circuit 

Input voltage 

Maximum input logic "1" level voltage 

Minimum input logic "1" level (threshold) voltage 

Maximum Input logic "0" level (threshold) voltage 

Minimum input logic "0" level voltage 

VOH max Maximum output "1" or high-level voltage 

VOH min Minimum output "1" high-level voltage 

VOL max Maximum output "0" or low-level voltage 

VOL min Minimum output "0" or low-level voltage 

Vout Output voltage 

,332 

TYPICAL CHARACTERISTIC CURVES 

~ 
0 
~ 
w 
~ 
< 
~ 
0 
> 
5 
5 
0 

~ 
~ 

-{),7 

-{),9 

-1.1 

-1.3 

-1.5 

-1.7 

t-
-1.9 

TYPICAL ''QR" TRANSFER 
CHARACTERISTICS 

r or ~(( 

III I /I fA VEE! -30V 
~ 

I I j) 
'-- -3.6V 

"'--- -4.4V 

I II} ~ - -5.2V 

TT " -6.0 

r--

- Y' -1.0V 

-2.1 

..../ 
-8.0V 

TA - +25 C 

-2.3 
-1.8 

-{)9 

~ -11 
0 
~ 

~ 
-1.3 

" 5 -l.S 
> 

_'.7 

~ -1.9 
0 
> 

-2.1 

-2.3 
-1.8 

-0.6 

VIN' INPUT VOL TAGE (VOLTS) 

TYPICAL "NOR" TRANSFER 
CHARACTERISTICS 

VIN.INPUT VOLTAGE (VOLTS) 

TYPICAL INPUT VOLTAGE 
VERSUS INPUT CURRENT 

-0.2 

O.lmA .---ro/'--,.--r-r-,.---,n--,.-,-,.---, 
1 GJ,:an!"s JlnimUmtl ~n~ miniJum 

lan-out 0125 (tOUT min"' 2.srnA) 
f- lIN max "'O,1mA -t-t--f--H--t 

2 Gualanteesma"imum 
I- leakageofO.2l1A 

i I~~, :; I--jl---'I--i+-jl--t+--j-t-j'-----j 
a 
i 
J. r+---rt---f) 



TYPICAL OUTPUT VOLTAGE 
VERSUS OUTPUT CURRENT 

t----t-+--t----+-+--i,-----j -0.250 V 

t----t-+--t----+-+--i----j -0.500 V 

f--:---::l--+::--I----:+-+------1--J -1.000 V 
1 G~arantee,d VOH ~8~ at r~UT" 0 

2 Guarantees VOH mm al lOUT 'Z.5mA 

I--t-+--i----+-+--i----j -1.25011 

veE' -5.211 

VOLmall~ TA 2S-C 

~~ ~~V 

-J.OmA -2.0mA -l,OmA +O.5mA 

-2.SmA -1.5mA -C.SmA 

25°C lOGIC lEVELS 
General Conditions: VEE = -5.2V, VCC = Gnd 

10,100 10,500 
INPUTS OUTPUTS 10,200 10,600 

VIL min -1.850 -1.850 
VIH max -0.810 -0.720 

VOL min -1.850 -1.850 
VOL max -1.650 -1.620 
VOH min -0.960 -0.930 
VOH max -0.980 -0.950 

VILA max -1.475 -1.475 
VIHA min -1.105 -1.105 

VOLA max -1.630 -1.600 
VOHAmin -0.980 -0.950 

With suitable inputs: 
Typical Output HIGH State -0.900 -0.825 
Typical Output LOW State -1.750 -1.725 
Typical VBB -1.290 -1.290 
(Switching Threshold) 

Stabilized temperature, with ~ 500 ifpm air flow. 
OIL. package outputs terminated through 50n resistor to -2.0V. 

TEMPERATURE lOGIC lEVELS 

PARAMETER _30°C +85°C 

VIH max, VOH max -0.890 -0.700 
VOH min -1.060 -0.890 
VOHA min -1.080 -0.910 
VIHA min -1.205 "'11.035 
VILA max -1.500 -1.440 
VOLA max -1.655 -1.595 
VOL max -1.675 -1.615 
VIL min, VOL min -1.890 -1.825 

·Outputs loaded 501l to -2.0V 

MAXIMUM RATINGS 

I PARAMETER RATING UNIT 

Ratings above which device life may be impaired 

VEE Power Supply Voltage (VCC=O) -8 VOC 
VIN Input Voltage (VCC=O) o to VEE VOC 
10 Output Source Current o to +20 mAdc 
Tstg Storage Temperature Range -55 to + 125 ·C 

Recommended maximum ratings above which performance may 
be degraded: 

ITA Operating Temperature Range -30 to+85 ·C 

BASIC ECl GATE CIRCUIT 

Typical values: 
Logical "'" ~ -0.9V 
Logical "0" ~ -'.75V 

DIFFERENTIAL 
AMPLIFIER 

'1 " 

For Logical"'" Input. "NOR" Output ~ -0.90V 
"OR" Output. -'.75V 

For Logical "0" Input, "NOR" Output ~-'.75 
"OR" Output ~ -0.90V 

BIAS 
NETWORK 

J 
v 

VE E"-5.2V "NOR" "Oft" 
OUTPUT OUTPUT 

EMITTER 
FOLLOWER 

The 10,000 series line of monolithic integrated logic circuits was 
designed as a non-saturating form of logic which eliminates transis
tor storage time as a speed limiting characteristic. 

The typical 10,000 series circuit comprises a differential-amplifier 
input with internal bias reference and with emitter-follower output 
to restore dc levels, High fan-out operation is possible because of 
high input impedance of the differential amplifier and low output 
impedance of the emitter followers. Power supply noise is virtually 
eliminated by the nearly constant current drain of the differential 
amplifier, even during transition time. Basic gate design provides 
for simultaneous output of both the function and its complement. 

As shown in the schematic above, it is recommended that -5.2V be 
applied at VEE with VCC = Gnd. 

The nominal output logiC swing of 0.85V varies from a low state of 
VL = -1.75V to a high state of VH = -0.90V. 

An internal voltage of -1.29V is applied to the "bias input" of the 
differential amplifier and the logic signals are applied to the "signal 
input". If a logical "0" is applied, the current through R3 is supplied 
by the internally biased transistor. A drop of 0.85V occurs across 
R2. The OR output then is -1.75V, one VBE drop below 0 .. 85V. 
Since no current flows in the "signal input transistor, the NOR out
put is a VBE drop below ground, -0.90V. When a logical "1" level is 
applied to the "signal input", the current through R2 is switched to 
the "Signal input" transistor and a drop of 0.85V occurs across R1. 
The OR output then goes to -0.90V, and the NOR output goes to 
-1.75V. 

NOTE: Unused inputs should be connected to VEE' 
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The voltage applied to the bias input is obtained from an internal 
regulated, tem~rature-compensated bias network. The tempera
ture characteristics of the bias network compensate for variations 
in circuit operating point over the temperature range or supply volt
age changes, and insure that the threshold point is in the center of 
the transfer characteristic curves. 
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ECl PRODUCT INFORMATION 

Test Voltage Values (V) 
Test VIH VIL VIHA VILA VEE 

Temperature MAX MIN MIN MAX 

-30°C -0.890 -1.890 -1.205 -1.500 -5.2 
+25°C -0.810 -1.850 -1.105 -1.475 -5.2 
+85°C -0.700 -1.825 -1.035 -1.440 -5.2 

ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (MA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL u.A) IIH("A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT e 5O!l OUTPUTo501l OUTPUTe501l OUTPUTe501l 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VIN el1 lLMIN VIN"VILMIN VINeVILAMAX VIWVILAMIN 
CONDITION' VINeVILMIN VIHeVIH MAX ORVIHMAX OR VIH MAX ORVIHAMIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0100 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 20 26 0.5 245 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85 Q C NIA N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin9 
-30'C NIA 

+25'C 470 
+85'C NIA 

0101 Pin 4 
-30'C N/A NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 12 o 
-30'C NIA -+25'C 535 
+85'C NIA " 0102 
-30'C N/A NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 9 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0103 
-30'C NIA N/A NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 20 26 0.5 245 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0104 Pin 12 
-30'C N/A NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 28 35 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C NIA NIA N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 13 
NIA 

-30'C 220 
+25'C NIA 
+85°C 

0105 
-30'C NIA NIA N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 15 21 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A NIA N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0106 
-30'C N/A NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 15 21 0.5 265 -1.860 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A NIA N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0107 Pins 4,9,14 

-30'C N/A NIA N/A 
1-1

.
890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 28 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A NA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pins 5,7,15 

-30'C N/A 

220 I +25'C 
+85'C NIA 
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ECl PRODUCT INFORMATION 

ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA(V) 
PARAMETER SUPPLY IlL (~A) IIH(~A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT ~5O!1 OUTPUT~50!l OUTPUT~5011 OUTPUT~5011 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 
TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH~VILAMIN 

CONDITION' VIN~VILMIN VIWVIHMAX ORVIHMAX OR VIH MAX ORVIHAMIN ORVIHAMIN 

MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TYP MAX 

0108 Pin 2 
-30°C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 28 36 0.5 265 -1.990 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.920 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 3 
-30°C -1.890 -1.675 

+25°C -1.850 -1.650 
+85°C -1.825 -1.615 

0109 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 10 14 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0110 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 30 38 0.5 425 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0111 
-30°C N/A N/A N/A -1.690 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 36 0.5 425 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.625 -1.615 -0.890 -0.700 -1.595 -0.910 

0112 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 0.5 420 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0113 N/A 
-30°C N/A N/A Pin6 220 -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 42 0.5 Pin 7 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A N/A -1.825 -1.615 -0.690 -0.700 -1.595 -0.910 

Pin 9 
N/A 

545 
N/A 

0114 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 28 35 ·1.0 45 -1.650 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0115 
-30°C N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 26 ·1.0 95 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0116 
-30°C N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.060 

+25°C 16 21 ·1.0 95 -1.850 -1.675 -1.060 -0.890 -1.655 -1.080 
+85°C N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0117 Pin 4 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 20 26 0.5 265 -1.850 -1.650 -1.650 -0.960 -1.630 -0.980 
+65°C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 
N/A 

350 
N/A 

0118 Pin 6,7 
-30°C N/A N/A N/A -1.890 -1.675 -1.060 -0,690 -1.655 -1.080 

+25°C 20 26 0.5 265 -1.850 -1.650 -0.960 -0.610 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

N/A 
370 

N/A 

·ICBO 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IElmA) VOLA IV) VOHAIV) 
PARAMETER SUPPLY IlL I.A) IIHI.A) VOL IV) VOHIV) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT e SOil OUTPUT e SOil OUTPUTeSOIl OUTPUTeSOIl 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VINeVILMIN VINeVILMIN VINeVILAMAX VIHeVILAMIN 
CONDITION" VINeVILMIN VIWVIHMAX ORVIHMAX ORVIH MAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0119 Pin 7,9 
-30'C N/A N/A NfA -1.B90 -1.675 -1.060 -0.B90 -1.655 -LOBO 

+25'C 20 26 0.5 265 -1.B50 -1.650 -0.960 -0.Bl0 -1.630 -0.9BO 
+B5'C NfA NfA NfA -1.B25 -1.615 -0.B90 -0.700 -1.595 -0.910 

Pin 10 
NfA 

370 
NfA 

0121 Pin 7,9 
-30'C NfA NfA NfA -1.B90 -1.675 -1.060 -0.7BO -1.655 -1.0S0 

+25'C 20 26 0.5 265 -1.B50 -1.650 -0.960 -0.700 -1.630 -0.9BO 
+B5'C NfA NfA NfA -1.S25 -1.615 -0.890 -0.590 -1.595 -0.910 

Pin 10 
NfA 

370 
NfA 

VIW4.0Vdc VINe O.4Vdc VINel.8VdC VIW1.BVdc 
or O.4Vdc or 4.0Vdc or 1.1Vdc or 1.1Vdc 

0124 
-30'C N/A -1.B90 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C -66 NfA NfA -1.850 -1.650 -0.960 -0.810 -1.630 -0.9BO 
+85'C NfA -1.825 -1.615 -0.S90 -0.700 -1.595 -0.910 o -0125 

-30'C NfA NfA 14 0.5 2.5 0.5 2.5 " +25'C 40 NfA "1.0 lIS 0.5 2.5 0.5 2.5 
+S5'C NfA NfA 0.5 2.5 0.5 2.5 

0129 Pin 8, Pin 5=Gnd Pin 4,6,7,13 Pin 4,6,7,13 -1,B90 -1.675 -1.060 -0.B90 -1.655 -1.080 9 
-30'C NfA NfA NfA -1.S50 -1.650 -0.960 -0.Bl0 -1.630 -0.9BO 

+25'C 152 -1.0 95 -1.B25 -1.615 -0.B90 -0.700 -1.595 -0.910 
+B5'C NfA NfA NfA 

Pin 8, Pin 5=VEE Pin 10,11,12 Pin 10 
-30'C N/A NfA NfA 

+25'C 172 0.5 450 
+B5'C N/A NfA NfA 

Pin 11,12 
N/A 

245 
N/A 

0130 Pin 6,11 
-30'C NfA NfA NfA -1.B90 -1.675 -1.060 -0.B90 -1.655 -1.0S0 

+25'C 28 35 0.5 220 -1.850 -1.650 0.960 -0.Bl0 -1.630 -0.9BO 
+85'C NfA N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 
NfA 

265 
NfA 

Pin 4,5,7 

N/A 

285 
NfA 

0131 Pin 4,5 Note 2 Nole 2 Note 2 Note 2 
-30'C NfA NfA NfA -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25'C 45 56 0.5 330 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C N/A NfA NfA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6 
NfA 

220 
NfA 

Pin 7 
NfA 

245 
NfA 

"CBO 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA(V) 
PARAMETER SUPPLY IlL (.A) IIH(.A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT.501l OUTPUT.501l OUTPUT·501l OUTPUT·501l 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 
TEST VIN,VILMIN VIN'VILMIN VIN=VILAMAX VIWVILAMIN 

CONDITION' VIN=VILMIN VIWVIH MAX ORVIHMAX ORVIHMAX ORVIHAMIN ORVIHAMIN 

MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 
Pin 9 

NIA 
265 

NIA 

0132 Pin 4,5,7 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+2S'C 55 0.5 290 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6 
NIA 

390 
NIA 

Pin 10,11 

NIA 
220 

NIA 

0133 Pin 3 Noles 5&6 Noles 5&6 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25'C 75 0.5 245 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 4 
NIA 

220 
NIA 

Pin 5,13 
NIA 

350 
NIA 

0134 Pin 4,5,7 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25'C 55 0.5 290 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 6,10 
NIA 

265 
NIA 

0135 Pin 6,7,9,10,11 NOle7 Note 7 Note 7 Note 7 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0,890 -1.655 -1.08 

+25'C 68 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.98 
+85'C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 4,5,12,13 
NIA 

390 

0136 Pin 5,6,11,12 Note 3 Note 3 Nole 3 Note 3 
-30'C NIA NIA NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 120 150 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85°C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 
NIA 

265 
NIA 

Pin 9,10 
NIA 

245 
NIA 

Pin 13 

NIA 
290 

NIA 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA(V) 
PARAMETER SUPPLY IlL (~A) IIH (.A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~50!l OUTPUT~50!l OUTPUT = 50n OUTPUT = 50n 

LOAD LOAD LOAD LOAD 

TO-2V T0-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH~VILAMIN 

CONDITION· VIN=VILMIN VIH~VIHMAX ORVIHMAX ORVIHMAX ORVIHAMIN ORVIHAMIN 

MIN TVP MAX MIN TYP MAX MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX 

0137 Pin 5,6,11,12 Note 3 Note 3 Note 3 Note 3 
-30·C N/A N/A N/A -1,890 -1,675 -1.060 -0.890 -1.655 -1.080 

+25·C 120 150 0.,5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85·C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 
N/A 

265 
N/A 

Pin 9,10 
N/A 

245 
N/A 

Pin 13 
N/A 

290 
N/A 

0139 
-30·C 

+25·C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 
+85·C 

0140 

-30·C 

+25·C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 
o -+85·C 

" 0141 Pin 5,6 

-30·C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.08 

+25·C 82 102 0.5 220 -1.850 -1.650 -0.960 -0,810 -1.630 -0.98 9 
+85·C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 7 

N/A 

245 

N/A 

Pln4 

265 

N/A 

0142 

-30·C 

+25°C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 

+85·C 

0145 Pin 3,6,7,9,10 

-30·C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25·C 116 145 0.5 200 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 4,5,11,12 

N/A 

220 

N/A 

Pin 13 

N/A 

470 

N/A 

0148 

-30·C 

+25·C SEE BIPOLAR MEMORIES SECTION FOR ELECTRICAL SPECIFICATIONS 

+85·C 
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ECL PRODUCT INFORMATION 

ECl DC ELECTRICAL CHARACTERISTICS 
INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA(V) 
PARAMETER SUPPLY ~L (PA) IIH(~A) VOL (V) VOH (V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~50!I OUTPUT~50[l OUTPUT ~5OIl OUTPUT~50!l 

LOAD LOAD LOAD LOAD 

TO-2V TOo2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN ~ VILAMAX VIH~VILAMIN 

CONDITION' VIN~VILMIN VIH~VIHMAX ORVIHMAX OR VIH MAX OR VIHA MIN ORVIHAMIN 

MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

0158 Pin 4.9 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 32 40 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 

N/A 

575 

N/A 

0159 Pin 4.9 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0,890 -1.655 -1.080 

+25'C 32 40 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C NiA N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 7 

N.A 

575 

N/A 

0160 Pin 3 

-3O'C N/A N/A N/A -1.890 -1.675 -1.080 -0.890 -1.675 -1.080 

+25'C 62 78 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 4 

N/A 

220 

N/A 

0181 

-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 57 76 0.5 220 -1.850 -1.650 -0.960 -0810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0162 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 57 76 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0164 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25'C 56 75 0.5 265 -1.850 -1.650 -0.980 -0.810 -1.630 -0.960 
+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0165 Pin 4 

-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 105 131 0.5 245 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

PinS 

N/A 

220 

N/A 

0170 

-3O'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 
+25'C 54 68 0.5 265 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615. -0.890 -0.700 -1.595 -0.910 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL ("AI IIH ("AI VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT e 5O!l OUTPUTe50!l OUTPUT e 5O!l OUTPUTe50!l 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VINeVILMIN VINeVILMIN VINeVILAMAX VIHeVILAMIN 

CONDITION· VINeVILMIN VIWVIHMAX ORVIHMAX ORVIH MAX ORVIHAMIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0171 

-30·C N/A N/A NIA -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25°C 60 75 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+8S"C NIA NIA NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0172 

-30·C NIA NIA N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25·C 60 77 0.5 220 -1.850 -1.650 -0.960 -0.810 :1.630 -0.980 

+85·C NIA N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

0173 Pin 5,6 

-30·C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.675 -1.080 

+25·C 66 0.5 295 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C N/A N/A N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.91 

Pin 7,9 

NIA 

250 

NIA o 
0174 

Pin 4 -" -30·C NIA NIA NIA -1.89~ -1.675 -1.060 -0.890 -1.655 -1.080 

+2S·C 55 73 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+8S·C NIA NIA N/A -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 9 
Pin 14 

N/A 

330 

NIA 

0175 Pin 6,7,10 

-30·C N/A NIA N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25"C 97 0.5 290 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+8S·C N/A N/A NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 11 

N/A 

650 

N/A 

0176 Note 7 Note 7 

Pin 5 

-30·C NIA NIA N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25·C 88 110 0.5 220 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 

+85·C NIA N/A NIA -1.825 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 9 

NIA 

310 

NIA 
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ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS - See Notes Page 12 

INPUT CURRENT OUTPUT VOLTAGE 

IE (mA) VOLA (V) VOHA (V) 
PARAMETER SUPPLY IlL (.A) IIH (.A) VOL (V) VOH(V) THRESHOLD THRESHOLD 

CURRENT LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT~50!l OUTPUT.50!l OUTPUT.50!l OUTPUT~50!l 

LOAD LOAD LOAD LOAD 

TO-2V TO-2V TO-2V TO-2V 

TEST VIN~VILMIN VIN~VILMIN VIN~VILAMAX VIH~VILAMIN 

CONDITION" VIN~VILMIN VIWVIHMAX ORVlliMAX OR VIH MAX OR VIHA MIN ORVIHAMIN 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

0179 Pin 4,7,11 

-30'C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.080 
+25'C 39 72 0.5 270 -1.990 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.920 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 5,9 

N/A 

225 

N/A 

Pin 10,13 

N/A 

440 

N/A 

Pin 12 

N/A 

395 

N/A 

Pin 14 

N/A 

355 

N/A 

0181 Pin 9,11,19,20 

-30'C N/A N/A N/A -2.000 -1.675 -1.060 -0.890 -1.655 -1.080 
+25'C 145 0.5 245 -1.990 -1.650 -0.960 -0.810 -1.630 -0.980 

+85'C N/A N/A N/A -1.920 -1.615 -0.890 -0.700 -1.595 -0.910 

Pin 10,16,18,21 

N/A 

220 

N/A 

Pin 13,23 

N/A 

200 

N/A 

Pin 14,15,17 

N/A 

265 

N/A 

Pin 22 

N/A 

290 

N/A 

0190 VIN~+0.57 VIN~+0.57 VIN~±0.17 VIN~±0.17 

or -0.5 or -0.5 
-30'C N/A N/A N/A -1.890 -1.675 -1.060 -0.890 -1.655 -1.080 

+25'C 36 45 50 -1.850 -1.650 -0.960 -0.810 -1.630 -0.980 
+85'C N/A N/A N/A -1.825 -1.615 . -0.890 -0.700 -1.595 -0.910 

0191 Pin 7 

-30'C N/A N/A N/A Note 1 -0.365 0.220 0.400 -0.345 0.200 
+25'C 30 38 0.5 245 -0.330 0.305 0.490 -0.310 0.285 
+85'C N/A N/A N/A -0.295 0.400 0.585 -0.275 0.380 

Pin 9 

N/A 

265 

N/A 

342 S(gOI'.S 



ECl PRODUCT INFORMATION 
ECl DC ELECTRICAL CHARACTERISTICS 

INPUT CURRENT 

IE (,.A) 
PARAMETER SUPPLY In. (pA) 

CURRENT LOWLEYEL 

TEST 

CONDITION· YIN-VILMIN 

MIN TVP MAX MIN TVP MAX 

0192 

-3Q·C N/A N/A 

+2S·C 76 95 118 0.5 

+85·C N/A N/A 

0210 

-30·C N/A 

+2S·C 38 

+8S·C N/A 

0211 

-30·C N/A 

+2S·C 38 

+8S·C N/A 

0212 

-30·C N/A 

+2S·C 38 

+8S·C N/A 

0216 

-3Q·C N/A 

+2S·C 20 25 '1.0 

+SS·C N/A 

0231 

-30·C N/A N/A 

+2S·C 52 65 0.5 

+8So C NIA N/A 

* For more test information see notes on inclividual data sheets. 
NOTE: 

.... (,.A) 
HIGH LEYEL 

YIH·YIIIMAX 

MIN TVP MAX 

N/A 

320 

N/A 

N/A 

425 

N/A 

N/A 

425 

N/A 

N/A 

425 

N/A 

N/A 

115 

N/A 

Pin 4,5 

N/A 

410 

N/A 

Pin 6,7 

N/A 

220 

N/A 

Pin 9 

N/A 

290 

N/A 

YOL(Y) 
LOW LEVEL 

OUTPUT~5OII 

LOAD 

TOav 

YIN-YILMIN 

ORYILMAX 

MIN TVP MAX 

-1.890 -1.695 

-1.850 -1.650 

-1.825 -1.615 

Note 2 

-1.890 -1.695 

-1.850 -1.650 

-1.825 -1.615 

1. VOL (min) is determined by load network (approx. ·O.SOOV with 84S11 to VEE and 9011 to ground. 

2. OUtput level to be measured after a clock pulse has been applied to the CF Input (Pin 6JlLVIH max 

3. Measure oulput before and after clock pulse V~VIH appears at clock input (Pin 13). VILMIn 

4. For additional electrical specifications see data sheet. 
S. Before test set O. 02 outputs to logic low. 
6. Before lest set all 0 outputs to a logic high. 
7. OUtput levels to be measured aiter a clock pulse has been applied to C input (Pin 9) . 
• leBO 
•• Output-2SIl for 10123. 

OUTPUT YOLTAGE 

VOLA (Y) YOHA (V) 
YOH(Y) THRESHOLD THRESHOLD 

HIGH LEVEL LOW LEVEL HIGH LEVEL 

OUTPUT-SOil OUTPUT .5011 OUTPUT-SOli 

LOAD LOAD LOAD 

TOav TOav TOav 

YIN~VILMIN YIN-YUMAX YIH-VILAMIN 
ORYIHMAX ORYIHAMIN ORYIHA-

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

o -" -1.060 -0.890 -1.655 -1.060 

-0.960 -0.810 -1.630 -0.960 

-0.890 -0.700 -1.595 -0.910 9 
Nole2 Nole2 Nole2 

-1.060 -0.890 -1.855 -1.080 

-0.960 -0.610 -1.630 -0.980 

-0.890 -0.700 -1.595 -0.910 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Noles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

... MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10100 14+2-,14-2+ 12+ 12-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10101 14+2-,14-2+ 12+,15+ 12-,15-
14+5-,14-5-

30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10102 112+ 15-,112-15+, 115+,19+ 115-,19-
112+9+,112-9-

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10103 112+ 15+,112-15- 115+,19+ 115-,19-
112+9-,112-9+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10104 112+ 14+,112-15-, 115+,19+ 115-,9-
112+9-,112-9+ 

- 30°C 1.0 4.3 1.5 3.7 1.5 3.7 
+25°C 1.0 2.2 4.0 1.5 2.0 3.5 1.5 2.0 3.5 N/A N/A 
+85°C 1.0 4.2 1.5 3.6 1.5 3.6 

113+ 15+ 
113+8-

+25°C 1.0 2.7 4.0 

10105 14+3-,14-3+, 13+,12+ 13-,12-
14+2+,14-2-

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

10106 14+3-,14-3+ 13+ 13-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+25°C 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+85°C 1.0 3.3 1.1 3.7 1.1 3.7 

Pins 4,9,14 
10107 I++,H-,I-+,I- - 1+ 1-

- 30°C 1.0 3.8 1.1 3.5 1.1 3.5 
+25°C 1.1 2.0 3.7 1.1 2.5 3.5 1.1 2.5 3.5 N/A N/A 
+85°C 1.1 4.0 1.1 3.8 1.1 3.8 
- 30°C 

Pins 5,7,15 
+25°C 1.1 2.8 3.7 
+85°C 

10108 14+2+,14-2, 12+,13+ 12-,13-
14+3-,14-3+ 

- 30°C N/A N/A N/A 
+25°C 1.4 2.3 3.4 1.1 2.2 4.0 1.1 2.2 4.0 N/A N/A 
+85°C N/A N/A N/A 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (son Load) - See Notes Page 19 

Propagalion 2 Rile Time (nl) Fall Time (nl) 
PARAMETER Delay. (nl) 20-80% 20-80% I.etup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 
tS+2+,tS-2-, 
tS+3-,tS-3+ 

- 30°C N/A 
+2SoC 1.4 2.8 3.7 
+8So N/A 

10109 t4+2+,t4-2-, t2+,t3+ t2-,t3-
t4+3-,t4-3+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+2SoC 1.0 2.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+8SoC 1.0 3.3 1.1 3.7 1.1 3.7 

10110 tS+2+,tS-2-, t2+,t3+,t4+ t2-,t3-,t4-
tS+3+,tS-3-, 
tS+4,tS-4-

- 30°C 1.4 3.S 1.0 3.S 1.0 3.S 
+2SoC 1.4 2.4 3.S 1.1 2.2 3.S 1.1 2.2 3.S N/A N/A 
+8SoC 1.S 3.8 1.2 3.8 1.2 3.8 

10111 tS+2-,tS-2t, t2+,t3+,t4+ t2-, t3-, t4-
tS+3-, tS-3t, 
tS+4-,tS-4t 

- 30°C 1.4 3.S 1.0 3.S 1.0 3.S 
+2SoC 1.4 2.4 3.S 1.1 2.2 3.S 1.1 2.2 3.S N/A N/A 
+8SoC 1.S 3.8 1.2 3.8 1.2 3.8 o 

10112 tS+2+,tS-2-, t2+,t3+,t4+ t2-,t3-t4-
tS+3-,tS+3+, -" tS+4-, tS-4+ 

+2SoC 1.4 2.4 3.S 1.1 2.2 3.S 1.1 2.2 3.S N/A N/A 9 
10113 t4+2+,t4-2- t+ t-

- 30°C 
+2SoC 3.0 2.0 2.0 N/A N/A 
+8SoC 

t9+2-,t9-2+ 
- 30°C 
+2SoC 3.4 
+80°C 

10114 t4+2+,t4-2-,3 t2+,t3+ t2-3-
t4+3-,t4-3+ 

- 30°C 1.0 4.4 1.S 3.8 1.S 3.8 
+2SoC 1.0 2.S 4.0 1.S 2.1 3.S 1.S 2.1 3.S N/A N/A 
+8SoC 0.9 4.3 1.S 3.7 1.S 3.7 

1011S t4+2-,t4-2+ t2+ t2-
- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+2SoC 1.0 2.9 1.1 3.3 1.1 3.3 N/A N/A 
+8SoC 1.0 3.3 1.1 3.7 1.1 3.7 

10116 t4+2+,t4-2-, t2+,t3+ t2-,t3-
t4+3,t4-3+ 

- 30°C 1.0 3.1 1.1 3.6 1.1 3.6 
+2SoC 1.0 2.0 2.9 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+8SoC 1.0 3.3 1.1 3.7 1.1 3.7 

10117 t4+2+,t4-2-, t2+,t3+ t2-3-
t4+3-,t4-3+ 

- 30°C 1.4 3.9 0.9 4.1 0.9 4.1 
+2SoC 1.4 2.3 3.4 1.1 2.2 4.0 1.1 2.2 4.0 N/A N/A 
+8SoC 1.4 3.8 1.1 4.6 1.1 4.6 
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ECL PRODUCT INFORMATION 

ECl AC CHARACTERISTICS (50n Load)-SEE NOTES PAGE 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10118 t6+2+,t6-2- l+ t-
- 30°C 1.4 3.9 0.8 4.1 0.8 4.1 
+25°C 1.4 2.3 3.4 1.5 2.5 4.0 1.5 2.5 4.0 N/A N/A 
+85°C 1.4 3.8 1.5 4.6 1.5 4.6 

10119 t3+2+,t3-2- t+ t-
- 30°C 1.4 3.9 0.8 4.1 0.8 4.1 
+25°C 1.4 2.3 3.4 1.5 2.5 4.0 1.5 2.5 4.0 N/A N/A 
+85°C 3.4 1.4 3.8 1.5 4.6 1.5 4.6 

10121 t4+3-, t4-3+, t3+,t2+ t3-,t2-
t4+2+.t4-2-

- 30°C 1.4 3.9 0.9 4.1 0.9 4.1 
+25°C 1.4 2.3 3.4 1.1 2.5 4.0 1.1 2.5 4.0 N/A N/A 
+85°C 1.4 3.8 1.1 4.6 1.1 4.6 

10124 (Note 4) t6+ 1+.t6-1- tl+ tl-
t7+1+,t7-1-, 
t7+3+,17-3+ 

- 30°C 1.0 6.8 1.1 4.2 1.1 4.2 
+25°C 1.5 6.0 1.1 3.9 1.1 3.9 N/A N/A 
+85°C 1.0 6.8 1.1 4.3 1.1 4.3 

10125 t6+5-,16-5+ t4+ t4-
t2+t4-,t2-4+ 

- 30°C 1.0 4.5 6.0 3.3 3.3 N/A N/A 
+25+85 1.0 6.0 3.3 3.3 

Dala Inpul t7+t4+ t+ 1-
10129 +25°C 6.6 12.0 27.0 1.5 4.3 1.5 4.3 25.0 0 

Dala Input t7-14-
3.7 10.0 15.0 

Clock Inpul 111-14+ 
2.7 5.0 11.0 

Strobe Inpul 112± 14± 
1.6 4.0 7.0 

Resellnpul 110+ 14-
2.0 5.0 8.0 

Hysleresis 
Mode 17+ 14+ 

18.0 
Hysleresis 

Mode 17-14-
10.0 

10130 t7+2+ 12+ 12-
- 30°C 1.0 3.6 1.0 3.6 1.0 . 3.6 N/A N/A 
+25°C 1.0 2.5 3.5 1.0 2.7 3.5 1.0 2.7 3.5 
+85°C 1.0 3.8 1.1 3.8 1.1 3.8 

15+2+,14+2-
- 30°C 1.0 3.6 
+25°C 1.0 2.7 3.5 
+85°C 1..1 3.9 

16-2+ 
- 30°C 1.0 4.3 
+25°C 1.0 4.0 
+85°C 1.0 4.1 

10131 19+2-,19+2+, 12+ t2-
Clock Inpul 16+2+,16+2-

- 30°C 1.4 4.6 1.0 4.6 1.0 4.6 
+25°C 1.5 3.0 4.5 1.1 2.5 4.5 1.1 2.5 4.5 2.5 1.5 
+85°C 1.5 5.0 1.1 4.9 1.1 4.9 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50U Load) - See NOles Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Sellnpul 15+2+,112+5+, 
15+3-,112+ 14-

- 30°C 1.1 4.4 
+25°C 1.2 2.8 4.3 
+85°C 1.2 4.8 

Resellnpul 14+2,113+ 15-
14+3+,113+ 14+ 

- 30°C 1.1 4.4 
+25°C 1.2 2.8 4.3 
+85°C 1.2 4.8 

10132 +25°C 
Dala 14+2+ 12+ 12- Dala Dala 

1.0 2.5 3.3 1.5 3.5 1.5 3.5 2.5 1.5 
Resel 16+2- Selecl Selecl 

1.0 3.0 3.8 3.5 1.0 
Clock 17-2+ 

1.0 4.0 5.7 
Selecl 111+2+ 

1.0 3.7 4.6 

10133 13+2+ 12+ 12-
- 30°C 1.0 5.6 1.0 3.6 1.0 3.6 
+25°C 1.0 5.4 1.1 3.5 1.1 3.5 N/A N/A 
+85°C 1.1 5.9 1.1 3.8 1.1 3.8 o -14+2+ " - 30°C 1.0 5.4 
+25°C 1.0 5.4 
+85°C 1.2 6.0 9 

15-2+ 
- 30°C 1.0 3.2 
+25°C 1.0 3.1 
+85°C 1.0 3.4 

10134 +25°C 12+ 12- Dala Dala 
Dala 14+2+ 1.5 2.0 3.5 1.5 2.0 3.5 2.5 1.5 1.5 0;0 

1.0 2.5 3.3 Selecl Selecl 
Clock 110-2+ 

1.0 4.0 5.7 3.5 2.5 1.0 0.5 
Selecl 16+2+ 

1.0 3.5 4.6 

10135 +25°C 19+2+,19+2- 12+,13+ 12-,13-
Clock Inpul 1.0 3.0 4.5 1.1 2.0 4.5 1.0 2.0 4.5 2.5 1.0 1.5 1.0 
Sellnpul 15+2+,112+5+, 

15+3-,112+4+ 
1.0 3.0 5.0 

Resellnpul 14+2-,14+3+, 
113+ 15-,113+ 14+ 

1.0 3.0 5.0 

10136 
Clock Inpul 113+ 14+,113+ 14-, 14+,114+ 14-,114- Dala Inpuls Dala Inpuls 

112+ 13+,112-13- 112+ 13+,112-13-
- 30 0.8 4.8 4 0.9 4 0.9 +25°C +25°C 
+25 1.0 3.3 4.5 3.3 1.1 2.0 3.3 1.1 2.0 3.5 2.1 -1.0 -1.9 
+85 1.4 5.0 3.3 1.1 3.5 3.3 1.1 3.5 Selecl Inputs Selecl Inpuls 

Clock Inpul 113+4+,113+4- 19+ 13+,17 + 13+ +9+ 13+,17 + 13+ 
- 30 2.0 10.9 +25°C +25°C 
+25 2.5 7.0 10.5 7.5 5.4 -2.5 -5.4 
+85 2.4 11.5 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Noles Page 19 

Propagation 2 Riae Time (na) Fall Time (na) 
PARAMETER Delay, (na) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Carry In Inpul Carry Inlnpul 

Carry In 10 110-4+,110+4+ 110-13+,113+ 10+ +25°C 
Carry OUI 

Nole 7 - 30 1.6 7.4 +25°C 110-13+ 
+25 1.6 5.0 6.9 -1.0 -1.9 -1.6 -2.4 
+85 1.9 7.5 

113+,110+ 
3.1 2.2 

10137 
Clock Inpul 113+ 14+,113+ 14-, 14+,114+ 14-,114- Data Inputs Dala Inpuls 

112+ 13+,112-13- 112+ 13+,112-13-
- 30 0.8 4.8 4 0.9 4 0.9 +25°C +25°C 
+25 1.0 3.3 4.5 3.3 1.1 2.0 3.3 1.1 2.0 3.5 2.1 -1.0 -1.9 
+85 1.4 5.0 3.3 1.1 3.5 3.3 1.1 3.5 Selecl Inpuls Selecl Inpuls 

Clock Inpul 113+4+,113+4- 19+ 13+,17 + 13+ +9+13+,17+13+ 
- 30 2.0 10.9 +25°C +25°C 
+25 2.5 7.0 10.5 7.5 5.4 -2.5 -5.4 
+85 2.4 11.5 --- ---

Carry In Inpul Carry In Input 
Carry In to 110-4+,tl0+4+ tl0-13+,t13+ 10+ +25°C 
Carry OUI 

Nole 8 - 30 1.6 7.4 +25°C tl0-13+ 
+25 1.6 5.0 6.9 -1.0 -1.9 -1.6 -2.4 
+85 1.9 7.5 113+,110+ 

3.12.2 

10141 t4+3+ 13+ -3- t12+4+ t4+ 12+ 
- 30 0.9 3.9 1.0 3.4 1.0 3.4 N/A N/A 
+25 1.0 2.9 3.8 1.1 1.7 3.3 1.1 1.7 3.3 2.5 1.5 
+85 1.2 4.2 1.1 3.6 1.1 3.6 N/A N/A 

10145 SEE DATA SHEET FOR ELECTRICAL SPECIFICATIONS 

10158 13+2+,13-2- t+ t-
- 30°C 1.1 3.8 1.0 4.1 1.0 4.1 
+25°C 1.2 2.2 3.3 1.0 2.5 3.8 1.0 2.5 3.8 N/A N/A 

+85°C 1.1 3.8 1.1 4.1 1.1 4.1 
t9+2+,t9-2c 

- 30°C 1.4 5.0 
+25°C 1.5 3.0 4.5 
+85°C 1.4 5.0 

10159 t3+2-,13-2+ t+ 1-
- 30°C 1.1 3.8 1.0 4.1 1.0 4.1 
+25°C 1.2 2.2 3.3 1.0 2.5 3.8 1.0 2.5 3.8 N/A N/A 
+85°C 1.1 3.8 1.1 4;1 1.1 4.1 

19+2+,19-2-
17 +2-,17 -2+ 

- 30°C 1.4 5.0 
+25°C 1.5 3.0 4.5 
+85°C 1.4 5.0 

10160 13+2+,13+2-, 12+ 12-
13-2-,13-2+, 

14+2+,14+2-, 
14-2-,14-2+ 

- 30°C 1.8 8.1 1.1 3.5 1.1 3.5 
+25°C 2.0 5.0 7.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 2.0 8.0 1.1 3.5 1.1 3.5 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (500 Load) - See Noles Page 19 

Propagation 2 Rile Time (nl) Fall Time (nl) 
PARAMETER Delay, (nl) 20-80% 20-80% t letup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10161 114+ 13-,114-13+ 113+ 113-
- 300 e 1.5 6.0 1.1 3.3 1.1 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.0 1.1 3.3 1.1 3.3 

10162 114+ 13+,114-13- 1+ t-
- 30 0 e 2.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.5 1.1 3.5 

10164 14+15+,14-15- 1+ 1-
- 30 0 e 1.5 4.7 0.9 3.3 0.9 3.3 
+25°e 1.5 3.0 4.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.6 4.8 1.2 3.6 1.2 3.6 

17+15+,17-15-
- 300 e 1.9 6.3 
+25°e 2.0 4.0 6.0 
+85°e 2.2 6.5 

12+15+,12-15+ 
- 300 e 0.9 3.3 
+25°e 1.0 2.0 2.9 
+85°e 1.0 3.1 

10165 +25°C 
Dala Inpul 15+ 14+,15-14-, 13+ 13- I selup H I hold H 

o -17+3+,111+15+, 
113+2+ 

7.0 10.0 2.0 3.3 2.0 3.3 3.4 4.5 -2.3 -.5 
Clock Inpul 14-3+ 10,14-3-11 I selup L I hold L 

14-14+ 10,14-14-11 3.0 4.5 -2.7 -.5 " 9 
3.0 5 

10170 13+2+,13+2-, 12+ 12-,115+,+ 15 
13-2-,13-2+ 

- 30°C 1.5 6.5 N/A N1A 
+25°e 2.0 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 
+85°e 1.5 6.5 

13+ 15+,13+ 15-, 
13-15-,13-15+ 

- 30°C 2.0 10.0 
+25°e 3.0 6.0 9.0 
+85°C 5·0 10.0 

113+ 15+,113+ 15-, 
113-15-,113-15+ 

- 30°C 0.9 3.3 
+25°C 1.0 2.0 3.0 
+85°C 0.9 3.3 

10171 19+ 13+,19-13- 113+ 113-
- 30°C 1.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.4 1.1 3.4 

10172 19+13-,19-13+ 1+ 1-
- 30 0 e 1.5 6.2 1.0 3.3 1.0 3.3 
+25°e 1.5 4.0 6.0 1.1 2.0 3.3 1.1 ·2.0 3.3 N/A N/A 
+85°e 1.5 6.4 1.1 3.4 1.1 3.4 

10173 16+ 1+,16-1-, 1+ 1-
Data Input 15+ 1+,t5-1-

- 30°C 0.8 3.7 1.2 4.0 1.2 4.0 
+25°C 1.0 2.5 3.5 1.5 3.5 1.5 3.5 N/A N/A 
+85°C 1.1 5.3 1.4 4.0 1.4 4.0 
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ECl PRODUCT INFORMATION 
ECl AC CHARACTERISTICS (50n Load) - See Notes Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay, (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Clock Input t7-1+.t7-1-
- 30°C 1.6 7.2 
+25°C 1.6 6.8 
+85°C 1.4 6.8 

Select t9+ 1+.19+ 1-, 
t9-1+.t9-1-

- 30°C 1.1 6.2 
+25°C 1.3 5.7 
+85°C 1.2 6.7 

10174 t13+ 15+.113-15- t+ 1-
- 30°C 1.4 4.8 1.0 3.4 1.0 3.4 
+25°C 1.5 3.5 4.5 1.1 2.0 3.3 1.1 2.0 3.3 N/A N/A 
+85°C 1.4 4.8 1.1 3.6 1.1 3.6 

17+15-.17"15+ 
- 30°C 1.9 6.4 
+25°C 2.0 5.0 6.0 
+85°C 2.1 6.4 

114+ 15-.t14-15+ 
- 30°C 1.0 3.1 
+25°C 1.0 2.0 2.9 
+85°C 0.9 3.2 

10174 +25°C 113+ 15+.113-15- t+ t-
3.5 2.0 2.0 N/A N/A 

t7+15-.t7-15+ 
5.0 

115+5-.114-5+ 
2.0 

10175 
Dala Inpul 110+ 14+.tl0-14- t+ t-

- 30°C 1.0 3.6 1.0 3.6 1.0 3.6 
+25°C 1.0 3.5 1.1 3.5 1.1 3.5 N/A N/A 
+85°C 1.0 3.6 1.1 3.7 1.1 3.6 

Clock Input t6-14+.t6-14-
- 30°C 1.0 4.7 
+25°C 1.0 4.3 
+85°C 1.0 4.4 

Reset Input tl1+4-.tl1+14-
(Note 10 - 30°C 0.9 4.0 

+25°C 1.0 3.9 
+85°C 1.0 4.2 

10176 t9+2+.t9+2- t2+ t2-
- 30°C 1.4 4.6 1.0 4.2 1.0 4.1 
+25°C 1.5 4.5 1.1 2.0 4.0 1.1 2.0 4.0 2.5 1.5 1.5 -0.5 
+85°C 1.5 5.0 1.1 4.4 1.1 4.4 

10179 +25°C tll+6+.tll-6- t6+ t6-
1.0 5.5 1.1 3.5 3.5 1.1 3.5 3.5 N/A N/A 

10181 SEE DATA SHEET FOR ELECTRICAL SPECIFICATIONS 

10190 +25°C 14+2-.14-2+ t2+ t2-
1.5 2.5 3.5 1.5 2.5 3.5 1.5 2.5 3.5 N/A N/A 

10191 t7+2+.t7-2- t2+ 12-
1.4 2.2 3.3 1.5 2.5 3.5 1.5 2.5 3.5 N/A N/A 

t9+2-.t9-2+ 
1.7 2.8 4.0 
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ECL PRODUCT INFORMATION 

ECl AC CHARACTERISTICS (500 Load) - See Notes Page 19 

Propagation 2 Rise Time (ns) Fall Time (ns) 
PARAMETER Delay. (ns) 20-80% 20-80% t setup 5 t hold 6 

MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

10192 +25°C t6+ 1+,t6+2-, 1+ t-
Data Inputs t6-1-,t6-2+ 

1.5 2.8 4.5 1.5 3.0 1.5 3.0 N/A N/A 
Enable Inputs t7+1+,t7-1-, 

t7 +2+ 117-2-
2.0 4.0 6.0 

10210 +25°C 1.7 

10211 +25°C 1.7 

10212 +25°C 1.7 
NOTE 12 

10216 +25°C t4+2+, t4-2-, t2+,t3+ t2-,t3-
t4+3-, t4-3+ 

1.0 2.5 1.0 1.5 2.5 1.0 1.5 2.5 N/A N/A 

10231 t9-2-,t9+2+, t2+ t2-
t6+2+,t6+2-

- 30°C 1.4 3.4 0.9 3.3 0.9 3.3 
+25°C 1.5 2.0 3.3 1.0 1.3 3.1 1.0 1.3 3.1 1.0 0.75 
+85°C 1.5 3.7 1.0 3.5 1.0 3.5 

Set Input t5+2+.t12+ 15+, 
t5+3-,t12+ 14-

- 30°C 1.0 3.4 
+25°C 1.1 2.0 3.3 
+85°C 1.1 3.7 

Reset Input t4+2-,t13+ 15-. 
t4+3+,t13+ 14+ 

- 30°C 1.0 3.4 
+25°C 1.0 2.0 3.3 
+85°C 1.1 3.7 

ECL AC CHARACTERISTICS NOTES 
1. Unused outputs connected to a 50U resistor to ground. 
2. In making propagation delay measurement, input pulse is applied at first pin listed (for example. 6+ 1+) output pulse is measured at second pin listed. 
3. Delay is 2.0n5 with differential input. 
4. (+3.5Vdc to 50%) See switching time test circuit propagation delay for this circuit is specified from +1.SVdc in to the 50% point on the output waveform. The +3.5Vdc is shown here be-, 

cause all logic and supply levels are 'shifted 2 volts positive. 
5. tsetup. is the minimum time before the positive transition of the clock pulse (C) that information must be present at the data input. (0). 
6. thold is the minimum time after the positive transition of the clock pulse (C) that information must remain unchanged at 1he data input (O). 
7. Before test set all Q outputs to a logic high. 
8. Belor. test set °1.°2 outpuls to logic low. 
9. Output latched to low state prior to test. 

10. Output latched to high state prior to test. 
11 1.8 refers to single-ended drive; differential drive results in 1.5ns delay. 
12. Individually lesl each input. apply VIH max 10 pin under test 
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LOGIC DIAGRAM 
B,FPACKAGE 

4 __ --'....-... 

5 

6_--1.-"_ 

10 _--JL-I,..... .... 
II 

12 ----<~r-.... 
13 

9 

Posilive logic: high levels'l' 
Veel ~ I, VCC2 - 16, VEE-8 

FEATURES 

14 

15 

• Fa.t propagation delay = 20na TYP 
• Common input lor gating 
• Low power di •• ipatlon = 100mW/package type (no loed) 
• High lanout capability - can drive 501l1ine. 
• High Z inpull - internal SOkll pulldown. 
• High immunity from power .upply variation.: VEE 

-S.2 V±S% recommended 
• OPen emi"_ logic and bu •• ing capability 

SWITCHING TIME TEST CIRCUIT 

-~ 
I~N 

PULSE GENERATOR 

Input pulse 
t+ = t- - 2.0 '" 0.2ns 
(20% to 80%) 

352 

VEE - -3.2Vdc 

COAl(· 

TPOUT 

CIRCUIT SCHEMATIC 

VCC2 

16 

REFERENCE 
CIRCUIT 
(2 per IC) 

GATE (4 per Ie) 

ALL Rpo SOkSl 12 
'* COMMON INPUT 

13 

PROPAGATION DELAY WAVEFORMS C25°C 
+1.11 V 

NOTES: 

10100-B,F 

VCCI 

1. Esch EeL 10,000 serlss device has been designed to meet the DC speclflcatlons shown in 
the Iesl table, after thermal equilibrium has been established. The circuH is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear Ipm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For Ae tests, all input and output' cables to the scope are equal lengths 01 50-ohm coaxial 
cable. Wire length should be < ... Inch from TPln to Input pin and TP out to output pin. A 
50-ohm termination to ground Is located in each scope Input. Unused outputs are con
nected to a 50-ohm nsslstor to ground. 

3. Test procadurss are shown lor only one Input or set 01 Input condHlons. Other inputs are 
tested in the same manner. 

4. All voltage measuremants are referenced to the ground terminal. Terminals not speciflcelly 
referanced are left electrically open. 



LOGIC DIAGRAM 
FPACKAGE 

IO~-'-~:-" __ ~" 

.-"'L.._--.... ll 

VCCI = 1. VCC2 = 16. VEE = 8 ~: o--'-~ ........... -~" 
Positive logic: high level. "1" 

FEATURES 
• Faat propagation delay = 20 ns TYP 
• Complementary ORINOR outputs - excellent for driving 

twisted pairs 
• Common input for gating 
• Low power dissipation = 100 mW/package TYP (no load) 
• High fanout capability - can drive 50 ohm lines 
• High Z inpula - internal 5OkO pulldowns 
• High immunity from power supply variationa: VEE - 5.2 

±5% recommended 
• Open eminer logic and bUlling capability 

SWITCHING TIME TEST CIRCUIT 
Your Your 

OR NOR 
VIN Vee, VCC2 TO 

Input pulse 

TO CHANNEL "Au -20 Vclc CHANNEL 

~ rn n'n 
:cfP' ~- -~ ~ 

GENERATOR I I 
I 

t+ = t- = 2.0 ± 0.2 ns 
(20% 1080%) VEE'" -J.2Vdc 

1010-1-F 

CIRCUIT SCHEMATIC 

VCC2 16 ()-<~..,.--. 

REFERENCE 

CIRCUIT 
(2IJ1!rICl __ 

VCC2 16 

GATE (4 PER IC! 

Rp 

120-..... ---...... - - - - - --

COMMON INPUT Rp 
11 PER IC) 

All Rp - 50 kll 

5 
OR 

2 
NOR 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\. +111V 

v,. T ____ SO% ~i _____ +.31V 

VOUT 

OR 

VOUT 

NOR 

L'--_I 
I 1 

1_1++_1 
1 1 
I 
1 
I 

1. Each ECL 10.000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-0hm coaxial 
cable. Wire lenglh should be < 'I. inch from TPin to Input pin and TP out to output pin. A 
50-ohm termination to ground is located In each scope input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown tor only one input or set of input conditions. Other Inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

FEATURES 
• Faat propagalion delay = 2.0 na TVP 
• Low power diaaipation = 100 mW/package (no load) 
• High 'anout capability - can drive 500 linea 
• High Z inputa - internal 50 kO pulldowna 
• High immunity 'rom power aupply variationa: VEE 

±5% recommended 
• Open emitter logic and buaaing capability 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 
GENERATOR 

Input pulse 
t+ ~ t-~ 2.0", 0.2 ns 
(20% to 80%) 

354 

Your Your 
OR NOR 

TO 
CHANNEL 

"B" 

WaUl 

-5.2 V 

CIRCUIT SCHEMATIC 
VCC2 o-.,--r--, 

REFERENCE 
CIRCUIT 
12per1C) 

GATE (4perIC) 

,. 

12 o-;-i;.. 

Rp 

VEe 8 

130---.---....... 

Rp 

AIIRp= 50kl! 
• OR output translstOt 4th gate only 

VCC2 16 
Vee1 

10102-B,F 

,. 
NOR 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111V 

V

,N i\~50% ----''-_____ +031V 

VOUT 

OR 

Your 
NOR 

1_'''_1 
I I 
I 

I I 
I 20% I I 

: -1.+1-

I -I t+ 1;:'= __ ""1-_-"'" I '-1-

i $- I \,l 
----11--.-....... +--1 1-.+--1 

t. Each eeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circu~ Is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximatety 3 mV with an air flow of 200 IIneer !pm. 
Outputs are terminated through a 5O-<>hm resistor to 2.0 yolts. 

2. For AC tests, all input and output cables to the soope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < V. Inch from TPin. to input pin end TP out to output pin. A 
5()..ohm termination to ground is located in each scope input. Unused outputs are con· 
nacted to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All Yoltage meesurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 



LOGIC DIAGRAM 
B,FPACKAGE 

:~2 

:~3 
10~14 
11~-~ 

15 12~ 
9 

13 

VCCI = 1. VCC2 = 16. VEE = 8 
Positive Logic: High Level = "I" 

FEATURES 
• Fast propagation delay = 2.0 ns TYP 
• Power di .. ipation = 100mW/package TYP 
• Very high fanout capability - can drive SOO lines 
• High Z inputs with SOkO pull-down resistors 
• High nol .. immunity from power supply variations: VEE = 5.2V 

±5% 
• Open emitter logic and bu .. ing capability 

SWITCHING TIME TEST CIRCUIT 

PULSE 
GENERATOR 

Input pulse 
1+=t- = 2.0",0.2ns 
(20% to 80%) 

VOUT VOUT 
OR NOR 

TO 
CHANNEL 

"s" 

TPOUT 

CIRCUIT SCHEMATIC 
VCC20-_-_-.., 

REFERENCE 
CIRCUIT 
(2padC I 

GATE (4per IC I 

16 

120--t--I: 

Rp 

13 o---..----.J 
Rp 

VCC2 16 

AU Rp - 50kll 
'NOR Output Transistor 4th Gate Only VEE 8 

10103-B,F 

VCC1 

PROPAGATION DELAY WAVEFORMS @ 25°C 

::-\ +1.11 V 

V
IN 

;\,----50% ~i _____ ~, 
I 

VOUT OR I 

I 
I 
I 
I 

VOUT NOR: 

NOTES: 
1. Each ECL 10.000 series device has been designed to meet the DC specHlcatlons shown In 

the test table. after thermal equilibrium has been established. The circu" is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear Ipm Is 
maintained. Vo~age levels will shift approximately 3 mV ~h an air flow of 200 linear Ipm. 
OUtputs are terminated through a 5().ohm resistor to 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 'A Inch from TPln to input pin and TP out to output pin. A 
5O-ohm termination to ground Is located in each scope Input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other Inputs are 
tested In the same manner. 

4. AU voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced" are left electrlcaUy open . 
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LOGIC DIAGRAM 
B,FPACKAGE 

:~2 

~~3 
10 o-----r-'\ -'4 
11~ 

12 o---r-'P--o 9 
13~15 

tpd ~ 2.7ns typical 

FEATURES 
• High speed 

propagation delay = 2.7ns typical 
• Low power dissipation = 40mW/gate typ

ical 
• High fanout capability, can drive 500 

linea 
• High Z. inputs, Internal 5OKO pulldown 

resiatora 
• Open emitter outputs for bussing appli. 

cations 

SWITCHING TIME TEST CIRCUIT 

INPUT 

pULSE 
GENERATOR 

VCC1 "VCC2 

~ii1.w 
r-~-L ~-, 
: D--+-

I 
I 
I 

-,---D--+-
I 

I 

--'---~ 
'1 

I 
I 

CIRCUIT SCHEMATIC (V. of Circuit Shown) 

VCC1 

r - -------------- - - ---- - - - -----
I 
I 
I 

: 

10104-B,F 

'1. 
VCC2 

L'_l Y 
• o- ______ ,-r------ -- 1-,----1 ....... --I--_~--o15 

12 V '-L 

13 V 
"'-I" -en 

~ 

8VEEo-~~-~~-----~--~-----~-~--~ 

PROPAGATION DELAY WAVEFORMS @ 25°C 

v v 

+1.1V o---..... ---Q...,.---IL~--L----__ --.J 
VOUT OR-AND-INVERT VOUTOR-AND 

356 

O.,.FJ 
INPUT PULSE 
t+ - t~ = 2.0 ±. 0.2 ns 
(20%'080%1 

NOTES: 

1. Each ECl 10.000 seriao device hao been 'daoigned to meet the DC specifications shown In 
the test table. after thermal equilibrium has been established. The circuit Is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 5O-ohm resistor to 2.0 volts. 

2. For AC tests. all Input and output cables to the scope are equallenglhs of 50-ohm ooaxial 
cable. Wire length should be < v.. Inch from TPln to Input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope Input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

IIIDI-



LOGIC DIAGRAM 
B,FPACKAGE 

:g D 
~~8 ! J 

~:g D 
VCCI ~ I, VCC2 = 16, VEE ~ B 
Pasilive logic: high level ~ 'I' 

FEATURES 

g~ 

g: 
g:: 

• Fast propagation delay = 2.0 ns TYP 
• Power dissipation = 75 mW/package TYP (no load) 
• Very high fenout capability - can drive 50 o lines 
• High Z inputs - internal 5OkO pulldowns 
• High immunity from power supply varistions: VEE 

±5% recommended 
• Complementary ORINOR outputs 
• Opan emitter logic and bussing capability 

SWITCHING TIME TEST CIRCUIT 

-5.2V 

CIRCUIT SCHEMATIC 

Rp 

REFERENCE CIRCUIT 
(lper Ie, 

Rp 

10 

All Rp ~ 50 kll 
°3rd input on one gete only. 

10105-B,F 

VCC2 16 

Vee1 1 

Rp 

11 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

::-\ +111Y 

V

,N 

i\,---50% ------Ji _____ +031V 

~VOUT 

OR 

Your 
NOR 

1_'--_1 
I 1 

1. Eech ECl 10,000 series device has been designed to meet the DC specifications shown In 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels WIll shifl approximately 3 mV with an air flow of 2011 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 'A inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are can· 
nected to a 50·ohm resistor to ground. 

3. lest procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open . 
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LOGIC DIAGRAM 
B,FPACKAGE 

1~~2 
11~ 

12=:[)o-13 . 15 
14 

VCCI = I, VCC2 - 16, VEE - 8 
Positive logic: high leVel - 'I' 

FEATURES 
• Fast propagation delay = 2.0 ns TYP 
• Low power diaaipation = 75 mW/package TYP (no load) 
• Very high fanout capability - can drive 50 n linea 
• High Z inputs - Internal 50 kn pulldowna 
• High Immunity from power supply variations: VEE = - 5.2 V 

±o5% recommended 
• Open emitter logic and bussing capability 

SWITCHING TIME TEST CIRCUIT 

COAX 

INPUT 

Input pulse 
t+ = t - ~ 2.0 z 0.2 ns 
(20% to 80%) 

358 

Vee'"' -3.2 Vdc 

VOUT 

COAX 

CIRCUIT SCHEMATIC 

REFERENCE CIRCUIT 
( lperlCI 

GATE (3per Ie I 

AU Rp ~ 5Okll • 
• 4th Input on one gate only. 

10106-B,F 

VeC2 16 

veG2 16 vee1 1 

Vee 8 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

Your 
NOR 

1. Each ECl 10,000 series device has been designed to meitt the DC specmcatlons shown In 
the test table, after tharmel equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit bosrd and transverse air Ilow greater than 500 linear !pm Is 
maintained. Voltage levels will shift approximately 3 mV with an air Ilow 01 200 linear Ipm. 
OUtputs are terminated through a 5O-0hm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths 01 50-ohm cos"lal 
cable. Wire length should be < I~ Inch Irom TPIn to input pin and TP out to output pin. A 
5~hm termination to ground Is located in each scope input. Unused outputs are con~ 
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown lor only one Input or set 01 Input conditions. Other Inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 



LOGIC DIAGRAM 
B,FPACKAGE 
.~z 
'~3 
7~11 
9~10 

14~12 
15~13 

VCCI~ I, VCC2 = 16, VEE-8 
Positive logic: high level- '1' 

FEATURES 
• Faat propagation delay 

-2.0 na TVP (inpUIa 4.8,14) 
-2.8 na TVP (Inpula 5,7,15) 

• Low power dlaaipation=115 mW/package TVP (no load) 
• Very high fanout capability - can drive alx 50 11 lin .. 
• High Z Inputa - internal 5Ok1l pulldowna 
• High immunity from power aupply variationa: VEE - 5.2V 

± 5% recommended 
• Complementa" OR/NOR outputa 
• Open emilteri tor bu .. ing and logic capability 

SWITCHING TIME TEST CIRCUIT 

VCCT VCC2 VOUT VOUT 

~,~.~,m···"J t. Ji.r ,Jj 
PULSE GENERATOR I I TPOUT 

L_fl.J 
l ~O'''F 

Input pulse V,H VEe 32 V,'e 

1+ - t- ~ 2,0 .. 0.2 ns 
(20% to 80%) 

CIRCUIT SCHEMATIC 
VCC2 16 

REFE 
eiRe 

RENeE 
un! 1 pili' Ie t 

GATE 

3"" IC I 

CC' 

2 NOR 

CC' 

OH 

0-

~ 

R, 

VEe 1:1 

... 

J 
-y.." 

, 
, 

...... 
r-. 

, 

~ 1 ~ 
<>-rV r 
J -.::...-

,--r 
l...... 
'" 

R, 

10107-B,F 

8 VEE 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

~ +111V 

V

,N i' _____ 5O% ---Ji ______ 031V 

Your 
NOR 

L,-----l 
I I 

I. Each ECl 10,000 series device has been designed to meet the DC spec"lcatlons shown in 
the test table, alter thermal equilibrium has been established. The circuit Is in a test socIIet 
or mounted on a printed circurt board and transverse air flow greeter then 500 linear Ipm is 
maintained. Voltage levels will shilt approximately 4 mV with an air flow 01 200 linear Ipm. 
OUtputs are terminated through a 5O-ohm resistor to 2.0 volts. 

2. For AC tests, aH input and output cables to the scope are equal lengths 01 5O-ohm coaxial 
cable. Wire length should be < '4 Inch from TPin to input pin and TP out to output pin. A 
5O-0hm termination to ground is located in eaCh scope input. Unused outputs are con
nected to a 5D-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set 01 Input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to.the ground terminal. Terminals not speclficaHy 
referenced are Iell electrically open . 
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LOGIC DIAGRAM 
B,FPACKAGE 

151 
121 

141~ 
131 

16) 

171 

1101~' 
1111 

.i121 . '.' 

1131 . 

VCC1- I, VCC2516, VEE-6 
Positive logic: high level "," 

1151 

1141 

SWITCHING TIME TEST CIRCUIT 

I 

I 

~ 
I I 

'---ft:,~ 
VEE'" -3.2Vdc 

LOGIC DIAGRAM 
B,FPACKAGE 

;~3 
S . 2 
7 

Vcc,·', VCC2-,6, VEE-8 
Positive logic: high level- ',' 

360 

VOUT VOUT 
AND NAND 

FEATURES 
• High speed propagation delay 

2.3ns typical for AND 
2.8ns typical for NAND 

• Low power - 145mW/packagetyplcal 
• High fanout - can drive 50 lin .. 
• High Z inputs with SOkU pull down resistor. 
• Open emitter outputs for bussing applications .' 
• Useful AND/NAND function 

10108-B,F 

PROPAGATION DELAY WAVEFORMS @25°C 
::\ ,.... _____ +"1 V 

V
,N 1\ _____ 50% ~t _____ . .,,, 

VOUT 
AND 

VOUT 
NAND 

NOTES: 
,. Each ECl '0,000 aeries device has been designed to meet the DC specifications shown in 

the test tabls. after thermal equilibrium has been established. The circuit is,in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
mal"tained. Voltage levels wlU shift approximately 4 mV with an air flow of 200 linear Ipm. 
Outputs are terminated through a SO-ohm resistor to 2.0 votts. 

2. For AC tests, aU input and output cables to the scope are equal lengths at 50-ohm coaxial 
cable. Wire length should be < V. inch Irom TPin to Input pin and TP out to output pin. A 
51l-0hm termination to ground is located in each scope input. Unuaed outputs are con
nected to a SIl-ohm resistor to ground. 

3. Test procedures are shown lor only one input or aet 01 Input conditions. Other Inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electricaUy open. 

10109B,F 

FEATURES 
• Fast propagation delay=2.0 ns TYP 
• Low power disslpetion=50mW/package TYP (no load) 
• High fanout capability - can drive 50kU lines 
• High Z Inputs - internal50kU pulldowns 
• High immunity from power supply variations: VEE = -S.2V 005% 

recommended 
• Complementary OR/NOR outputs 
• Open emitters for buning and logic capebility 

I~I 



SWITCHING TIME TEST CIRCUIT 

REFERENCE CIRCUIT 
(1 per Ie) 

16VCC2 

16 VCC2 

8VEE 

L--------------------+~~15 

GATEI2perIC) 

8 9* 10 11 12 13 
VEe INPUTS 

Inpul puise 
t+ = t-= 2.0 ± 0.2n. 
(20% to 80%) 

CIRCUIT SCHEMATIC 

PULSE 
GENERATOR 

All Rp = 501dl. 
"51h input on one gate only. 

VOUT 
NOR 

14 

10109B,F 

PROPAGATION DELAY WAVEFORMS@ 25°C 

NOTES: 

-----, 
::\ ,-_____ +111 V 

VrN i\~~% ----Ji _____ ,031V 

VOUT 

OR 

VOUT 

NOR 

1. Each ECl 10,000 series device has been designed to meet the DC speaifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air How greater than 500 linear fpm is 
maintained. Voltage Javels will shift approximately 2 mV with an air flow of 200 linear fpm. 
Outputs BfB terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be <'4 inch from TP'n to input pin and TP out to output pin. A 
50-ohm termination to ground is located In each scope input. Unused outputs are con
nected to a SO-ohm resistor to ground. 

3. Test procedures are shown for only ana Input or set of Input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM .. 
B,FPACKAGE 

VCCI - I, 15, VCC2 = 16, VEE = 8 
Positive \ogle: high I_I _ 'I' 

FEATURES 
• Faat propagation delay = 2A na TVP (all outputa loaded) 
• Power diaaipation = 150mW/packaga TVP (no load) 
• Very high fanout capability - can drive alx 5OkOlin .. 
• High Z Inputa - internal 5OkO pulldowna 
• High immunity from power aupply variatlona: VEE = - 5.2V 

±5% recommanded 
• Open emittera for buuing and logic capability 

SWITCHING TIME TEST CIRCUIT 

V,N 
Vee1 : VCC2 

'2OVdc 

PULSE 

~,~ r~-t=-~-, 
COAX 

Input pulse 
t+ = t- = 2.0 ,. 0.2 no 
(20% to 60%) 

1 

VEE -3.2Vdc 

Your 

COAX 

CIRCUIT SCHEMATIC 
"ee2 16 

R£FERENCE CIRCUIT 
11 pet Ie I 

GATEt 2pe,IC! 

"0--------. 

"0-----, 

All Rp = 5Okll. 
• V CC 1 for other gate Is pin 1. 

VEE B 
Vee 216 

10110B,F 

14 

" 

12 

PROPAGATION DELAY WAVEFORMS @ 25°C·· 

V,N +.1.11 V 

50% 

1 

---1'--1- -1'>+1- ".31V 

.~ f\~~ ;r 
-1,-1- -1 .. 1-

NOTES: 
1. Each ECl 10,000 .... 1 •• device has been designed to m.et the DC specifications shown 

In the test table, after thermal equilibrium has been established. The circun is In a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin
ear fpm is maintained. Vottage levels will shift approximately 5 mV with an air flow of 200 
linear fpm, OUtputs are terminated through a 5(k)hm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to, the scope are equal lengths of 5O-ohm 
coaxial cable. Wire length Should be < '10 Inch ·from TPln to Input pin and TP out to output 
pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 5().ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other inputs are 
tested In the same manner. . 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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10111B,F 

LOGIC DIAGRAM CIRCUIT SCHEMATIC 
B.FPACKAGE 

,------012 

.-----013 

100------1 )<>----014 

l1o----..J 

VCCI - 1, 15. VCC2 g 16, Vee = 8 
Positl •• logic: high l8IIeI _ '1' 'I K ~ 

" '" " 

TOOTHEAQATE 

;;t-

I 
I 
I 

~ 

l 
~ 

yl 
'1 

K 
v,:~ 

v" ,. 
" 

.... .. 

'vcel for other gate is pin 1. All Rp = 50kl!. 

FEATURES 
• Faat propagation delay = 2.4 na TYP <all outputs loaded) 
• Power dissipation = 150mW/package TYP (no load) 
• Very high lanout capability - can drive six 50 p. lines 
• High Z inputs -' internal 50kll pulldowns 
• High immunity lrom power supply variations: VEE -S.2V 

fS% recommended 
• Open emitters for bussing and logic capability 

SWITCHING TIME TEST CIRCUIT 

COAX 

VCC1=VCC2 
VIN +2.OVdc 

i~' I .,".~ 
r-- --, 
I I 

INPUT PULSE C 01-+.,--1....., 
GENERATOR 

Input pulse 
t+ = t- = 2.0 '" 0.2 ns 
(20% to 80%) 

COAX 

TPOUT 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

VOUT 
NOR 

1. Eech eCl 10,000 series d"';ce has been designed to meet the OC specltlcations shown 
In the test table, aft.r thermal equilibrium has been establlshad. The circuit Is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin~ 
ear fpm is maintained. Voltage levels will shift appr~xlmately 5 mV with an air flow of 200 
linear fpm. OulpUIS are terminated through a 50-ohm resistor to 2.0 .olts. 

2. For AC te.ts, all input and output cables to the scope are equal lengths ot 50-ohm 
coaxial ceble. Wire length should be < '4 Inch from TPin to input pin and TP out to output 
pin. A SO-ohm termination to ground Is located in each scope Input. Unused outputs are 
connected to a SO-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specificelly 
referenced are left electrically open. 
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LOGIC DIAGRAM 

B,FPACKAGE 

• • 5~ 
7 " 3 

9~' 2 

W . .' ~ 
11. 13 

" 
VCC1 ~ 1, 15, VCC2 ~ 16, VEE - 8 
Positive logic: high level - '1' 

FEATURES 
• Fast propagation delay = 2.4 ns TYP (all 

outputs loaded) 
• Power dissipation = 150 mW/package 

TYP (no load) 
• Very high fanout capability - can drive 

six 50 n lines 
• High Z inputs - internal 50kn pulldowns 
• High immunity from power supply 

variations: VEE = -5.2 V±5% 
recommended 

• Open emitters for bussing and logic 
capability 

SWITCHING TIME TEST CIRCUIT 

VCC1'VCC2 
Vir" +2.DVdc 

t- I · .. 1 
r--- ---, 

INPUT TPIN I I 
5 . I 

COAX 

10112B,F 

CIRCUIT SCHEMATIC 
Vee 

1B 
2 

REFERENt 
(1PE 

EelRCUIT 
RIC) 

" 
GATE!2P ERIC) 

l .... 
----

R, 

K 
R, 

J 
..... 

>---

VCC2 VCCP ,. " .----

"I 

r L f----o 

K >t-
R, 

V" L--o B 

NOTE: All RESISTORS VALUES ARE TYPLCAL AND LN OHMS, 

VOUT 

COAX 

PROPAGATION DELAY WAVEFORMS @ 25° C 

::-\ ,+111V 

V'NT _____ 5O% ---Ji _____ +O.3IV 

VOUT 

OR 

VOUT 

NOR 

'-'---1 '-'++-1 

: .:i80~ : kc-
! T*":% i jlf 
, -----l ,-1==---+,-----'1" ,-
, I , , , 

140R 

10-1.--==::r-""""l~--;"'12 

Input pulse VEE=-3.2Vdc 
t+ = t - - 2.0 '" 0.2 ns 
(20% to 80%) 

364 

NOTES: 
1. Each ECL 10,000 sarles device has been designed to meet the DC specnlcations shown 

in the test table, after thermal equilibrium has been established. The circuit Is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 lin
ear Ipm Is malntalnad. VoHage levels will shift approximately 5 mV with an air flow 01 200 
linear Ipm. Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths 01 50-ohm 
coaxial cable. Wire length should be < '" inch from TPln to input pin and TP out to output 
pin. A 5().ohm termination to ground is located In each scope input. Unused outputs are 
conneCted to a 5Q-ohm resistor to ground. 

3. Test procedures are shown lor only one Input or set of input conditions. Other Inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not speclflcally 
relerenced are left electrically oPen. 

5. Pin 1 = Pin 15 = Pin 16 - Vee ~ 0 V, Pin 8 = VEE - -5.2 V. 
6. Pin 1 - Pin 15 ~ Pin 16 ~ VCC - +2.0 V, Pin 8 ~ VEE - -3.2 V. 



LOGIC DIAGRAM 

B,FPACKAGE 

13 <>:==jf>-f-:r~ 12 0 

11 ~:::j~:>---t--~~ '0 0 

ENABLE 

VCC1 ~ " VCC2 - 16, VEE ~ 8 
Positive logic: high level 0; '1' 

FEATURES 

'5 

'4 

• Perform a 4-bit compare lunction (il outputa are wire- ORed 
together) 

• High lunctional denaity - lour excluaive OR gatea/package 
• Faat propagation delay lor excluaive or: 2.S na TVP 
• low power diaaipation: 185 mW/package TVP (no load) 
• High lanout capability - can drive lour 50 () linea 
• High Z inputa - internal SOk(} pulldowna 
• High immunity Irom power aupply variationa: VEE -S.2V 

±S% recommended 
• Open emitter logic and buaaing capability 
• Output enable gating makea powerful logic lunction 

APPLICATIONS 
• QUAD EXCLUSIVE-OR 

(For perity, error correcting, and other logic lunctiona). 
• FOUR-BIT COMPARATOR 

(For logic, teat equipment, error detection appllcationa). 
• GATED FOUR-BIT COMPARATOR 

(Enable input permita wire-ORing multiple. 01 lour bit.) 

TRUTH TABLE 

E9 IN 7 IN 6 OUT3 

L L L L 

L L H H 

L H L H 

L H H L 

H q, q, L 

q, = Don't Care. 

SWITCHING TIME TEST CIRCUIT 

Vee1 = VCC2 = 

+2.0 Vdc 

25,uF I I O.lJJF VOUT 

: TPOUT~ 
1 
I 
I 
I 
I 
I 
I 
1 
I 
1 

I 
1 

L ---- I-f:'~~ 
Input pulse 
1+ = t - - 2.0 '" 0.2 ns 
(20% to 80%) 

VEE = -3.2 Vdc 

10113 B,F 

PROPAGATION DELAY WAVEFORMS @25°C 

NOTES: 

VOUT 

OR 

VOUT 

NOR 

20% 

1_'++---1 
1 1 
I 
I 
I 

I 
I---t+--

1. Each ECl 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equllibruim has been established. The circuit is in a test socket 
or mounted on a linear printed circuit board and transverse air flow greater than 500 fpm Is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tesls, an input and output cables to the scope are equal lengths of 50 ohm coaxial 
cable. Wire length should be < 1/ 4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope Input. Unused outputs are con
nected to a 5Q-ohm reSistor to ·gro~nd. 

3. Test procedures are shown for only one input or set of input conditions. Other "inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not speci~ically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

FPACKAGE 

:=t~>-:: 
,:=t..,."c..-> -:: 

::=t..c--> -::: 
L-----.(lO" 

VCCI - 1. VCC2 - 16. VEE - 8 
PoslllVB logic: high IBVBI - "I" 

FEATURES 

VB. 

o Guaranteed common mode noi .. · rejection of 1 volt 
o Faat propagation delay ... 2.0na TVP (dlfferentiellnput) 
o Output level apeclfled - Inputs open 
o High fanout capability - can drive SOO lin .. 
o Very high Input Z - no 50k pulldowna 
o High Immunity from power aupply variatlona: VEE -5.2V 

±5% recommended 
o Complementary outputl 
o Open amitter logic and buaalng capability 
o VBB voltage available on pin 11 or 
o Outputl go to logic ''0'' leval when input left open 

COMMON MODE REJECTION TEST 

TEST .CONDI'rIONS· VOH VOL 

VIHH VILH VIHL VILL MIN TYP MIN TYP UNIT 

-30·C 1+0.110 -0.890 -1.890 -2.890 -1.060 -0.890 -1.890 -1.675 V 
+25·C +0.100 -0.850 -1.810 -2.850 -Q,960 -0.810 -1.850 -1.650 V 
+85·C +0.300 -0.825 -1.700 -2.825 -0.890 -0.700 -1.825 -1.615 V 

• logic IBVBls shifted positive tv for lesl. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

v,,, J'" 
I I 
I· " ·-1 I· ~:-I 

:~I",,:.£I 
I 50. I 
I I \...;:":::....,'· ___ 11--___ · I 
1'-1"1- I -1"1-' 
I -1,,1-,- I _I, I_ 
I : if= 'II:' \J 
I' -1;::.:0% -~ 

---+1 '"--'-
r"'-~ ~, .. -~ 

NOTES: 
1. Each ·ECl 10.000 serle. device has been dasigned to meet the DC specifications· shown 

in the. test table, after thermal equilibrium has been established. The circuit. is in a test 
socket or mounted on a printed circuit board and transverse air.. flow greater than 500 lin· 
ear fpm is maintained. Voltage levels will shift approximately 3 mV with an air flow of: 200 

. linear .pm. Outputs are terminated through. a 50-ohm r.esistor to -2.0 votta. 

2. For AC tasts. all input and output cablas to the scope are' equal length. of SO-ohm. 
coaxial cable. Wire length should be < 'I< inch from TPln to Input pin and TP out to output 

CIRCUIT SCHEMATIC 

'3 
AMPLIFIER 

13 PER ICI 

VBB 

12 

SWITCHING TIME TEST CIRCUIT 

REFERENCE' 
(1 PER ICI 

VCC1 .. vCC2 v out Vout 
NOR 

Input pulse 

N.,. 
(51 

t+ = T - = 2.0 '" 0.2na 
(20% to 80%) 

Vin +2.0 Vdc OR 

~,t f t"'" 

h··,·· 
VEE. -3.2 Vdc 

10114F 

pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other Inputs are 
tested in the same manner . 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to Vee (Pin 11 during tasting). 
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LOGIC DIAGRAM 

B,FPACKAGE 

::=[>--02 

'0:=[>--0 " 
11 

::~------<015 
~ ___ V-"B::;:'B09 

VCC1 = 1, VCC2 = 16, VEE = 8 
Posl1ive logic: high level = "1" 

SWITCHING TIME TEST CIRCUIT 

Vee,= VCC2 
TP IN +2.0 Vdc 

~Cf ft·", 

NOTE(5) 

Input pulse .J;_ O.lpF 

1+ = t - = 2.0 ,. 0.2 ns 
(20% to 80%) VEE=-3.2Vdc 

Huur 

COAX 

10115B,F 

FEATURES 
• Good common mode noise rejection 
• Fast propagation delay = 2.0 ns TYP 
• Low power dissipation = 100mW/package TYP (no load) 
• High fanout capability - can drive SOil lines 
• High system density - four receivers per package 
• Very high Input Z - no SO k pulldowns 
• High immunity 'rom power supply variations: VEE - 5.2V 

±5% recommended 
• Open emitter logic and bussing capability 
• VBB voltage available on pin 9 

CIRCUIT SCHEMATIC 

veel VCC2 16 

13 
AMPLIFIER 

(4 per ICI 

12 
REFE~ENCE 

11 per Ie) 

9VSB 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

VON 

VOUT 
NOR 

+1.11 V 

+0.31 V 

-It-+I--

1. Eech ECl 10,000 series device has been designed to meel the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear #pm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC lesls, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 14 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con
nected to 8 50-ohm reSistor to ground. 

3. Test procedures are shown for only one input or set of Input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be tied to Vee (Pin 9) during testing. 
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LOGIC DIAGRAM 

a,FPACKAGE 

:: :: 
,:==t2 :: 
::: t> ::: 

VCCI - " VCC2 - 16, VEE ~ 8 
Positive logic: high level ~ "1" 

FEATURES 

011 
v •• 

• Good common mode nol .. rejection 
• Fa.t propagation delay = 2.0 n. TVP 
• Low power dis.ipation = 83 mW/package TVP (no load) 
• High fanout capability - can drive 500 line. 
• Very high Input Z - no 50 k pulldowns 
• High Immunity from power supply variations: VEE -5.2 V 

±5% recommended 
• Complementary outputs 
• Open emitter logic and bu.sing Capability 
• Vaa voltage available on pin 11 

OPERATION NOTE 
If any amplifier In a package is not used, one Input 01 that amplifier 
must be connected to Vee (pin 11) to prevent upsetting the cur
rent source bias network. 

CIRCUIT SCHEMATIC 

14 YCC1 

13 

368 

AMPLIFIER 
(3 PER Ie} 

'2 

'5 

REFERENCE 
(1 PER Ie} 

VCC2 ,. 

10116e,F 

SWITCHING TIME TEST CIRCUIT 

Input pulse 
1+ = t- - 2.0 ",0.2 ns 
(20% t080%) 

veel = VCC2 
+2.0 Vdc 

~'i ft· .. 

Vee = -3.2 Vdc 

VOdt Vout 
OR NOR 

PROPAGATION DELAY WAVEFORMS@ 25°C 

I I ,_1+-_1 
, ____ t-+ __ I 

:~ 
I I 

iE I 50% 

I I _ 20% 

I-It- I- I -It+ I-

I ---1 t+ 1---. I -It-I-

Vout NOR 
I ~~% 

I 

~ I I 
I I 
I I rt++-: I-t-__ I 

I 

NOTES: 
1. Each ECl 10,000 series device has been designed to meet the DC speciflcatlons shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circUit board and transverse air flow greater than 500 linear fpm 
Is maintained. Voltage levels will shift apprOximately 3 mV with an air flow 01 200 linear 
!pm. OUtputs are terminated through a SQ-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths 01 SO-ohm coaxial 
cable, Wire length should be < V. Inch from TPln to input 'pln and TP out to output pin. A 
50-ohm termination to ground Is located In each scope input. Unused outputs are con· 
nected to a 5O·ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurem9l1ts are referenced to the ground terminal. Terminals not specHical1y 
reler9l1ced are left electrically open. 

S. One Input Irom each gate must be tied to VBB (Pin 11) during testing. 



LOGIC DIAGRAM 

B,F PACKAGE 

10 

11 t-t--t---o 15 

12~--- _lr-~ I 

13 V-----,'--......,~--~ 

VCCI = 1, VCC2 = 16, VEE = 8 
Positive logic: high level = "I" 

FEATURES 
• Fast propagation delay for two logic 

levels = 2.3 ns TYP 
• Power dissipation = 100 mW/package 

TYP (no load) 
• Very high fanout capability -- can drive 

son linea 
• High Z inputs -- SO kn pulldowns 
• High immunity from power supply 

variations: VEE = - S.2V ±S% 
recommended 

• Open emitters for bussing and logic 
capability 

• Outputs may be cross coupled back to 
inputs to make a latch function 

SWITCHING TIME TEST CIRCUIT 

Coax 

Inpllt .. TP in 

Pulse Generator 

Input pulse 
t+ = t - = 2.0 ± 0.2 ns 
(20% to 80%) 

CIRCUIT SCHEMATIC 

REfERENCE 

(1 PER Ie) 

10117-B,F 

14 

L---_t--~--+-~r-_t--olO 

GATE 
(2.PER Ie) 

"p 

PROPAGATION DELAY WAVEFORMS @ 25° C 

NOTES: 

, _________ +1 11 V 

~'_50 __ % ______ i ______ "31V 

VOUT 

OR 

VOUT 

NOR 

20% 

1_"'-1 
1 1 
1 

1 
1 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 5O-ohm resistor to 2.0 volts. 

2. For AC tests. all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 1J" Inch from TPln to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con
nected to a 50~ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

B,FPACKAGE 

'00---::::3 

" ,. 
,.0-----1 ,. 

VCCI - I, VCC2 - 16, VEE - 8 
Positive logic: high level - 'I' 

FEATURES 

'5 

• Faat propagation delay for 2 logic levela 
= 2.3 na TVP 

• Low power diaaipatlon = 
100rnW/package TVP (no load) 

• High fanout capability - can drive 500 
line 

• High Z inputa - internal 5Ok{l pulldowna 
• High Immunity from power aupply 

variationa: VCC= -5.2V,,!,5% 
recommended 

• Open emitter logic and buaaing 
capability 

SWITCHING TIME TEST CIRCUIT 

vee1 • VCC2 +2.0 Vdc 

*25pF 

Input pulse 
I+-t- -2.0 .. 0.2n. 
(20% to 80%) 

370 

O.'"F* 

10118B,F 

CIRCUIT SCHEMATIC 

ALL Rp = 6Okn. 

Vee, 
's 

REFERENCE (1 PER leI GATE {2 PER leI 

Ap 

,---------012 
,-----0,., 

14 

.------010 

" 

.p .p 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.11 V ' 

50% 

I 
---J t--\- -_I t++ j-- "'.31 V 

-V-g~-~A-NO--f\I...-:_: __ -...J£ 
---It-I- ---l t+ 1-

NOTES: 
1. Each EeL 10,000 series device he. been deslgnsd to meat the oc spscificatlons shown In 

the test table, after thermal equilibrium has been established. The circuit Is in a test socket 
or mounted on a printed clrcu~ board and transversa air flow greater then SOO linear fpm is 
malntalnsd. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 5O-ohm resistor to 2.0 vofts. 

2. For AC tests. allinpul and output cables to the scope are equal lengths of SO-ohm coaxial 
cable. Wire length should be < 'A Inch from TPin to Input pin and TP out to output pin. A 
SCl-ohm termination to ground Is located In each scope Input. Unused output. are con
nected to a SO-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of input conditions. Other Inputs are 
tasted In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left alectrically open. 



10119-B,F 

LOGIC DIAGRAM CIRCUIT SCHEMATIC 
B,FPACKAGE 

110------'1 

12 

13 

140---==1 

15 

VCC1 = 1, VCC2 = 16, VEE = 8 
PosI11ve logic: high level = "1" 

FEATURES 
• Fast propagation delay for 2 logic levels 

= 2.3 ns TVP 
• Low power dissipation = 100 

mW/package TVP (no load) 
• High fanout capability - can drive SOO 

line 
• High Z inputs - internal SO kO pulldowns 
• High immunity from power supply 

variations: VEE = -S.2V ±S% 
recommended 

• Open emiller logic and bussing 
capability 

SWITCHING TIME TEST CIRCUIT 

All Rp = 50 kg. 

Vin VCC1 ;< VCC2 Vout 
To Channel "A" +2.0 Vdc To Channel "8" 

Input 

Pulse Generator 

·Input pulse 
t+ - t- = 2.0 '" 0.2ns 
(20% to 80%) 

f~' 1 ... ,± 
r-- --I 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

TPout 

L_-n .,,, 
VEE .= -3.2 Vdc 

(2ShIl~oa10f41 

~ -- ClI"",AndRer-
11 PER leI 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

50% 

I 
--1'--1-

Your 
OR-AND 

--i t++ I~- +0.31 V 

1. Each ECl 10,000 series devies has been deslgnad to meet the DC specltlcatlons shown In 
the test table, after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed clrcun beard and transverse air flow greater than 500 linear !pm is 
maintained. VoHage levels will shift approximately 2 mV with an air flow of 200 linear !pm. 
Outputs are terminated through a 5O-ohm resistor to 2.0 volts. 

2. For AC tests. all Input and output cables to the scope ara equal lengths of 5O-ohm coaxial 
cable. Wire length should be <'A inch from TPln to input pin and TP out to output pin. A 
5<klhm termination to ground Is located In each scope Input. Unused outputs are con
nected to a 5CJ.ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are' 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not speclflcally 
referenced are left electrically open. 
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LOGIC DIAGRAM 

11 

12 

13 

14 

15 

B,FPACKAGE 

VCCI - 1. VCC2 K 16. VEE = 8 
Positive logic: high level = "t" 

FEATURES 
• Fast propagation delay for 2 logic levels 

= 2.3 ns TYP 
• Low power dillipation = 100 

mW/package TYP (no losd) 
• High fsnout capability - can drive two 

501lIines 
• High Z inputs - internal 50 k!l pulldowns 
• High immunity from power supply . 

variations: VEE = -S.2V ±S% 
recommended 

• Open emitter logic and bussing 
capability 

SWITCHING TIME TEST CIRCUIT 

Coax 

Input 

Vee1 '" VCC2 
+2,0 Vdc 

O.lJ.1F,* 

----, 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

CIRCUIT SCHEMATIC 

H - ~ 
r-- -

~. K K~ ~(t-

t >t-I '. '. 
~ 

0-

I 
l!-~ ~ ~?= -~ ?-

'. '. '. t 
EQUATIONS (Positive Logic) 

2 = (4+5+6) '(7+9+10) '(10+11+12) '(13+14+15) 
3 = (4+5+6) + (7+9+10) + (10+11+12) + (13+14+15) 

= (4+5+6) '(7+9+10) '(10+11+12)' (13+14+15) 

10121B.F 

'", 

J 
L.., 

~ ~ 
'. '. '. 

'"" 

?- ?-
". '. '. . 

PROPAGATION DELAY WAVEFORMS @ 25°C 

Vout Vout 

Coax 

~ +111V 

V,. 1\ _____ 50% ---.Ji _____ +031V 

VOUT 

OR-AND I 
I 
I 
I 
I 

VOUT I 
OR-AN.D-INVERT I 

NOTES: 

20% 

80% 

I_t++--J 
I I 
I 
I 
I 

Lu-r--i .". 
1. Each ECl 10.000 series device has been designed to meet the DC specifications shown in 

the test table. after theOTal equilibrium has been established. The circuit Is in a tO$t socket 
or mounted on a printed circuit bqa.rd and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 2 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volts. 

2. For AC tO$ts. all input and output cables to the scope are equal lengths of 50-ohm cosxial 
cable. Wire length should be < tA inch from TPin to Input pin and TP out to output pin. A 
50-ohm termination to ground is located In each scope input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other Inputs are 
tested In the same manner. 

Input pulse 
t+ = t - = 2.0 '" 0.2 ns 
(20% to 80%) 

372 

VEE '" -3.2 Vdc 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 
B,FPACKAGE 

10 n...-I-.r-..... n-n 

Vee - 9 GND = 16 VEE = 8 

Positive logic: high level = '1' 

FEATURES 

12 

15 

13 

14 

• Fast propagation delay = 5.0ns TYP 
• Power dissipation = 340mW/package 

TYP 
• Very high fanout capability 

- can drive eight 500 lines 
- DC output loading factor of 9Ox8 

CIRCUIT SCHEMATIC (v.. of Circuit Shown) 

Vee o------1r-------, 

INPUTS o----I~+-~..J 

NOR 
OUTPUTS 

3,4,12,13 

&B8 

856 2.57k 

<NO 

16 

OR 
OUTPUTS 

1,2,15,14 

• Complementary outputa 
• Standard ECl 10,000 series output levels L-~-----~-----~--~-~-~VEE 

8 

• Open emiller outputs for bussing and 
NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

logic capability 
• nl compatible input strobe 
• Input-clamp diodes 
• Four translatora per package 

SWITCHING TIME TEST CIRCUIT 

COAX 

Input pulse 
t+ ·t- .5.5 .. 0.5ns 
(100% to 90%) 

NOTES: 

+6.0 Vdc 

25J.tF 

Vee 

+7.0ijldC 

25"F r.' r. 0.1 pF 

- - eOAX 
9 

+2.0 Vdc -3.2 Vdc 

VEE 

VOUT VOUT 
NAND AND 

COAX 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown In 
the test table, after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main
tained. Voltage levels will shift approximately 6 mV with an air flow 01 200 linear Ipm. 
Outputs are terminated through a SO-ohm resistor to -2.0 volts. 

2. For AC tests •• 11 Input and output cables to the scope are equallenglhs 01 5O-0hm coexlal 
cable. Wire length should be < 'I .. inch from TPin to input pin and TP out to output pin. A 50-
ohm termination to ground is located in each scope input. Unused outputs are connected 
to a 5()..ohm resistor to ground. 

3. Test procedures are shown for only one input conditions. Other inputs are tested" in the 
same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

SWITCHING CHARACTERISTICS - Test Limits 25°C 

PARAMETER MIN TYP MAX UNIT 

IR Reverse Current 
Pin 6 200 !LA 
Pin 7 50 !LA 

IF Forward Current 
Pin 6 -12.8 mA 
Pin 7 - 3.2 mA 

BVIN Input Breakdown Voltage 5.5 V 
Positive Power Supply 
Drain Current 

ICCH 16 mA 
ICCl 25 mA 

PROPAGATION DELAY WAVEFORMS @ 25°c 

VOUTAND 
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LOGIC DIAGRAM 
a,FPACKAGE 

:~4 
~~s 
10~12 
11~ 
14~13 
15~ 

L--ol 
vaa 

Vcc= 09 GNC = ,6 VEE - 8 
Poslllvelogic: high level = .,. 

FEATURES 
• Faat propagation dalay = S.Ons TYP 
• Power dillipation=38OmW/package TvP 
• DiHe~ntial inputs, ECL compatible 
• ECL 10,000 level Vaa available 
• Inverting or non-inverting function 
• Schottky TTL totem pole outputa 
• Recommended power aupplies: 

VCC=+S,OV DC ±S% 
VEE= -S.2V DC ±5% 

• Four tranalatora per package 
• Output levela specified for input voltage 

range +0.2V to - 2.2V 

SWITCHING CHARACTERISTICS - Test Limits 25'C 

• Common mode noiae rejection of ± 1 volt 
when uaed aa Differential Line Receiver 

PARAMETER MIN TYP MAX UNIT APPLICATIONS 
Positive Power • Quad dinerentialline receiVer 

Supply Drain 
Current 

• Quad ECL to TTL tranalator 
• Quad MOS to TTL aense amp 

ICCH 52 mA • Quad level detector 

ICCL 39 mA 
Input Leakage 

ICBO Current 1.0 uA 
Short Circuit 

lOS Current 40 100 mA 
VBB Reference Voltage 

-30'C -1.420 -1.280 V 
+25'C -1.350 "1.230 V 
+85°C -1.295 -1.150 V 

CIRCUIT SCHEMATIC 

'" {5' "" 

~QTE: ALL RESISTORS VAlues ARE TVPICAl AND IN OHMs' 

374 ·RlIIII:I 
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SWITCHING TIME TEST CIRCUIT 

PULSE 
GENERATOR 

v5ee +5,0 Vd. 

IO,tPF 

9-:-

-5.2 Vdc O----1:==~I)~---;D 

L..---fVBB 

-5,2 Vdc 

Input pulse VEE 
t+ - t- - 2.0 .. 0,2 ns 
(20% to 80%) 
One Input from eech gate must b. tied to Vee 
(Pin 1) during testing, 

VOUT Vee 
+5.0Vdc 

COAX 

450 280 

ALLOIODES 
IN3064 
OR EaUIV. 

10125-B.F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

r--- -0,890 V 

----- -t,690V 

NOTES: 
1, Each ECl 10.000 serl •• device 11as been designed to meet the DC specifications shown In 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than SOO fpm is main
tained, Tho Vee level wlll shift approximately 5 mV with an air flow of 200 linear !pm, 

2. For AC tests. all Input and output cabtes to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 'I< Inch from TPin to Input pin and TP out to output pin, A 50-
ohm termination to ground Is located In eech scope channellnpul. 

3, Test procedures are shown for only one Input or set of Input condijions, Other Inputs are 
tested In the same manner. 

4, All voltaga meesurentents are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

FPACKAGE 
....---..... 

DO ~------10 

Dl 

o20----1 ~ _ _I__I__I_-Io 

03Io----C>--+-+---1H 0 

R 

CLOCKO'-"=---------l 

RESET 0:;'0::.... _____ ---1 

FEATURES 
• Faat propagation delay -

12.Ons typical data to output 
4.0ns typical strobe to output 

• High fanout capability - can drive 500 lines 
• On chip latches . 
• Accepts TTL and IBM data inputs; ECl 10K data outputs 
• Hystereais control pin 

10129-F 

• High Input Z - 5OkO pull-down resistora on ECl Inputa (no 
pulldowna on data Inputs) 

SWITCHING TIME TEST CIRCUIT 

+5.0Vdc Vee'" +7.0Vdc Vout 

INPUT 

PULSE GENERATOR 

HYSTERESIS CONTROL 

1.16 
STROBEO-,'2=---------------' Vee' •. VEE' • 

(POSITIVE LOGIC) 

TRUTH TABLE (" = Don't Care) 

STROBE RESET C 

L " " H L H 
H " L 
H " L 

" H H 

VOLTAGE WAVEFORMS 

GND.z1.16 

D Qn+1 

" L 

" an 
L L 
H H 

" L 

r 251<F 

+2.0Vd. VEE = -3.2Vdc 

NOTES: 
1. Unused outputs connected to ground through a 500 resistor. 
2. SOD termination to ground located In each scope channel Input. 
3. All Input and output cables to the scope are equal lengths of SOD coaxial cable and TP out 

·10 output pin. 

Figure 1 - DATA TO OUTPUT 
(Clock and Re .. t are low. Strobe is high) 

~--- +5.0V 

DATA---....J '-_____ .... - - - - - - +2.4V 

- - - - - - - - - - - +1.11V 

Q_'--__ -I-F '-__________ '0.3'V 
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VOLTAGE WAVEFORMS (Cont'd.) 

Figure 2 - STROBE TO OUTPUT 
(Data is high. Clock and Reset are low) 

Figure 3 - RESET TO OUTPUT 
(Data and Strobe are high) 

10129-F 

STROBE ___ -J 
RESET ______ J 

'----- +0.31 V 

~---+O.31V 

Figure 4 - CLOCK TO OUTPUT 
(R_t is low. Strobe is high) 

CL.OCK 

0 __ -1-' 

~-________ +t.11Y 

'\.:.,;.;;...---- +O.31V 

\\..-------- :::: Figure S - TSET UP AND THOLD 

CLOCK--_-.... 

0 ____ ~"""'1 

LOGIC DIAGRAM 
F PACKAGE 

S, 60-------, 

0, 70-----f-~~ 
ce; 6"--~-

CE2 11 V----:L_' 

D2 10 O----i.._~~ 

S2 '20--------' 

Vcc, = '. VCC2 = '6, VEE = 8 
Positive logic: high level = "1" 

'4 

'5 

~----+l.11V 

- - - - - - - - +0.31 V 

1,...------- +l.11V 

- - - - - - - - - +D.31 V 

FEATURES 
• Fast propagation delay = 2.S ns TVP (data) 

= 2.8 ns TVP (sel, reset) 
= 3.0 ns TVP (clock) 

• Low power dissipation = 140 mW/peckage 
TVP (no load) 

• High fanout capability - can drive SOO 
lines 

• High Z inputs - internal SOkO pulldowns 
• High immunity from power supply 

variations: VEE = -S.2V ±S% 
recommended 

• Open emitter logic and bussing capability 
• Pin competible wilh 10131 

APPLICATIONS 
• High speed registers 
• Controllalches 
• Status latches 

+2.400 V 

+l.11V 

+0.31 V 

10130F 

TRUTH TABLE 

D C S R Qn+1 

L L III III 1 
A I III III H 
III H L L an 
III H H L H 
III H L H L 
III H H H N.D. 

C=CE+C 
" "" Don't care 
N. D. = Not defined 
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CIRCUIT SCHEMATIC 

0; 
3 

" ..... t--t-'"?"-t-I--_ .... 

RP AP A. 

SWITCHING TIME TEST CIRCUIT 

., 
2 

+2.0 Vdc Vout 

iOX 25.F± f iO.'.F 
r--- ----, 

I nput Inputs I Outputs 

TPJ I 

Input pulse 
1+ ~ 1- - 2.0 z 0.208 
(201080%) 

378 

I 
I 
I 
I 

I 
L ___ ~ 

l. :r·'·F 
VEE -3.2 Vdc 

.. 

COOX 

Vee, Vea 
, " 

13 AZ 

.. '" " 
,. 

10130F 

C" 
Yf-+--.-f-+~D2 

~--~~~-4--~~ 

R' A. R • 

PROPAGAnON DELAY WAVEFORMS @ 25°C 

+1.11 V 

+0.31 V 

Q OUTPUT 
1.,,-_-, 

---l .. +I~ --h-I--

+1.11 V 

o 

1 __ 'tsetUP ___ j_thOld-t +0.31 V 

+0.31 V 

a_---'/ 
NOTES: 
I. Each ECL 10,000 series device ho. been designed 10 meel the DC Speclficalions shown In 

the lest.table, after lhermalequllibrlum has been astabllshed. The circuli is In a lesl sockel 
or mounled on a prinled circuli board and Iransverse air flow grealer lhan SOO linear fpm Is 
malnlalned. Voftage levets will shift approximalely 4 mV wllh an air flow 01 200 linear Ipm. 
Outputs are lermlnated Ihrough a SO·ohm resistor 10 2.0 volts. 

2. For AC tests, all Inpul and oulpul cablas 10 lhe scope are equallenglhs 01 50-ohm coaxial 
cable. Wire lenglh should be <'4 inch from TPln lolnpul pin and TPOUIIO outpul pin. A 
SIl-ohm lermlnallon 10 ground is lceated In each scope Input. Unused outputs are co".. 
nected 10 a 5o-ohm resistor 10 ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other Inputs are 
lested In the seme manner. 

4. All vollage measuremenls are referenced 10 lhe ground lermlnal. Terminals not specHlcal1y 
referenced are left electrically open . .•. -



LOGIC DIAGRAM 

.,50-----..... 
0, 70-----r-~~QQ,l, 

CE16 

", 4 O-I----L __ ...:Q~' 
C 9 

CE211 ........ -"'1..-, 

°2 10~===~:T~Q~2 
52 12 0 

VCCl • 1. VCC2 • 16. VEE ~ 8 
Positive logic: high level - "I" 

'4 

'5 

FEATURES 
• fTOG = 125 MHz MIN 

= 160 MHzTYP 
• Fast Propagation delay 

= 2.8ns TYP (set, reset) 
= 3.0ns TYP (clock) 

• Low power dissipation = 235 mW/pack
age TYP (no load) 

• High fanout capability-can drive 50 
lines 

• High Z inputs-internal 50 k pull-
downs 

• High immunity from power supply 
variations: VEE = -5.2V SOlo recom
mended 

• Open emitter logic and bussing capabil
ity 

• Pin compatible with 10130 

APPLICATIONS 
• Control logic 
• Status logic 
• Counters 
• Shift register 
• Prescalers 

CIRCUIT SCHEMATIC (V. of Circuit Shown) 

MASTER 

~ ~ ~ J ~ 

TRUTH TABLE 10131F 

D C· S R Qn+1 

0 L L L an 
L H L L L 
H H L L H 
0 0 H L H 
0 0 L H L 
0 0 H H N.D. 

An H represents a transition from L to H between t = and t = 
n + 1 
C =CC+ CE 
N.D. = Not Defined 

SLAV' 

Vee, 

~~ -K.. -0 

~~ ~)(v} 
" 

r----1 L-

" 

'I ~ (*- ~ 11 
11 

)1-
~ 

VEE 

TOOTHER fLIP FLOP 
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TOGGLE FREQUENCY TEST CIRCUIT 

Coax 

Input Pulse CE 
Generator 

L TPin 
0 

VCC1 '" VCC2 = 

+2.0 Vdc 

0 

f0131 

Q 

Vout 

c."" 

rTPout 

PROPAGATION DELAY WAVEFORMS @ 25°C 
R Input 

5 Input 

a Output 

NOTES: 
1. Each Eel 10.000 series device has beer'! designed to meet the DC specifications shown in 

the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 50Q linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminate~ through a 50·ohm resistor to ~2.Q volts. 

2. For AC tests. all input and output c$.bles to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < V4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scQpe input. Unu~d outputs are con
nected to a 50..ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are" referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

SWITCHING TIME TEST CIRCUIT 

Coax 25,uF 

Input Pulse C. 
Generator 

L TPin 

C 

0 

Veel = vec2 = 

+2.0 Vdc 

0 

10131 

Q 

VEE = 3.2 Vdc 

380 .l1li. 

10131F 

Vout 

Coax 

rTPout 



LOGIC DIAGRAM 
FPACKAGE 

X04 

XI5 

CEO 10 o----Hf--f" ........... 
Cc 7 

R6 

CEI9 

YO 13 

Vl12 

vcel ~ I, VCC2 ~ 16, Vee = 8 
Posilive logic: high level = 'I' 

FEATURES 

2 Z 

3 :z 

15W 

14W 

• High speed combined multiplexer - latch improves system 
performance. 

• Multiplexed inputs to reduce package count 
• Fast propagation delay - 2.5 ns TYP (data) 

- 3.7ns TYP (select) 
= 3.0na TYP (reset) 
- 4.0na TYP (clock) 

• Low power dissipation - 200 mW/package TYP (no load) 
• High fanout capability - can drive 50 !l lines 
• High Z inputs - internal 50 k!l pulldowns 
• High immunity from power supply variations: VEE - 5.2V 

±5% recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
• Combined multiplexer - Ragister for: 

high speed central pr0C88sors 
high speed paripherals 
high speed minicomputers 
high speed accumulators 
communication systems 

TRUTH TABLE 

R Xin 

L L 
L L 
L L 
L L 

L H 
L H 
L H 
L H 
H 

'" 
'" ~ Don'l care 

Xln - A· xo + A • XI 

Cc 

L 
L 
H 
H 

L 
L 
H 
H 
H 

CE 

L 
H 
L 
H 

L 
H 
L 
H 

'" 

Zn + 1 

L 
Zn 
Zn 
Zn 
H 

Zn 
Zn 
Zn 
L 

10132-F 

SWITCHING TIME TEST CIRCUIT 

I 
I I L---n----.l 

.:I. 0.' ",F 

V ":' 

InpUI pulse 
EE 3.2 Vdc 

1+ ~ 1- = 2,0 ± 0,2 no 
(20% 10 80%) 

PROPAGATION DELAY WAVEFORMS @ 25°C 
50% +1.11 V 

':~-=-----;;---=q:.-----~". 
Z OUTPUr if::' '4 20% ~12O% I 1 .. ------- +1.11 V '''_1_ te+2-

I ----------.O.31V 
R INPUT 

x --11_~" _I \1 ~-------::::: 
~up ~-- thold 

_____ ....Jlr50-::-_--_-_-_-_-_--_-_-_- ::::: 

/ 
NOTES: 
1. Each EeL 10.000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit. is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift aproximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to p2.0 volts. 

2. For AC ,.0'0, all inpul and OUlpUI cables 10 Ihe scope are equal lenglho of 5O-ohm coaxial 
cable. Wire length should be < 14 inch from TPln to input pin and TP out to output pin. A 
5(k)hm termination to ground is located in each scope input. Unused outputs are conp 

nected to a 50-ohm reSistor to ground. 
3. Test procedures are shown for only one input or set of input conditions. Other inputs are 

tested in the same manner. 
4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 

referenced are left eleclrlcally open. 

381 
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LOGIC DIAGRAM 

003 

G05 

017 

D2 9 

G110 

03 14 

VCCI - I, VCC2 - 16, VEE = 8 
PD9~lve logic: high level = 'I' 

APPLICATIONS 

FPACKAGE 

• Temporary atorage element in: 
high apeed central procellora 
high apeed perlpherala and memori .. 
high apeed digital communicatlona 
inatrumentation 
teat equipment 

• Bua-oriented atorage regiater lor: 
mini-computere 
anay proceaaOn 

SWITCHING TIME TEST CIRCUIT 

etA)( 

INPUT 

PULSE GENERATOR 

Input pul .. 
t+ -t- = 2.0 ",0.2ns 
(20% to 60%) 

382 

VCC1 " VCC2 
+2.0 Vdc 

h O""F 

vEE .. -3.2 Vdc 

FEATURES 
• Faat propagation delay 

= 400na TYP clock or data to output 
= 2.Ona TYP enable to output 
= 0.7naTYP aetup and hold timea 

• Gated outputa for BUS-orientad applicationa 
• High denaity - lour latch .. plua gating 

10133-F 

• low power dillipaiion = 290 mW/package TYP (no load) 
• High fanout capability - can drive four 50 (l lin .. 
• High immunity from power aupply varhltlona: VEE = -S.2V 

±S% recommended 
• Meeta ECl 10,000 aeries standard interface spacifications 

TRUTH TABLE 

G 

H 

L 

L 

L 

C=CC+CE 
t- Oon't Care 

C 

t/> 

L 

H 

H 

0 anti 

t/> L 

t/> an 

L L 

H H 

PROPAGATION DELAY WAVEFORMS @ 25°C 

',. \- f __ u ___ :" 

!-'--::-1 ,'++1 >031 V 

I 

I 

0_1-
at I 

NOTES: 
1. For AC tests, all input and output cables to the scope are equal lengths of 5O-ohm coaxial 

cable. Wire length should be < '4 Inch from TPln to Input pin and TP out to output pin. A 
SQ-ohm termination to ground is located In each scope Input. Unueed outputs are con
nected to a SO-ohm resistor to ground. 

2. Each ECl 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is 
maintained. Vottage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a SO-ohm resistor to - 2.0 volts. 

..... 



LOGIC DIAGRAM 

AO 6 

An, 

XO 4 

X, 5 

CEO 10 

Cc 7 

GEl 9 

VO 13 

V112 

FPACKAGE 

VCCI - 1. VCC2 = 16, VEE - 8 
Positive logic: high level - '1' 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

+1.'1V 

X INPUT I 
J O% 

to + 2+ -T E------------..... - - - - .... 3'V 

I 80% 

Z INPUT 

50% 

20% 

j-...;.. ___ .... ~2=--=-L c _ +1.11V 

'------- +O.31V 

C ~/-;:::'5O% ~-+,."V 
-------' - - - - - - - - - - +O.31V 

/ 
1. Eech ECL 10,000 serles device has been designed to meet the DC specifications shown In 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main~ 
tained. Vo~age levels will shift approxlmetely 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated throvgh a 5O-ohm resistor 10 2.0 volts. 

2. FOt' AC taslS, all Inpul and output cables to the scope are equal lengths 01 50-ohm coaxial 
cable. Wire length should be < '4 Inch from TPin to Input pin and TP oul to output pin. A 
SQ-ohm termination to ground is located in each scope Input. Unused outputs are con-
nacted to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set at Input conditions. Other Inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left eleclrlcally open. 

10134-F 

FEATURES 
• High speed combined multiplexer - latch improves system 

performance. 
• Multiplexed inputs to reduce package count 
• Fast propagation delay = 2.Sns TVP (data) 

= 3.Sns TVP (Hlect) 
= 4.Ons TVP (clock) 

• Low power dissipation = 225 mW/package TVP (no load) 
• High fanout capability - can drive 50 !l lines 
• High Z inputs - internal 50 k!l pulldowns 
• High immunity from power supply variations: VEE = - S.2V ±S% 

recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
• Combined multiplexer 

• High speed central processors 
• High speed peripherals 
• High speed minicomputers 
• High spaed accumulators 
• Communication systems 

TRUTH TABLE 
C AO XO 

L L L 
L L H 
L H 

'" L H 
'" H 

'" '" 

SWITCHING TIME TEST CIRCUIT 

VCC1 =VCC2 '" 
+2.0 Vdc 

X1 

'" 
'" L 
H 

'" 

"""i 1 i"'" 
r:---- ----l 

Input pulse 
t+ = t- = 2.0 '" 0.2 ns 
(20% to 80%) 

I 
I 
I 
I 

I 

~----Ii--~ 

VEE = -3.2 Vdc 

Zn + 1 

L 
H 
L 
H 
Zn 

COAX 

.•. - 383 
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LOGIC DIAGRAM 
FPACKAGE 

., 50---------~ 

Jl 70----1 

~1 6 0---+--1 

Rl 4o--f-,..---..J 

C 9 

S2 . 12, o--f-,..----, 

Jl! 10 0---+--1 

~2 11 o-----~ 

R2 13 o-----..J 

VCCI ~ 1. VCC2 ~ 16. VEE ~ 8 
Positive logic: high level ~ 'I' 

Ql 

02 

TOGGLE FREQUENCY TEST CIRCUIT 

V,n v e el = vCC2 = +2.0 Vdc 

16 

14 

COBII J. 0'"' 

Clock Input TPout 

Vout 

(OJ-+------o-----! CE 0/---0----' 

SQ.-ohm termination to 
ground located in each 
scope channel Input. 

All Input and output cables 
to the scope are equal 
lengths of SQ-ohm coaxial 
cable. Wire lengths should be 
< 1f4 Inch from TPin to input 
pin and TP out to output pin. 

384 

10131 

o ol-----~---, 

J. O,M 

VEE'" -3.2 Vdc 

Coax 

210 

FEATURES 
• "'OG = 140MHz TYP 
• Faat propagation delay 

= 3.0ns TYP (set, re .. t) 
= 3.Ons TYP (clock) 

10135-F 

• Low power dissipation = 235mW/package TYP (no load) 
• High fanout capability - can drive 50Glines 
• High Z inputs - internal SOkG pulldowns 
• High immunity from power supply variations 
• Open emitter logic and bussing capability 

APPLICATIONS 
• Control logic 
• Status logic 
• Counters 
• Shift register 

R-S TRUTH TABLE 

R S On+1 

L L an 
L H H 
H L L 
H H N.D. 

N. O. '" not defined 

CLOCK J-K TRUTH TABLE* 

J K °n+1 

L L an 
H L L 
L H H 
H H an 

.. Output states change on .positive transition of clock for J~K Input condition present. 

SWITCHING TIME TEST CIRCUIT 

Input Pulse 
Generator 

v,. 

Coax 

L TP,. 

Vee, = VCC2 " 

+2.0 Vdc 

10131 

o 0 

Vout 

Coax 

rTf>Out 



PROPAGATION DELAY WAVEFORMS @ 25°C 
R Input 

'-___ +0,31 V 

S Input 

t5+-2+ --I '---- __ I '--- t4+2_ 

1_1 11_'2. 1_1: 1_'2-

50%: t--I~1[1C:::"::::O::::"% __ 
QOutput 

a Output 
t5+3 __ 1 1___ --I I- t4+3+ 

~%~I'---Jto:O% 

t setup _I 1---

II o,a.--___ ..J/~----------

10135-F 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear !pm. 
Outputs are terminated through a 50-ohm resistor to 2.0 volls. 

2. For AC tests, all input and output cables to the scope are equal lengths of SQ.-ohm coaxial 
cable. Wire length should be < 1,4 inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground Is located in each scope input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for onty one input or set of Input conditions. Other Inputs are 
tested in the same manner. 

4. All voftage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10136-F, 10137-F 

Description BLOCK DIAGRAM 
The 10136 and 10137 are high speed synchronous counters that r=-::-...:.....:...:...-.:...--------------------, 
can count up, count down, preset, or stop count at rates exceeding FPACKAGE 
100M Hz. ,. CARRY IN 0------, 

I The 10136 is a 16-state (Hexadecimal) counter and the 10137 is a 
10-state (Decade) counter. 

The flexibility of these devices allows the deSigner to use one basic 
counter deSign for all applications, The synchronous count feature 
makes these M81 parts suitable for either computers or instrumen
tation. 

The carry input enables the counter, and prevents it from changing 
state when the clock goes high. The inputs 81 and 82 control the 
state of the counter: stop count, increment (count up), decrement 
(count down). and preset (program) count. The other inputs are 
clock, and the four D inputs for presetting the counter. 

The counter changes state only on ·the positive-going edge of the 
clock, Any other input may change at any time except during the 
positive tranSition of the clock. The next state of the counter is de
termined by the configuration of the inputs only during the positive 
transition of the clock. 

In addition to the four O's outputs there is a carry out which goes 
low on the terminal count. In the preset mode the carry out on the 
10136 will stay low but the carry out on the 10137 will depend on 
the condition of 01 and/or 02. 

APPLICATIONS 
Either the binary counter (10136) or the decade counter (10137) can 
be useful in high speed central processors and peripheral control-

'3 
SYSTEM 
CLOCK 

'2 D. 
11 0, 

O2 

0 3 

s, ., 
VCCt = t, VCC2 = t6, VEE = 8 
Positive logic: high level = 't' 

I----()Q. ,. 

~---()01 15 

1----()Q2 2 

~--'--() Q 3 3 

~---()"'gA~u~RV 4 

lers, mini-computers, high speed digital communication equipment, 
and instrumentation. 

When used as a prescaler, it is possible to extend the input fre
quency of the 10136,37 to over 200M Hz with the 10231, 

FUNCTION SELECT TABLE 
81 52 OPERATING MODE 

L L Preset (Program) 

L H Increment (Count Up) 

H L Decrement (Count Down) 

H H Hold (Stop Count) 

1.111111 385 
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SEQUENTIAL TRUTH TABLE1 - 10136 
.INPUT8 OUTPUTS 

C!!.ry Clock Cam 
81 S2 DO D1 D2 D3 IN 2 QO Q1 Q2 Q3 Oul 
L L L L H H 

'" 
H L L H H L 

L H 
'" '" '" '" 

L H H L H H H 
L H 

'" '" '" '" 
L H L H H H H 

L H 
'" '" '" '" 

L H H H H H L 

L H 
'" '" '" '" 

H L H H H H H 
L H 

'" '" '" '" 
H H H H H H H 

H H 
'" '" '" '" '" 

H H H H H H 
L L H H L L 

'" 
H H H L L L 

H L 

'" 
q, q, 

'" 
L H L H L L H 

H L q, q, 

'" '" 
L H H L L L H 

H L 

'" 
q, 

'" '" 
L H L L L L L 

H L 
'" 

q, q, q, . L H H H H H H 

4>- Don't care. 
t = Truth table shows logic states assuming Inputs vary in sequence shown from top to bot

tom. 
2 = A clock H Is defined as a clock input transition from a low to a high logic level. 

LOGIC DIAGRAM - 10136 

SI 9 

52 o-'--I).....,+LL..-..., 

CAiilIVlN<>"'---t-l---, 

10136-F. 10137-F 

SEQUENTIAL TRUTH TABLE1 - 10137 
INPUTS OUTPUTS 

Carry Clock Carry 
81 S2 DO D1 D2 D3 iN 2 QO Q1 Q2 Q3 Out 
L L H H H L q, H H H H L H 
L H 

'" '" 
q, q, L H L L L H H 

L H q, 
'" 

q, 
'" 

L H H L L H L 
L H 

'" '" 
q, (p L H L L L L H 

L H q, 
'" 

q, q, L H H L L L H 
L H q, 

'" '" 
q, H H H L L L H 

L H 

'" '" '" '" 
H H H L L L H 

H H 
'" '" '" '" '" H H L L L H 

L L H H L L 
'" 

H H H L L H 

H L 
'" 

q, q, q, L H L H L L H 
H L 

'" '" 
q, 

'" 
L H H L L L H 

H L 
'" 

q, q, 
'" 

L H L L L L L 

4> = Don't care. 
1 -= Truth table shows logic states assuming inputs vary in sequence shown from top to botw 

tom. 
2- A clock H is defined as a clock input transition from a low to a high logic level. 

CLOCK:o-!!13-r.:---\---<I-+-I-f-------l--+--I-t-------t-+--Hf-+--__ -+'-' 

Q2 

386 

3 
Q3 



10136-F, 10137-F 

LOGIC DIAGRAM - 10137 

510'---9""1 

82 7 

f 

f 

CLOCK O'~3~-:::i::t:~~~~~::~Jt::~~::~::t::±::=+=+::~::~:J--1--1------l 

12 

DO 

14 

00 
" 

01 

UNIVERSAL COUNTER APPLICATIONS 

12-BIT SYNCHRONOUS COUNTER 

LSB 

'5 
Ql 

m~~Mo-"""-___ -----+-----------I 

02 02 03 03 

50 MHz PROGRAMMABLE COUNTER 

fin 

tout 

387 
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TEST CIRCUIT 
SWITCHING TIME 

VCC1 = Vea '" +2.OVdc VOUT 

~O.1"F 

VEE'" -3.2Vdc 

COAX 

1. 50-ohm termination to ground located in each scope channel input. 

2. All input and output cables to the scope are equal lengths of 50-ohm coaxial cable. 

Wire length should be 1/4 inch from TPin to input pin and TP out to output pin. 

3. Unused outputs are connected to a 50-ohm resistor to ground. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

CLOCK 

CJIRiiVliif~ 1:: _ ~;;.)----
CLOCK _(d) 

+O.31V 

oors_
1 

_ 

'tsetupH -'tsetupL 

Q~~--~--~\~-----
-I 

COUNT FREQUENCY 

INPUT PULSE 
t+=t-=l.Ons 
DUTY CYCLE = 50% 

Vee," v CC2" +2.0Vdc 

fIN GO. 

al 
DO 

01 Q2 

0' a3 
03 

" CoUr ., 

VEE = -3.2Vdc 

50-ohm termination to ground located in each channel input. 

10136-F, 10137-F 

COAX 

(a) is the minimum time to wait after the counter has been enabled to clock it 

(b) is the minimum time before the counter has been disabled that it may be clocked 

(c) is the minimum time before the counter is. enabled that a clock pulse may be applied with 

no effect on the state of the counter. 

(d) is the minimum time to wait after the counter is disabled that a clock pulse may be applied 

with no effect in the state of the counter 

(e) and (d) may be negative numbers. 

NOTE: 
tsetl;lP is the minimum time before the positive transition of the clock pulse (e) that information 

must be present at the input 0 or S. thold is the minimum time after the positive transition of 

the clOCK pulse (C) that information must remain unchanged at the input 0 or S. 

388 IIJIIIIIII 



DESCRIPTION 
The 10141 is a four-bit shift register that 
features four separate input terminals for 
parallel data entry and one each input ter
minal for serial shift left and serial shift right 
data entry. The device also provides an 
output terminal for each stage, thus allow
Ing any combination of serial in/parallel in
serial out/parallel out operation modes to 
be used. 

Two additional inputs are provided to con
trol the four different operating modes of 
the device; parallel data entry, shift left, 
shift right, and stop. All shift operations 
occur on the positive-going edge of the 
clock input. 

When operation of the device is restricted 
to one or two modes, the unused 
Input/output pins can be left open since 
50kO pulldown resistors are included on 
all Input pins and all outputs are open
emitter. In addition, all outputs have 500 
drive capability. 

FEATURES 
• High spaed shift frequancy = 200 MHz 

(TYP) 
• Low power 425 mW no load (TYP) 
• High fanout - 500 driva capability 

LOGIC DIAGRAM 

FPACKAGE 
,., (111 1121 

VCC'''PINl 
VCC2-PlN 16 

VEE"P1N8 

I-------+-.----+-- - ~ - ~ 

'---_---+-ir ---

'-------1r----t--t-+-- - -

{ I .. PIN NUMBER 

'3' 

TRUTH TABLE 

CONTROL OPERATING 

12' 

OUTPUTS 
• High Z inputs with 5OkO pulldown resis

tora S1 ~ MODE QO(N+1) Q1(H+1) Q2(N+1) 

• Open amittar outputs for bus.lng appli-
cation. 

• Four operating mode. 
• Serial and parallal data entry 

TEST CIRCUIT 

SWITCHING TIME 

Vee1 ~ VCC2 
+2.0Vdc 

JO
.", 

Vee m -3.2Vdc 

10102 

L 
L 
H 
H 

INPUT/OUTPUT CABLES ARE EQUAL LENGTH, 50n 
COAX. WIRE LENGTH TO INPUT/OUTPUT PLUG 
SHOULD BE <1/4 IN. FROM TEST POINT. 

L Parallel Entry 
H Shift Right 
L Shift Left 
H Stop Shift 

DON DIN 
QIN Q2N 
DLN QON 
QON alN 

SHIFT FREQUENCY 

VEE~-3.2Vdc 

TEST PROCEDURE 

1. SET 0,. 02' 03 TO L (+O.31VOC) 
SETD~ TO H (+1.11VDCI +111 

~: ~:~T;I~g~6cUKL~~ +0:31 
SET 51 TO l (+O.31VDC) 

4. ~EE~~~~ ~~;~~~~~ 

D2N 
Q3N 
alN 
a2N 

10141-F 

1161 (141 o -" 9 Q3CN+1) 

D3N 
DRN 
Q2N 
a3N 

389 



PROPAGATION DELAY WAVEFORM @ 25°C 

Inpull output cables are equal length. 500 
coax. Wire length to input/output plug 
should be < 'A in. from test point. 

DESCRIPTION 

- +1.11V 

+0.31V 

The 10145 is an ECl 64-blt read-write random access memory or
ganized as 16 words of 4 bits each. Words are selected through 
fully decoded and buffered inputs when the chip enable (CEI is low. 
Data Is written Into the selected word by bringing the READ/WRITE 
Input low. Cut-puts are low during write. 

On-chlp Input pulldown resistors allow any unused inputs to be left 
open. Open emitter outputs allow corresponding bits of different 
devices to be tied together to form a "Wire OR" logic connection. 

The 10145 utilizes separate internal metal systems and wire bonds 
for VCC1 and VCC2. The exceptionally high speed of the 10145 
makes it particularly suited for register file and scratch pad applica
tions. 

BLOCK DIAGRAM 

Ao 110) 

AI 
(9) 

A2 
(7) 

A3 
(6) 

CE (3) 

iii (13) 

(8) -VEE 
(16) - Vee 

ADDRESS 
BUFFERS 

AND 
OECODER 

F,IPACKAGE 

MEMORY 
MATRIX 

16X4 

DATA BUFFERS 

100 0; ~ 0 3 ,,00 Q 1 Q2 Q31 
I I 

DATA DATA 
( ) • DENOTES PIN NUMBER INPUTS OUTPUTS 

390 

10141-F 

FEATURES 
10145-F,1 

- 8.5 ns address access lime (TVP) 
-inpul pulldown reaislors 
- Open emiller outputs and chip enable input for memory expan-

sion . 

- 50 Ohm output specification 
- Single -S.2V power supply 
- Full decoded inputs 
• Fully compatible wilh Signelics 10,000 88ri.. family of inia

graled circuits 

APPLICATIONS 
• Scratch pad memori .. 
- Buffer memories 
• Register files 
- Control stores 



SWITCHING CHARACTERISTICS VEE=-3.2V, VCC=2V, Rl=500 TO GND 

PARAMETER 

tCE-Q+,tCE + Q_ Access Time - Chip Enable to Output 
tA+Q+,tA_Q+ Address to Output 
tA+Q_,tA_Q_ 

Write Strobe Mode 
tSET(D± R/W+) Data Set-up 
tSET(CE- R/W+) Chip Enable Set-up 
tSET(A± R/W -) Address 
tHOlD(D'F R/W+) Data Hold 
tHOlD(CE + R/W+) Chip Enable Hold 
tHOlD(A'F R/W+) Address Hold 
tR/W+ Q+, tR/W+ Q_ Recovery Time 
tW(R/W) Write Pulse Width 

Chip Enable Strobe Mode 
tSET(D± CE+) Data Set-up 
tSET(R/W- CE+) Read/Write Set-up 
tSET(A±CE - ) Address Set-up 
tHOlD(D'FCE+) Data Hold 
tHOlD(R/W + CE +) Read/Write Hold 
tHOlD(A'F CE+) Address Hold 
tWICE) Chip Enable Pulse Width 
t+ Rise Time (20%-80%) 
L Fall Time (20%-80%) 

TIMING DIAGRAMS 

WRITE CYCLE 
READ/WRITE STROBE MODE ------,. 

READJIIOO'i'E 

WRITE/READ CYCLE 

\j 
______ J/\L-______________________ __ 

__ ""tI1\1RIri+)_~_ 

----~--~ 

/ 
1~ ___ ' .. 'ICE-RiW.)----'------___ - '11M_a. 

'!!/W.o-

•• 11:1 

MIN 

11.0 
16.5 
5.3 
4.5 
4.5 
5.3 

11.0 

11.0 
16.5 
4.5 
4.5 
4.5 
4.5 

11.0 
1.1 
1.1 

10145-F,1 

TVP MAX UNITS 

5.0 7.5 ns 
8.5 13.0 ns 

7.5 ns 
11.0 ns 
3.5 ns 
3.0 ns 
3.0 ns 
3.5 ns 
7.5 11.0 ns 
7.5 ns 

7.5 ns 
11.0 ns 
3.0 ns 
3.0 ns 
3.0 ns 
3.0 ns 
7.5 ns 
2.5 4.0 ns 
2.5 4.0 flS 

WRITE CYCLE 
CHIP ENABLE STROBE MODE 

READ CYCLE 

I~J"'-----.... 
' ... 
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FEATURES 
• High .~: propagation dalay 

= 2.2 nS TYP data to output 
= 3.0nS TYP .. Iactto output 

• Output anabla on 10159 for output bu'.ing 
• Low powar: 182 mW/Packaga TYP 
• Drlva. 500 lina 
• Standard EeL 10,000 aeria. intai1ace 
• Opan-amiltar output. 

TRUTH TABLE (10158) 

INPUTS OUTPUTS 

Dno Oni S Zn 

L X L L 
H X L H 
X L H L 
X H H H 

x ~ Don't Care 

TRUTH TABLE (10159) 

INPUTS OUTPUTS 

Ono Oni S E Zn 

X X X H L 
L X L L H 
H X L L L 
X L H L H 
X H H L L 

x "" Don't Care 

SWITCHING TIME TEST CIRCUIT 

Input pulse 

+2.0 Vdc 

"" ± I t "'e' 
1--- -----, 

I I 
I I 
I I 
I I 
I I 

INPUT I I 
(..,-...... --j INPUTS OUTPUTS 

PULSE I 
GENERATOR I 

I 
I 
I 
I 
I I t+ - t - = 2.0 ± 0.2 ns 

(20% to 80%) rlL -----h..J 
01JJF ~ ,*Olf1.F 

+0.31 Vdc 
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10158F. 10159F 
LOGIC DIAGRAM 

FPACKAGE 

03. 
nO) 

0 31 
{t11 

O2• 
1121 

02' 
1131 

0,. 
(JJ 

0" 
(4J 

0 00 
l5J 

0., 
(.J 

E.o-~(7~J ________ ~ 

INVERT ON 10159 
ONLY (SEE TRUTH 
TABLE) 

"10159 only (pin 7 open on 10158) 
VCCI ~ VCC2 = 16 Vee ~ 8 
Positive logic high level = "I" 

PROPAGATION DELAY WAVEFORMS @ 25°C 

J5.% 
I I , __ t+ ~ __ I , __ - t-+ ___ I 

I I I I 

I~·% 'if I 5.% I 
I I ~2·_% ______ 41 __ ~ I 
1-lt'l~ I 

V",ut OR 

-1"1-

I --'I" 1-,..-______ --tI ___ --1...., ,. I-

You! NOR i 1l:% i \1 
----~I~- I-~ 

r t++--~ :- t-- --~ 

NOTES: 
1. Each;ECL 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a SO-ohm resistor to - 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 5D-ohm coaxial 
cable. Wire length should be < It. inch from TPin to input pin and TP out to output pin. A 50-
ohm termination to ground is located In each scope input. Unused outputs are connected 
to a 50-ohm rasistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One input from each gate must be I.ied to VBB (Pin 11) during testing. 



FEATURES 
• High functional density on one chip reducas package count and 

sav .. system power 
• Fast propagation delay = 4.0ns TVP 
• Low power dissipation = 325mW/package type (no loed) 
• High fanout capability - can drive 50n lines 
• High Z inputs - internal 50kn pulldowns 
• Controlled output rise and 'all times -2.0ns TYP (20% to 80%) 

(Output loaded) 
• High immunity 'rom power supply variations: VEE = -5.2V ±5% 

recommended 
• Open emitter logic and bussing capability 

APPLICATIONS 
DETECTION OR GENERATION OF PARITY IN: 
• High speed central processors 
• High speed peripherals 
• High speed minicomputers 
• Communication systems 
• Instrumentation 

SWITCHING TIME TEST CIRCUIT 

INPUT 
PULSE 

GENERATOR 

Input pulse 
1+ = t - = 2.0 ± 0.2 ns 
(20% t080%) 

NOTES: 

V,N 

VEE'" -3.2 Vdc 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air' now greater than 500 linear fpm Is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
OUtputs are terminated through a 5O-0hm resistor to -2.0 volts. 

LOGIC DIAGRAM 

FPACK4GE 

INPUTS 

10 <>----l .......... 
11 ~___,L.." 

12"-~" ~ ...... 

13 v---."--' 

14 "--->...--...... 
lSv----'"L.-' 

VCCI = I, VCC2 = 16, VEE = 8 
Positive logic: high level = 'I' 

TRUTH TABLE 

INPUT 

Sumo! 
High level 

Inputs 

Even 

Odd 

OUTPUT 

Pin 2 

low 

High 

PROPAGATION DELAY WAVEFORMS @ 25°C 

r---- +1.11 V 

VOUT---~",\ 

VOUT ___ "-...J1 

10160-F 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < 11. inch from TPin to input pin and TP out to output pin. A 
50·ohm termination to ground is located in each scope input. Unused outputs are con· 
nected to a 50·ohrn resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are leh electrically open. 
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FEAT~RES 
o Faat propagation dela, 

= 4.0ns TYP address to output 
= 4.5ns TYP enable to output 

o Low power dissipation = 295 mW/package TYP (no loed) 
o High fanout capability - can drive eight 50 11 lin .. 
o True parallel decoder - ellmlnat .. unequal dela, tim .. 
o High immunit, from power suppl, variations: VEE - -5.2V ±5% 

recommended 
o High Z inputs - internal 50 kll pulldowns 
o Open emitter outputs 
o Meets ECL 10,000 series standard interface specifications 

APPLICATIONS 
o 1-of-8 decoder 
o 1-lIne to 8-line demultiplexer 

TRUTH TABLE 
Enable 
INPUTS INPUTS OUTPUTS 

E1 EO A2 A1 AO DO D1 D2 D3 D4 D5 DB D7 

.L L L L L L H H H H H H H 
L L L L H H L H H H H H H 
L L L H L H H L H H H H H 
L L L H H H H H L H H H H 
L L H L .L H H H H L H H H 
L L H L H H H H H H L H H 
L L H H L H H H H H H L H 
L L H H H H H H H L H H L 
H L " " " H H H H H H H H 
L H " " " H H H H H H H H 
H H " " " H H H H H H H H 

• = don't care. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.11 V 

+ 0.31 V 

VOUT 

-1'-+1---

NOTES: 
1. Each ECL 10,000 series device has been designed to rneetthe DC specifications shown in 

the testtabl~, after thermal equilibrium has been established. The circuit Is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tests, all input and output cables to the scops are equal lengths of 50-ohm coaxial 
cable. Wire length should be <v. Inch from TPln to input pin and T~out to output pin. A 
5o-ohm termination to ground is located In each scope Input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one Input or: set of inp~ conditions. Other Inputs are 
tested In the same manner, 

4, All voltage measurements are reierenced to \he ground terminal. Terminals not speclficany 
referenced are left electrically opsn. 
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LOGIC DIAGRAM 

AO(lSBI 
7 

FPACKAGE 

r, 1Ii ~.r-"""'----,---, 

Eo2O--L~~o-------+--LJ 

(Internal connections are emitter-dot OR) 
VCCI - 1, VCC2 = 16, VEE = 8 
Positive logic: high lavel = '1' 

SWITCHING TIME TEST CIRCUIT 

+2.0 Vdc 

." t f 1"" ,--- ---, 
I I 
I I 
I I 
I 10161 I 
I I 

INPUT I I 
(oi--+--~ INPUTS OUTPUTS 

PULSE I 
GENERATOR I 

I 
I 
I 
I 
I I 

VOUT 

D. 
12 

°3 
3 

O2 
4 

0 , 

• 
DO 
6 

~-----L 
0.1.' 1 1 1 t 01.' 

Input pulse 
t+ = t~ - 2.0 '" 0.2 ns 
(20% to 60%) 

+0.31 Vdc VEE=-3·2 Vdc 

10161-F 



FEATURES: 
• Fast propagstion delay 
= 4.0ns TYP addre .. to output 
= 4.5ns TYP enable to output 

• low power di88ipation = 295 mW/package TYP (no load) 
• High fanout capability - can drive eight 50 (llines 
• True parallel decoder - eliminates unequal delay times 
• High immunity from power supply variations: VEE = -5.2V±5% 

recommended 
• High Z inputs - internal 50 k(l pulldowns 
• Open eminer outputs 
• Meets ECl 10,000 aeries standard interlace specifications 

APPLICA nONS 
• 1-01-8 Decoder 
• 1-line to 8-line demultiplexer 

TRUTH TABLE 

INPUTS OUTPUTS 

E1 EO A2 A1 AO DO D1 D2 D3 D4 D5 D6 D7 

L L L L L H L L L L L L L 
L L L L H L H L L L L L L 
L L L H L L L H L L L L L 
L L L H H L L L H L L L L 
L L H L L L L L L H L L L 
L L H L H L L L L L H L L 
L L H H L L L L L L L H L 
L L H H H L L L L L L L H 
H L II II II L L L L L L L L 
L H II II II L L L L L L L L 
H H II II II L L L L L L L L 

• "" don't care 

PROPAGATION DELAY WAVEFORMS @ 25°C 

V,N + 1.11 V 

50% 

I 
----j,--I- _I t++l- +0.3'V 

-'om f\= Jr 
_It_I~=---_--J_1 t+ 1_ 

NOTES: 
1. Each ECl 10,000 series device has been designed to meet the DC specifications shown 

in the test table, after thermal equilibrium has been established. The circuit is in a test 
socket or mounted on a printed circuit board and transverse air flow greater than 500 IIn~ 
ear fpm is maintained. Voltage levels will shift approximately 6 mV with an air flow of 200 
linear fpm. Outputs are terminated through a 50-ohm resistor to -2.0 volts. 

2. For AC tesls, all Input and output cables to the scope are equal lenglhs of 50-ohm 
coaxial cable. Wire length should be <'4 inch from TPin to input pin and TP out to output 
pin. A 50-ohm termination to ground is located in each scope input. Unused outputs are 
connected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

'4 

E, 

'5 

FPACKAGE 

Eo ,,-...r"""'----JL--...J 
2O--L~:""""'I-------L"/ 

(Internal connections are emitter-dot OR) 
VCCI = 1, VCC2 • 16, VEE = 8 
Positive l.oglc: high level. '1' 

SWITCHING TIME TEST CIRCUIT 

+2.0 Vdc 

." t f to", 
r--- ---I 
1 1 
I I 
I I 
I I 
1 I 

INPUT 1 I 
(0)>---+--1 INPUTS OUTPUTS 

PULSE 

GENERATOR 
1 
I 
I 
I 
I 
I 

1 1 

'0 

05 

'2 

0, 

~-----h-1 
O.'"F J 1 lO.'"F 

- -
Input pulse 
1+ • t- = 2.0 ., 0.2 ns 
(20% to 80%) 

+0.31 Vdc VEE"'-3.2 Vdc 

10162-F 

o -" 9 
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FEATURES 
- Fut propagation delay 

= 3.5ns TYP data to output 
= 5.0ns TYP address to output 
= 2.0ns TYP enable to output 

- Output enable to permit output buning 
- Low power dissipation = 290 mW/packageTYP (no load) 
- High fanout capability - can drive a 50 0 lina 
-High immunity from power aupply variations: VEE =-5.2V±5% 

recommended 
- Meets ECL 10,000 .. rlu standard interlace specifications 

APPLICATIONS 
- 8-to-1 multiplexer 
- 8~to-1 data selector 
- Parallel to aerial conversion 
- Barrel shilt logic 

SWITCHING TIME TEST CIRCUIT 

Vee1 =VCC2 
+2.0 Vdc 

PULSE GENERA~T~O=R __ .b:hJ=$!*i)>c>--r=!..J 

Input pulse 
1+ = t - = 2.0 '" 0.2 ns 
(20% to 80%) 

NOTES: 

Vee = -3.2 Vdc 

1. Each ECl 10,000 series device has been dasigned to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow 01 200 linear Ipm. 
OUtputs are terminated through a 5O-ohm resistor to -2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < '4 Inch from TPin to input pin and TP out to output pin. A 

LOGIC DIAGRAM 

0, 
5 

O2 

0 3 
3 

D. 
'3 

0'; 
'4 

VCCI = " VCC2 = 16, VEE = 8 
Positive logic: high leveI= '1' 

TRUTH TABLE 

FPACKAGE 

ADDRESS INPUTS 
ENABLE A2 A1 

L L L 
L L L 
L L H 
L L H 

L H L 
L H L 
L H H 
L H H 

H 0 0 

• = don't care. 

10164-F 

'5 

AO Z 

L 00 
H 01 
L 02 
H 03 

L 04 
H 05 
L 06 
H 07 

0 L 

PROPAGATION DELAY WAVEFORMS @ 2!i°C 

+1.1 V 

VOUT 

50-ohm termination to ground is located in each scope input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown lor only one Input or set of input conditions. Other Inputs are 
tested in the sarna manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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10165F 

DESCRIPTION LOGIC DIAGRAM 
The 10165 is a device designed to provide a ,------.....;,..-----------------------------. 
3-bit binary coded output for each of 8 in- F PACKAGE 
put lines. Priority selection circuitry is 
Included so that the output reflects the 
highest priority input present and Ignores 
lower order inputs. Each of the outputs is 
stored in a 0 type latch which allows syn
chronous sample and store operation. The 
operation of the latch may be bypassed by 
holding the C input low. The 03 output is 
high when any of the inputs are high. This 
allows extension to another device when 
more than 8 Inputs are to be encoded. 

FEATURES 
• High functional density reduces package 

count 
• Faat propagation delay = 7.0ns typical 
• Low power dissipation=545mW/package 

typical (no load) 
• Open eminer logic and bussing capa

bility 
• High Z inputs - internal SO kn resistors 
• High fanout capability - can drive son 

lines 
• Controlled output ri .. and fall times -

-2.0ns typical (20% to 80%) (all outputs 
loaded) 

• High Immunity from power supply varia
tions-VEE = - S.2V ±S% recommended 

TRUTH TABLE 

DATA INPUTS 

DO D1 D2 D3 D4 DS De 

H III III III III III III 

L H III III III III III 

L L H III III III III 

L L L H III III III 

L L L l H III III 

l L l l l H III 

l L l l L L H 
l L l l L L l 
L L l L L l l 

• = don't care 
Po ~ 545mW typ/pkg (no load) 
tpd = 7.0ns typ (data to output) 

OUTPUTS 

D7 Q3 Q2 Q1 QO 

III H L L L 
III H L L H 
III H L H L 
III H L H H 
III H H L l 
III H H L H 
III H H H l 
H H H H H 
L l l L L 

. ..... 
... 

5 "} 

7 

" 

10 

11 "} 

" 

~ 

o!--f'J 

1 

~ 
=D ~ 

=l 
......--

SWITCHING TIME TEST CIRCUIT 

Coax 

50·ohm termination to 
ground located in each 
scope channel input. 

All input and output cables 
ta the scope are equal 
lengths ot 50 ohm coaxial 
cable. Wire length should be 
-1/4 inch from TPin to input 
pin and TP out to output pin. 

C 

DO 

01 

02 

03 

0' 

.05 

06 

07 

VEE 
-3.2Vdc 

Vee1 = VCC2 "" 
+2.0Vdc 

I o.1J.1.F 

ao 

a1 

Q2 

Q3 

VCC1 ~Pin 1 
VCC2'" Pin 16 
VEE~Pin 8 

IT 
IT 
IT 
tIT 

VOU! 

Coax 
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FEATURES 
o Optimized for byte-organized syatema 
o Faat propagation delay 

= 4.0 na TYP (input to output A) 
= 6.Ons TYP (Input to output B) 
= 2.0na TYP (carry to output B) 

o Carry inputs 'or .. ay expansion or odd/even control 
o Up to 9 bit check in 4.Ona 
o Up to 2:1 bit check in 6.Ons with no eddltional gates required 
o Low power dlaaipatlon = 280mW/package TYP (no load) 
o High 'anout capability - can drive 500 lin .. 
o High Z inputa - internal SOkn pulldowna 
o High immunity 'rom power aupply variationa 
o Open emitter outputa for logic and busaing capability 

APPLICATIONS 
DETECTION OR GENERATION OF PARITY IN: 
o High apeed central proce88ors 
o High apeed peripherals 
o High apeed minicomputers 
o Communication systems 
o Instrumentation 

398 

10165F 

PROPAGATION DELAY WAVEFORMS @ 25°C 
~-----':"+1.11V 

Dlnput,~50% ~ 

17+3+1
1
-- --I. [+17-3- +O.31V 

a Input ..-J~II.·" --::j I~w:+ --.1 ~ 

~thOldH 

50% c ___ --' 

LOGIC DIAGRAM 

10u-.............. 
11 
120--14._ 

VCCl - " VCC2 - 16, VEE - 8 
Positive logic: high level - '1' 

TRUTH TABLE 

INPUT 

SUM OF HIGH 
LEVEL INPUTS 
PINS 3-12 

EVEN 

ODD 

SUM OF ALL 

FPACKAGE 
CARRY INPUTS 

13 14 

HIGH LEVEL INPUTS 
(INCLUDING CARRY INPUTS) 

EVEN 

ODD 

+1.'1V 

+1.11V 

\ ........ _--~- +O.31V 

10170-F 

OUTPUT 

PIN 2 

LOW 

HIGH 

PIN 15 

LOW 

HIGH 



SWITCHING TIME TEST CIRCUIT 

V'N 

::E:.,~l 

Input pulse 

0-0 
+0.31 V 

1+ = t- = 2.0 ± 0.2n. 
(20% t080%) 

Vee1 '" VCC2 
-1-2.0 Vdc 

11 01,F 

VEe'" -3.2 Vdc 

10170F 

PROPAGATION DELAY WAVEFORMS @ 25°C 

r----- +1.11 V 

VOUT ----'-.....,., 

V
aUT 

____ -I 

NOTES: 
t. Each ECl 10.000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main
tained. Voltage levels will shi« approximately 5mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50Mohm resistor to - 2.0 volts. 

2. For AC tests. all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire lengths should be < \4 Inch from TPin to input pin and TP out to output pin. A 
SO-ohm termination to ground is located in each scope channel input. Unused outputs are 
connected to a 5O-ohm resistor to ground. 

3. Test procedures are shown for only ana Input or set of input condlticns. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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FEATURES 
• Fast propagation delay 

= 4.0 ns TVP address to output 
= 4.S ns TVP enable or dala to output 

• Low power dissipation = 310 mW/package TVP (no load) 
• High fanout capability - can drive eight 50 0 lines 
• True perallel decoder - "iminates unequal delay times 
• High Immunity from power supply variations: VEE= -S.2V±S% 

recommendad 
• High :z: Inputs - Internal 50 kO pulldowns 
• Open emitter outputs 
• Meets ECL 10,000 .. ries standard interface specifications 

APPLICATIONS 
• Dual 1 line to 4 line demultiplexer 
• Crossbar switch applications 
• High fanoull of 4 decoder 
• Memory chip .. Iect decoder 

TRUTH TABLE 

INPUTS OUTPUTS 

EO Al AO DAIN DAO DAl DA2 

L L L L L H H 
L L L H H H H 
L L H L H L H 
L L H H H H H 
L H L L H H L 
L H L H H H H 
L H H L H H H 
L H H H H H H 
H III III III H H H 

DB Is similar. 8 - don't care 

SWITCHING TIME TEST CIRCUIT 

Input pulse 
t+ - t- = 2.0 ± 0.2 ns 
(20% to 80%) 

NOTES: 

50% 

----I t++ I- +0.31 V 

DA3 

H 
H 
H 
H 
H 
H 
L 
H 
H 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is In a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 6 mV with an air flow of 200 lin .. r fpm. 
Outputs are terminated through a 5O-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of 5O-ohm coaxial 
cable. Wire length should be < '4 Inch from TPln to Input pin and TP out to output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con~ 
nected to a 50-0hm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other Inputs are 
tested In the same manner. 

4. All voftage meesuremants are referanced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 
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LOGIC DIAGRAM 

FPACKAGE 

(Internal connections are emitter-dot or) 
VeCl 2 1, VCC2 m 16, VEE = 8 
Positive logic: high level = '1' 

DB3 

'0 
DB2 

11 

DB, 

'2 

D!3o 

'3 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+2.0 Vdc 

." ± It·,,, 
r--- ---I 
I I 
I I 
I I 
I '01 1 I 
I I 

INPUT I I 
(~-""--IINPUTS OUTPUTS 

PULSE I 
GENERATOR I 

I 
I 
I 
I 
I I 

~-----L 
~-t! ! t~-

- +0.31 Vdc V EE=-3.2 Vdc -

10171-F 



FEATURES 
o Fast propagation delay 

= 4.0ns TVP address to output 
= 4.5ns TVP enable or data to output 

o low power dissipation = 310 mW/package TVP (no load) 
o High fanout capability - can drive eight 50 0 lines 
o True parallel decoder - eliminates unequal delay times 
o High immunity from power supply variations: VEE = -5.2 V±5% 

recommended 
o High Z inputs - internal 50 kO pulldowns 
o Opan emitter outputs 
o Meats Eel 10,000 series standard interface specifications 

APPLICATIONS 
o Dual1-line to 4-line Demultiplexer 
o Crossbar SWitch Applications 
o High Fanout 1 of 4 Decoder 
o Memory Chip Select Decoding 

TRUTH TABLE 

INPUTS OUTPUTS 

EO A1 AO DAIN DAO DA1 DA2 DA3 

L L L H H L L L 
L L L L L L L L 
L L H H L H L L 
L L H L L L L L 
L H L H L L H L 
L H L L L L L L 
L H H H L L L H 
L H H L L L L L 
H III III III L L L L 

DB is similar. II - don't care 

PROPAGATION DELAY WAVEFORMS @ 25°C 

+1.11 V 

+ 0.31 V 

VOUT 

-1,-+1--

NOTES: 
1. Each ECl 10,000 series device has been designed 10 meet the DC specifications shown in 

the test table. after thermal equilibruim has been established. The circuit Is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm is main
tained. Voltage levels will shift approximately SmV with an air flow of 200 linear fpm. 
Outputs are terminated through a 50-ohm resistor to - 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of SO-ohm coaxial 
cable. Wire length should be < V. Inch from TPln to input pin and TP out to output pin. A 
SQ-ohm termination to ground Is located in each scope input. Unused outputs are con
nected to a 50-ohm resistor 10 ground. 

3. Test procedures are shown for only one Input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

FPACKAGE 

(Internal connections are emltter...(iot or) 
VCCI = t, VCC2 = 16, VEe - 8 
POSitive logic: high level - 'I' 

SWITCHING TIME TEST CIRCUIT 

+2.0 Vdc 

." iIi .," 
r--- ---I 
I I 
I I 
1 I 
I I 
I I 
I I 

loj--+---IINPUTS OUTPUTS 

PULSE I 
GENERATOR I 

I 
I 
I 
I 
I 1 

DB. 

'0 

DB2 

" 
De, 

'2 

DBO 

'3 

VOUT 

rlL -----h...J 
~~~ ~~~ 

- +0.31 Vdc VEE=-3·2 Vdc -

Input pulse 
t+ ~ t - - 2.0 '" 0.2 ns 
(20% to 80%) 

10172-F 

o -" 9 
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FEATURES 
• Simultaneous multiplexing and latching lunction improves sys

tem performance 
• Quad latch and multiplexer on one chip increases system den

sity 
• Fast propagation delay 

=2.Sns TYP (data to output) 
=3.7ns TYP (select to output) 
=4.3ns TYP (clock to oulput) 

• Low pqwer disSipation = 325 mWI Package TYP (no loacn 
• High lanout capability - can drive 50 {l lines 
• High Z inputs - internal 50 k{l pulldowns 
• High immunity Irom power supply variations: 

VEE=.±S.2V±S% racommended 
• Open emitter outputs - allow wire or and data bussing 

APPLICATIONS 
• Combined multiplexer;.... register lor: 

• High speed cantral proce .. ore 
• High speed peripherals 
• High speed minicomputer. 
• Communication s,stems 
• Instrumentation 

TRUTH TABLE 

Dn 

L 

H 
., 

-
On m S'DnO+ S'Dnl • _ don't care 

C 

L 

L 

H 

SWITCHING TIME TEST CIRCUIT 

25"FI ro,l1'F Jl\ 

Qn (N+1) 

L 

H 

Qn(N) 

I I ,OAX 

I I 

402 

INPUT PULSE 

I I 
I I 
I I 
I I "'''''~ 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

L----h -- J 
1 J O.l"F 

t+ = t- "" 2.0 ± 0.2 ns 
(20% to 80%) 

LOGIC DIAGRAM 

DOl 

FPACKAGE 

CLOCK 

7 

00 

al 

a2 
15 

Q3 

14 

PROPAGATION DELAY WAVEFORMS @25°C 

NOTES: 

-' +1.11 V 

D I~~-£L ~ __________ _ 
t. + 2 + ---I 1'-- +0.31 V 

a OUTPUT 

D 

II 
I 

+1.11 V 

c __ ...... __ ':·~_~_~~I~i' ~: ~ ~ n n _:: 

a_--JI 

10173-F 

1. Each ECl 10,000 series device has been designed to meet the DC specifications shown in 
the test tabla. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit baerd and transverse air flow greater than 500 fpm is 
maintained. VOHage levels will shift approximately 6 mV wHh an air flow of 200 linear !pm. 
Outputs are tenmlnated through a 5O-ohm resistor to -2.0 Yolts. 

2. For AC tests, all Input and output cables to the scope are equal lengths of SO-ohm caexial 
cable. Wire length should be < \4 Inch from TPin to Input pin and TP out to output pin. A 
5O-ohm termination to ground Is located In each scope Input. Unused outputs are con
nected to • 50-0hm resistor to ground. 

3. Test procedures are shown for only one Input or set of input conditions. Other Inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to tha ground terminal. Terminals not specifically 
referenced ere left electrically open. 



FEATURES 
• fast propagation delay 

= 3.5 ns TYP data to output 
=5.0ns TYP address to output 
=2.0 ns TYP enable to output 

• Output enable to permit output bussing 
• low power dissipation = 290 mW/package TYP (no load) 
• High fanout capability - can drive two 50 0 lin .. 
• High immunity from power supply variations: VEE = - 5.2V 

±5% recommended 
• Meets ECl 10,000 .eries standard interface spacifications 

APPLICATIONS 
• Dual 4 to 1 multiplexer 
• Dual 4 to 1 data selector 
• Cros. bar .witch applications 

SWITCHING TIME TEST CIRCUIT 

INPUT 

PULSE 

GENERATOR 

Input puise 
t+ = t- -2.0 ± 0.2 ns 
(20% to 80%) 

NOTES: 

Vee1 :=VCC2 
+2.0 Vdc 

hO,"F 
VEE = -3.2 Vdc 

1. Each ECl 10.000 series device has been designed 10 meellhe DC speclficalions shown in 
Ihe lesllable. after Ihermal equilibrium has been eslablished. The circuil is In a tesl sock.t 
or mounted on a printed circuit board and transverse air flow greater than 500 fpm Is 
maintained. Voltage levals will shift approximately 5 mV wilh an air flow of 200 linear fpm. 

LOGIC DIAGRAM 

fPACKAGE 

XO 3 o-------===-'{........, 

X, 5 o------i:::±=::f' ......... 

X2 • o-----r=1=1=:$:{:) 
X3 6 o-----t=t==t==E3; 

ENABLE'.o---------t-t-~_r--------_; 

VO,3 C>-----+-+-++-L ___ 

V, 11 o---------+~+-F~~ 

Y212 O---------~=~=F=t-=: 

Y310 0------=====1..--
VCC1 - 1, VCC2 = t6. VEE - 8 
Positive logic: high level - '1' 

TRUTH TABLE 

ENABLE ADDRESS INPUTS 

E A1 AO 

H III III 

L l l 

l L H 

L H L 

L H H 

.= don't care 

OUTPUTS 

Z W 

l L 

XO YO 

X1 Y1 

X2 Y2 

X3 Y3 

PROPAGATION DELAY WAVEFORMS @ 25°C 

,----+1.11 V 

VaUT ----:-,' 

Oulpuls are lermlnated Ihrough a 5O-ohm r.sislor to -2.0 volls. vauT ____ oJl 

2. For AC tests. all Input and output cables to the scope are equal lengths of 5C)..ohm coaxial 
cable. Wire length should be < ... Inch from TPin to input pin and TP out to output pin. A 
50-ohm termination to ground Is located In each scope channel input. Unused outputs Bre 
connected to a 5(}ohm resistor to ground. 

3. Test procedures are shown for only one Input or set of Input conditions. Other Inputs are 
tested In the same manner. 

4. All voltage measurements Bre referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

10174-F 

IRIII.I 403 

o -" 9 



DESCRIPTION 
The 10175 is a device which incorporates five 0 type latches with a 
common reset and two-input clock. While both of the clock inputs 
are low the outputs will follow the inputs. The outputs are latched 
when either of the clocks goes high. The reset is enabled only when 
the clock is In the high state. Open emitter outputs permit the de
vice to be wire "OR"ed with other open emitter outputs. 

FEATURES 
• High speed - 2.5ns data to output delay typical 
• Common asynchronous reset function 
• High Z inputs - internal 5OkO resistors 
• High fanout capability - drives 50 ohms 
• Controlled output rise and fan times - 2ns typical 
• Two separate clock pin. - can be used for clock enable func

tion 

SWITCHING TIME TEST CIRCUIT 

Vin 

COAX 

DATA 
INPUT 

PRF'" 1.0 MHz 
t+= t = 2.0ns 
120%'080%) 
VOL = D.31V 
VOH "I.I1V 

VCC1 • pin 1 

VCC2· pin 16 

Vee - pin 8 

VCC1"VCC2" 
-+2.0 Vdc vout 

· "tIt"' " 
DOr - - - - - - - :114 COAX 

1°1 

I 
I 
I 
I 

011 

12 
I 
I 
I 
I 

021 

lal 

I 
I 
I 

lI L __ - h -_J 

~ *0.1 pF 

VEE=-3.2Vdc 

Po " 400mW lyp/pkg (no load) 
lpd • 2.5n8 typ (data to output) 

50-ohm termination to ground located in each scope channel input 

All Input and output cables to the scope are equal lengths of 50 ohm coaxial cable. Wire 
length should be < 1J .. Inch from TPin to input pin and TP out to output pin, 

404 

LOGIC DIAGRAM 

FPACKAGE 

DO 10 0--------1 

01 12 0-----++-1 

02 13 0------1--1---1 

03 9 

045 

C06 
C17 

RESET 11 

TRUTH TABLE 

D CO C1 

L L L 
H L L 
X H X 
X X H 
X H X 
X X H 

C 

C 

C 

C 

C 

10175-F 

14 DO 

R 

15 a1 

R 

2 Q2 

R 

3 OJ 

R 

4 Q4 

R 

RESET Qn+1 

L L 
L H 
L Qn 
L Qn 
H L 
H L 



VOLTAGE WAVEFORMS 

CLOCK 

AESET---.....II 

OUTPUT 

DATA 

CLOCK 

OUTPUT ___ oJ 

NOTES: 

RESET INPUT 

--+1.11V 

50% \ 

tll\;.r.:- +ll.31V 

,..-__ hl~t1!:!:4-=-- +1.11V 

IL---- +0.31V 

CLOCK INPUT 

+1.11V 

,..---- +1.IIV 

50% 

--- -+O.31V 

10175F 

DATA INPUT 

~--"'\ - - -+I.IIV 

SO% 

~
--+I'I1V 

50% 50% 
o +O.31V 

tsETUP ..--...1 .... tHOLD 
_~---- +1.11V 

SO% 

C - - - - - +O.31V 

o~ 

1. tsetup Is the minimum time before the positive transition of the clock pulse (c) that Informa- 2. thold is the minimum time after the positive transition at the clock pulse (c) that information 
tlon must be present at the data input (0). must remain unchanged at the data input (0). 

DESCRIPTION 
The 10176 contains six O-type master-slave flip flops in a single 
package. Data present on the "0" inputs are entered into all six 
master bistables when the common clock input is low. This data is 
subsequently transferred to the slave bistable when the clock goes 
from low to high. Thus, outputs change only on a positive-going 
clock input transition. Data present at the inputs, therefore, will not 
affect the outputs except on the low to high clock transition. 

FEATURES 
• High speed 

Toggle frequency = 150 MHz typical 
Propagation delay = 4.0 ns typical 

• Low power 
480 mW per package typical 

• High fanout 
SOO drive capability 

• High Z inputs with SOKO pulldown ,.sistors 
• Open emitter outputs for bussing applications 

TRUTH TABLE 

C D 

L " L-+H L 
L-+H H 
H-+L " .= Don't care 

On+1 

an 
L 
H 
an 

LOGIC DIAGRAM 
FPACKAGE 

DO 50-----"1 

D, 6o----t--; 

D2 7o------ir--t 

CLOCK 9 

D3 10 0----+--'I 

DSI2o----t--t 
Veet = pin t 

Vee2 = pin 2 

VEE - pin 8 

t-----(l 2 00 

t-----(l 3 0, 

t-----~4 02 

t-----OI303 

t----~14~ 

t-----o 15 05 

10 176-F 

405 
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SWITCHING TIME TEST CIRCUIT 

Input pulse 

V'N 

,J 
PULSE TP 

GENERATOR 

INPUT PULSE 

tt=I-=2.0:!:O.2ns 

(20% to 80%) 

t+ = t - - 2.0 ± 0.2 ns 
(20% 1080%) 

DESCRIPTION 

VOU1 

j 
TP 

The 10179 is a look-ahead carry device that can be used with the 
10180 (dual arithmetic unit) or the 10181 (4 bit ALU) to perform 
high speed arithmetic on long words. The device is capable of ex
amining carry data from four arithmetic units and generating both 
2nd and 4th order look-ahead carries to greatly increase system 
speed over that which can be obtained using ripple-carry tech
niques. 

Additional features of the 10179 include high Z inputs with pull 
down resistors to allow unused inputs to be left open and open
emitter outputs with 500 drive capability. 

FEATURES 
• High speed: propagation delay = 

3.0na TYP carry. propagate 
4.Ons TYP generate 

• Low power: 200mW TYP (no load) 
• High Ian out: can drive 500 linea 
• High Z inputs with SOkO pull down resistors. 
• Open emitter outputa 

PROPAGATION DELAY WAVEFORMS @ 25°· 

CLOCK 

"'-

NOTES: 

""' ... 
-- _ ... 

10176-F 

1. Each ECL 10.000 series device has been designed to meet the DC specmcatlons shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage levels will shift approximately 5 mV with an air flow of 200 linear !pm. 
OUtputs are terminated through a 50-ohm resistor to 2.0 volta 

2. For AC tests. all Input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < Yo Inch from TPln to input pin and TP out to output pin. A 
5Q..ohm termination to ground Is located in each scope Input. Unused outputs are con
nected to a 5O-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not spec,iflcally 
referenoed are left elec1rically open. 

LOGIC DIAGRAM 

F PACKAGE 

G3~----------------; 

P3 13 

G2 

P2 12 

Cn 11 

Pl 10 

GO 

PO 14 

VCC1 - 1. VCC2 - 16. VEE - 8 
POSitive logic: high level "1" 

10 179-F 

Cn+4 

Cn+2 

406 .B!)IDIIIIII 



LOGIC EQUATIONS SWITCHING TIME TEST CIRCUIT 
PG= PO + P1 + P2 + P3 
GG= (GO + P1 + P2 + P3) 

(G1 + P2 + P3) 
(G2 + P3)G3 

Cn+2= (Cn + PO + P1) (GO + P1) G1 
Cn+4= (Cn + PO + P1 + P2 + P3) 

(GO + P1 + P2 + P3) 
(G1 + P2 + P3) (G2 + P3) G3 

PROPAGATION DELAY WAVEFORMS @ 25°C 

___ I t++I-- +O.31V 

~: r 
-1,-1_'-------J. 1,+ 1_ 

NOTES: 
1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 

the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear tpm is 
maintained. Voltage 1"""ls will shi« approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a SO-ohm resistor to 2.0 volts. 

2. For AC tests, all Input and output cablas to the scope are equal lengths of 5O-ohm cooxlal 
cable. Wire length should be d. inch from TPln to input pin and TP out to output pin. A 
50-ohm termination to ground is located In each scope input. Unused outputs are con~ 
nected to a 5()-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tasted In the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

APPLICATION 

Input pulsa 
1+ = t- = 2.0 .. 0.2ns 
(20% t080%) 

16-BIT ALU 

101a1 10181 10181 

Cn Cn+4 Cn Cn+' .---- Cn Cn+4 

P G P G P G 

I I I I I I 
PO GO P1 G1 Cn+2 P2 G2 

'---- Cn 10179 

101a1 

Cn Cn+4 r-<> 
P G 

I I 
P3 G3 

Cn+4 t--

10179-F 

o -" 9 
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DESCRIPTION 
The 10181 is an extremely versatile high speed arithmetic logic unit 
capable of performing 16 logic operations and 16 arithmetic func
tions on two four-bit words. Using advanced circuit deSign 
techniques and double layer metallzatlon the 10181 represents the 
state-of-the-art in standard Eel/LSI functions. As a result. the 
10181 has the same power dissipation as the comparable TTL func
tion. while increasing the speed of operation by a factor of 4. 

The M Input selects the arithmetic or logic mode of operation on 2 
four-bit words. The desired arithmetic or logic function is selected 
by applying the appropriate binary word to the select Inputs (SO 
thru S3). Full intemal carry is incorporated for ripple-through opera
tion. Group carry propagate (PG) and carry generate (GG) are 
provided to allow fast addition of very long words using a second 
order look-ahead in conjunction with the 10179 full look-ahead 
carry block. The intemal carry is enabled when the mode control 
input (M) has a lOW-level voltage applied (arithmetic operation). Full 
addition of two 32-blt words. with carry in and carry out can be per
formed in 18 ns. All inputs have 50kO intemal pulldown resistors. 
and outputs are all open emitters for versatility in interconnect 
techniques. 

FEATURES 
- Faat propagation delaya: 

= 3.1 na TVP (Cn to Cn+4) 
= 5.0 na TVP (en to'1) 
= 7.0 na TVP (A1. 81 to '1) 
= 5.0 na TVP (A1 to Cn+4) 

- 18 logic operationa 
- 18 arithmetic operationa 
- Power diaaipalion = 800 mW/package TVP (no load) 
- HighZ inputa - inlernal 50 kO pulldowna 
- High immunity from power aupply variationa: VEE= -5.2 V ±5% 

recommended 
- Open emlttera for buaaing and logic capability 

FUNCTIONAL TRUTH TABLE 

Arithm..!tic Operation 
L~ Functiona Mia Low 

Function Select MiaJligh Cn of LSB '!!ual be High 
83 82 81 So F F 

L L L L F=A F = A minus 1 
L L L H F=A+B F = A plus (A + S) 
L L H L F = A+ B F = A plus (A + B) 
L L H H f = Logical "1" F=Atimes2 
L H L L F = A-B F = (A - B) minus 1 -
L H L H F=B F = (A - B) plus (A + B) 
L H H L F= A <:> B F=AplusB 
L H H H F=A+B F = A P!l!s (A - B) 
H L L L F= A'S F= (A - B) minus 1 
H L L H F = A (!) B F = A minus B minus 1 
H L H L F=S F = (A - ID plus (A + B) 
H L H H E=A+S F = (A • B) plus A 
H H L L ~ = .!:.ogical "0" F = minus 1 (two's complement) 
H H L H F = A-B F= (A + S) plus 0 
H H H L F= A'S F = (A + B) plus 0 
H H H H F=A=A F=AplusO 

of outputs of ALU are one's complement of function listed below. 

BLOCK DIAGRAM 

13 

15 

17 

14 

21 

20 

18 

'" 

FPACKAGE 

I I 
Ao So SI S:z sa F 

0 

BO FI 

AI F2 

BI F3 1'\ 19 6 

16 

11 

10 

9 

22 

23 

A2 

B2 

A3 

Cn 

VCCI = I, vCC2 = 24, Vee = 12 
Positive logic: high level = 'I' 

LOGIC DIAGRAM 
53 '3 
8215 
8117 
So 14 

B020 

AO 2' o---+f++'-I 

8119 

Al 18 o---+t+i+-J)<>' 

POSitive logic: high level = "I" 

Cn+4 

408 l~nDI.1 
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10181F 

SWITCHING CHARACTERISTICS 

TEST +25°C 

PARAMETER INPUT OUTPUT CONDITIONSt MIN TVP MAX UNIT 

t++ Propagation Delay Cn Cn+4 - - 3.2 - ns 
t- - - 3.1 

I t+ Rise Time - 2.0 
t- Fall Time - 2.0 -
t++ Propagation Delay Cn F1 M is Low - 4.9 - ns 
t+- - 5.0 -
t-+ - 4.9 -
t-- - 5.0 -
t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay A1 F1 - - 7.0 - ns 
t+- - 7.0 -
t-+ - 7.0 -
t- - - 7.0 -
t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay A1 PG - - 3.0 - ns 
t-- - 3.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay A1 GG - - 4.0 - ns 
t-- - 5.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

o -" t+- Propagation Delay A1 Cn+4 - - 5.4 - ns 
t-+ - 4.4 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -

9 
t++ Propagation Delay B1 F1 81 and 82 High - 7.0 - ns 
t+- SO or 53 Low - 7.0 -

I 
t-+ - 7.0 
t-- - 7.0 -
t+ Rise Time - 2.0 8 
t- Fall Time - 2.0 -
t++ Propagation Delay B1 PG §.O Low. - 3.0 - ns 
t- - 81 High - 3.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t++ Propagation Delay B1 BG ~High. - 4.0 - ns 
t- - 83 Low - 5.0 -

I t+ Rise Time - 2.0 -
t- Fall Time - 2.0 -
t+- Propagation Delay 81 Cn+4 81 and'§2 High. - 5.4 - ns 
t-+ 80 or 83 Low - 4.4 -

I t+ Rise Time - 2.0 -
t- FallTime - 2.0 -
t++ Propagation Delay 81 F1 81 or 82 Low - 7.5 - ns 
t+- - 8.0 -
t-+ - 7.5 -
t- - - 8.0 -
t+ Rise Time - 2.0 -
t- Fall Time - .2.0 -

B.OM. 409 



SWITCHING CHARACTERISTIC 

PARAMETER 

t+- Propagation Delay 
t-+ 
t+ Rise Time 
t- FaU Time 

t-+ Propagation Delay 
t+-
t+ Rise Time 
t- FaUTlme 

t+- Propagation Delay 
t-+ 
t+ Rise Time 
t- FaUTlme 

+High = +1.11V 
Low - +0.31V 

INPUT OUTPUT 

B1 PG 

Bl GG 

Bl Cn+4 

VCC1 = VCC2 - +2.0 Vdc = -3.2 Vdc. VEE - -3.2 Vdc 

SWITCHING TIME TEST CIRCUIT 

TO CHANNEL "A" 

PULSE GENERATOR 

Input pulse 
t+ - t- = 2.0 '" 0.2 ns 
(20% to 80%) 

DESCRIPTION 

VCC,=VCC2= +2.0 Vdc 

veE = -3.2 Vdc 

TEST 

CQNDITIONSt 

81 low 

S2 low 

SOorSlorS2 
orS3 low 

TO CHANNEL "S" 

~ COAX 

jTPQUT 

MIN 

-
-
-
-
--
-
-
--
-
-

The 10190 Is both a general purpose ECl 10,000 series line re
ceiver and an MST (IBM 370) to ECl translator. With the VCC 
Terminal (Pin 9) connected to ground, the device will accept either 
single-ended or differential ECl 10K signals. With VCC connected 
to + 1.25 Volts, the device will accept MST logic levels (+0.4 and -
0.4 nominal). In either case, the output of the 10190 is standard 
ECll0K. 

410 

10181F 

+25°C 

TVP MAX UNIT 

4 - ns 
4 -

I 2.0 ,-
2.0 -
5.2 - ns 
5.7 -

I 2.0 -
2.0 -
5.9 - ns 
5.6 -

I 2.0 -
2.0 -

Each ECl 10,000 series has been designed to meet the dc specifi
cations shown in the test table, after thermal equilibrium has been 
established. The circuit Is In a test socket or mounted on a printed 
circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Outputs are terminated through a 50-ohm resistor to 
-2.0 volts. 

PROPAGATION DELAY WAVEFORMS @ 25°C 

'-_____ +O.31V 

TPOUT 20% 

80% 

TPOUT 

All input and output cables to the scope are equal lengths of 50-
ohm coaxial cable. Wire length should be <'A inch from TPln to 
Input pin and TPout to output pin. 

10190F 

When used In the translator mode, one of the differential inputs Is 
tied to ground and the other to the MST source. VCC·is non-critical 
between +0.5 and +2.0 Volts. 

In the ECl line receiver mode, a single ended input is accommo
dated by connecting the other input to an external VBB SOurce. 



FEATURES 
• High speed; propagation delay ~ 2.5 ns TYP 
• High common mode noi .. rejection 
• Output drives 50 !) lines 
• Dual-purpose 

Quad line receiver (ECL-ECL) 
Transistor (MST ~ECt) 

• High input impedance 
• Non-critical VCC tolerance in translator mode (0.5 to +2.0 Volts) 
• Open emitter outputs 
• Immune to power supply faults 
• Defined output (low) with both inputs open 

APPLICATIONS 
• Line receiver 
• MST to ECL translator 

PROPAGATION DELAY WAVEFORMS @ 25°C 

NOTES: 

VOUT 
NOR 

+2.4V 

+1.6V 

1. Each Eel 10,000 series device has been designed to meet the DC specifications shown in 
the test table, after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a 5O~ohm resistor to 2.0 volts. 

2. For AC tests, all input and output cables to the scope are equal lengths of 50-ohm coaxial 
cable. Wire length should be < '. inch from TPin 10 input pin and TP out 10 output pin. A 
50-ohm termination to ground is located in each scope input. Unused outputs are con
nected to a 50-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

LOGIC DIAGRAM 

tpd ~ 2.5 ns TYP 

FPACKAGE 

:~2 

:~3 

'0~'4 
,,~ 

12~ ,. '3 

Vee ~ 9. VEE ~ 8, GND - 1.16 

SWITCHING TIME TEST CIRCUIT 

COAX 

INPUT 

PULSE 

GENERATOR 

+2.0V 

Vce 
+3.25V 

~,·",rh· .. 
-::- -=-

TPOUT 

r 0'.' h 
Input pulse 
I+~t- ~2.0±0.2ns 
(20% t080%) 

VEL = 3.2Vdc 

10190F 

COAX o -" 9 
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DESCRIPTION 
The 10191 is a Hex Eel to MST (IBM 370) translator. With a stan
dard 10,000 series logic level on the input, the output responds with 
an identical MST logic level at the output. 

In addition, the translators have a common enable line which drives 
all six outputs to the low state when an Eel logic "1" level Is 
present on the line. 

The 10191 is a companion device to the 10190 which is an MST to 
Eel translator. With these two devices, a complete, high-speed in
terface is available to communicate between a standard 10,000 
series Eel system and a standard MST system. 

FEATURES 
• High apeed; propagation delay = 2.2na TYP 
• Six tranalatora per package 
• 90 OHM output drive capability 
• Common enable input 
• High impedance inputa with SOK pulldown raaiatora 
• Open em'"er outputs 

TRUTH TABLE 

E 

o 
o 
1 

Dn 

o 
1 
X 

On 

o 
1 
o 

PROPAGATION DELAY WAVEFORMS @ 25°C 

:::-\ -O.90V 

V

,N 

T'----,.--"'''' ~t _____ -'.7OV 

L'---I 1_'++--1 

: ~~ : ciF"-
: 1*50~ ___ +:I_ ..... A 
I --10.'- I I .-/--- I -I .+ j----
1 -1'+1_ --1'-1-

IVI: __ ~_;_' -4i _____ -t:- : ~ 
/-.-+--1 I-t+---I 

NOTES: 
1. Each ECl 10.000 series device has been designed to meet the DC specijications shown in 

Ihe test table, after thermal equilibrium has been established. The clrcu" is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 4 mV with an air flow of 200 linear fpm. 
Outputs are terminated through a soUto gnl and a 84S0 to VEE' 

2. For AC tests, all input and Qutpuf'1:sbles tdothe scope are equal lengths of SO-ohm coaxial 
cable. Wire lengths should be < V. Inch from TP'n to input pln and TP out to output pin. A 
SO-Ohm termination to ground is located In each scope Input. Unused outputs are con
nected to a 9O-0hm resistor to ground and a 84S0 to VEE' 

3. Test procedures are shown for only one input or set of Input cond"'ons. Other Inputs are 
tested in the same manner. 
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LOGIC DIAGRAM 
FPACKAGE 

00 

0, 

02 

03 
,0 

D. 
n 

Os '2 

tpd (data) = 2.2 ns TYP 

tpd (E) = 2.e ns TYP. 

VCC = 1, VEE = e, GND = 16 

00 

0, 

02 

03 

D. 

Ds 

SWITCHING TIME TEST CIRCUIT 

Input pulse 

TPIN 

INPUT 

PULSE 
GENERATOR 

-'.7Vo-----+ 

t+ = T - 2.0,. 0.2ns 
(20% to 80%) 

Vee 
+1.25V 

10191F 

TPOUT 

40 

h 
VEE =-S.2V 



FEATURES PIN CONFIGURATION 
OUTPUT OUTPUT 

INPUTS CURRENT VOLTAGE 

• Capable of parly line oparation 
• Differanlial or lingle-ended mode B,FPACKAGE 

E 1 Q Q Q Q 
• 18mA current mode oUtPUtl 
• 3-logic-Itate complementary oUtPUtl 

0 0 10 11 H L 
0 1 11 10 L H 
1 X 10 10 H H 

• Driv .. long linel 
• Excellent noi .. immunity 
• Fait propagation delay - 4.0nl TYP 
• Two power1ul enable linel 
• Power dillipation - 490mW/pkg. TYP 
• Four drive,. par package 
• OUtPUtl accept voltage range ±S.SV to -1.8V 

APPLICATIONS 
• Single ended bUI driver - lavel COlt, Ipace, wiring 
• Differential mode bUI driver - improved noi.. immunity for 

long lin .. 
• Party line operation - lingle ended or differential mode 
• ECl to MOS tranllator - for SV MOS inputl 
• Quad level tranllalor 

DC ELECTRICAL CHARACTERISTICS 
TEST VOLTAGE VALUES - V 

TEST 
VIHMAX VILMIN VIHAMIN VILA MAX TEMPERATURE 

-30°C -0.890 -1.880 -1.205 -1.500 
+25°C -0.810 -1.850 -1.105 -1.475 
+85°C -0.700 -1.825 -1.035 -1.440 

LIMITS 

TEST 
+2SoC 

PARAMETER CONDITIONS MIN TYP MAX 

IE Power Supply 

Drain Current 76 95 118 

IlL Low Level 

Input Current VIH MAX .5 

IIH High Level 

Input Current VILMIN 320 

IOL Low Level 

Output Current VIH MAX 0 0 0.2 

IOH High Level 

Output Current VILMIN 14 16 18 

Your Output Voltage -1.6 5.5 

VEE 

-5.2 
-5.2 
-5.2 

UNIT 

rnA 

p.A 

p.A 

rnA 

rnA 

V 

SWITCHING TIME TEST CIRCUIT 

COAX 

Vee 

VIN h ,!r __ l:--i 
PULSE GENERATOR I 1----" 

Input pulse 
1+ ~ t- = 2.0", 0.2n. 
(20% to 80%) 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
II 
I I 
I I 
I I 
I I 
I I 
: I 
L __ =r-'---~ 

.1 I 1 J. 25"F J: O"pF 

VEE'" -S.2V 

10192B,F 

o -" COAX 9 
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PROPAGATION DELAY WAVEFORMS @ +25°C 

VIN D.B9V 

VOUT 0 ---t--'\., 

VOUT a: ---t--r 

NOTES: 

1. Each ECl 10,000 series device has been deslgnad to meet the DC specHlcations shown in 
the test table, atter thermal equilibrium hes been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 2mW with an air flow of 200 linear fpm. 
Outputs are termineted through a 5O-ohm resistor to ground. 

2. For AC tests, all Input and output oablee to the scope are equal lengths of 50-0hm coaxial 
cable. Wire length should be <'.4 inch from TPIN to input pin and TPOUT to output pin. A 
50·ohm termination to ground Is located In each scope input. Unused outputs are con· 
nected to a 5O-0hm resistor to ground. 

3. Test procedures are shown for only one input or set of Input conditions. Other inputs are 
tested in the same manner. 

4, All voltage meesurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

FEATURES 
• Fast propagation delay = 1.7ns TYP (all outputs loaded) 
• Power dillipation = 150mlWpsckage TYP (no load) 
• Very high fanout capabllity-can drive six 500 lines 
• Internal 5OkO pulJdown resistors 
• Open emi"e" for bUlling and logic capability 

BASIC DRIVER OPERATION 
OUTPUT VOLTAGES 
V1 = VT 
Vo = VT - RL X 16mA TYP 
OUTPUT STATES 
Enabled: QO = VIN, QO = VIN 
Disable<!: lOUT = OmA 

10192B,F 

RECOMMENDED TERMINATION VOLTAGE 
Output collectors will accept voltages from +5,5V to - 2,5\1. Hence, 
VT should not exceed +5,5V and RL and VT should be chosen so 
that Vo does not go more negative than -2.5V. 

QUAD BUS DRIVER 

.----..... --0 VT 10-5.5 VOLTS) 

16mA SWITCHED 
CURRENT SOURCE 

E 0--+--+----......... 
*RL'S ARE EXTERNAL RESISTORS 

-5.2V 

10210-B,F' 10211-B,F' 10212-B,F 

B,FPACKAGE 

10210 10211 10212 

~~4 7 3 

2 

~~2 7 3 

4 

1~~'2 11 13 

14 

1~- ~;; 1~sa'2 11~'1 13 

,4 
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10216B,F 

FEATURES: CIRCUIT SCHEMATIC 
• Good common mode noise rejiction 
• Fast propagation delay = 

1.8ns TVP (single-ended) 
1.5ns TVP (dinerential) 

• Low power disaipation 100mWI 
package TVP (no load) 

• High fanout capability-can drive son 
lines 

• Very high input Z (No 50k pulldowns) 
• High immunity from power supply varia

tions ( - 5.2V ± 5% recommended) 
• Complementary outputa 
• Open emitter logic and bUlling capabil

ity 
• Vaa voltage available on pin 11 
• Pin compatible with 10118 

SWITCHING TIME TEST CIRCUIT 

14 

vee1 = VCC2 
+2.0 Vde 

Vout Vout 

Input pulse 

Note 

(51 

t+ = t- - 2.0", 0.208 
(20% to 80%) 

NOTES: 

OR NOR 

·"t f t.,·, 

VEE = -3.2 W" 

1. Each EeL 10,000 series device has been designed to meet the DC specifications shown In 
the test table. after thermal equilibrium has been established. The circuit is in a test socket 
or mounted on a printed circuit board and transverse air flow greater than 500 linear fpm is 
maintained. Voltage levels will shift approximately 3 mV with an air flow of 200 linear fpm. 

. OUtputs are terminated through a 50-ohm resistor to 2.0 volts. 
2. For AC tests. all Input and output cables to the scope are equal lengths of 5o.ohm coaxial 

cable. Wire length should be < 'A Inch from TPln to Input pin and TP out to output pin. A 50. 
ohm termination to ground Is located in each scope Input. Unused outputs are connected 
to a 5O-ohm resistor to ground. 

3. Test procedures are shown for only one input or set of input conditions. Other inputs are 
tested in the same manner. 

4. All voltage measurements are referenced to the ground terminal. Terminals not specifically 
referenced are left electrically open. 

5. One Input from each gate must be tied to Vee (Pin t 1) during testing. 

13 
AMPLIFIER 

(3 Per Ie) 12 
REFERENCE 

(1 PER Ie) 

LOGIC DIAGRAM 

a,FPACKAGE 

:: t,,£--» ----<:: 

,:: 1:2 :: 

PROPAGATION DELAY WAVEFORMS @ 25°C 

,-t+----1 
1 , 

, 
VOUT OR, 

+1.11V 

1 

, , 
, , -I t+ 1;:::::: __ .......,..1 _ ---,-1 '-1-

*80% :'1 ~ VOUT NOR : 50% 

, 20% 

I-t++--I 1-.----1 
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FEATURES 
• 'TOG = 200 MHz MIN = 225 MHz TYP 
• Faat propagation delay 

= 2.0 na TYP (aet, reaet) 
= 2.0 na TYP (clock) 

• Low power diaaipation = 270 mW/package TYP (no load) 
• High fanout capability - can drive 500 linea 
• High Z inputa - inte"nal 5OkO pulldowna 
• High immunity from power aupply variationa VEE = - 5.2V ± 5% 

recommended .. 
• Opan emitter logic and bu.aing capability 
• Pin compatible with 10130 and 10131 

APPLICATIONS 
• Control logic 
• Statua logic 
• Counters 
• Shift raglater 
• Preecalera 

CIRCUIT SCHEMATIC (V. of Circuit Shown) 

MASTER 

Vee, 

~ 

LOGIC DIAGRAM 
B,FPACK~GE 

S, 50--------. 

D, 7 0----, 
CE,6 

Cc 9 

R2 '3 0---1----1 

eE2 11 U---L_ 

D2 10 O-----L.---,~::J 
S2 '20-------' 

VCC1=1, VCc=16, VEE=8 
Positive logic: high level = "1" 

TRUTH TABLE 

D C· S R 

III L L L 
L H L L 
H H L L 
III *111 H L 
III III L H 
III III H H 

." An H represents a transition trom L to H between t=n and t=n + 1 
C=Cc+CE 
N.D. = not defined 

SLAVE 

~ ~ k (J-W ~ 

'4 

'5 

On+1 

On 
L 
H 
H 
L 

N.D. 

K f-o' 
l! 

~~ ~~ >- ~~>-~ 
~ L--

,!7 

~?- ~ ~>- )r ., 

>- --K 

TOOTHER FLIP FLOP 
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10231B,F 
TOGGLE FREQUENCY TEST CIRCUIT 

Vee1 '" VCC2 '" +2.D Vue 

COilX 25~F I I o.1J.1F Coax 

TPout 

01----< ........ --....1 

10231 

D 01---...... ----, 

SWITCHING TIME TEST CIRCUIT 

NOTE: 

Input Pulse 
Generator 

Coax 

LT'," 

25,.F 

c, 

Vee1 = VCC2 = 

+2.0 Vdc 

l rO.1J.1F 

0 

10231 

Q 

lO'" 
VEE = 3.2 Vue 

VEE'" -3.2 Vdc 

V Olll 

rTPOUI 

Setup Is the minimum time before the positive transition of the clock pulse (C) that information 
must be present at the data input (0). 

Hold is the minimum time aiter the positive transition of the ciock pulse (e) that information 
must remain unchanged at the data input (O~ 

270 

PROPAGATION DELAY WAVEFORMS @ 25°C 

R INPUT ---""'\ ... ________ -r::'\ --- +1.11 V 

~ _ I . +0.31 V 

1 
+1,11 V 

50% 

SINPUT ____ ~ 

'5+2+--I '-- -I 
1--': '-'2+ 1 

_ __ 5_°"4-11
11+ 1 

a OUTPUT • .J:: 
'5+3+--1 1- -I ,- '4+3+ 

50% ~--'I-t=~:O%;---
a OUTPUT 

t3_ ---. .-- -----. r-- t3+ 

c _______ 1'-50-"------.'\ -----:~.~:: 
----.1 thold 

o----~~~%-------
~ ... tuPt__ 

Q----~/~----------
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RAMs 

RAMs 
RAMs 
82S12 
82S112 
82S25 
3101A 
74S89 
74S189 
82S21 
82S16 
82S17 
82S116 
82S117 
54174S200 
54174S201 
54174S301 
82S09 
82S10 
82S11 
93415 
93425 

ROMs 

ROMs 
ROMs 
82S226 
82S229 
82S214 
82S215 
82S230 
82S231 
8228 
82S280 
82S281 

PROMs 

PROMs 
PROMs 
82S23 
82S123 
10139 
82S27 
82S126 
82S129 
82S130 
82S131 
82S114 
82S115 
82S136 

Bipolar Memories 
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RAMS 
Random Access Memories 
A complete line of Schottky-clamped TTL, read/write memory ar
rays Is offered. All feature open collector or tri-state output options 
for optimization of word expansion in bussed organizations. Mem
ory expansion Is further enhanced by full on-chip address decoding, 
chip enable function, and PNP input transistors which reduce input 
loading requirements. 
All devices offer high performance read access and write cycle 
times making these devices ideally suited in high speed memory 
applications such as "caches", buffers, scratch pads, writeable 
control store, main store, etc. 

MAXIMUM ALLOWABLE POWER DISSIPATION 
#OF 8JA1 PMAX -mW 

MATERIAL PACKAGE PINS °C/W O+125°C O+75°C 

Plastic B 16 155 - 480 
XA 18 130 384 577 

N 24 100 500 750 
XF 28 100 500 750 

Plastic2 BA 16 85 588 850 
XAS 18 73 685 >1000 
NA 24 75 666 1000 
XFA 28 75 666 1000 

Cerdip F 16 90 556 835 
18 90 556 835 
24 60 830 >1000 

Ceramic I 16 83 600 900 
24 50 1000 >1000 
28 50 1000 >100("1 

NOTES: 
1. On a mounted surface, in still air. 
2. Improved thermal characteristics due to built~in heat spreader. 

ABSOLUTE MAXIMUM GUARANTEED RATINGS 
LIMITS 

PARAMETER 
MIN MAX 

UNIT 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °C 
N82S - Commercial Range a +75 °C 

TSTG Storage Temperature -65 +150 °C 
VIN Input Voltage +5.5 Vdc 

VOUT Output Voltage +5.5 Vdc 
VCC Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above those listed under "Maximum, Guaranteed Ratings" may cause permanent 

damage to the device. This is a stress rating only, and functional operatio~ of the device, of 
these or any other condition above those indicated in the operation section of the device 
specifications is not implied. 

THERMAL RATINGS 
TEMPERATURE 'MILITARY COMMERCIAL 

Maximum junction 175°C 150°C 
Maximum ambient 125cC 75°C 
Allowable thermal rise 
ambient to junction 50°C 75°C 

ACTESTLOADANDWAVE~~~R~M~S~ ____________ -. ____________________________ ~ 

O-----ICE 
GND 

~, 
(INCLUDES JIG & 
SCOPE CAPACITANCE) 

II!I00liel 

ALL INPUT PULSES 
+3.0V----------,---_____ -.., 

+3.0V ,_X 
,,-----It-~~C 

MEASUREMENTS: ALL CIRCUIT DELAYS ARE MEASURED AT THE +1.5V LEVEL OF INPUTS 
AND OUTPUT. 

1 

.... 
1M -.. o 
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1M 
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BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 5825 DEVICES - -55°C S TAS + 125°C. 4:5V S VCC S 5.5 (SEE NOTES PAGE 4) 

N82S DEVICES O°C < TA<+75°C 475V < VCC < 5 25 - - - . - -
INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

PARAMETER8 
VIL(V) VIH(V) VIC1(V) VOL2(V) VOH8(V) IIL(IIA) . 

LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL LOW LEVEL 

IOUT=-2.0 mA 
TEST IIN=-12 mA IOL=18 mA CE1 =CE2=''O'~ 

CONDITIONS VCC=MIN VCC=MAX VCC=MIN VCC=MIN "1" STORED VIN=O.45V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

32-BIT IIN=-18 rnA IOL=9.6 rnA 
82512 N 0.85 2.0 -1.2 .45 N/A -250 

IIN=-18 rnA IOUT=-3.2 rnA 
825112 0.85 2.0 -1.2 N/A 2.6 -250 

84-BIT IIN=-18 rnA IOL=32 rnA 
82521 N 0.85 2.0 -1.2 0.45 N/A -1.6 rnA 

82525 8 0.80 
2.0 -1.5 

0.35 0.5 
N/A 

-10 -150 
N 0.85 0.35 0.45 -10 -100 

IIN=-18 rnA 
3101A 8 0.80 -1.2 0.35 0.5 

N/A 
-10 -150 

N 0.85 2.0 -1.5 0.35 0.45 -10 -100 

74889 8 0.80 
2.0 

-1.5 0.35 0.5 
N/A 

-10 -150 
N 0.85 -1.5 0.35 0.45 -10 -100 

IIN=-18rnA VIWO.5V 
748189 8 0.80 

2.0 
-1.2 0.35 0.5 2.4 -250 

N 0.80 -1.2 0.35 0.45 2.4 -250 

258-BIT 
IOH=-3.2 rnA 

82516 8 0.80 
2.0 -1.5 

0.35 0.5 2.4 -10 -250 
N 0.85 0.35 0.45 2.6 -10 -100 

82517 8 0.80 
2.0 -1.5 

0.35 0.5 
N/A 

-10 -250 
N 0.85 0.35 0.45 -10 -100 

IOH=-3.2rnA 
828116 0.85 2.0 -1.5 0.35 0.45 2.6 -10 -100 

828117 0.85 2.0 -1.5 0.35 0.45 N/A -10 -100 

IIN=-18 rnA IOH=-5.2 rnA 
54/748200 8 0.80 

2.0 -1.2 
0.35 0.50 2.4 -10 -250 

IOH=-10.3 rnA 
N 0.85 0.35 0.45 2.4 -10 -100 

IOH=-5.2rnA 
54/748201 8 0.80 0.35 0.50 2.4 -10 -250 

2.0 -1.2 IOH=-10.3 rnA 
N 0.85 0.35 0.45 2.4 -10 -100 

2 



BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 8828 DEVICE8 - _55· S; TA S; + 125·C, 4.5V S; VCCS;5.5 (8EE NOTE8 PAGE 4) 

N828 DEVICE8 - O·C S; TA S; +75·C, 4.75V S; VCC S; 5.25 

PARA- INPUT CURRENT OUTPUT CURRENT SUPPL V CURRENT CAPACITANCE 

METER' IIH("A) IOLK4("A) IO(OFF)4(IlA)\ IOS(mA)5 
HIGH LEVEL LEAKAGE HI-ZSTATE SHORT CIRCUIT ICC3(mA) INPUT (pF) OUTPUr4(pF) 

VCC~MAX 
TEST _VOUT~5,5V VCC~MAX VOUT~OV VIN=2.0V VCC~5.0V 

CONDITIONS VIN~5.5V CE1 OR CE2~"1" VOUT~5.5V VCC~MAX VCC~MAX VCC=5.0V VOUT~2.0V 

DEVICE MIN TVP MAX MIN TVP MAX MIN TVPMAX MIN TVP MAX MIN TVP MAX MIN TVPMAX MIN TVPMAX 

32-8IT7 
82812 N 25 40 40 N/A 110 160 5 8 

828112 25 N/A N/A N/A N/A N/A N/A 

64-BIT 
82821 25 40 N/A N/A 130 N/A N/A 

VCC=MIN NOTE 7 
82825 8 25 

<1 100 N/A WA 
80 120 

5 8 
N 10 80 105 

3101A 8 25 <1 100 
N/A N/A 

80 105 
5 8 

N 10 <1.0 100 

VOUT~2.4V 
<1 40 NOTE 8 

74889 8 25 <1 100 
N/A N/A 

80 120 
N/A 8 

N 10 <1 100 80 105 

VOUT=2.4V 
748189 8 25 

N/A 
50 -30 -100 75 110 5 8 

VOUT~·4V 
N 25 -50 -30 -100 75 110 5 8 

256-8IT 

82816 8 1 50 80 120 
N 1 25 N/A 1 40 80 115 

VOUT=0.45V 
-1 -50 

-20 -70 5 8 -1 -40 

82817 8 80 120 
N 1 25 1 40 N/A N/A 80 115 5 8 

828116 N 1 25 N/A 1 40 
VOUT~ 0.45V -20 -70 80 115 5 8 

-1 -40 

828117 N 1 25 1 40 N/A N/A 80 115 5 8 
VIH=2.7V 

54/748200 8 
1 25 N/A 

1 50 
-30 -100 80 130 5 8 

N 1 40 
TA~+125·C 99 

N 1 25 N/A VIH=2V -30 -100 80 130 5 8 
VOUT~0.4V 

8 -1 -50 
N -1 -40 

VIW2.7V 
54/748201 8 

1 25 N/A 
1 50 

-30 -100 80 130 5 8 
N 1 40 

TA~+125·C 99 

N 1 25 N/A VIW2V -30 -100 80 130 5 
8 

VOUT=O.4V 
8 -1 -50 
N -1 -40 

_!!lID'. 3 
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BIPOLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS S82S DEVICES - -55°C ~ T A ~ +125°C. 4.5V ~ VCC ~ 5.5 

N82S DEVICES - O°C < TA<+75°C. 4.75V <VCC < 5 25 - - - -
INPUT VOLTAGE OUTPUT VOLTAGE INPUT CURRENT 

PARAMETER' 
VIL(V) VIH(V) VIC1(V) VOL2(V), VOH'<V) IIL("A) 

LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW. LEVEL HIGH LEVEL LOW LEVEL 

1000=-a.o mA 
TEST IIN=-12mA IOL=16mA CE1 =CE2= ''0'' 

CONDITIONS VCC=MIN VCC=MAX VCC=MIN VCC=MIN "1" STORED VIN=O.45V 

DEVICE MIN TVP MAX MIN TVP MAX MIN 1)'P MAX' MIN TYP MAX MIN TVP MAX MIN TVP MAX 

54174S301 S 0.80 
2.0 -1.2 

0.35 0.50 N/A 
-10 -250 

N 0.85 0.35 0.45 -10 -100 

576-81T 
IOL=6.4mA 

82S09 S 0.80 2.2 -1.0 -1.5 0.35 0.50 
N/A 

-10 -150 
N 0.85 2.0 0.35 0.5 -10 -100 

1024-81T9 
82S10 S 0.80 

2.1 -1.0 -1.5 
0.35 0.50 

N/A 
-10 -150 

N 0.85 0.35 0.45 -10 -100 

82S11 S 0.80 
2.1 -1.0 -1.5 

0.35 0.50 
2.4 

-10 -150 
N 0.a5 0.35 0.45 -10 -100 

93415A N 0.85 2.1 -1.0 -1.5 0.35 0.45 -10 -100 

93425A N 0.85 2.1 -1.0 -1.5 0.35 0.45 2.4 -10 c100 

NOTES: 
1. Test each input one at the ti(ne. 

2. MeasLWed wilh the logic '"0" Slored. Oulpul sink currenl is supplied Ihrough a resistor 10 Vee. 

3. Icc is measured with the write enable and chip enable inputs grounded; all other inputs at 4.5V~ and the outputs open. 
4. MeasLWed with VIH applied 10 CE. 

5. Duration of the short circuit should not exceed one second. 

6. Measured wilh GetS) • OV 1 and oUlpul(s) al logic "1". 

7. 10"C S TA S 75°C 

8. AU vohage values are with respect to ground terminal. 

9. The Operating Ambient Temperature Ranges are guaranteed with tran~verse air flow exceeding 400 linear teet per minute and a two minute warm-up. Typical thermal resistance values of the 

.4 

package at maximum temperature are: 
"JA Junction to Ambienl al 400 fpm air flow - SOoC/Watl 
fIIJA Junction to Ambient - still air - 9O"C/Watt 
"JA Junction to Case - 20°C/Watl 

IRDDliCl 



BIPOPLAR RAMS PRODUCT INFORMATION 
ELECTRICAL CHARACTERISTICS 582S DEVICES - -55°:S TA:S +125°C. 4.5V:S VCC:S5.5 

N82S DEVICES - O°C:S TA < +75°C. 4.75V < VCC < 5.25 - - -
PARA- INPUT CURRENT OUTPUT CURRENT SUPPLY CURRENT 

METERS IIH(I'A) IOLK4("A) IO(OFF)4("A) IOS(mA)5 
HIGH LEVEL LEAKAGE HI-ZSTATE SHORT CIRCUIT ICC3(mA) 

VCC=MAX 
TEST _VOUT=5.5V VCC = MAX VOUT=OV 

CONDITIONS VIN=5.5V CE1 OR CE2="1" VOUT=5.5V VCC=MAX VCC=MAX 

DEVICE MIN TYP MAX MIN TYPMAX MIN TYPMAX MIN TYP MAX MIN TYP MAX 

VIH=2.7V 
54174S301 S 

1 25 
1 50 

N/A N/A 80 130 
N 1 40 

TA=+125°C 99 

N 1 25 VCC=MIN. N/A N/A 80 130 
VOUT=2.4V 

S 1 50 
N 1 40 

578-BIT 

82S09 S 1 40 1 60 
N/A N/A 

150 200 
N 1 25 1 40 150 190 

1024-BIT9 
82510 S 1 40 1 60 

N/A N/A N 1 25 1 40 

82511 S 1 40 
N/A 

1 100 
-20 -100 

N 1 25 1 60 
VOUT=0.45V 

-1 -100 
-1 -60 

93415A N 1 25 1 40 N/A N/A 120 155 
TA ~ 25°C 

95 130 
TA:S O°C 

170 

93425A N 1 25 N/A 1 60 -20 -100 120 155 
VOUT=0.45V TA ~ 25°C 

-1 -60 95 130 
TA:SO°C 

170 

GmooneG 

CAPACITANCE 

INPUT(pF) OUTPUT4(pF) 

VIN=2.0V VCC=5.0V 
VCC=5.0V VOUT=2.0V 

MIN TYPMAX MIN TYPMAX 

5 8 

5 8 

5 8 

4 7 

4 7 

4 7 

4 7 

5 
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AC. TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

TYPICAL 

RAM 

DO, 

DO. 
I 
I 
I 
I 
I 

DO" 

MEMORY TIMING DEFINITIONS 
T CE Delay between beginning of CHIP ENABLE low (with ADDRESS 

valid) and when DATA OUTPUT becomes valid. 
T SE Delay between beginning of OUTPUT SELECT low (with AD- TWR 

DRESS valid) and when DATA OUTPUT becomes valid. 
T CD Delay between when CHIP ENABLE becomes high and DATA 

OUTPUT is in off state. T CDS 
T SD Delay between when OUTPUT SELECT becomes high and 

DATA OUTPUT is in off state (Hi-Z or "1"). TCDH 
T AA Delay between beginning of valid ADDRESS (with CHIP ENA-

BLE low) and when DATA OUTPUT becomes valid. TSL 
T WSC Required delay between beginning of valid CHIP ENABLE and 

beginning of WRITE ENABLE pulse. TSW 
TWHC 

TWSA 

Requirea delay between end of WRITE ENABLE pulse and end 
of CHIP ENABLE. T ADH 
Required delay between beginning of valid ADDRESS and be-
ginning of WRITE ENABLE pulse. TDL 

T WHA Required delay between end of WRITE ENABLE pulse and erid 
of valid ADDRESS. TLRW 

TWSD Required delay between beginning of valid DATA INPUT and 
end of WRITE ENABLE pulse. 

TWHD 

TWp 
TWD 

6 

Required delay between end of WRITE ENABLE pulse and end 
of valid INPUT DATA. TWSL 
Width of WRITE ENABLE pulse. 
TRANSPARENT OUTPUT 
Delay between beginning of WRITE ENABLE pulse and when 
DATA OUTPUT reflects the contents of the DATA INPUT. 
NON-TRANSPARENT OUTPUT 

IIJDllliBl 

Delay between beginning of WRITE ENABLE pulse and when 
DATA OUTPUT is in off state (Hi-Z or "1"). 
Delay between end of WRITE ENABLE pulse and when DATA 
OUTPUT becomes valid. (Assuming ADDRESS still valid - not 
as shown.) 
Minimum delay between leading edge of CHIP ENABLE and 
trailing edge of STROBE. for latching valid output data. 
Required delay between trailin!il edge of STROBE and end of 
CHIP ENABLE. for latching valid output data. 
Minimum delay between ADDRESS valid time and trailing edge 
of STROBE, for latching valid output data. 
Minimum width of STROBE pulse required to update contents of 
output data latches. 
Required delay between trailing edge of STROBE and end of 
valid ADDRESS. 
Delay between leading edge of STROBE and when output data 
latches are released. 
Minimum delay required between trailing edge of STROBE and 
leading edges of WRITE ENABLE or WRITE SELECT for latch
ing old output data (being read) while new data is being written 
(at the same address). 
Minimum delay between leading edge of WRITE ENABLE or 
WRITE SELECT and trailing edge of STROBE for latching data 
being written in output data latches. 



DESCRIPTION 
The 825 121112 is a 5chottky TTL 32-bil multiport memory organized as 8 words of 4 bits each. 

Data Is stored in a single storage matrix which is addressed via two independent sets of 
address Inputs, designated respectively as Port A and Port B. 

Data can be read from memory via either Port A or B, through their respective output sets. 
However, Input data (latched on the leading edge of write enable in the input data latches) 
Is written only In memory locations specified by the address on Port A, regardless of Port 
B. 

When both Port addresses are equal, data from the same location can be read in either or 
both Port output sets by means of output select lines 5A and 5B; also, during Write, new 
data stored in memory Is immediately transferred on both Port output sets. 

When both Port addresses are different, two different locations can be simultaneously read 
from memory; also it is possible to simultaneously read through Port B while writing new 
Input data through Port A by utilizing the "AN" address to specify the location of the word 
to be written, and the "BN" address to specify the word to be read. 

Both devices are Ideally suited for high speed accumulator and buffer memories, and can 
be readily expanded to form larger arrays by means of their output select and write enable 
lines. 

BLOCK DIAGRAM 

WE 
WE 

ADDRESS 
(READ/WRITE) 

141 

SA 17) 

/' 

(READIWRITE) /' 

/' 
/' 

/' 
/' 

/' 
./ 

[ 8WORDX4BIT ] 
STORAG,.E MATRIX 

/' 
/' 

/' 
/' 

/' 
/' 

/' 
/' 

//' IREADDNLY) 

PORT 
IBI 

ADDRESS 
(READ ONLY) 

(20) 

82512 - N ·825112 - N 

PIN CONFIGURATION 
N PACKAGE 

7 
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TRUTH TABLE 

MODE 

Disabled 

Read 

Write 

x = Don't care 
II ~ Contents 01 

WE 

0 

or 

X 

1 

WE IN 

X 

X 

1 

0 110 

PORT 
SA Sa ADDRESS 

1 1 X 

0 1 

1 0 A=B 

0 0 

0 1 
1 0 A~B 

0 0 

1 1 
0 1 A=B 
1 0 
0 0 

1 1 
0 1 A~B 

1 0 
0 0 

82S12 828112 

(ON)A (ON)a (ON)A (ON)a 

1 1 Hi-Z Hi-Z 

Stored Stored 
Hi-Z Data 1 Data 

Stored Stored 
1 Data HI-Z Data 

Stored Stored Stored Stored 
Data Data Data Data 

[ANI 1 [ANI HI-Z 
1 [BNI Hi-Z [6NI 

[ANI [BNI [ANI [BNI 

1 1 Hi-Z Hi-Z 
IN 1 In Hi-Z 
1 IN Hi-Z IN 

IN IN IN IN 

1 1 Hi-Z Hi-Z 
IN 1 IN Hi-Z 
1 [BNI Hi-Z [BNI 
IN [BNI IN [BNI 

AC EL ECTRICAL CHARACTERISTICS O°C.;;TA .;;75°C· -475 V ,;;VCC .;;525 V , 

PARAMETER TEST CONDITIONS 

-, 
~'.)'iv"r Consumption Outputs Enabled 
'III/rite Pulse Width T1 TA = 25°C Only 

T1 10°C .;;TA .;;75°C 
" ",Idress Set Up Time T2 
i~, Jdress Hold Time T3 
\ ata Input Hold Time H 
(rite Access Time T5 

Data Input Set Up Time T6 
Output Enable Time T7 
Output Disable Time T8 
Address Access Time T9 

8 

82S12-N·82S112-N 

LIMITS 
UNITS 

MIN TYP MAX 

110/550 160/840 mAlmW 
15 30 ns 

45 ns 
10 ns 

0 ns 
15 ns 
30 ns 

5 ns 
10 30 ns 
10 30 ns 
20 40 ns 



AC WAVEFORMS 

PORT ADDRESS: AN ~ BN 

PORT ADDRESS: AN ~ BN 

AN~BN ==>(.5V 1.SV>C ~:V 
__ , , ________ +3V 

IN 15V "0" 1,SV __ +--JI~ ____ ~I~ ____ +-_ 
.... TWSO·./-+- TWHD--I 

w.--r-----~,I~----~ PDRTADORESS: AN?-IIN 

4-----TwSA------.........--rwp-_______ I ..... rwHA.._ 
AN ~_.'V ________________ _ 

rx --------+-...- - - - - - - - - - - - - +JV 

k.,.5V 
(ON1X --------+-r---,- - _ ~::1':.... - - - VOH 

. J '-_-"N'-';.;"O'-" ___ Va' 

~:-=:1 

WRITE CYCLE (PORT A ONLY) 

PORT ADDRESS: AN #- BN 

'N 

'" --+---'-=, 

9"'-----....!!c:....:"- v 0' 

--+---r-"""'~..:- - - - - - - - - - ::.!:' - - - VOH 

[BN) 

'f'~-------"--- va' 

SIMULTANEOUS READ-WRITE CYCLE 
(PORT A - WRITE: PORT B - READ) 

smlnnes 

READ CYCLE 

VOH 

VOH 

9 
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BLOCK DIAGRAM 

(11 
Ag 

(161 
A1 

(141 
A2 

(131 
A3 

(21 
CE 

Vee ~ (161 
GNO' (81 

a: 
w 
u. 
u. 
:> ., 
III w 
a: 
c 
c « 

( I '" Denotes Pin Numbers 

16x4MEMORY 
CELL ARRAY 

N82S25-B,F' S82S25-F' N3101A-B,F' S3101A-F 

PIN CONFIGURATION 
B,FPACKAGE 

GNP 

TRUTH TABLE 

MODE CE WE In Dn 

Read 0 1 X Stored DATA 

Write "0" 0 0 0 1 
Write "1" 0 0 1 1 

Disabled 1 X X 1 

x = Don't care. 

AC ELECTRICAL CHARACTERISTICS S82S25!S3101A -WC ,,;;TA ,,;;+125°C, 4.5V ,,;;VCC ,,;;5.5V 
N82S25!N31 01 A O°C,,;;T A ,,;;+ 75°C 4.75V ,,;;VCC ,,;;5.25V 

PARAMETER 

Propagation Delays 

TAA1 
TAA2 Address Access Time 

TCE Chip Enable Access Time 

TCD Chip Enable Output 
Disable Time 

TWD Write Enable to Output 
Disable Time 

TWR Write Recovery Time 

Write Set-up Times 

TWSA Address to Write Enable 

TWSD Data In to Write Enable 

TWSC CE to Write Enable 

Write Hold Times 

TWHA 
TWHD 
TWHC 
TWp 

NOTES. 
1-3101A Only 
2- 82S25 Only 

10 

Address to Write Enable 
Data In to Write Enable 
CE to Write Enable 
Write Enable Pulse Width 
(Note 7) 

TEST CONDITIONS 
S82S251S3101 A 

MIN Typ8 MAX 

25 50 
35 60 
20 35 
20 35 

20 30 

35 60 

R1 = 270n 
R2 = 600n 
CL = 30pF 10 -8 

25 5 
0 -5 

5 0 
5 -3 
5 0 

30 18 

Imn011ll1 

N82S251N3101A 
UNIT 

MIN TyplI MAX 

30 35 
35 50 ns 
20 35 ns 
20 35 ns 

20 25 ns 

35 50 ns 

5 -8 ns 
20 5 ns 

0 -5 ns 

5 0 ns 
5 -3 ns 
5 0 ns 

30 18 ns 



II} 
Ao 

113} 
A3 

12} 
CE 

Vcc = (IS) 
GND = 18} 
( ) "" Denotes Pin Numbers 

16x4MEMORV 
CELLARRAV 

74S89-B,F . 54S89-F 

PIN CONFIGURATION 

B,FPACKAGE 

TRUTH TABLE 
MODE CE WE In On 

Read 0 1 X Stored DATA 
Write "0" 0 0 0 1 
Write "1" 0 0 1 0 
Disable 1 X X 1 

AC ELECTRICAL CHARACTERISTICS S74S89 -55°C .;;TA .;;+125°C, 4.5V .;;VCC .;;5.5V 
N74S89 O°C .;;TA .;;+ 75°C 475°C 4 75V .;;VCC .;;525V 

PARAMETER TEST CONDmONS 
554S189 N74S189 

MIN TVPS MAX MIN TVPS MAX 
UNIT 

Propagation Delays 

TAA Address Access Time 35 60 35 50 ns 
TCE Chip Enable Access Time 20 35 20 35 ns 
TCD Chip Enable Output 20 35 20 35 ns 

Disable Time 

TWR Write Recovery Time 35 60 35 50 ns 

Write Set-up Times R1 = 270.0. 

TWSA Address to Write Enable R2 = 600.0. 10 -8 0 -8 ns 

TWSD Data In to Write Enable CL = 30pF 25 5 25 5 ns 

TWSC CE to Write Enable 0 -5 0 -5 ns 

Write Hold Times 

TWHA Address to Write Enable 10 0 5 0 ns 

TWHD Data In to Write Enable 10 -3 5 -3 ns 
TWHC CE to Write Enable 5 0 5 0 ns 

TWp Write Enable Pulse Width 30 18 30 18 ns 
(Note 7) 

S!!InOhDS 11 
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/' 

74S189-B,F . 54S89-F 

BLOCK DIAGRAM PIN CONFIGURATION 

Vee· (16) 
GNO- (8) 
( 1= Denotes Pin Numbers 

BIT1 81T2 BIT3 81T4 

D41 
I 

DATA IN AND OUT 

TRUTH TABLE 
MODE CE 

Read 0 

Write "0" 0 
Write "1" 0 

Disabled 1 

x '" Don't care. 

AC ELECTRICAL CHARACTERISTICS 54S189 -55°C .;;TA .;;+125°C, 4.5V .;;VCC .;;5.5V 
S C C4VV N74 1890° .;;TA .;;+75° , .75 .;; ICC .;;5.25V 

S54S189 
PARAMETER TEST CONDITIONS 

Typ1 MIN MAX 

Propagation Delays 

TAA Address Access Time RL = 3000 25 50 

TCE Chip Enable Access Time CL = 30pF 12 25 

TCD Chip Enable Output 12 25 
Disable Time RL = 3000 

TWO Write Enable to Output CL = 5pF 12 
Disable Time 

TWR Write Recovery Time 22 40 

Write Set-up Times 

TWSA Address to Write Enable 0 
TWSD Data In to Write Enable 25 

CE to Write Enable TWSC 0 
RL = 3000 Write Hold Times 

TWHA Address to Write Enable 
CL = 30pF 

7 

TWHD Data In to Write Enable 5 
TWHC CE to Write Enable 0 

Twp Write Enable Pulse Width 25 
(Note 2) 

NOTES: 
1. Typical values are at Vee = +S,QV, and TA = 2s'e. 
2. Minimum required to guarantee a WRITE into the slowest bit. 

12 ImO• IIIII 

a, F PACKAGE 

WE In Dn 

1 X Stored DATA 

0 0 HI-Z 
0 1 HI-Z 

X X HI-Z 

N74S189 

MIN TYP 1 
UNIT 

MAX 

25 35 ns 
12 17 ns 
12 17 ns 

12 ns 

22 35 ns 

0 
25 ns 

0 ns 
ns 

0 ns 
0 ns 
0 ns 

25 ns 



AC WAVEFORMS 
ACCESS TIME FROM ADDRESS 

ADDRESS 

INPUTS =¥------"'"" 3V 

(SEE NOTE B) ___ .J ~::A~ t~~~------- OV 

On _______ VOH 

(51 ANDS2ClOSED)I.5V __ ~.:~ __ VOL 

CE 
(SEE NOTE C) 

On. WAVEFORM 1 

CHIP ENABLE AND DISABLE TIME 

~1.-5V-------3V 

'---------J---------------·OV 

(51 CLOSED, 52 OPEN, ----f--..... .... TCD 
~4.5V 

...-TCD 

-.. L- v '-----t---J;-------- OL 
L O.5V 

,-------+---~,---J--v 
--L~5VOH 

SEE NOTE A) 

On' WAVEFORM 2 
(51 OPEN, 52 CLOSED, ______ .J ov 

SEE NOTE A) 

READ CYCLE 

NOTES: 

74S189-B,F . 54S89-F 

WE----" 

On. WAVEFORM 1 

(51 CLOSED, 52 OPEN, ------t---,~ 
SEE NOTE A) 

On. WAVEFORM 2 

(51 OPEN, 52 CLOSED, ---------::;, 
SEE NOTE A) 

WAITE CYCLE 

A. Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the output with internal conditions such that the output is high ex-
cepl when disabled. 

B. When measuring delay times from address inputs, the chip enable inputs are low and the write enable input is high. 
C. When meesurlng del.y times from chip en.ble Inputs, the .ddress inputs .re ste.dy .... t •• nd the write en.ble Input Is high. 
O. Input waveforms are supplied by pulse generators having the following characteristics: 'r :S 2.5ns, If:S 2.5n5, PRR :S 1 MHz. and lout R:I 50ll. 
E. tpLH propagation delay time, low-to-high-Ievel output, tpHl propagation delay time, high-to-Iow-Ievel output. 
F. tZH propagation delay time, hi-Z to high-level output, tZl propagation delay time, hi-Z to low-level output. 
G. tHZ propagation delay time, high-level to hi-Z output, tlZ propagation delay time, low-level to hi-Z output. 
H. Minimum required to guarantee a WRITE into the slowest bit. 

~C TEST LOAD 

CL INCLUDES PROBE AND JIG CAPACITANCE. 
ALL DIODES ARE 1 N3064. 
ALL RESISTORS VALUES ARE TYPICAL ANO IN OHMS. 
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N82S21-B,F· S82S21-F 

DESCRIPTION PIN CONFIGURATION 
The 82S21 is a TTL 64-bitWrite-While-Read Random Access Memory organized as 32 words of 2 
bits each. The 82S21 is ideally suited for high speed buffers and as the memory element in high B,F PACKAGE 
speed accumulators. 

WordS' are selected through a 5-inpul decoder when the CHIP enable input CE is at logic" 1 ". WS 0 
and WSl are the write select inputs for bit 0 and bit 1 of the word selected. TOE is the write enable 
input. When WSN and WE are both at logiC "0" data on the 010 and 011 data lines are written into 
the addressed word. The read function is enabled when either WSn or WE is at logic "1". 

An internal latch is on the chip to. provide the Write-While-Read capability. When the latch control 
line, Strobe, is logic "1" and data is being read from the 82S21 , the latch is effectively bypassed. 
The data at the output will be that of the addressed word. When Strobe goes from a logic "1" to 
logic "0" the outputs are latched and will remain latched regardless of the state of any other 
address or control line. When Strobe goes from "0" to "1" the outputs unlatch and the outputs will 
be that of the present ,address word. 

TRUTH TABLE 
CE WE WSO WS1 STROBE MODE OUTPUTS 

X X X X 0 Output Hold Data from last addresSed word when CE = "1" 
0 X X X 0 Disabled Logic "1" 
1 1 X X 10d Read (transparent/latched) Data stored In addressed word 
1 0 1 1 1 or ~ Read (transparent/latched) Data stored In addressed word 
1 0 0 0 0 Write Data Data from last word addreSs when Strobe went from 

u1" to "0" 
1 0 0 0 1 Write Data Data being written into memory 
1 0 0 1 X Write Data into Bit 0 Only If Strobe = 0: Data from last word address when 

Strobe went from" 1" to "0" 
1 0 1 0 X Write Data Into Bit 1 Only If Strobe = 1: Data being written into the selected 

bit, or stored in the addressed location. 

LOGIC DIAGRAM 
O,,;;TA ,,;;75°C, 4.75 

AC ELECTRICAL CHARACTERISTICS ,,;;VCC ,,;;5.25V 

14 

(131 Ao y;:: 
1121 A, y;:: 
(111A2 y;:: 
ftO)A3 y;:: 
14)A4 y;:: 

(6) STROBE------------1~--..... -I-_-___, 

Vee" (161 
GNO- (8) 
I I" 0In0UlS Pin Numbers 

PARAMETER 

Read Access Time Address 
to Output tl 

Address Set-Up Time t2 
Data Set-Up Time t3 
Address Hold Time t4 
Control or Write Pulse Width t5 
Write Access Time t6 
Address to Latch Set-Up Time 17 
Latch Address to Address 

Hold Time t8 

Delatch Access Time t9 
Data Hold Time tl0 

LIMITS 

MIN TYP MAX 
UNITS 

25 50 ns 
8 15 ns 

15 20 ns 
0 ns 

15 20 ns 
20 25 ns 
25 50 ns 

7 10 ns 

15 25 ns 
0 5 ns 



AC WAVEFORMS 

I -
STROBE.j-- ----------------------f1V 

~'.5V '3' 

ADD __ JI'~ ___ ;:::::::::::::~~::::~~'~ -'3V ~.6V 1.6V 

CE--+----J[ I ov 
t.....-TCE-----.: "'" '-+rco+-I 

--+----+---'""'\I,---'-----':7--VOH 
1.SV !,.5V 

i--_J : ,--' .. ~'-' __ --1'_._ - -VOL 

-+---TAA----"I 

TRANSPARENT READ (OUTPUT LATCHES NOT USED) 

~-------------'""'\ ,----->3V 
1.5V 

ADD '--------------' '-----0. 

1.5V 

CE---+....II 
I_Tcos---. 

STROBE----+---'[· 
1.5VI 

'-___ --.JJ- -1_ -_OV 

'II ...... 1 TOLl ..... 

---~i--_+~~------~,, __ ----.. ~, .. ----~'~--VOH 
1.5V 1.5V 

DON--~i--_+ .............. --.JI '-____ · .. ·O~ .. ---...J.---VOL 

'~""--"-_T AA,----I ... : 

LATCHED READ (OUTPUT LATCHES USED) 

------------------~'3V I 
STROBE- J. ---------------------f1V 

,--------------~.,,_---.3V 
,.sv 

CE "'!:"------,ov 

;--==-~--r--.+3V 
,.5V I 1 

;;SN.W. I +-T---I- --ov i__ t--TwsD __ I~1 I . 
___ -+ __ l.~'j .. ,... ~,.--1'---+3V 

I UV 1.5V 

DIN I \.---~---" I ov 
000--- ~TWD_I I 

TRANSPARENT WRITE (OUTPUT LATCHES NOT USED) 

LATCHED WRITE (OUTPUT LATCHES USED) 

Ao-'~'.5V 1.SV 

+3V 

ADOR--l '--;==========:;~I'-----------:V 
1.5V \UV 

cE,---+....I1 ii' -f----'DV 
Twsc~I"--Twp---+-I~ITWHC 

---1---"\1 1,---.,;--+----:3V 
l.5V 1.SV 

..-TWSA----..J +-____ -----ov 
I .... TlRW..-j I-+-TWHA--' 

STROEE~·:-----------l-----------= 
I I~TWSO _____ I~ITWHD 

----l----iuv ~~~.'. ?fSV-----·3V 
DIN i '--------./ OV 

I VOH 

........ 

DON 
~AN.,0UTPUTVALID VOL 

READ WHILE WRITE 
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N82S16·117·116·117-B,F·S82S16·17·116·117-F 

BLOCK DIAGRAM 

TRUTH TABLE 

eEl 

ffi 
CE3 

MODE -
WE 

DOUT 
CE* DIN 82S161116 

READ 0 1 X STORED 
DATA 

WRITE "0" 0 0 0 1 
WRITE "1' 0 0 1 0 

DISABLED 1 X X High-Z 

·"0" = All CE inputs low; "1" = one or more CE Inputs high. 
X ~ Don't care. 

82S17/117 

STORED 
i5ATA 

1 
0 
1 

AC ELECTRICAL CHARACTERISTICS O°C .;;TA ,;::+75°C, 4.75V .;;VCC .;;5.25V 

PARAMETER TEST CONDITiONs 

Propagation Delays 

TAA Address Access Time 

TCE Chip Enable Access Time R1 = 270n 
TCD Chip Enable Output Disable Time R2 = 600n 
TwO Write Enable to Output Disable Time CL = 30pF 

Write Set-up Times 

TWSA Address to Write Enable 

TWSD Data In to Write Enable 

TwSC CE to Write. Enable 

Write Hold Times 

TWHA Address to Write Enable 

TWHD Data In to Write Enable 
TWHC CE to Write Enable 

TWp Write Enable Pulse Width 

16 

PIN CONFIGURATION 

B,FPACKAGE 

LIMITS 
~NIT 

MIN TVP1 MAX 

30 40 ns 
15 25 ns 
15 25 ns 
30 40 ns 

0 -5 ns 
25 15 ns 

0 -5 ns 

0 -5 ns 
0 -5 ns 
0 -5 ns 

25 15 ns 



548200·201· 301-F· 748200·201 ·301-B,F 

BLOCK DIAG:..:RA:..:M~ ___________ --, PIN CONFIGURATION 

A. A, ., 
A, 

A, 
A, 
A. A, 

TRUTH TABLE 

MODE CEO 

READ 0 

WRITE "0" 0 
WRITE "1" 0 
DISABLED 1 

WE DIN 

1 X 

0 0 
0 1 
X X 

DOUT 

eEl 
ill 
rn 

541748301 5417482001201 
STORED STORED 

DATA DATA 
1 High-Z 
1 High-Z 
1 High-Z 

B,F PACKAGE 

NOTES: 
1. All typical values are Vee ~ 5V, TA ~ 25°e. 
2. When measuring delay times from address inputs, the chip enable inputs are low and the write 

enable input is high. 
3. When measuring delay times from chip enable inputs. the address inputs are steady-state and 

the write enable input is high. 
4. Input waveforms are supplied by pulse generators having the following characteristics: tr .... 

2.5ns, tf '" 2.5ns, PRR '" 1 MHz, and Zout = 500. 
5. tpLH propagation delay time, low-to-high-to-Iow-Ievel output. 
6. tZH propagation delay time, Hi-Z to high-level output, tZL propagation delay time, Hi-Z to 

low-level output. 
7. tHZ propagation delay time, high-level to Hi-Z output, tLZ propagation delay time, low-level to 

Hi-Z output. 

.. " " ~ 0 = All CE mputs low; 1;; = One or more CE Inputs high . 
S. Minimum required to guarantee a WRITE into the slowest bit. 

X = Don't care. 

AC ELECTRICAL CHARACTERISTICS S54S200/201/301 -55°C .. TA" +125°C, 4,5V .. VCC .. 5,5V 
N74S2001201/301 O°C ""TA "'" + 70°C 4 75V "'VCC "'525V ~ ~ , ~ ~ . 

85482001201 N7482001201 S548301 N748301 
PARAMETER TE8T CONDITIONS 

trvp trvp TVp1 TYP~ 
UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

IpLH Access Time From 40 70 4{f 50 40 70 40 50 ns 

IpHL Address 2, 4, 5 RL = 270n RL = 270n 40 706 40 506 40 70 40 50 ns 

lZH Enable Time From CL = 15pF CL = 15pF 45 35 45 35 ns 

IZL Chip Enable 3, 4, 5 45 35 

1HZ Disable Time From 30 6 206 30 20 ns 

ILZ Chip Enable 3, 4, 5 RL = 270n RL = 270n 30 20 

1HZ Disable Time From C L = 5pF CL = 5pF 40 30 40 30 ns 

ILZ Write Enable 406 306 
IZH Sense-Recovery Time 4 50 40 50 40 ns 

IZL Width of Wrile Enable 50 40 50 40 
tw Pulse 8 50 40 ns 

Setup Time: 4 
Address-to-Write 0 0 0 0 ns 

Enable 

tsetup Data-to-Write Enable R'L = 270n RL = 270n 50 40 50 40 ns 

Chip Enable-to- CL = 15pF CL = 15pF 0 0 0 0 ns 

Write Enable 
Hold Time: 
Address-From-Write 10 10 10 10 ns 

Enable 

thold Data-From-Write 10 10 10 10 ns 

Enable 
Chip Enable-From- 0 0 0 0 ns , 
Write Enable 

SmOOllDS 17 

-W -• o 
E w 
E 



54S200/201/301-F • 74S200/201/301-B,F 

SWITCHING PARAMETER MEASUREMENT INFORMATI;...:O:..:.N=--_________ ~ ___ ....___, 
,ACCESS TIME FROM ADDRESS 

CHIP ENABLE AND DISABLE TIME 

CHIP ENABLE 
INPUTS 

(See NOM C) 

.,. _____ 3V 

WAVEFORM 1 
(Sl CLOSED, S2 OPEN.---+-=:.:.... 

See Note A) 

WAVEFORM 2 
{Sl OPEN.~~~E~ _____ ..J ov 

READ CYCLE 

AC TEST LOAD 

. , 
RL 

'Kn 

q. 
CL INCLUDES PROBE AND JIG CAPACITANCE. 
ALL DIODE$ ARE lN3064. 

ALL RESISTOR VALVES ARE TYPICAL. 

ADDRESS 

INPUTS. _.J~:::=::t.:=::;=;::=:t--""!~ 
DATA 

'0011111._-, " __ -4-_____ -1-__ 00/ 

CHIP ENABLE 
'NPUTS 

WRITE E.r::~ _____ • I 

ts.°~~-----+---/' 

151 CL~~~:;~:N~-----+--'=r.".. 
s..NoteA) -1 !ttz L tHZ 

WAVEFORM 2 t i-
tS1 OPEN, S2CL.OSED. _____ ....:... __ ",;,_ !If.": VOH 

SaaNou!A) -:lv"''" _______ 7!"..~5~ov 
WRITE CYCLE 

NOTES: 
A. Waveform 1 Is for the output with Internal conditions such that the output is low excepl 

when disabled. Waveform 2 Is for the output with internal conditions such that lhe output 
is high except when disabled. 

B. When measuring delay limes from address inputs, the chip enable inputs are low and the 
write eneble Input Is high . 

C. When. measuring delay times from chip enable inpuls, the address inputs are steady-51ate 
and the write enable Input Is high. . 

O. Input waveforms ere supplied by pulse generators having the following characterlstics:lr :S 
2.5ns, tf :S 2.5n8, PRR :S MHz, and lout ~ 5011. 

E. tpLH propagation delay time, low-to-high-level output, tpHL propagation delay time, high
to-Iow~evel output. 

F. tZH propagation delay time, hi-Z to high-level oulput, lZL propagation delay time, hi-Z to 
low-level output. 

G. tHZ propagation delay time, high-level 10 hl·Z outpul, tLZ propagation delay lime, low-level 
to hi-Z oulput. 

H. Minimum required 10 guaranlee a WRITE into lhe slowest bit. 
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DESCRIPTION 
The 82509 Is a 576-Blt, Schottky clamped TTL, 'random access memory, organized as 
64X9. This organization allows byte manipulation of data, including parity. Where parity is 
not monitored, the ninth bit can be used as a flag or status indicator for each word stored. 
With a typical access time of 30ns, it is ideal for scratch-pad, push-down stacks, buffer 
memories, and "ther internal memory applications in which cost and performance require
ments dictate a wide data path in favor of word depth. 

The 82509 Is fully TTL compatible, and features open collector outputs, chip enable input, 
and a very low current PNP input structure to enhance memory expansion. 

During WRITE operation, the logic state of the device output follows the complement of the 
data input being written. This feature allows faster execution of WRITE-READ cycles, en
hancing the performance of systems utilizing indirect addressing modes, and/or requiring 
immediate verification following a WRITE cycle. 

BLOCK DIAGRAM 

'0 ~~------, 

" 
,A, 

'3 
" 

As 

'0 
" 
" '3 
" '. '. 
" 
" 

{~ 

ADDRESS 
BUFFER 

(41 
(5) 

(6) 

('I 
IB) 

(9) 

e101 
(11} 

(12) 

1:32 
DECODER 

INPUT 
BUFFER 

32X 18 
MATRIX 

--------
9:18MUX 

--------
WRITEAMPl. 

Vee =(28) 
GND"'{14j 
( )= DENOTES PIN NUMBER 

124) 

1231 
122) 

(211 

120) 

m-

PIN CONFIGURATION 
I PACKAGE 

TRUTH TABLE 

MODE CE WE IN 

READ 0 1 X 

WRITE "0" 0 0 0 
WRITE "1" 0 0 1 

DISABLED 1 X X 

x = Don't care. 

AC ELECTRICAL CHARACTERISTICS3 582509 -55°C ,,;;TA";; +125°C, 4.5V ,,;;VCC ";;5.5 
N82509 O°C ,,;;T A ,,;; + 75°C, 4.75V ,,;;VCC ,,;;5.25 

S82S09 N82S09 
PARAMETER TEST CONDITIONS 

N82S09-1 

ON 

Complement 
of Data Stored 

1 
0 

1 

UNIT 
MIN TYP1 MAX MIN TYP1 MAX 

Propagation Delays 

TAA Address Access Time 
TCE Chip Enable Access Time 
TCD Chip Enable Output Disable Time 
TWO Write Enabie to Output Valid Time 

Write Set-up Times 

TWSA Address to Write Enabie 

TW5D Data In to Write Enable 

TW5C CE to Write Enable 

Write Hold Times 
TWHA Address to Write Enable 
TWHD Data In to Write Enable 
TWHC CE to Write Enable 
TWp Write Enable Puise Width (Note 2) 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2, All typical values are at vec = 5V, TA = 25°C. 

30 
15 
15 
25 

CL = 30pF 
R1 = 600n 10 0 
R2 = 900n 50 25 

10 0 

10 0 
5 0 

10 0 
50 25 

3. ICC is measured with the wrne enable and memory enable input grounded. all other Inputs at 4,5V. and the outputs open. 

80 30 45 ns 
50 15 30 ns 
50 15 30 ns 
80 25 50 

5 0 ns 
35 25 ns 

5 0 ns 

5 0 ns 
5 0 ns 
5 0 ns 

35 25 ns 
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BLOCK DIAGRAM PIN CONFIGURATION· 
FPACKAGE 

TRUTH TABLE 

DOUT 

MODE CE WE DIN 

READ 0 1 X 

WRITE "0" 0 0 0 
WRITE "1" 0 0 1 

DISABLED 1 X X 
x ~ Don I tare. 

AC ELECTRICAL CHARACTERISTICS3 S82S10111 -55°C ",TA '" + 125°e, 4.5V ",vee "'5.5 
N82S10111 O"C ""TA "" +75°C 4 75V ""vee "'525 - - , - - . 

S82S10111 N82S10111 
PARAMETER TEST CONDITIONS 

MIN Typl MAX MIN Typ1 

Propagation Delays 

TAA Address Access Time 
TCE Chip Enable Access Time 
TCD Chip Enable Output Disable Time 
TWO Write Enable to Output Disable Time 
TWR Write Recovery Time 
Write Set-up Times CL = 30pF 

TWSA Address to Write Enable R1 = 2700 

TWSD Data In to Write Enable R2 = 6000 

TWSC CE to Write Enable 

Write Hold Times 

TWHA Address to Write Enable 

TWHD Data In to Write Enable 

TWHC CE to Write Enable 
TWp Write Enable Pulse Width (Note 2) 

NOTES: 
1. Typical values are al vce ~ +5.0V, and TA ~ +25°e. 
2. Minimum required to guarantee a WRITE into the slowest bit. 
3. The Operating Ambient Temperature Ranges are guaranteed with transverse air flow exceed-

ing 400 Hnear feet per minute and a two minute warm~up. Typical thermal resistance values of the 
package at maximum temperature are: 

15 
55 

5 

10 
5 
5 

50 

!cl JA Junelion 10 Ambienl al400 fpm air flow - 5O"ClWalt 
6 JA Junelion 10 Ambient - slill air - 90"ClWatt 
e JA Junction to Case - 20°c/Watt 

20 

30 70 30 
15 45 15 
15 45 15 
20 45 20 
20 45 20 

0 5 0 
35 40 35 

0 5 0 

0 5 0 
0 5 0 
0 5 0 

25 35 25 

82810 82811 
93415A 83425A 

STORED STORED 
DATA DATA 

1 Hlgh-Z 
1 High-Z 

1 Hlgh-Z 

UNIT 
MAX 

45 ns 
30 ns 
30 ns 
30 ns 
30 ns 

ns 
ns 
ns 

ns 
ns 
ns 
ns 



ROMS 
Mask Programmable Read Only Memories 
Signetics offers the industry's broadest line of High Performance 
Bipolar ROMs. Most ROMs have pin and performance compatible 
PROMs offering the user the ultimate in flexibility and long term 
cost reduction. 

All ROMs are fully TTL compatible and include on-chip decoding 
and chip enable function for ease of memory expansion. Tri-state 
and open collector functions are available, and low input current 
requirements reduce the need for input buffering. 

THERMAL RATINGS 

TEMPERATURE MILITARY COMMERCIAL 
Maximum junction 175°e 150°C 
Maximum ambient 125°e 75"C 
Allowable thermal rise 

ambient to junction 50°C 75°C 

MAXIMUM ALLOWABLE POWER DISSIPATION 

MATERIAL PACKAGE #OF PINS 9JA1 
°C/W 

Plastic S 16 155 
XA 18 130 
N 24 100 
XF 28 100 

Plastic' SA 16 85 
XAS 18 73 
NA 24 75 
XFA 28 75 

Cerdip F 16 90 
18 90 
24 60 

Ceramic I 16 83 
24 50 
28 50 

NOTES: 
1. On a mounted surface. in still air. 
2. Improved thermal characteristics due to built-in heat spreader. 

PARAMETER 
LIMITS 

UNITS 
MIN MAX 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °C 
N82S - Commercial Range 0 +75 °C 

TSTG Storage Temperature -65 +150 °C 

VIN Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 

Vec Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above those listed under "Maximum, Guaranteed Ratings" may cause 

permanent damage to the device. This is a stress rating only. and functional operation of 
the device of these or any other condition above those indicated in the operation section 
of the device specifications is not implied. 

PMAX - mW 
0+125°C 0+ 75°C 

-- 480 
384 577 
500 750 
500 750 

588 850 
685 >1000 
666 1000 
666 1000 

556 835 
556 835 
830 >1000 

600 900 
1000 >1000 
1000 >1000 

21 
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BIPOLAR ROMS PRODUCT INFORMATION· 
ELECTRICAL CHARACTERISTICS S828 DEVICES - ~55·C ~"TA S +125·C, 4.5V S VCC S 5.5 

. N82S DEVI9E8 - o·C S TA S +75·C,4.75V S 5.25 

INPUT VOLTAGE OUTPUT VOLTAGE 
PARAMETER 

VIL(V) VIH(V) VIC1(V) VOL2(V) VOH8 (V) 
LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL 

Vce = MAX 
lOUT = -2.0 mA 

TEST VCC- MIN liN = -18mA IOL = 18mA CE1 = CE ="0" 
CONDITIONS VCC = MIN VCC = MIN "1" STORED 

DEVICE MIN TVP . MAX MIN TYP MAX MIN TVP MAX MIN TYP MAx MIN TVP MAX 

1024-81T 
825226 S :80 

2.0 -0.8 -1.2 0.5 2.4 N .85 

825229 S .80 
2.0 -0.8 -1.2 0.5 2.4 N .85 

2048-81TS 
lOUT = 9.6 inA 

82S214 8 .80 
2.0 -0.8 -1.2 0.5 

2.4 3.3 
N . 85 2.7 . 3.3 

. lOUT = 9.6 mA 
82S215 8 .80 

2.0 -0.8 -1.2 0.5 
2.4 3.3 

N .85 2.7 3.3 

828230 8 .80 
2.0 -0.8 -1.2 

0.5 
N/A N .85 0.45 

lOUT = -2.4 mA 
828231 S .80 

2.0 -0.8 -1.2 
0.5 

2.4 N .85 0.45 

4088-81T 
lOUT = 11.2 mA lOUT = -1.0 mA 

8228 N .85 2.0 -1.2 0.5 2.7 

8192-8IT8 lOUT = 9.6 mA CE2 ="1" 
828280 S .80 

2.0 -0.8 -1.2 
0.5 

2.7 3.3 N .85 0.45 

828281 
lOUT = 9.6mA CE2 = "1" 

8 .80 
2.0 -0.8 -1.2 

0.5 
2.7 3.3 N .85 0.45 

NOTES; 
1. Te.teech input one at the time 
2. Measured with the logic "0" storad Output sink current Is suppliad through a resistor to VCC 
3. ICC Is measured with the wrlt8..§Dable and chip enable inputs grounded: aU othar Inputs at 4.5V. and the outputs open 
4. Measured with VIH appUed to CE 
5. Duration of the .iIlort circuit should not excead one second 
6. Meesurad with CE (s) ~ OV, and outputs (s) at logic "'''. 
7. AU voltage values are with respect to network ground terminal. 

22 

INPUT CURRENT 

ilL (p.A) 
LOW LEVEL 

VIN = OASV 

MIN TVP MAX 

-150 
. -100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 

-150 
-100 



BIPOLAR ROMS PRODUCT INFORMATION 

INPUT CURRENT OUTPUT CURRENT 
PARAMETER 

IIH (itA) 10LK (itA) 10 (OFF) 
HIGH LEVEL LEAKAGE HI-ZSTATE 

TEST VIN = 5.5V 

VCC = MAX 
VOUT = 5.5V VCC = MAX 

CONDITIONS CE1 OR CE2 = "1" VOUT = 5.5V 

DEVICE MIN TVP MAX MIN TVP MAX MIN TVP MAX 

1024-81T 
828226 8 50 60 

N 40 40 

828229 8 50 
VOUT = 0.5V 

-60 
N 40 -40 

2048-81T 

828214 8 50 N/A 100 
N 25 40 

Your = 0.5V 
828215 8 50 N/A -100 

N 25 -40 

828230 8 50 60 60 
N 40 40 40 

Your = 0.5V 
-60 
-40 

828231 8 50 60 
N 40 40 

VOUT = 0.54 
-60 
-40 

4096-81T 

8228 

8192-81T5 CE2 = "0" 
828280 8 50 N/A 100 

N 25 40 
VOUT = 0.5V 

-100 
-40 

CE = "0" 
828281 8 50 N/A 

2 100 
N 25 40 

VOUT = 0.5V 
-100 

-40 

SUPPLY CURRENT 

lOS (mA)1 ICC (mA)1 
SHORT CIRCUIT 

VOUT = OV VCC = MAX 
VCC = MAX 

MIN TVP MAX MIN TVP MAX 

-15 -85 105 125 
-20 -70 105 120 

-15 -85 105 125 
-20 -70 105 120 

-15 -85 130 185 
-20 -70 130 175 

-15 -85 130 185 
-20 -70 130 175 

-15 -85 120 140 
-20 -70 120 135 

-15 -85 120 140 
-20 -70 120 135 

-20 -70 

-15 -85 135 150 
-20 -70 130 140 

-15 -85 135 150 
-20 -70 130 140 

CAPACITANCE 

CIN (pF) cour4 (pF) 
INPUT OUTPUT 

VIN = 2.0V VCC = 5.oV 

VCC = 5.0V VOUT = 2.0V 

~IN TVP MAX ""IN TVP MAX 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

Vee 

INPUT Vce 

0, 

~ o. 
R2-:- J;:cL 

(INCLUDES JIG • 
SCOPE CAPACITANCE) 

":' 

TYPICAL AC WAVEFORMS (UNLESS OTHERWISE 
SPECIFIED) 

READ CYCLE 

AlllnpulS: Ir ~ If ~ 5ns (10% to 90%) 

24 

INPUT WAVEFORMS 

INPUT PULSES 

Measurements: All Circuit Delays are measured at the + 1.5V level 01 inputs and outputs. 

MEMORY TIMING DEFINITIONS 

MEMORY TIMING DEFINITIONS 
T CE Delay between beginning of CHIP ENABLE low (with ADDRESS 

valid) and when DATA OUTPUT becomes valid. 
TCD Delay between when CHIP ENABLE becomes high and DATA 

OUTPUT is in off state. 
Delay between beginning of valid ADDRESS (with CHIP ENA
BLE low) and when DATA OUTPUT becomes valid. 
Minimum delay between leading edge of CHIP ENABLE and 
trailing edge of STROBE, for latching valid output data. 

T CDH Required delay between trailing edge of STROBE and end of 
CHIP ENABLE, for latching valid output data. 

T SL Minimum delay between ADDRESS valid time and trailing edge 
of STROBE, for latching valid output data. 

T SW Minimum width of STROBE pulse required to update contents of 
output data latches. 

T ADH Required delay between trailing edge of STROBE and end of 
valid ADDRESS. 

TDL Delay between leading edge of STROBE and when output data 
latches are released. 



FULLY COMPATIBLE W/828126/129 

BLOCK DIAGRAM 

11) 

NI·Cr FUSE ARRAY 

32 x32 
MATRIX 

°1 

N828226-B.F • S82S226-F 
N82S229-B. F· S82S229-F 

PIN CONFIGURATION 

B,FPACKAGE 

AC ELECTRICAL CHARACTERISTICS 
S82S2261229 -55°e .,;TA .,;+125°e, 4.5V .,;vee .,;5.5V 
N82S226122900 e .,;TA .,;+75°C, 4.75V .,;vcc .,;5.25V 

PARAMETER TEST CONDITIONS 
S82S226/229 

MIN TYP' MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 35 70 

TCD Chip Disable to Output Rl = 2700 15 35 

TCE Chip Enable to Output R2 = 6000 15 35 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at VCC ~ 5.0V, TA ~ +25"C. 

FULLY COMPATIBLE W/82S114/ 115 

DESCRIPTION 
The 828214 and 82S215 are Schottky-clamped Read Only Memories, incorporating on-Chip 
data output registers. 

The 828214 and 82S215 are fully TIL compatible, and include on-chip decoding and two 
chip enable Inputs for ease of memory expansion. They feature Tri-State outputs for optimi
zation of word expansion In bussed organizations. A D-type latch is used to enable the Tri
State output drivers. In the TRANSPARENT READ mode, stored data is addressed by 
applying a binary code to the address inputs while holding STROBE high. In this mode the 
bit drivers will be controlled solely by eEl and CE2 lines. 

In the LATCHED READ mode, outputs are held in their previous state (1,0, or High-Z) as long as 
STROBE is low, regardless of the state of address or Chip enable. A positive STROBE transition 
causes data from the applied address to reach the outputs if the chip is enabled, and causes 
outputs to go to the High-Z state if the chip is disabled. 

A negative STROBE transition causes outputs to be locked into their last Read Data condition if the 
chip was enabled, or causes outputs to be locked into the High-Z condition ilthe chip was disabled: 

N82S2261229 
UNIT 

MIN TYp· MAX 

35 50 ns 
15 20 ns 
15 20 ns 

N82S214-1 e S82S114-1 
N82S215-le 882S115-1 

PIN CONFIGURATION 

I PACKAGE 

) 82S215 PIN CONNECTION 

25 
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8~S2t4-1 • 82S215-1 

BLOCK DIAGRAM AC WAVEFORMS 

.,0-,.---.. ,r------ +3.0V 

ADDRESS 
LINES 

512 X 8 OR 256 X 8 MATRIX :,.........;=_+;.........:..: ;... ____ - +3.0V 

',o-..J.....--.j 
A8~----. 

'-___ ...,.-...,.....OV 

STROBE ()!!",,,-, -----...----1 

LATCHED READ (INPUT LATCHES USED) 

VCC-(24I,GND-(12),( /=DenotllJPinNurnbe. ,,.--------________ +3.0V 

ST!,~8!..f~ ________________ ..:. _______ . ov 
t r - -- -------------- -_ .. - +3.0V 

1.5V '-_____________ w 

r----- +3.0V 
CHIP ENABLE 1.5V 

___ 1--_-' ,,-----' "'---- W 
CE2 

0,···°8 

TRANSPARENT READ (INPUT LATCHES NOT USED) 

AC ELECTRICAL CHARACTERISTICS 
N82S214!215 -55°C ,;;;TA';;; +125°C, 4.5V·';;;VCC ,;;;5.5V 
882S2141215 O°C ,;;;TA';;; +75°C, 4.75V ,;;;VCC ,;;;5.25V 

PARAMETER TEST CONDITION5 
N825214/215 58252141215 

MIN TYP' MAX MIN TYP' 

TAA Address Access Time LATCHED or TRANSPARENT READ 35 60 35 
TCE Chip Enable Access Time R1 = 4700, R2 = 1kO, CL = 30pF 20 40 20 

TCD Chip Disable Time 
(Note 4) 

20 40 20 

TADH Address Time 0 -10 5 -10 

TCDH Chip Enable Hold Time 10 0 10 0 

TSW Strobe Pulse Width LATCHED READ ONLY 30 20 40 20 

TSL Strobe Latch Time R1 = 4700, R2 = 1kO, CL = 30pF 60 35 90 35 
TDL Strobe Delatch Time (Note 5) 30 

TCDS Chip Enable Set-up Time 40 50 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are al Vcc = +5.0V and T A = +25'C. 
3. No more than one o~tput should be grounded at the same time and strobe should be disabled. Strobe is in "1" state, 
4. If the strobe is high, the device functions in a manner identical to conventional bipolar ROMS. The timing diagram shows valid data will appear TA nanoseconds after 

the address has changed and T CE nanoseconds after the output circuit is enabled. T CO is the time required to disable the output and switch it to an "off' or high 
impadance state after It has bean enabled. 

5. In Latched Read Mode data from any selected address will be held on th~ output when strobe is lowered. Only when strobe illJl raised will new location ,data be 
transferred and chip enable conditions be stored. The new data will appear on the outputs if the chip enable conditions enable the outputs. 
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MAX 

90 
50 

50 

35 

UNIT 

ns 
ns 

ns 

ns 
ns 
ns 
ns 
ns 
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FULLY COMPATIBLE W/82S130/131 N82S231-F' S82S231-F 

BLOCK DIAGRAM PIN CONFIGURATION 

FPACKAGE 
N,·C, FUSE ARRAY 

0, 

0, 

OJ 

0, 

AC ELECTRICAL CHARACTERISTICS 5825230/231 -SsoC dA ""+12SoC, 4.SV ",.VCC ""S.SV 
N825230/231 O°C ",.TA ""+7SoC, 4.7SV ""Vce ",.S.2SV 

58252301231 N82S2301231 
PARAMETER TEST CONDITIONS 

Typ2 Typ2 MAX MIN MAX MIN 

Propagation Delay 

TAA Address to Output CL = 30pF 40 70 40 SO 

TCD Chip Disable to Output R1 = 270n 20 30 20 30 

TCE Chip Enable to Output R2 = 600n 20 30 20 30 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vcc = 5.0V, TA = +25°C. 

I~nllhll 

UNIT 

ns 
ns 
ns 
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BLOCK DIAGRAM 

ADDRESS 
LINES 

Vce = (16) 
GND = (8) 

WORD 
SELECT 
1:64 
DECODER 

( ) = Denotes Pin Numbers 

64X64 
STORAGE 
~ATRIX 

64 4 BIT 
MULTIPLEXER 

01 02 Oa 04 

~ 
OUTPUT DATA 

ELECTRICAL CHARACTERISTICS O.:;TA .:;75°C, 4.75 .:;VCC .:;5.25V 

PARAMETERS 
LIMITS 

MIN TVP MAX 

Access Time-Address to Output 50 70 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. No more than one output should be grounded at the same time. 
3. Manufacturer reserves the right to make design and process changes and improvements. 

N8228-1 

PIN CONFIGURATION 
I PACKAGE 

UNITS 

ns 

4. Applied voltages must not exceed S.OV. Input currents must not exceed ±30mA. Output currents must not exceed ± 1 OOmA. Storage temperature must be between 
-60°C to + 150°C. 

5. Rise and fall time for this test must be less than 5ns. Input amplitudes are 2.8V and all measurements are made at 1.5V. 

OBJECTIVE SPECIFICATION 
BLOCK DIAGRAM 

28 

Ag 

AS 

A7 

AS 

AS 

Ac 

A3 

A2 

AI 

Ao 

Vee =24 
GND=12 

ADO 
°1 

INV. I 
.nd I 1/64 
DEC. I 

I 

128 X 64 
MEMORY ARRAY 

N82S280/281-I·S82S280/281-1 

PIN CONFIGURATION 

I PACKAGE 



PROMS 
Field Programmable Read Only Memories 
Signetics offers the industry's broadest line of Bipolar High Perfor
mance PROMs. These PROMs are field programmable, which 
means that custom patterns are immediately available by following 
the provided fusing procedures. Signetics PROMs are supplied with 
all outputs at logical "0". Outputs are programmed to a logic" 1" at 
any specified address by fusing a Ni-Cr link matrix. 

All PROMs are fully TTL compatible, and include on-chip decoding 
and chip enable functions for ease of memory expansion. Tri-state 
and open collector output functions are available, and low input 
currents reduce Input buffer requirements. 

Most Signetics PROMs also have pin and performance compatible 
ROMs, offering the user the ultimate in flexibility and cost reduc
tion. 

THERMAL RATINGS 
TEMPERATURE MILITARY COMMERCIAL 

Maximum junction 175°C 150°C 
Maximum ambient 125°C 75°C 
Allowable thermal rise 

ambient to junction 50°C 75°C 

MAXIMUM ALLOWABLE POWER DISSIPATION 

MATERIAL PACKAGE # OF 8 JA1 

PINS °C/W 

Plastic B 16 155 
XA 18 130 
N 24 100 
XF 28 100 

Plastic' BA 16 85 
XA8 18 73 
NA 24 75 
XFA 28 75 

Cerdip F 16 90 
18 90 
24 60 

Ceramic I 16 83 
24 50 
28 50 

NOTES: 
1. On a mounted surface, in still air. 
2. Improved thermal characteristics due to built-in heat spreader. 

ABSOLUTE MAXIMUM GUARANTEED RATINGS 
LIMITS 

PARAMETER 
MIN MAX 

UNIT 

TA Operating Ambient Temperature 
8828 - Military Range -55 +125 °c 
N828 - Commercial Range 0 +75 °c 

1'8TG Storage Temperature -65 +150 °C 
VIN Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 
VCC Power Supply Voltage +7 Vdc 

NOTES: 
1. Stresses above those listed "Maximum, Guaranteed Ratings" may cause permanent dam

age to the device. This is a stress rating only. and functional operation of the device of 
these or any other condition above those Indicated in the operation section of the device 
specifications is not implied. 

2. For operating at elevated temperatures, the device must be derated based on a + 150°C 
maximum Junction temperature and a thermal resistance of 160°C/W junction to ambient. 

3. For operating at elevated temperatures. the devices must be derated ba~d on a + "160°C 
maximum Junction temperature and a thermal resistance of 110°C/W junctIOn to ambient. 

PMAX - mW 
0+125°C O+75°C 

-- 480 
384 577 
500 750 
500 750 

588 850 
685 >1000 
666 1000 
666 1000 

556 
556 835 
830 >1000 

600 900 
1000 >1000 
1000 >1000 
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BIPOLAR· PROMS PRODUCT INFORMATION 

ELECTRICAL CHARACTERISTICS 8828 DEVICE8 - -55·C S TA S +125·C. 4.5V S VCC S 5.5 
N828 DEVICE8 - O·C <TA < +75·C. 4~75V + VCC < 5.25 - - -

INPUT VOLTAGE - OUTPUT VOLTAGE INPUT CURRENT 
PARAMETER' 

VIL(V) VIH(V) VIC1(V) VOL2(V) VOH6(V) IIL(IlA) 
LOW LEVEL HIGH LEVEL CLAMP VOLTAGE LOW LEVEL HIGH LEVEL. LOW LEVEL 

lOUT = -2.0 mA 
TEST liN = -18mA 10L = 16mA CE1 = CE2 = "0" 

CONDITioNS VCC = MIN VCC = MAX VCC = MIN VCC = MIN "1" STORED VIN = OASV 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYPE MAX 

258-BIT 
82823 8 0.80 

2.0 -.1.2 
0.5 

N/A 
-150 

N 0.85 0.45 -100 

828123 8 0.80 
2.0 -1.2 

0.5 
2.4 

-150 
N 0.85 0.45 -100 

10139 FOR ELECTRICAL 8PECIFICATION8 8EE DATA 8HEET 

1024-BIT 
'OUT= 32mA V'N= 5V 

liN = -12 mA 
82827 N .80 2.0 -1.5 0.45 0.50 N/A -1.6mA 

828126 8 .80 
2.0 -1.2 0.5 N/A 

-150 
N 85 -100 

828129 8 .80 
2.0 -1.2 0.5 2.4 

-150 
N .85 -100 

828130 8 .80 
2.0 -1.2 

0.5 
N/A 

-150 
N .85 0.45 -100 

828131 8 .80 
2.0 -1.2 

0.5 
2.4 

-150 
N .85 0.45 -100 

2048-BIT 
IOL = 9.6mA 

828114 N .85 2.0 -1.2 0.5 2.7 3.3 -100 

828115 N .85 2.0 -1.2 
IOL = 9.6mA 

0.5 2.7 3.3 -100 

4096-BIT 
828136 8 .80 

2.0 -1.2 
0.5 

N/A 
-150 

N .85 0.45 -100 

lOUT = 2.4mA 
828137 8 .80 

2.0 -1.2 
0.5 

2.4 
-150 

N .85 0.45 -100 

8192-BIT 

825184 8 .80 2.0 -0.8 -1.2 0.5 N/A -150 
N .85 0.45 -100 

lOUT = -2.4 mA 
828185 8 .80 2.0 -0.8 -1.2 0.5 2.4 -150 

N .85 0.45 -100 

NOTES: 
1. Test each Input one at a time. 
2. Measured with the logiC "0" stored. OUtput sink current is supplied through a resistor to Vee. 
3. ICC is measured with the write,.mable and chip enable Inputs grounded; all other inputs at 4.5V. and the outputs open. 
4. Measured with VIH applied to eE. 
5. Duration of the short circuit should not exceed one second. 
6. Measured with ~S) • OV. and output(s) at logic "'''. 
7. All voltage values afe with respect to network ground terminal. 
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BIPOLAR PROMS PRODUCT INFORMATION 

ELECTRICAL CHARACTERISTICS 

INPUT CURRENT OUTPUT CURRENT 
PARAMETER8 

IIH (I'A) IOLK4 (jtA) I04(OFF)(I'A) 
HIGH LEVEL LEAKAGE HI-ZSTATE 

VCC = MAX 
TEST VOUT = 5.SV VCC = MAX 

CONDITIONS VIN = 5.5V FE1 or CE2 = "1" VOUT = 5.5V 

DEVICE MIN TYP MAX MIN TYP MAX MIN TYPMAX 

258·BIT 
82823 8 

50 
50 

N/A N 40 

828123 8 
50 N/A 

50 
N 40 

VOUT = 0.5V 
·50 
·40 

SUPPLY CURRENT 

los5(mA) 
SHORT CIRCUIT ICC (mA)3 

VOUT = OV 
VCC = MAX VCC = MAX 

MIN TYPMAX MIN TYP MAX 

N/A 
65 85 
65 77 

·20 ·100 65 85 
·20 ·90 65 77 

10139 FOR ELECTRICAL 8PECIFICATION8 8EE DATA 8HEET 

1024-BIT 

82827 N 1000 100 N/A N/A 120 140 

828126 8 50 60 
N/A N/A 

105 125 
N 40 40 105 120 

828129 8 50 
N/A 

60 ·15 ·85 105 125 
N 40 40 ·20 ·70 105 120 

VOUT = 0.5V 
-6.0 
·40 

828130 8 50 60 
N/A N/A 120 140 N 40 40 

828131 8 50 
N/A 

60 ·15 ·85 
120 140 N 40 40 ·20 ·70 

VOUT = 0.5V 
·60 

, ·40 

2048·BIT 

828114 N 25 N/A 
VOUT = 0.5V 

. -40 -20 ·70 135 185 

828115 N 25 N/A 

4086·BIT 
828136 8 50 

N/A N/A N/A 120 140 N 40 

828137 S 50 
N/A 

60 ·15 -85 
120 140 N 40 40 -20 -70 

VOUT = 0.5V 
·60 
-40 

8192·BIT 
828184 8 50 60 N/A 80 130 

N 40 40 80 120 
828185 S 50 

N/A 60 -15 ·85 80 130 
N 40 40 ·20 -70 80 120 

VOUT = 0.5V 
-60 
-40 

I(gOlllIBI 

CAPACITANCE 

CIN (pF) cour4 (pF) 
INPUT OUTPUT 

VIN = 2.0V VCC = 5.0V 
VCC = 5.0V VOUT = 2.0V 

MIN TYPMAX MIN TYPMAX 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 

5 8 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

Vee 

(UNLESS 

Vee 

tRl 

il 
(INCLUDES JIG & 
SCOPE CAPACITANCE) 

TYPICAL AC WAVEFORMS OTHERWISE SPECIFIED) 

READ CYCLE 

32 

INPUT WAVEFORMS 

INPUT PULSES 

ov-_....JI 

+3.0V--~. 

Measurements: All Circuit Delays are measured at the + 1.5V level of inputs and outputs. 

MEMORY TIMING DEFINITIONS 

TCE 

TCD 

TAA 

TCDS 

TCDH 

TSL 

TSW 

TADH 

TDL 

Delay between beginning of CHIP ENABLE low (with ADDRESS 
valid) and when DATA OUTPUT becomes valid. 
Delay between when CHIP ENABLE becomes high and DATA 
OUTPUT is in off state. 
Delay between beginning of valid ADDRESS (with CHIP ENA
BLE low) and when DATA OUTPUT becomes valid. 
Minimum delay between leading edge of CHIP ENABLE and 
trailing edge of STROBE, for latching valid output data. 
Required delay between trailing edge of STROBE and end of 
CHIP ENABLE, for latching valid output data. 
Minimum delay between ADDRESS valid time and trailing edge 
of STROBE, for latching valid output data. 
Minimum width of STROBE pulse required to update contents of 
output data latches. 
Required delay between trailing edge of STROBE and end of 
valid ADDRESS. 
Delay between leading edge of STROBE and when output data 
latches are released. 



N82S23/123-B.F·S82S23/123-F 

LOGIC DIAGRAM 

32xBARRAV 

·0 ., ·2 "3 "4 

TYPICAL FUSING PATH 

85 B6 

Vee = (16) 
OND (8) 

Vee 

4K 

~-+---4--\----4-----+--< ! 
32 

WORD 
LINES 

5K 

PIN CONFIGURATION 

3K 

DISABLE 

B,FPACKAGE 

r--------- ---, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I -=: L ____________ .I 

AC ELECTRICAL CHARACTERISTICS SB2S231SB2S123 -55°C ,.;;TA";; +125°C. 4.5 ,.;;VCC ,.;;5.5V 
N82S231NB2S123 O°C ,.;;TA";; + 75°C. 4.75 ,.;;VCC ,.;;5.25V 

S83S231S82S123 N82S231N82S123 
PARAMETER TEST CONDITIONS1 

MIN TYP2 MAX MIN TYP2 MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 35 65 35 50 

TCD Chip Disable to Output Rl = 2700 25 40 25 35 

TCE Chip Enable to Output R2 = 6000 25 40 25 35 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are al Vee = 5.0V. TA = +25°e. 

Sml • lieS 

OUTPUT 

UNIT 

ns 
ns 
ns 
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N82S23/123-B,F· S82S23/123-F 

MANUAL PROGRAMMER 

* 
O.'"FJ;: 

'<0 
'<0 

urRO""X 

'" 

"" 
" " 
" " 

82S23 

" " " BlS123 
rOBE 

" '. '"0 
GRAMMEO 

'. 
'" '. 

" 

TIMING SEQUENCE 

START IL-_______________ _ ___ --.-.r-
':....J--. -----0.,,,-------11 ___ _ 

"..J-.m.--I ....... ________________________ _ 
"'_.--JI;=. ~-' 
T' _____ ... I...--,ml--..IL ____________________ _ 

-I 

~~ ______________ ~I4-----·~~I~ ____________________ ___ 
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N82S23/123-B,F· S82S23/123-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device) TA - +25°C -
LIMITS 

PARAMETER TEST CONDITIONS 
MIN TYP MAX 

UNIT 

Power. Supply Voltage 

Vccp 
1 To Program ICCp = 250 ± 50mA 9.5 10.0 10.5 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +10.0 ± 0.5V 200 250 300 mA 

Input Voltege 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.6 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 ,.A 

IlL Logical "0" VIL = +0.4V -500 ,.A 

VOUT 
2 Output Programming Voltage lOUT = 65 ± 3mA 15.0 15.5 16.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +15.5 ± 0.5V 62 65 68 mA 

TR Output Pulse Rise Time 10 50 ,.s 

tp CE Programming Pulse Width 1 2 ms 

tv Verify Delay 50 ,.s 

to Pulse Sequence Delay 10 ,.s 

TpR Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 

TpR 
4 

TpR +TpS 
Programming Duty Cycle 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kO resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to 

VCCP = + 10 ± 0.5V. 
3. After 10,.s delay, apply lOUT = 65 ± 3mA to the output to be 

programmed. Program one output at a time. 
4. After 10,.s delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After 10,.s delay, remove lOUT from the programmed output. 
6. After 10,.s delay, return VCC to OV. 

NOTES: 
1. Bypass VCC to GND wKh a O.Q1~F capacitor to reduce YO"8ge spikes. 
2. Care should be taken to Insure that + 15.5 ± O.5V output vOltage Is maintained during the 

entire fusing cycle. The recommended supply Is a constant current source clamped at the 
specified voltage limit. 

3. Vs Is the sensing threshold of the PROM output Yo"age for a programmed bit. It normally 
constitutes the reference voltage applied to a comparator circuit to verify a successful fus
Ing attempt. 

4. Continuous fusing for an unlimited time is also allowed, provided that a 33 % duty cycle Is 
maintained. This may be accomplished by following each Program Verify cycle with a Rest 
period (V CC - OV) of 4ms. 

5 sec 

33 % 

7. To verify programming, after 50,.s delay, raise VCC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro
grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains In the "1" state. 

8. Raise VCC to VCCP = + 10 ± 0.5V and repeat steps 3 through 7 
to program other bits at the same address. 

9. After 10,.s delay, repeat steps 2 through 8 to program all other 
address locations. 

35 

'" III -• o 
E 
III 
E 



DESCRIPTION 
The 10139 is an ECl 256-Bit Read Only Memory organized as 32 
words with 8 bits per word. The words are selected by five binary 
address lines; full word decoding is incorporated on the chip. A chip 
enable input is provided for additional decoding flexibility, which 
causes all eight outputs to go to low state when the chip enable input 
is high. This device is fully compatible with all of Signetics series 
10,000 products. Address to output access time is 15ns typical. 
Power dissipation is 580 milliwatts·typical with separate internal 
bond wires and metal systems for VCCl and VCC2. The 10139 may 
be programmed to any desired pattern by the user. The 10139 is 

. suitable for use in high performance ECl systems. The 10139 
features open emitter outputs, a 50kO pulldown input termination 
and a temperature range of -30°C to +85°C. 

BLOCK DIAGRAM 

PIN CONFIGURATION 

FPACKAGE 

(16) 
vcc~~--------------~--------------------------~~--~--------------------, 
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10139-F 

DC ELECTRICAL CHARACTERISTICS (TA = +25°C, vcc = OV, RL = 50n, VEE = -5.2V) 

PARAMETER 

lEO Power Supply Drain Current 

IlL Low Level Input Current 
IIH High Level Input Current 

VOH High Level Output Voltage 

VOL Low Level Output Voltage 

VOHA 

VOLA 

SWITCHING CHARACTERISTICS 
(TA = +25°C, VCC = OV, VEE = -S.2V, RL = 500) 

PARAMETER MIN TYP 

Chip Enable Prop Delay 10 

Output Rise Time (20 to 80%) 4.2 
Output Fall Time (20 to 80%) 4.2 

TAD Access Time Address to Output TAD 15 

MANUAL PROGRAMMING CIRCUIT 

TEST CONDITIONS MIN TVP MAX UNIT 

110 145 mA 

VIL = -1.850V 30 p.A 
V,H = -0.810V 265 p.A 

VIH = -0.810V 
V,L = -1.850V -0.960 -0.610 V 

VIH = -0.810V 
VILA = 1.850V -1.990 -1.650 V 

VIHA = -1.105V 
VILA = -1.475V -0.960 V 

VIHA = -1.105V 
VILA = -1.475V -1.630 V 

MAX UNIT 

15 

20 

ns 

ns 
ns 

ns 

TYPICAL PROGRAMMING SEQUENCE 

ADDRESS~ 
1 
1 
1 

u 

I 1 2 3 8 I 1 2 3 8 11 2 8 1 

,::::=rr1IlS4l"hl1S1-f4Jl§U4~ 
1 1 1 1 1 
I I -"1 1.--td1 I 

"--11- 1 
1 I 1 
--II-tp 

\. .\ 
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10139-F 

PROGRAMMING SPECIFICATIONS 

TEST CONDITIONS 
LIMITS 

UNITS 

Power Supply Voltage 
Vecp To Program 
VCCV To Verify 

lecp Programming Supply Current VCC=12.0V 

Address Voltage 
VIH logical "1" 
VIL logical "0" 

'Max. Time at VCC=VCCP 

lOp Output Programming Current 

tp Output Program Pulse Width 

Output Pulse Rise Time 

Programming Pulse Delay (1) 
td following VCC change 
td1 between output pulses 

NOTE: 
(1) Maximum Is specified to minimize the amount of time Vee is at 12 volts. 

RECOMMENDED PROGRAMMING PROCEDURE 

The 10139 Is shipped with all bits at logical "0" (low). To write logi
cal "1's", proceed as follows: 

STEP 1 

Connect VEE (Pin 8) to ground and Vec (Pin 16) to +5.2 volts. 
Address the word to be programmed by applying 4.0 to 4.6 volts 
for a logic "1" and 0.0 to 1.0 volts for a logic "0" to the appropriate 
address Inputs. 

STEP 2 

Raise VCC (Pin 16) to 12 volts. 

STEP 3 

MIN TYP MAX 

11.5 12.0 12.5 V 
5.0 5.2 5.4 V 

250 mA 

4.0 4.6 V 
0.0 1.0 V 

1.0 Sec. 

2.0 2.5 3.0 mA 

0.5 1.0 ms 

10.0 I'S 

0.1 1.0 ms 
0.01 1.0 ms 

STEPS 

Verify that the selected bit has programmed by connecting a 460n 
resistor to ground and measuring the voltage at the output pin. If a 
logic "1" Is not detected at the output, the procedure should be 
repeated once. 

STEP 6 

Repeat Step 3 for each bit of the selected word specified as a logic "1". 
(Program only one bit at a time; the delay between output programming 
pulses should be equal to or less than 1.0 ms.) 

After a minimum delay of 100 p's apply a 2.5 mA current pulse to the first STEP 7 
bit to be programmed (0.5 ,,;;PW,,;;1 ms). 

STEP 4 

Return VCC to 5.2 volts. 

CAUTION: To prevent excesslve chip temperature rise. Vee should not be allowed to remain 
at 12 volts for more than 1 second. 

38 

After all the desired bits of the selected word have been pro
grammed, change address data and repeat Steps 2 and 3. 

NOTE: If all the maximum times listed above are maintained. the entire mamory will program 
in less than 1 sec!)rld. Therefore. It would be permisslble. for Vee to remain at 12 volts during 
the entire programming time. 



BLOCK DIAGRAM 

Vee = (161 
GND=(81 

( I = DENOTES PIN NUMBERS 

(11 

NI·Cr FUSE ARRAY 

32X32 
MATRIX 

AC ELECTRICAL CHARACTERISTICS O°C dA ,.;+75°C. 4.75V ,.;vcc ,.;5.25V 

PARAMETER TEST CONDITIONS 
MIN 

Propagation Delay 

TAA Address to Output CL = 30pF 
TCD Chip Disable to Output R1 = 270n 
TCE Chip Enable to Output R2 = 600n 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are al Vcc = 5.0V. T A = +25°C. 

PIN CONFIGURATION 
FPACKAGE 

LIMITS 
TYP2 MAX 

30 40 
15 20 
15 20 

N82S27-F 

UNIT 

ns 
ns 
ns 
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N82S27-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A = +25°C 

_. - LIMITS -
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 300 ± 50mA 5.0 5.25 V 

(Transient or steady state) 
VCCH Upper Verify LImit 5.0 5.25 5.5 V 

VCCL Lower Verify LImit 4.5 4.75 5.0 V 

V 3 
s Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current V CCP = +5.0 ± 0.25V 250 300 350 mA 

Input Voltage 

VIH Logical "1" (Except CE1) 3.0 5.0 V 

VIN Program Level (CEl Only) 14.0 14.5 15.0 V 

VIL Logical "0" 0 0.4 0.5 V 

Input Current 

IIH Logical "1" VIH = +3.0V 100 pA 

IlL Logical "0" -1.6 mA VIL = +0.5V 

liN Program Level (CEl Only) VIN = +15.0V 15 mA 

VOUT2 Output Programming Voltage lOUT = 115±10mA 16.5 17.0 17.5 V 

(Transient or steady state) 

lOUT Output Programming Current Your = +17.0±0.5V 105 115 125 mA 

T 5 
R Output Pulse Rise Time 0.2 0.5 ps 

tp Programming Pulse Width 1 2 ms 

tD Pulse Sequence Delay 10 ps 

TpR Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC =OV 5 sec 

TpR 
4 

Programming Duty Cycle 
TpR+TpS 

PROGRAMMING PROCEDURE 
The 82S27 Is shipped with all bits at logical "0" (low). To write logi
cal "1", proceed as follows: 

SET-UP 

a. Apply GND to pin 12. 
b. Terminate all device outputs with a 10kO resistor to VCC. 
c. Set CE2 to logic "0". 

PROGRAM-VERIFY SEQUENCE 

Step 1 Raise VCC to VCCP and address the word to be pro
grammed by apprylng TIL "1" and "0" logic levels to the 
device address Inputs. 

Step 2 After lOps delay, apply to CEl (pin 13) a voltage source of 
14.5 ± 0.5V, with 15mA sourcing current capability. 

Step 3 After lOps delay, apply a voltage SOl.!rce of + 17.0 ± 0.5v to 
the output to be programmed. The source must have a cur
rent limit of 115mA. Program one output at the time. 

Step 4 After lOps delay, remove + 17.0V supply from pro
grammed output. 

40 

33 % 

Step 5 To verify programming, after 10,,5 delay, return CEl to OV. 
Raise VCC to VCCH = ±5.25 ± .25V. The programmed 
output should remain in the "1" state. Again, lower VCC to 

VCCL = +4.75 ± .25V, and verify that the programmed 
output remains in the "1" state. 

Step 6 Raise VCC to VCCP, and repeat steps 2 through 5 to pro
gram other bits at the same address. 

Step 7 Rept;at steps 1 through 6 to program all other address lo
cations. 

NOTES: 
1. Bypass Vee to GND with a O.o1I'F capacitor to reduce voltage spikes. 
2. Care should be taken to insure the 17 ± O.5V output vottage Is maintained during the entire 

fusing cycle, The recommended supply is a constant current source clamped at the speci~ 
fied voltage limit. 

3. Vs Is the sensing threshold of the PROM output voltage for a programmed bit. " normally 
constitutes the reference volfage applied to a comparator circuit to verify a successful fus
Ingalfempt. 

4. Continuous fusing for an unlimited time is also allowed. provided that a 33 % duty cycle is 
maintained. This may be accomplished by following each Program Verify cycle with a Rest 
period (Vee = OV) of 4ms. 

5. Measured with a lk dummy load connected across the fusing source. 



TYPICAL FUSING PATH 

,-------1 
I I 
I I 
I I 
I I 
I I 

I 
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r--- Yif~P3~ESS 
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I 
I 

TYPICAL PROGRAMMING SEQUENCE 

~~I111~ __________________ A_F_'R_~ __________________ ~I_"LI __________ A_L_~_T __________ ~ 
lPA - (PROGRAM) 2.5 SEC. MAX. 

OUTPUT 
IJOLTAGE 

OIl 

Si!lDOIiCS 
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MANUAL PROGRAMMER 

O.33,.,f 

100p' 

Vee 

0, ,,\---_-' r+-\----, 

0, .I-----..J 

NOTE: ALL RESISTORS VALUES ARE TVPICAL AND IN OHMS 

TIMING SEQUENCE 

START 
1<-___ _ -----~ 
~I-----

T, S,-::::J1.-___________ _ 
I. 
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LlTRONIX 
DU 

LlTRONIX 
DU 

LlTRONIX 
DU 
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N828126/129-B,F.·8828126/129F 

BLOCK DIAGRAM PIN CONFIGURATION 

NioCr FUSE ARRAY B,FPACKAGE 

TYPICAL FUSING PATH 

VCCo---------------~------------r----t----~-r--~~-t_, 

I 
I 
I 

---, 
I 
I 
I 
I 
I 
I 
I 

I +-----+--..... --0 OUTPUT 

I I. 
I I 
I I 
I ":" I 
I 
L..;>~PUTBU~E~J 

DISABLE 

AC ELECTRICAL CHARACTERISTICS 88281261129 -SSOC ,.;TA"; +125°C, 4.5V ",;VCC ,.;5.5V 
N82S1261129 DoC ,.;TA ,.;+75°C, 4.75V ,.;VCC ,.;5.25V 

PARAMETER TEST CONDITIONS 
58251261129 N82S1261129 

MIN TYP2 MAX MIN TYP2 MAX 

Propagation Delay , 

TAA Address to Output CL = 30pF 35 70 35 50 

TCD Chip Disable to Output R1 = 270n 15 35 15 20 

TCE Chip Enable to Output R2 = 600n 15 35 15 20 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vcc = S.OV. TA = +2S'C. 

UNIT 

ns 
ns 
ns 
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N82S 126/129-B,F .• S82S 126/129F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A ~ +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TVP MAX 
UNIT 

PowerSuppl, Voltage 

VCCP 
1 

To Program ICCp ~ 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

VS3 Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP ~ +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH ~ +5.5V 50 p.A 

IlL Logical "0" VIL = +0.4V -500 p.A 

VOUT 
2 

Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 P.s 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 p's 

TpR Programming Time VCC = Vccp 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TPR 
4 

Programming Duty Cycle 33 % 
TpR + TpS 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10K{l resistor to Vec. 6. To verify programming, after 10"s delay, lower VCC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to both CE inputs. The 
programmed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

2. Select' the Address to be programmed, and raise VCC to 
Vccp = 8.75 ± .25V. 

3. After 10p.s delay, apply VOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10"s delay, pulse both CE inputs to logic "0" for 1 to 2 
ms. 

5. After 10"s delay, remove + 17V from the programmed output. 

NOTES: 

1. Bypass Vee to GND with a O.01~F capacitor to reduce voltage spikes. 

7. Raise VCC to VCCP = 8.75 ± .25V, and repeat steps 3 through 
6 to program other bits at the same address. 

8. After 10p.s delay, repeat steps 2 through 7 to program all other 
address locations. 

2. Care should be taken to insure the 17 ± tV output voltage is maintained during the entire fusing cycle. The recommended supply is a· constant current source clamped at the specified voll
age limit. 

3. Vs Is the sensing threshold at the PROM output voltage tor a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to verify a successful fusing at
tempt. 

4. Continuous fusing for an unlimited time is also allowed; provided that a 33 % duty cycle is maintained, This may be accomplished by following each Program Verify cycle with a Rest period 
(Vee ~ OV) of 4ms. 
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MANUAL PROGRAMMER 

10K 

r-_________________________ ~e~H~IP~EN~A~B~LEi_-------r----------------~~~~~~ 

TIMING SEQUENCE 

825126 
OR 

825129 
lOBE 
PRO· 

GAAMMEO 

STARTI 

~-------- -- ---
"---11:". ------=--=-=---=--=. ,-----'m'----~·~LI _ _'__ __ 
T2~~'ml _______ 1 

~===--------------'3· ___ ~---lI •• -----3~----~.1 
,, ____ --"I-'m.--I '--------
"-____ --I;:I.==, .... =~.I-------

~-------------
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LlTRONIX 
0" 

'K 
LlTRONIX 
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BLOCK DIAGRAM 

NQ2S130-F'S82S130-F 

PIN CONFIGURATION' 

NI·Cr FUSE ARRAY FPACKAGE 

111 64 x 8 

An 
I 
I 

Al I 0, 
A2 I 64x S 
A3 I 

I °2 A4 I -----
A5 I 0 3 
AS I 64 x S 

A7 
. I 

AS I °4 
I 

64x S 
1641 

TYPICAL FUSING PATH 

1-------, 
I I 

r-~~~~~~I : 
~co_--------------~----------~--~r_--~_+--~~_r_. 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

+---~r_-':--o OUTPUT 

I ":" I 
I 
L ...?~PUT BU~E~ J 

DISABL.E 

8828130/131 -55°C ,,;;TA ,,;;+125°C, 4.5 ,,;;VCC ,,;;5.5V 
AC ELECTRICAL CHARACTERISTICS N828130/131 O°C ,,;;TA";; +75°C, 4.75 ,,;;VCC ,,;;5.25V 

PARAMETER TEST CONDITIONS1 
S82S1301131 N82S1301131 

MIN TYP2 I MAX I MIN I TYP2 I 
Propagation Delay 

TAA Address to Output CL = 30pF 40 70 40 

TCD Chip Disable to Output R1 = 270n 20 30 20 

TCE Chip Enable to Output R2 = 600n 20 30 20 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at Vcc ~ 5.0V, TA ~ +2S'C. 
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'MAX 

50 
30 
30 

I .UNIT 

ns 
ns 
ns 



82S130-F .82S131-F 

MANUAL PROGRAMMER 

--III 
CHIPENA8LE -• {START! 

0 *,O.'PF 
Vee E 

III 
E 

Vee 

UriiONix 
0L2 , .. 

, .. ,. 
12·15V 828130 LlTRONUC 

, A, OR OL2 
825131 
ToaE 

5 AO 
PRO· 

GRAMMED 

, A, 0,,, LlTRONIX 
0L2 

-- 7 A2 03 10 ,. 
r L _______ 

a GND 0, . LITRONIX 
ADDRESS OL2 
9)(SPDT 

TIMING SEQUENCE 

STAAT~L ________________ _ ---~ 
T~_' __________ ~ ____________ 'll ________ _ 

T·~_'·'_LI _________________________ _ 

T,,_----1;I=, ~-
T' ______ ~I4--~~~LI ________________________ ___ 

,I 

T' ________________ --'I.--.,.5~L.I ______________________ __ 
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N82S130-F· S82S130-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device) T A = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 ,.A 

IlL Logical "0" VIL = +O.4V -500 ,.A 

VOUT 
2 Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 ,.s 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 ,.s 

TpR 
5 Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TpR 
4 

Programming Duty Cycle 33 % 
TpR +TpS 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kO resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to Vcep 

= 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains In the "1" state. 

3. After 10,.s delay, apply VOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10,.s delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After lOlLs delay, remove + 17V from the programmed output. 
.6. To verify programming, after lOlLS delay, 10we!"yCC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro-

NOTES: 

7. Raise VCC to VCCP = 8.75 ± .25V, and repeat steps 3 through 
6 to program other bits at the same address. 

8. After lOlLS delay, repeat steps 2 through 7 to program all other 
address locations. 

J. Bypass Vee to GND with a O.OI~F capaCitor to reduce voltage spikes. 
2. Care should be taken to insure the + 17 ::t:: 1 V output voltage is maintained during the entire fusing cycle. The recommended supply is a constant current source clamped at the specified volt

age limit. 
3. Vs is the senSing threshold of the PROM output voltage for a programmed bit. It normally constitutes the reference voltage applied to a comparator circuit to Ye!'ify a successful fusl,ng at

tempI. 
4. Continuous fusing for an unlimited time is also allowed. provided that a 33 % duty cyc~ Is maintained. This may be accomplished by following each Program-Verify cycle with a Rest period 

(Vee ~ OV) of 4ms. 
5. On the first programming attempt (from cold start) a maximum limit of 5 ~. Is allowed. In most cases. depending on the truth table, this will decrease total programming time. 
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N825114-lo N825115-1 

DESCRIPTION PIN CONFIGURATION 
The 825114 and 82S115 are fully TTL compatible, and include on
chip decoding and two chip enable inputs for ease of memory ex
pansion. They feature Tri-5tate outputs for optimization of word 
expansion In bussed organizations. A D-type latch is used to ena
ble the Trl-State output drivers. In the TRANSPARENT READ 
mode, stored data is addressed by applying a binary code to the 
address Inputs while holding STROBE high. In this mode the bit 
drivers will be controlled solely by CE1 and CE21ines. 

I PACKAGE 

In the LATCHED READ mode, outputs are held in their previous state 
(1, 0, or High-Z) as long as STROBE is low, regardless of the state of 
address or chip enable. A positive STROBE transition causes data from 
the applied address to reach the outputs if the chip is enabled, and 
causes outputs to go to, the High-Z state if the chip is disabled. 

A negative STROBE transition causes outputs to be locked into their 
last Read Data condition if the chip was enabled, or causes outputs to 
be locked into the High-Z condition if. the chip was disabled. 

BLOCK DIAGRAM 

1100--;-----1 

512 X 8 OR 256 X 8 MATRIX 
ADDRESS BUFFERI 
LINES DECODER 

A7o--'----.j 
As 0----- --- --<-__ -' 

~RDBE~ll~B~)----~r_-~ 

eEl ""~..r-_ 
CE2 ...-;-;:;:;-L-._ 

FEl -(13), FE2" Ill) 

VCC -124), GND" (12). I ) = Denotes Pin Number 
OUTPUT LINES 

AC ELECTRICAL CHARACTERISTICS O°C .;;TA .;;+75°C, 4.75V .;;VCC .;;5.25V 

PARAMETER TEST CONDITIONS 

TAA Address Access Time LATCHED or TRANSPARENT READ 
TCE Chip Enable Access Time R1= 270n, R2 = 600n, CL = 30pF 
TCD Chip Disable Time (Note 4) 

TADH Address Hold Time 

TCDH Chip Enable Hold Time 

TSW Strobe Pulse Width LATCHED READ ONLY 

TSL Strobe Latch Time R1 = 270n, R2 = 600n, CL = 30pF 
TDL Strobe Delatch Time (Note 5) 

TCDS Chip Enable Set-up Time 

NOTES: 
1. Positive current is defined as into the terminal referenced. 
2. Typical values are at VCC ~ +5.0V and T A ~ +25°C. 
3. No more than one output should be grounded at the same time and strobe should be disabled. Strobe is in "1" state. 

) 825115 PIN CONNECTION 

LIMITS 
MIN TYP' 

35 
20 
20 

0 -10 
10 0 
30 20 
60 35 

40 

4. If the strobe is high, the device functions in a manner identical to conventional bipolar ROMs. The timing diagram shows valid data will appearTA nanoseconds after 
the address has changed and TCE nanoseconds after the output circuit is enabled. T CD is the time required to disable the output and switch it to an "off' or high 
impedance state after it has been enabled. 

5. In Latched Read Mode data from any selected address will be held on the output when strobe}S lowered. Only when strobe is raised will new location data be 
transferred and chip enable conditions be stored. The new data will appear on the outputs if the chip enable conditions enable the outputs .. 

MAX 

60 
40 
40 

30 

UNIT 

ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
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82S114/115 MANUAL PROGRAMMER 
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TIMING SEQUENCE 
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PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.)TA = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 
VCCp1 To Program ICCp = 200 ± 25 mA 4.75 5.0 5.25 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

VS3 Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +5.0 ± .25V 175 200 225 mA 
Input Voltage 
VIL Low Level Input Voltage 0 0.4 0.8 V 

VIH High Level Input Voltage 2.4 5.5 V 
Input Current (FE1 & FE2 Only) 
IlL Low Level Input Current VIL = +0.45V -100 ,.A 

IIH High Level Input Current VIH = +5.5V 10 mA 
Input Current (Except FE1 & FE2) 

IlL Low Level Input Current VIL = +0.45V -100 ,.A 

IIH High Level Input Current VIH = +5.5V 25 ,.A 

VOUT2 Output Programming Voltage lOUT = 200 ± 20 mA 16.0 17.0 18.0 V 
(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 
TR Output Pulse Rise Time 10 50 ,.s 
tp FE2 Programming Pulse Width 1 1.5 ms 
to Pulse Sequence Delay 10 ,.s 
TpR Programming Time VCC = VCCP 10 sec 
TpS Programming Pause VCC = OV 
TPR4 

Programming Duty Cycle ---
TpR + TpS 

RECOMMENDED PROGRAMMING PROCEDURE 
The 82S114/115 are shipped with all bits at logical "0" (low). To 
write logical "1", proceed as follows: 

SET-UP 
a. Apply GNO to pin 12. 

b. Terminate all device outputs with a 10K!} resistor to VCC. 

c. Set CE1 to logic "0", and CE2 to logic "1" (TTL levels). 

d. Set Strobe to logic "1" level. 

PROGRAM-VERIFY SEQUENCE 
Step 1 Raise VCC to Vcep, and address the word to be pro

grammed by applying TTL "1" and "0" logic levels to the 
device address inputs. 

Step 2 After 10 ,.s delay, apply to FE1 (pin 13) a voltage source of 
+ 5.0 ± 0.5V, with 10 mA sourcing current capability. 

Step 3 After 10,.s delay, apply a voltage source of +17.0 ± 1.0V to 
the output to be programmed. The source must have a cur
rent limit of 200 mAo Program one output at the time. 

Step 4 After 10,.s delay, raise FE2 (pin 11) from OV to +5.0 ± 0.5V 
for a period of 1 ms, and then return to OV. Pulse source 
must have a 10 mA sourcing current capability. 

NOTES: 
1. Bypass vee 10 GND with a 0.01 ~F capacitor 10 reduce vollage spikes. 
2. Care should be taken to insure the 17 :::I:: 1V output voltage is maintained during the entire 

fusing cycle. The recommended supply is a constant current source clamped at the speci
fied voltage limit. 

7 sec 

60 % 

Step 5 After 10,.s delay, remove + 17.0V supply from programmed 
output. 

Step 6 To verify programming, after 10,.s delay, return FE1 to OV. 
Raise VCC to VCCH = +5.5 ± .2V. The programmed out
put should remain in the "1" state. Again, lower VCC to 
VCCL = +4.5 ± .2V, and verify that the programmed out
put remains in the "1" state. 

Step 7 Raise VCC to VCCP, and repeat steps 2 through 6 to pro
gram other bits at the sarrie address. 

Step 8 Repeat steps 1 through 7 to program all other address lo
cations. 

3. Vs is the sensing threshold of the PROM output voltage for a programmed bit. It normally 
constitutes the reference voltage applied to a comparator circuit to verify a successful fus
ing attempt. 

4. Continuous fusing for an unlimited time is also allowed, provided that a 60% duty cycle is 
maintained. This may be accomplished by following each Program Verify cycle with a Rest 
period (Vee = OV) of 3 mS. 
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TYPICAL FUSING PATH 

I 
I 

N82S114-1" N82S115-1 

VCCO------...,...------+--+---1HI--. I 
I 
I 
I 
I 
I 
I 

AC WAVEFORMS 
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STROBE' 

TRANSPARENT REA01 
(Output Latches Not Used) 

,,. _________________ +3.0V 

__ ~ __________ .... - __ - __ ---- -- ----.- --- -- _. OV 

~------------- ------------... +3.0V ',.5V '-________________ OV 

_----+3.0V 
CHIP ENABLE 1.5V '-____ ov 

°1,··°8 

+----'1-..... -0 OUTPUT 

L ~2PUT BU~E~..J 
DISABLE 

LATCHEO REA02 
(Output Latches Used) 

._------+3.OV 

._--'----+3.0V 

'------ov 

OV 
----~::::::~~~~~----=~~~---VOH 

SmnotiDS 



BLOCK DIAGRAM 

A, (15) 

I 
I 
I 
I 
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I 
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'" 
(7)1 

A3 

A, 

"" "" 

STORAGE 

MATRIX 

N828136-F. N82S137-F 
8828136-F .8828137-F 

PIN CONFIGURATION 
F PACKAGE 

AC ELECTRICAL CHARACTERISTICS 88281361137 -55°C .:;;TA':;; +125°C, 4.5 .:;;VCC .:;;5.5V 
N8281361137 O°C .:;;TA .:;;+75°C, 4.75 .:;;VCC .:;;5.25V 

PARAMETER TEST CONDITIONS' 
582S1361137 N82S1361137 

UNIT 
MIN TVP2 MAX MIN Typ2 MAX 

Propagation Delay 

TAA Address to Output CL = 30pF 40 80 40 60 ns 

TCD Chip Disable to Output R1 = 2700 20 40 20 30 ns 

TCE Chip Enable to Output R2 = 6000 20 40 20 30 ns 
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582S136/N82S136-F 
582S137/N82S137-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) T A = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TVP MAX 
UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S Verify Threshold 0.9 1.0 1.1 V 

Iccp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 ,..A 

IlL Logical "0" VIL = +0.4V -500 ,..A 

VOUT 
2 Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 ,..s 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 ,..s 
5 

TpR Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 

TpR 
4 

TpR +TpS 
Programming Duty Cycle 33 % 

PROGRAMMING PROCEDURE 
1. Terminate aU device outputs with a 10kO resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to VCCP 

'= 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

3. After 10,..s delay, apply VOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10,..s delay, pulse the CE input to logic "0" for 1 to 2 ms. 
5. After 10,..s delay, remove + 17V from the programmed output. 
6. To verify programming, after 10,..s delay, lower VCC to VCCH = 

+5.5 ± .2V, and apply a logic "0" level to the CE input. The pro-

NOTES: 
1. Bypass VCC 10 GND Wllh a O.Q1~F capaCitor to reduce voltage spikes. 

7. Raise VCC to VCCP = 8.75 ± .25V and repeat steps 3 through 6 
to program other bits at the same address. 

8. After 10,..s delay, repeat steps 2 through 7 to program aU other 
address locations. 

2. Care should be taken to Insure the + 17 * 1V output voltage Is maintained during the entire fusing cycle. The recommended supply is a constant current source clamped at the specified ~t
agellmll. 

3. Vs is the sensing threshold of the PROM output voltage for a programmad bit. It normally constitutes the reference voltage applied to a comparator circuit to _Ify a successful fusing at· 
tempt. 

4. Continuous fusing for an unlimited time Is aloo allowed, provided that a 33 % duty cycle Is maintained. This may be accomplished by following each Program-Verify cycle with a Rest period 
(VCC = OV) of 4mo. 

5. On the first programming attempt (from cold start) a maximum limit of 5 soc. is allowed. In most cases, depending on the truth table, this wlll,decrease total programming tima. 
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S828184/N82S184-F 
S82S185/N82S185-F 

PIN CONFIGURATION 
F PACKAGE 

AC ELECTRICAL CHARACTERISTICS 88281841185 -55°e dA"; +125°e, 4.5 ,.;Vee ,.;5.5V 
N8281841185 ooe ,.;T A ,.;+ 75°e 475 "'-Vee "'525V - - . 

PARAMETER TEST CONDITIONS1 
S82S184/185 N82S 1 84/185 

MIN Typ2 MAX MIN TYP2 MAX 
UNIT 

Propagation Delay 

TAA Address to Output CL = 30pF 70 150 70 100 ns 

TCD Chip Disable to Output R1 = 270n 30 60 30 40 ns 

TCE Chip Enable to Output R2 = 600n 30 60 30 40 ns 
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S82S184/N82S184-F 
S82S185/N82S185-F 

PROGRAMMING SPECIFICATIONS (Testing of these limits may cause programming of device.) TA = +25°C 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 
UNIT 

Power Supply Voltage 

VCCP 
1 To Program ICCp = 350 ± 50mA 8.5 8.75 9.0 V 

(Transient or steady state) 

VCCH Upper Verify Limit 5.3 5.5 5.7 V 

VCCL Lower Verify Limit 4.3 4.5 4.7 V 

V 3 
S Verify Threshold 0.9 1.0 1.1 V 

ICCp Programming Supply Current VCCP = +8.75 ± .25V 300 350 400 mA 

Input Voltage 

VIH Logical "1" 2.4 5.5 V 

VIL Logical "0" 0 0.4 0.8 V 

Input Current 

IIH Logical "1" VIH = +5.5V 50 j.lA 

IlL Logical "0" VIL = +O.4V -500 j.lA 

VOUT 
2 Output Programming Voltage lOUT = 200 ± 20mA 16.0 17.0 18.0 V 

(Transient or steady state) 

lOUT Output Programming Current VOUT = +17 ± 1V 180 200 220 mA 

TR Output Pulse Rise Time 10 50 j.lS 

tp CE Programming Pulse Width 1 2 ms 

to Pulse Sequence Delay 10 j.lS 

TpR 
5 

Programming Time VCC = VCCP 2.5 sec 

TpS Programming Pause VCC = OV 5 sec 
TpR 

4 

TpR +TpS 
Programming Duty Cycle 33 % 

PROGRAMMING PROCEDURE 
1. Terminate all device outputs with a 10kO resistor to VCC. 
2. Select the Address to be programmed, and raise VCC to VCCP 

= 8.75 ± .25V. 

grammed output should remain in the "1" state. Again, lower 
VCC to VCCL = +4.5 ± .2V, and verify that the programmed 
output remains in the "1" state. 

3. After 10j.ls delay, apply lOUT = + 17 ± 1V to the output to be 
programmed. Program one output at the time. 

4. After 10p.s delay, pulse both CE inputs to logic "0" for 1 to 2 ms. 
5. After 10"s delay, remove + 17V from the programmed output. 
6. To verify programming, after 10"s dblay, loweLYcc to VCCH = 

+5.5 ± .2V, and apply a logic "0" leiel to the CE input. The pro-

NOTES: I 

7. Raise Vee to Veep = 8_75 ± .25V and repeat steps 3 through 6 
to program other bits at the same address. 

8. After 10"s delay, repeat steps 2 through 7 to program all other 
address locations. 

1. Bypass VCC 10 GND with a O.01pF capachor 10 reduce vollage spikes. 
2. Care should be taken to Insure the + 17 ::t: 1V output vonage Is maintained during the entire fusing cycle. The recommended supply is a constant current source clamped at the specified vott

age limit. 
3. Vs is Ihe sensing threshold of Ihe PROM output vollage for a programmed bit. II normally conslitutes Ihe reference voltage applied 10 a comparalor circuit 10 verify a successful fusing at

lempl. 
4. Conllnuous fusing for an unlimited lime is also allowed. provided thai a 33 % duty cycle is maintained. This may ba accomplished by following each Program-Verify cycle wilh a Resl period 
NOO-~~- . 

5. On the first programming attempt (from cold start) a maximum limit of 5 Sec. is allowed. In most cases, depending on the truth table. this will decrease total programming time. 
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FPLA: Field Programmable Logic Arrays 
GENERAL 
Although strictly a logic element, an FPLA can also be viewed as a 
Conditionally Addressable Memory. In this respect, the FPLA is analo
gous to a small PROM of 46 words X 8 bits working storage. In contrast 
with PROMS however, FPLAs contain a programmable input decoder 
which allows "linear" selection of each device output word only when 
the FPLA input address matches any of the programmed combinations 
in the input matrix. 

The potential hardware savings possible with FPLAs when applied to 
implement any kind of combinatorial logic function are readily apparent 
because storage for unused minterms is no longer required. Also, the 
proper logic output for all inactive minterms occurs by input "default", 
and Don't Care states of the input variables can be directly programmed 
in the input matrix. The advantage comes about because with FPLAs 
we have a choice to select any 48-input words (or more, as determined 
by Don't Care input variables) from a total available pool of 65,536 (216). 

This can be done at any time, in the field, by the user. 

ABSOLUTE MAXIMUM GUARANTEED RATNGS 

PARAMETER 
LIMITS 

UNIT 
MIN MAX 

TA Operating Ambient Temperature 
S82S - Military Range -55 +125 °c 
N82S - Commercial Range 0 +75 °c 

T STG Storage Temperature -65 +150 °c 

VIN Input Voltage +5.5 Vdc 
VOUT Output Voltage +5.5 Vdc 

VCC Power Supply Vonage +7 Vdc 

NOTES: 
1. Stresses above thos listed under "Maximum Guaranteed Ratings" may cause permanent 

damage to the device. This is a stress rating only I and functional operation of the device of 
these or any other condition above those indicated in the operation section of the device 
specifications is not implied. 

THERMAL RATINGS 
TEMPERATURE MILITARY COMMERCIAL 

Maximum junction 175°C 1500C 
Maximum ambient 125°C 75°C 
Allowable thermal rise 

ambient to junction 50°C 75°C 

THE 82S100l82S101 

The 825100 (Tri-State Outputs) and the 82S101 (Open Collector Out
puts) are Bipolar Programmable Logic Arrays, containing 48 Product 
terms (AND terms), and 8 Sum terms (OR terms). Each OR term 
controls an output function which can be programmed either true 
active-High (Fp), or true active-Low (Fp). The true state of each output 
function is activated by any logical combination of 16-input variables, or 
their complements, up to 48 terms. Both devices are field
programmable, which means that custom patterns are immediately 
available by following the fusing procedure outlined in this data sheet. 

The 82S100 and 825101 are fully TIL compatible, and include chip
enable control for expansion of input variables, and output inhibit. They 
feature either Open Collector or Tri-State outputs for ease of expansion 
of product terms and application in bus-organized systems. 

APPLICATIONS 
Large read only memory 
Random logiC 
Code conversion 
Peripheral controllers 

Look-up and decision tables 
Microprogramming 
Address mapping 
Character generators 
Sequential controllers 

MAXIMUM ALLOWABLE POWER DISSIPATION 

# OF 8JA1 PMAX - mW 
MATERIAL PACKAGE PINS °c/W 0+125°C 0+75°C 

Plastic B 16 155 -- 480 
XA 18 130 384 577 
N 24 100 500 750 
XF 28 100 500 750 

Plastic2 BA 16 85 588 850 
XAS 18 73 685 >1000 
NA 24 75 666 1000 
XFA 28 75 666 1000 

Cerdip F 16 90 556 835 
18 90 556 835 
24 60 830 >1000 

Ceramic I 16 83 600 900 
24 50 1000 >1000 
28 50 1000 >1000 

NOTES: 
1. On a mounted surface, in still air. 
2. Improved thermal characteristics due to built-in heat spreader. 
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AC TEST FIGURE (UNLESS OTHERWISE SPECIFIED) 

.'0 
I 
I 
I 
I 
I 
I 

115~ 

CEO--

Vee 

OUT 

GND: 

FO 

F, 

~
VCCRI 

RZ Cl 

!INCLUDES 
SCOPE AND JIG . .,.. I CAPAenANCE) 

TYPICAL AC WAVEFORMS (UNLESS OTHERWISE 
SPECIFIED) 

READ CYCLE 
r-----------------+3•OV 

INPUT 1.5V "-________________ ov 

~--_:_--'- +3.0Y 

'----------'-+-----oV 

Measurements: All Circuit Delays are measured at the + 1.SV level of inputs and outputs. 

58. 

INPUT WAVEFORMS 

INPUT PULSES 

~-----l Jt 
~:-----1l-j[ 

ALI.. INPUT: tr = tf" 50t (10% TO 90%1 

ARRAY TIMING DEFINITIONS 

Delay between beginning of CHIP ENABLE low (with ADDRESS 
valid) and when DATA OUTPUT becomes valid. 
Delay between when CHIP ENABLE becomes high and DATA 
OUTPUT is in off state (Hi-Z or "1"). 
Delay between beginning of valid INPUT (with CHIP ENABLE 
low) and when DATA OUTPUT becomes valid. 



825100-1-825101-1 

SWITCHING CHARACTERISTICS 
O°C ~ TA ~ + 75°C, 4.75V ~ VCC ~ 5.25V 

TEST 
PARAMETER CONDITIONS MIN 

Propagation De'ay 
TIA Input to Output CL=30pF 
TCD Chip Disable to Rl=270 

Output 

TCE Chip Enable to R2=600 
Output 

TRUTH TABLE 

MODE Pn CE Sr 1 f (Pn) 

Disabled 
(825101) X 1 X 

PIN CONFIGURATION 

LIMITS I PACKAGE 

TVP2 MAX UNIT 

35 50 ns 
15 '30 ns 

15 30 ns 

Fp F· 
P 

1 1 

Disabled Hi-Z HI-Z OUTPUT POLARITY 
(825100) 

1 0 YE5 1 0 

Read 
0 0 0 1 

X 0 NO 0 1 

k = 0, 1, X (Don't Care) 

n = 0, 1, 2, ..... ,47 . 

47 5 r = f (2:0 tn Pn) 

where: 

Unprogrammed state 

Programmed state 

r "'" p = 0, 1,2, .... ,7 

: 1m = km = 0; In = 1 

: im = km ; In = 0 

DC ELECTRICAL CHARACTERISTICS O°C~ TA ~ 75°C; 4.75 V ~ VCC ~ 5.25V 

PARAMETER 1 TEST CONDITIONS 

VIH High-Level Input Voltage! VCC= 5.25V 
VIL Low-Level Input Voltage' VCC=4.75V 

VIC Input Clamp Voltage, VCC=4.75V,IIN= -18mA 

VOH HiQh-Level Output Voltag.e (82S100), VCC=4.75V, 10H= -2mA 

VOL Low-Level Output Voltage, VCC=4.75V, 10L =9.6mA 

10LK Output Leakage Current VOUT=5.25V 
(82S101) 

VOUT=5.25V 
10(OFF) Hi-Z State Output Current (82S100) VCC=5.25V VOUT=0.45V 

IIH High-Level Input Current VIN=5.5V 
IlL Low-Level Input Current VIN=0.45V V 

lOS Short-Circuit Output Current (82S100~) VCC=5.25V, VOUT _ OV 

ICC VCC Supply Current (82S100, 82S101) VCC=5.25V 

CIN Input Capacitance 
VCC=5.0V 

VIN=2.0V 
Co Output Capacitance VOUT=2.0V 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2. A~ typical vatues are at VCC ~ SV. TA - 2S"C. 
3. Duration of short circuit should not exceed one second. 
4. ICC Is measured with the chip ~able input grounded. all other inputs at 4.SV and the outputs open. 
S. Measured with VtL applied to CE and a logic "'" stored. 
6. Measured with VIH applied to c;e. 

LIMITS 

MIN TVp2 MAX 

2 
0.8 

0.8 1.2 

2.4 

0.35 0.45 

1 40 

1 40 
-1 -40 

<1 25 
-10 -100 

-20 -70 

120 170 

5 
8 

7. Test each output one at the time. 
8. Measured with a programmed logic condition for which the outpul under lest Is al a "0" logic level. Outpul sink current Is supplied thru a rasistor to V cc· 

UNIT 

V 
V 

V 

V 

V 

p.A 

p.A 
p.A 

p.A 
p.A 

mA 

mA 

pF 
pF 

NOTES 

1 
1 

1,7 

1,5 

1,8 

6 

6 

3,7 

4 

6 
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BLOCK DIAGRAM 

'0 

,. 
INPUTS 

SUM MATRIX 
{POSITIVE "OR"GATESI 

FPLA EQUIVALENT LOGIC PATH 

60 

Vec 

_____ 48 PRODUCT TERMS-----

r------~-~--1r-----~-O~c 

PRODUCT MATRIX 
!POSITIVE "AND" GATES) 

>-1>+-0.., 

N82S100-l-N82S101-1 

J c: ReXT 

NOTE, 
FOR EACH OF THE 8 OUTPUTS, EITHER THE FUNCTION F,,{ACTIVE I'IIGHI 
OR Fp {ACTIVE LOWI IS AVAILABLE, BUT NOT 80TH, THE REQUIREO 
FUNCTION POLARITY IS USER PROGRAMMABLE VIA FUSE (SI. 
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N82S100-1 N82S101-1 

FPLA MANUAL FUSER 

." 

TO FPlA 
(OUTPUTS) 

FIL·XFMR 
F-40X 

~i r---------, ~~~------------~--------------------_, 

FUSE PBS 

TO FPLA 
(Vee) 

I~ 
--L OUTPUT ~~!p,r.~ 

El r 

Its.75VI 

It5VJ 

(GNDI 

o-'4""I~--o ~ o---~~ 

1K 1 
+17V 

VERIFY "AND" 

0- PAOGRAM ANDloR 

~ 
VERIFY "OR" ':' 

OUTPUTS lSI 

.,. 
INPUTS (l61 

OUTPUT POLARITY PROGRAM-VERIFY SEQUENCE (Typical) 

"OR" MATRIX PROGRAM-VERIFY SEQUENCE (Typical) 

10-5 

FO_7 

FUSE 
ENABLE 

V'H -,..---------------------- - - - - -r-;PN-"--
!IlL I PN ____ ~ __ _ 

-+I'Dr- (PnNOT IN Fp/Fpl 
vOPF ---r---"":---, ,...- ------I r----
V OH ---li-------!-i;i:1--.l.-------L..,r-r _____ ---l-__ 

VFEH - '---______ J-
'0% 

V'H ____ ~ 
______ ---f-
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"AND" MATRIX PROGRAM-VERIFY SEQUENCE (Typical) 

PN - - - - - ,----;;::-: - -

,....,1------------------------ -- -~!..--
V OHF 

FO_5 
VOLF 

v;x 
10.15 VIH" 

• 1m = l ,...1 I ______ ----~. 

Hr---:--".,,--'--.... ---r'-------"T"'"" - - -- --, -- ---
I L ____ _ 

F7 
(Verify Output) 

FUSE 
ENABLE 

CE 
V'H~ __ """~ 

_____ --I-
v" ____ =_--'-="'--________________________ _ 

TYPICAL FUSING·PATHS 

OR Matrix AND Matrix 
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MOS SHIFT REGISTERS 
AC ELECTRICAL CHARACTERISTICS T A = 25°C, VOO = -5V +50f0, VILC 11V (4, 5, 6, 7, 8) 

Frequencv Clock Pulse Data 

Clock 'owln,l tOH.(051 tA+(ns) 'A-ln,1 
TEST Rep Rate (MHz) Data ,,,/>fWIpsI 'opO Ipsl Data Write Data to Clock Clock to Data 

CONO'TION W-R-VCC Rep Rate IMH,I Width Delay 'R, 'F Insl Time Hold Time Out Delay 
RL-3K W-R-VCC f-3MH, F-3MH, Transition lsetupl Vo - VCC -16V 

Data Out = 2.5V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

2506" 3 NfA 150 ns 01 
lOOns 02 10 10 1000 75 150 

2507" 3 NfA \50 ns 01 10 10 1000 75 150 
100ns 02 

2517" 3 NfA 150 ns 01 10 10 1000 75 150 
100 ns 02 

1405 VILC·VCC-14.5 VILC-VCC-14.5 0.200 10 30 'I'S 120 20 250 2511 
To VCC - 17 ToVCC- 17 

2 2 VOO-9V±5% 
VI LC-VCC-12.6 To 
VCC-14.7,RL -5.6K 

1.5 1.5 0.240 10 30 'I'S 120 20 250 250 

2505 2.5 2.5 180 os 10 II'S 120 10 100 100 

2524 3 3 135 os 25 10 1000 70 20 100 NfA 

140ZA 2.5 5.0 0.130 10 10 1000 30 20 90 90 
VOO'-lIV±5% 

1.5 3.0 0.170 10 10 1000 60 20 110 110 

2502 12 4 8 85' 10 10 1000 50 NfA 90 NfA 

1403A 2.5 5.0 0.130 10 10 1000 30 20 90 90 
VOO·-lIV±5% 

1.5 3.0 0.170 10 10 1000 60 20 110 110 

2503 12 4 8 85' 10 10 1000 50 NfA 90 NfA 

1404A 2.5 5.0 0.130 10 10 1000 30 20 90 90 
VOO--9V±5% 

1.5 3.0 0.170 10 10 1000 60 20 110 110 

2504A 4 8 85' 10 10 1000 50 NfA 90 NfA 

2512 2.5 2.5 180ns 10 II'S 120 10 100 100 

2525 3 3 1350$ 25 10 1000 70 20 100 NfA 

2518" 2 NfA Clock NfA 51'S 100 50 350 350 
0.200 DC 

2538" 2 NfA Clock NfA 51'S 100 50 350 350 
0.200 DC 

2519" 2 NfA Clock NfA 51'S 100 50 350 350 
0.200 DC 

2539" 2 NfA Clock NfA 51'S 100 50 350 350 
0.200 DC 

2509 OC 1.5 N/A Clock NfA II'S 50 50 350 350 
0.290 100 
0.210 OC 

253212 DC 1.5 NfA 0.33 100 NfA 51'S NfA 75 IOL-I.6mA IOL-I.6mA 
Clock 

0.33 OC 400 400 

2532-1 12 DC 2.5 NfA 0.020 100 NfA 51'S NfA 75 IOL-l.SmA IOL-1.SmA 
Clock 

0.020 DC 225 225 

2510 DC 1.5 NfA 0.290 100 NfA II'S 50 50 350 350 
Clock 

0.210 DC 

2521 DC 1.5 NfA 0.350 DC NfA II'S 75 50 350 350 

2522 DC 1.5 NfA 0.350 DC NfA II'S 75 50 350 350 

2511 DC 1.5 NfA 0.290 100 NfA II'S 50 50 350 350 
Clock 

0.210 DC 

2529 DC 1.5 NfA 0.2 100 NfA II'S NfA S5 IDL-1.6mA IOL-1.SmA 
Clock 

0.2 DC 450 450 

2528 DC 1.5 NfA 0.2 100 NfA II'S NfA 65 IOL-1.6mA IOL-I.SmA 
Clock 

0.2 DC 450 450 

2527 DC 1.5 NfA 0.2 100 NfA II'S NfA 65 IOl-I.6mA IOL-l.6mA 
Clock 

0.2 OC 450 450 

2533 1.5 1.5 0.350 100 NfA II'S 50 75 300 300 
Clock 

250 
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MOS SHIFT REGISTERS 
AC ELECTRICAL CHARACTERISTICS TA t 25°C, VDD = -5V +5%, VILC 11V (4, 5, 6, 7, 8) 

Frequencv Clock Pulse 0 ... 

Clock tow tOH tA+ (nsl 
TEST Rep R.te (MHz) Data tOPW{jJs) tOO (",) Data Write Data to Clock Clock to Data 

CONDITION W=R=VCC Rep Rate (MHz) Width Delay tR. tF (ns) Time Hold Time Out Delay 

RL=3K W=R=VCC F=3MHz F=3MH, Transition (se,up) Vo = VCC -16V 
Data Out = 2.5V 

Min TV. M.x Min TVp M,x Min TVp M,x Min TV. M.x Min TVp M •• Min TV. M" Min TVp M" Min TV. 

2560 DC 2.0 DC 2.0 0.2 100 NIA 1", NIA 50 IOL=I.6mA 
Clock 

0.2 DC 

2561 DC 2.0 DC 2.0 0.2 100 NIA 1", NIA 50 IOL=1.6mA 
Clock 

0.2 DC 

2562 DC 2.0 DC 2.0 0.2 100 NIA 1", NIA 50 IOL=I.6mA 
Clock 

0.2 DC 

2563 DC 2.0 DC 2.0 0.2 .100 NIA IllS NIA 50 IOL=I.6mA 
Clock 

0.2 DC 

5060 Otn-OtF-10ns NIA OtR=OtF=10ns NIA IllS tR. tF=10ns tR.tF=10ns NIA 
DC 1.5 0.300 100 Data, load Data, Load 

Clock 70 50 
0.200 DC 

.liliiii1 

tA-(ns) 

M,x Min TVp 

IOL'1.6mA 

250 

IOL=I.6mA 

250 

IOL=I.6mA 

250 

IOL=I.6mA 

250 

NIA 

M.x 

250 

250 

250 

250 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = O°C to 70°C, vec= +5V8, VDD,":: VD= ..,12V +5% 4,5,6,7 

-
INPUT VOLTAGE " ,OUTPUT VOLTAGE INPUT CURRENT 

VIL(V)" VIH(V)" VOL(V)" VOH(V)" ILI(.A) 
LOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL LOAD 

TEST CONDITIONS 
TA=25 C TA=25' C TA"25·C 

IOL -2,OmA IOH"-150.A VIN"OV to 5:25V 

NUMBE R OF BITS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

256 25LOI -12 Vce-4,5 Vce-2,0 Vee+0,3 IOL = 3.0 mA 0.45 IOH"-100"A VIN=OV 
3.5 500nA 

1024 2101 -0.5 0,65 2.2 Vec 0.45 2.2 10 

1024 2101·1 -0.5 0.65 2.2 ~ 0.45 ' 2.2 10 

1024 2101·2 -0.5 0,65 2.2 Vcc 0.45 2.2 10 

1024 2601 -0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2102 -0.5 0.65 2.2 Vee IOl=1.9mA 0.4 IOH= 10Cl.A 10 
2.2 

1024 21 L02·1 -0.5 0.65 2.2 Vee IOl =1.9mA 0.4 IOH=100.A 10 
2.2 

1024 21l02·3 -0.5 0.65 2.2 Vee IOl =1.9mA 0.4 ' IOH= 100.A 10 
2.2 

1024 21F02 -0.5 0.65 2.2 Vee IOl=1.9mA 0.4 IOH= 100.A 10 
2.2 

1024 2111 -0.5 0,65 2.2 Vee 0.45 2.2 10 

1024 2111·1 0.5 0.65 2.2 Vee 0.45 2.2 10 

1024 2111-2 -0.5 0,65 i2 Vee 0.45 2.2 10 

1024 2611 -0.5 0,65 2.2 Vee 0.45 2.2 10 

1024 2112 -0.5 0.65 2.2 ver. 0.45 2.2 10 

1024 2112·1 -0.5 0,65 2.2 Vee 0.45 2.2 10 

1024 2112-2 -0.5 0.65 2.2 Vee 0,45 2.2 10 

1024 2612 -0.5 0,65 2.2 Vee 0.45 2.2 10 

1024 2606 -0.5 0.65 2.2 Vee IOl=I.9mA 0.45 IOW- lOO• A 10 
2.4 

1024 2606·1 -0.5 0.65 2.2 Vee IOL =1.9mA 0.45 IOW,,100.A 10 
2.4 L 

DYNAMIC 
1024 1103" Address/Data in l ) TA=O"C" IOL = 3,2mA RL =100" RL =100II" 1 

TA=O"C VSSI VSS+l 60mV 400mV 
VSS-17 VSS,14.2 TA=70"e" See Note 15 TA=70"C 

TA=70"e VSS-O.7 VSS+l 
VSS .. 17 VSS·14.5 

Recharge Enable 
Read/Write 13, 14 

TA=O·e 
VSS-17 VSS-14.7 

TA=70"e 
VSS-17 VSS-15.0 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = aoc to 70oe, vee = +5V8, VOO = vo= -12V +5% 4.5.6,7 

INPUT CU RRENT OUTPUT CURRENT 

ILilL("A) ILOH("A) 
LOW LEVEl HIGH LEVEl IOL(mA) 
LEAKAGE LEAKAGE 

TEST CONDITIONS 
TA=2S"C TA=25 C SINK 

VDUT=D.4SV VOUT= 4.0V TA=2S' C 
CE=2.2V CE=2.2V VDUT= -0.7V 

NUMBER DF BITS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN 

256 2501 VOUT=OV. CS=3.3V VOUT = 0.45V 

1000nA N/A 13 3.0 
2.0 

1024 2101 10 15 N/A 

1024 2101·1 10 15 N/A 

1024 2101·2 ·10 15 N/A 

1024 2601 10 15 N/A 

1024 2102 -100 10 N/A 

1024 21 L02·1 100 10 N/A 

1024 21 L02·3 100 10 N/A 

1024 21F02 CE=2.0V 10 Vo UT=2.4 10 V CC N/A 
VOUT=O.4V 5 

1024 2111 -50 15 N/A 

1024 2111-1 -50 15 N/A 

1024 2111-2 -50 15 N/A 

1024 2611 -50 15 N/A 

1024 2112 -50 15 N/A 

1024 2112·1 -50 15 N/A 

1024 2112·2 -50 15 N/A 

1024 2612 -50 15 N/A 

1024 2606 -100 10 N/A 

1024 2606·1 -100 10 N/A 

DYNAMIC 
1024 1103" VOUT=OV 1 N/A See Note 15 

600"A 

500"A 

(See Notes-Page 9) 

IOH(mA) 

SOURCE 
TA=2S"C 
VOUT=DV 

TYP MAX 

TA=70"C 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

RL =100" 
4000"A 

TA=70'C 
4000"A 

SUPPLY CURRENT 

IBB ("AI 

MIN TYP MAX 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

100 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = oae to 70ae, vee = +5V8, VDD = VD= -12V +5% 4.5.8 .. 1 

SUPPL V CURRENT CAPACITANCE 

ICC1(mA) ICC2(mA) loo(mA) CIN(pF) COUT(pF) 

TEST CONDITIONS TA"25 C TA=O C 
VIN=5.nV VIN=5.25V 

TA=25 C VIN=5V VIN=5V 

lour=°mA IOUT=OmA 
IOL=OmA F=IMHz F=IMHz 

NUMBER OF BITS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

256 2501 I N/A N/A 9 10 10 

I 
I 

1024 2101 30 60 70 N/A N/A N/A 

1024 2101-1 30 80 70 N/A N/A N/A 

1024 2101·2 30 60 70 N/A N/A N/A 

1024 2601 30 80 70 N/A N/A N/A 

1024 2102 60 70 N/A N/A N/A 

1024 21 L02-1 40 40 N/A N/A N/A 

1024 21 Lon 40 40 N/A N/A N/A 

1024 21 F02 60 70 N/A N/A N/A 

1024 2111 30. 80 70 N/A N/A N/A 

1024 2111·1 30 60 70 N/A N/A N/A. 

1024 2111-2 30 60 70 N/A N/A N/A 

1024 2611 30 80 70 N/A N/A N/A 

1024 2112 30 60 70 i N/A N/A N/A 

1024 2112-1 30 80 70 N/A N/A N/A 

1024 2112-2 30 80 70 N/A N/A N/A 

1024 2612 30 80 70 N/A N/A N/A 

1024 2606 40 70 80 N/A VIN=OV VOUT=OV 
4 7 7 10 

1024 2606-1 40 70 80 N/A VIN=OV VOUT=OV 
4 7 7 10 

DYNAMIC 
lQ24 1103" N/A N/A All Addresses. oC See Data Sheet .. 

Precharge = OV 
Cenable = VSS 
During tpc . 

56 
During tov 

59 
Precharge = VSS 
Cenable = OV 
During tpov 

11 
Precharge, 
Cenable = VSS 

4 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = ooe to 70oe, vee = +5V8, VDD = VD= -12V +5% 4,5,6,7 

INPUT VOLTAGE OUTPUT VOLTAGE 

VIL(V)' VIH(V)' VOL(V)' VOH(V)' 
lOW LEVEL HIGH LEVEL LOW LEVEL HIGH LEVEL 

TEST CONDITIONS 
TA=25°C TA=25°C 

IOL=3,2mA IOW-2OO• A 

NUMBER OF BITS MIN I TVP I MAX MIN I TYP I MAX MIN I TVP I MAX MIN TVP MAX 

1024 1103-1" Address/Data in" TA=O'C IOl = 3.2mA RL=100' 
TA=O°C VSS-l VSS+l See Note 15 

115 mV 700mV 
VSS-20 VSS-18 TA=70°C 

90mV 700mV 

4096 2680 See Data Sheet for Electrical Specifications 

4096 2680-1 See Data Sheet for Electrical Specifications 

4096 2680-2 See Data Sheet for Electrical Specifications 

INPUT CURRENT 

ILI(.A) 
LOAD 

TA=25'C 
VIN=OV to 5,25V 

MIN I TVP MAX 

RL =100n" 1 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) 
TA = ooe to 70oe, vee = +5V8, VDD = VD= -12V +5% 4.5.6.7 

INPUT CURRENT OUTPUT CURRENT ,I 
ILOL(,.A) ILOH(,.A) 

LOW LEVEL HIGH LEVel IOL(mA) IOH(mA) 188 
LEAKAGE' LEAKAGE 

TEST CONDITIONS 
TA=25'C TA=2S"C SINK SOURCE 

VOUT=O.45V VOUT=O.45V TA=25"C TA=25'C 
~·2.2V fE=2.2V VOUT=4.5V VOUT=OV 

NUMBER OF BITS MIN I TVP MAX MIN TVP MAX MIN I TVP MAX MIN I ,Tn IMAX MIN TVP MAX 

1024 1103-1" VOUT=OV 10 N/A See Note 15 Rl=100n',' 100 
1.15.A 1_0.A 

TA=SS'C 
0.9.A 1.0.A 

4096 2680 See Data Sheat for Electrical Specifications 

4096 2680-1 See Data Sheet for Electrical Specifications 

4096 2680-2 See Data Sheet for Electrical Specifications 
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MOS-RAMS 
ELECTRICAL CHARACTERISTICS TABLE (Conl'd) 
TA = aoe to 70oe, vee = +5V8, VOD = VD= -12V +5% 4.5.6.7 

SUPPLV CURRENT 

ICCllmA) IcczlmA) IDDlmA) 

TEST CONDITIONS TA=25 C TA"O C 
VIN"S.2SV VIN=S.25V TA=Z5 C 

IOUT=OmA IOUT=OmA IOL 'OmA 

NUMBER OF BITS MIN TVP MAX MIN TVP MAX MIN J TVP I MAX 

1024 1103·1" NJA NJA Average Cycle 
Time = 580n5 
Precharg. Width' 190n5 

25 
All Address.s, 
Precharge = OV 
Cenable = VSS 
During tpc 

60 
During tov 

68.5 
Precharge = VSS 
Cenable = OV 
During tpov 

II 
Precharge, 
Cenable = V SS 

4 
Average Cycle 
Time = 500ns 
Precharge Width = 190ns 

23 

4096 2680 See Data Sheet for Electrical Specifications 

4096 2680·1 See Data She.t for Electrical Specifications 

4096 2680-2 See Data Sheet for Electrical Specifications 

-
CAPACITANCE 

CINlpF) 

VIN=5V 
F=IMHz 

MIN I TVP I MAX MIN I 
.. See Data Sheet 

COUTlpF) 

VIN"5V 
F'IMHz 

TVP I MAX 

~ 
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MOS-CHARACTER GENERATORS 
ELECTRICAL CHARACTERISTICS TABLE 

I nput Voltage -

VIL(Vl8 VIH (VIS 
Low Level High Level 

TEST 
CONDITIONS 

Min Typ Max Min Typ Max 

# of Bits 

2560 2513 -5 0.6 3.4 5.3 

3072 2516 -5 0.6 3.4 5.3 

4096 2530 -5 0.6 3.4 5.3 

5184 2526 -5 0.6 3.4 5.3 

8192 2580 -5 0.6 3.4 5.3 

8192 2608 -5 0.65 2.2 

8192 2608-1 -5 0.65 2.2 

NOTES: 

Output Voltage I nput Current Output Current 

ILOL (pAl 
VOL (VIs VOH (VIs III (pAl Low Level 
Low Level High Level Load Leakage 

IOL=1.6mA 10 H=1 00tJ,A TA=25°C TA=25°C 
VIN=5.5V VOUT=5.5V 

VCE=VCC 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

-5 0.4 3.0 500nA 1000nA 

-5 0.5 3.8 500nA 1000nA 

0.5 3.8 500nA 1000nA 

0.5 3.8 500nA 1000nA 

0.5 3.8 500nA 1000nA 

0.45 2.4 0.;;.\/1 N..:;s·25V VOUT=0.4V 
10 10 

0.45 2.4 0";;VIN";;5.25V VOUT=0.4V 
10 10 

1. Stresses above thOse listed under "Maximum Guaranteed Rating" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these are at any other condition above those indicated in the operation specifications is not 
implied. 

2. For operating at elevated temperatures. the devices must be derated based on a +150oe maximum junction temperature and a thermal 
resistance of 150oe/W (TA and V package) or a 125°e/W (8 package). 

3. All inputs are protected against static charge. 

4. Parameters are valid over operating temperature range unless specified. 

5. All voltage measurements are referenced to ground. 

6. Manufacturer reserves the right to make design and process changes and improvements. 

7. Typical values at +25°e and typical supply voltages. 

8. Guaranteed input levels are stated for worst case conditions including a ±5% variation in Vee and a temperature variation of oOe to 
+70oe. Actual input requirements with respect to Vee are VIH = Vee = 1.85V and VI L = Vee = 4.15V. . 

9. When cascading. use 140ns maximum pulse width to allow data set-up time for driver register. 

10, VOL)s a function of the input characteristics of the driver TTL/DTL gate 101 and VeLAMP and the value of the pull-down resistor (RL). 

11. Typically I GG will reduce by 40~A/bit reduction in total register length. 

12. T A = oOe to +70oe~.vsS (Note 17) = 16V ±5%. (Vee - VSS) Note 18 = 3V to 4V. VDD = OV unless otherwise specified. 

13. The maximum values for VIL and the minimum values for VIH are linearly related to temperature between O°c;: and 700 e can be calcu
lated using a straight-line relationship. 

14. The maximum values for VIL (for precharge. cenable and read/write) may be increesed to VSS - 14.2 @ oOe and VSS - 14.5 @ 70°C 
(same values as those specified for the address and data-in linesl with a 40ns degradation (worst case) in tACo tpC. tRC. tWC. tRWC. 

tACC1 and tACC2' 

15. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from 
the clocks. VOL equals 10L across the load resistor. 

16. This value of load resistance is used for measurement purposes. In applications the resistance may range from 100.12 to 1 kn. 

17. The VSS current drain is equal to (100 + 10HI or (I DO + lOLl. 

18. (Vee - VSSI supply should be applied at or before VSS' 
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MOS-CHARACTER GENERATORS 
ELECTRICAL CHARACTERISTICS TABLE 

Output Current ·Supply Voltage 

I LO H {J.lA) 
High Level 
Leakage IGG (rnA) ICC (rnA) 

VOUT=OV VCC=5.25V 
TEST VCE=VCC 
CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max 

# of Bits 

2560 2513 N/A 15 N/A 

3072 2516 N/A 12 N/A 

4096 2530 N/A 45 45 

5184 2526 N/A 45 45 

8192 2580 N/A 35 35 

8192 2608 VOUT=2.4V N/A TA=O°C 
80 

8192 2608·1 VOUT=2.4V N/A TA=O°C 
80 

100 (rnA) 

TA=25°C 
VOUT=OV 

Min Typ Max 

15 

21 

N/A 

N/A 

N/A 

N/A 

Capacitance 

C,N (pF) COUT (pF) 

F=l MHz 

VIH=VCC 
VAC=25MVP-P 

Min Typ Max Min Typ 

10 

10 

10 

10 

10 

V'N=OV VOUT=OV 
7.5 

V'N=OV VOUT=OV 
7.5 

Max 

15 

15 
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DESCRIPTION 
The 2518 and 32-bit recirculating static shift 
registers consist of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. Internal 
recirculation logic plus TIL/OTL level clock 
signals are provided for maximum interfac
ing ease. 

BLOCK DIAGRAM 

'N, 

'N, 

'N, 

'N, 

'N, 

'N, 

SWITCHING CHARACTERISTICS 
LIMITS 

PARAMETER 
MIN MAX 

tRS Recirculate set-up time 150 
tRH Recirculate hold time 50 
tOOE Output enable time 100 
tooo Output disable time 100 

74 

OUT, 

OUT, 

OUT, 

OUT4 

OUTIi 

OUTS' 

UNIT 

ns 
ns 
ns 
ns 

2518-B,I,F 

p,IN CONFIGURATION 

B, I, F PACKAGE 

TRUTH TABLE 

RECIRCULATE INPUT FUNCTION 

1 0 Recirculate 

1 1 Recirculate 

0 0 ''0'' is Written 

0 1 "1" is Written 

Data is Read Outwl'len output enable is "low." Output is tri· 
stated when output enable is "high:' 



TIMING DIAGRAM 

CLOCK V~H 
INPUT 

V~L 

OATA VIH 
INPUT 

RECIRCULATE VIH 

CONTROL VIL 

I~ 
1/1 

, ------; 
-----\ 

tos----- ----j 
'RS- --

-------~ --

2518-B,I,F 

~ 

_ t¢PWL_ _t¢PWH _ 

'-\ ----
~ 

- 90% 

~/ 
r-

1\ 100% ------~ .... t--'OH 

-' - 'F_ - 'R_ 

~ .... r-'RH 

f--- V 
--'~ 

_'0_ 
·~---------------6 ~-

:~~~~~~~~~~~i~'~ ----------=v-E
------------

DESCRIPTION 
The 2519 40-bit recirculating static shift 
registers consist of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/OTL level clock 
signals are provided for maximum interfac
ing ease, 

SWITCHING CHARACTERISTICS 

PARAMETER 
LIMITS 

MIN MAX 
tRS Recirculate set-up time 150 
PRH Recirculate hold time 50 
tOOE Output enable time 100 
tooo Output disable time 100 

UNIT 

ns 
ns 
ns 
ns 

2S19-B.I.F 

PIN CONFIGURATION 

B, I, F PACKAGE 

TRUTH TABLE 

RECIRCULATE INPUT FUNCTION 

1 a Recirculate 
1 1 Recirculate 
a a "0" is Written 
a 1 "1" is Written 

Data is Read out when output enable i~ "low." Output IS tn
stated when output enable is "high." 
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TIMING DIAGRAM 

�------l/f------I~1 

VIH--- -
DATA 
INPUT 

'os 

VIL ______ _ 

VIH-------
RECIRCULATE 

CONTROL VIL _______ _ 

BLOCK DIAGRAM 

'N, 

'N, 

'N, 

'N, 

'''' 

'N, 

76 

OUT, 

OUTZ 

OOT, 

OUT4 

OUT5 

OUTS 

2519-8,I,F 

_tF_ 



DESCRIPTION 
The 2509 50-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/OTL level clock 
signals plus tri-state outputs are provided 
for maximum interfacing ease. 

PIN CONFIGURATION 

A PACKAGE K PACKAGE 

OUT 1 

SWITCHING CHARACTERISTICS TRUTH TABLE 

PARAMETER 
LIMITS 

MIN 1 MAX 

tOE Disconnect I 300 

BLOCK DIAGRAM 

'N,O-+---I ___ r-"\.-"' 

,.., O-t--;-'ln...._r-.... 

NOTES: 
1: If output enable = ''0'', output is "off", 
2: If output enable = "1 ", see Truth Table. 

smloriCS 

UNIT 
RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: '"0" = OV; "1" = +5V. 

2509-A,K 

OUT2 

VGG 

FUNCTION 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 
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2509-A,K 

TIMING DIAGRAM 

+5 
.,N 

+5 -----, 
DATA IN 

+5----------+--------, 
DATA OUT 

O.4V 0------
';;5-+_+"'-1-

50% 

t+-:~! 
+5 - - - - ---~ 1,-----------------

OUTPUT . 'J/ 
ENABLE ~ ... 

o ~---------

tR .. tF <10 NSEC FOR ALL INPUTS 
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2532-B·2532-1-B 

DESCRIPTION TRUTH TABLE PIN CONFIGURATION 
The 2532 Static Shift Register consists of 
enhancement mode P-Channel silicon gate 
MOS devices integrated on a single mono
lithic chip. Each of the four aO-bit registers 
is provided with an independent input, 
push-pull output and recirculation control. 

RECIRCULATE FUNCTION INPUT B PACKAGE 
0 ''0'' is Written 0 
0 "1" is Written 1 
1 Recirculate 0 
1 Recirculate 1 

Thesingle phase clock iscommontoall four NOTE: "0" = ov, "1" = +5V 

registers. All inputs and outputs including 
the clock interface directly with TTL or DTL 
circuits without external components. 

Data is entered when the clock is at a logic 
"1". Data is shifted when the clock goes low. 
When the Recirculate control is at a logic 
"1", data recirculates and is continuously 

TIMING DIAGRAM 

~"PW .1.. 'jPw---! 

available at the output, data input is 
inhibited. With the Recirculate control is at a 
logic "0", data is entered. 

BLOCK DIAGRAM 

I I I 1 
~~5~--~~' ,~j~~~~ 
~ , r\5D% 10%11 I~ 

.,.0--------( 

"N 
I -+j I-'R ---I !-., 

'Ds I_ .1_ .1 'OH 

.. ,r.L,',..---------
0- - - - 5\JJ{""_ - - - - - - - - - -

DATA IN 

~'A----+I 

DATA OUT 
., I "¥iiii-----
0- ____ __ t- ______ i~;;;:.AV=--__ _ 

tRS I_ "I'" "I tRH 

------.Ir 1..""\ I r--------
-----~~:----------RECIRCULATE 

tR = tF 10 NSEC FOR ALL INPUTS 
NOTE: CLOCK MUST BE STOPPED IN THE TTL ''0'' STATE TO RETAIN DATA 

DURING STATIC OPERATION. 

RECn-...... -r-... 

SWITCHING CHARACTERISTICS' 

-- PARAMETER 
2532 

MIN MAX 

tRS Recirculate set-up time 150 
tRH Recirculate hour time 50 

2532-1 
MIN MAX 

ao 
30 

OUT 

UNIT 

ns 
ns 
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DESCRIPTION 
The 2510 100-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/DTL level clock. 
signals plus tri-state outputs are provided 
for maximum interfacing ease. 

80 

PIN CONFIGURATION 

A PACKAGE K PACKAGE 

SWITCHING CHARACTERISTICS TRUTH TABLE 

PARAMETER 
LIMITS 

MIN I MAX 

tOE Disconnect I 300 

BLOCK DIAGRAM 

,.,o-+--1_JO--i-,/ 

NOTES: 
1: If output enable = "0", output is "off". 
2: If output enable = "1", see Truth Table. 

IllOliDB 

UNIT 
RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: "0" = OV; "1" = +5V. 

2S10-A.K 

FUNCTION 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 

Cu" 



TIMING DIAGRAM 

.. 
• 'N 

.. 
DATA IN 

.. 
DATA OUT 

O.4V 

r--:~~ 
.. -------~ 1,----------

OUTPUT '.J/ 
ENABLE /"" 

o ~---------

tR = tF <10 NSEC FOR ALL INPUTS 

IBIOlill 

2510-A.K 
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DESCRIPTION TRUTH TABLE 
The 2521 128-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. 

FUNCTION 

Recirculate 
Recirculate 
''0'' is Written 
"1" is Written 

INPUT 

0 
1 
0 
1 

NOTE: '"0" = ov; "1"' = +5V. 

SWITCHING CHARACTERISTICS 
PARAMETER LIMITS 

MIN MAX 

tRS Recirculate setup time 50 
tRH Recirculate hold time 50 

PIN CONFIGURATION 
RECIRCULATE 

V PACKAGE 
0 
0 
1 
1 

UNIT 

RECiRCUlATeO' • Vee 

IN, z 1 It;'a 

OUT, :I 6 OUT2 

VGG 4 Ii ~IN 

ns 
ns 

TIMING DIAGRAM BLOCK DIAGRAM 

RECIRCULATE +Vcc 

tos I_ .1-. ~tDH 
IN, 

DATA IN : _____ jW~-________ _ 
I--- tA~ 

.. I ,l..-------
DATA OUT. ________ ~ _____ .J~~:~:!V ___ _ 

tfiS~l-tRH 

~R~EC~IR~CU~~~T~E_-_-_-_-_~~~~~ __________ _ 

82 I!JOBIllI 
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DESCRIPTION 
The 2522 132-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. 

TRUTH TABLE 
RECIRCULATE INPUT 

0 0 
0 , , 0 , , 

NOTE: '"0" = OV; "'" = +5V. 

PIN CONFIGURATION 
FUNCTION V PACKAGE 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 

IN, 2 7 1~2 

SWITCHING CHARACTERISTICS 

"""'RCULATEo' Vee 

OUT, 3 6 OUT2 

PARAMETER 

t RS Recirculate set~up time 
tRH Recirculate hold time 

TIMING DIAGRAM 

I--- t,pw _I--- \lpW ---I 

"N : ~- l- 1f~, ... :.-.-~,;r~"" I 
-.j I--- tF --I I--- tR 

tDS---l---1-4- tDH 

+. ----..... I r +, I ,..---------
DATA IN 50%4 ; 45t1'1. 

o _____ ji~\------------
I--- tA---I 

+. 1.,1..-------
DATAOUTO ________ ~ _____ J'X:lI.>:'~~v ____ _ 

'lis I' _I •• , tftH 

REC1RCULATE-_-_-_-_-_-":';""'U~r .... -_-_-_--__ -_-_-_-_-_-_ 

LIMITS UNIT VGG 4 5 ¢lIN 

MIN MAX 

50 ns 
50 ns 

BLOCK DIAGRAM 

IN, 

'IN 

IN, 

2522-V 

--W -• 0 e 
W e 
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DESCRIPTION 
The 2511 200-bit recirculating static shift 
register consists of enhancement mode P
chal'1nel silicon gate MOS devices integrat
ed on a single monolithic chip. Internal 
recirculation logic plus TTL/DTL level clock 
signals and tri-state outputs are provided 
for maximum interfacing ease. 

84 

PIN CONFIGURATION 
A PACKAGE K PACKAGE 

SWITCHING CHARACTERISTICS TRUTH TABLE 
PARAMETER LIMITS 

MIN MAX 

tOE Disconnect 300 

BLOCK DIAGRAM 

"" G-j---f ....... \n...._r-, 

NOTES: 
1: If output enable = '"0", output is "off". 
2: If output enable = "1 ", see Truth Table. 

UNIT RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: '"0" = OV; "1" = +5V. 

2511-A,K 

FUNCTION 

Recirculate 
Recirculate 
''0'' is Written 
"1" is Written 



TIMING DIAGRAM 

+5 

.,N 

+5-----' 

DATA IN 

+5 --------~-----, 
DATA OUT 

0------

r--:~! 
+5 -------------~Jt----------

OUTPUT 7'" 
ENABLE 0 '--________ _ 

tR = tF <10 NSEC FOR ALL INPUTS 
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DESCRIPTION 
The 2529 240-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. 

BLOCK DIAGRAM 

TRUTH TABLE 
RECIRCULATE 

0 
0 , , 

NOTE: "0" ; OV; "'" ; +5V 

r----------------, 

"N 

I 
I 
I 
I 

2-"9 
BIT REGISTER 

2529-V 

PIN CONFIGURATION 
INPUT FUNCTION V PACKAGE 

0 Recirculate , Recirculate 

0 ''0'' is Written , "1" is Written 

TIMING DIAGRAM 

toS-l-I-<+-'DH 

DATA IN : ------·-----j ... m~,.:...---------------------
j.-- 'A---I 

.. I ,1.:------
DATA OUT I . \'7f'-'a.ov 

0- _______ -I- ___ - _.J"";..l!.:O.4!l::V ___ _ 

'AS-l--f--f-'RH 

~R=EC~IR~C~Ul~A~TE;_-_-_-_-_~~~~~-~-_-_-_-_-_-_-_-_-_-_-_ 
tR ; tF < '0 NSEC FOR ALL INPUTS 

NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPED IN THE 
TTL "'" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 
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DESCRIPTION 
The 2528 250-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MaS devices integrat
ed on a single monolithic chip. 

BLOCK DIAGRAM 

TRUTH TABLE 

RECIRCULATE INPUT 

0 0 
0 1 
1 0 
1 1 

NOTE: "0" = OV; "1" = +5V 

+Vee 

2528-V 

·PIN CONFIGURATION 

FUNCTION V PACKAGE 

Recirculate 
Recirculate 
"0" is Written 
"1" is Written 

,----------------. 

I., 

I 
I 
I 
I 

250 
BIT REGISTER 

TIMING DIAGRAM 

tos---t--I---I-- tOH 

,slr +, I r---------
DATAl. o-----jW~----------

1--- tA---I 

.. : \;J.:,.ov-----
DATA OUT 0 ________ +- _____ ...1~~O •• ~v----

'iis-t---f--t--- 'RH 

RECIRCULATE _____ ':tdr~-_-_-_-_-_-_-_-_-_-_-_ 
tR ~ tF < 10 NSEC FOR ALL INPUTS 
NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPED IN THE 
TTL "1" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 
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DESCRIPTION 
The 2527 256-bit recirculating static shift 
register consists of enhancement mode P
channel silicon gate MOS devices integrat
ed on a single monolithic chip. 

TRUTH TABLE 

RECIRCULATE 

0 
0 
1 
1 

2527-V 

PIN CONFIGURATION 

INPUT FUNCTION V PACKAGE 

0 Recirculate 
1 Recirculate 
0 ''0'' is Written 
1 "1" is Written 

NOTE: "0" = OV; "1" = +5V 

BLOCK DIAGRAM 

88 

'Vee 

.----------------. 
I 1 
1 1 
I ~6 1 I BIT REGISTER 

.,N 

IN. 1 

I 
1 L _______________ _ 

TIMING DIAGRAM 

I_ "PW --1 ____ '.pw -I 

+5 -\ • 1 ::(: or.T 
.'N \50% f- I~O% I.':; 1 

ov I _, ,c""'· ""'F---'''''''I 1 
tos I.. I •• I tOH ----. .-- --- 4- IR 

DATA'N: _____ jW~-________ _ 
I---- 'A ---I 

+5 IJ.------I \*'-3.0V 
DATAOUTO ________ +- _ ____ J~.:.: •. 4"'V----

'iis~f-'iiH 

. REC'RCULATE _____ ':,.U~,...SO%-_-_-_-_-_-_-_-_-_-_-_ 
tR 0 tF 10 NSEC FOR ALL INPUTS 

NOTE: FOR STATIC OPERATION, THE INPUT CLOCK MUST BE STOPPED IN THE 
TTL "1" STATE IN ORDER TO RETAIN DATA (SEE CLOCK PULSE WIDTH 
SPECIFICATION). 

9(gDOhC9 



DESCRIPTION TRUTH TABLE PIN CONFIGURATION 
The 2533 Static Shift Register consists of 
enhancement mode P-channel silicon gate 
MOS devices integrated on a single mono
lithic chip. 

STREAM SELECT 

0 
1 

NOTE: '"0" = ov. "1" = +5V 
The 1024-bit register is equipped with two 
data inputs together with a "Stream Select" AC TEST SETUP 
control to facilitate external recirculation. 

The single phase clock input, data input, 
data output, and stream select control will 
interface directly with TTL/DTL circuits 
without external components. 

Data is entered when the clock is at a logic 
"1 ". Data is shifted when the clock goes low. 

NOTES: 

FUNCTION 

IN 1 SELECTED 
IN 2 SELECTED 

Measure tA between device input and point (a). Gates 
are standard 7400. 

V PACKAGE 

TIMING DIAGRAM SWITCHING CHARACTERISTICS 

STREAM 
SELECT 

- "1------OATAOUT 

I ~ _________________ J 

NOTE: A TIMES MEASURED AT 50% POINTS WITH INPUT Ir, If ,;;; 10n8. 

B CLOCK MUST BE STOPPED IN TTL "0" STATE TO RETAIN DATA 
DURING STATIC MODE OPERATION. 

PARAMETER 

tssH Stream select hold time 
tsss Stream select set-up time 

BLOCK DIAGRAM 

.,No----------I 

SSoI~-""-~r-..... 

1N2Q--+-L.....-J 

lI~nl!'iClI 

LIMITS 

MIN 

50 
80 

CLOCK 
GENERATOR 

MAX 

2533-V 

UNIT 

ns 
ns 
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DESCRIPTION PIN CONFIGURATION 
These Signetics 2500 Series dual 100-Bit 
dynamic shift registers consist of enhance
ment mode P-channel MOS devices inte
grated on a single monolithic chip. They use 
two clock phases. 

BLOCK DIAGRAM 

IN ,--t::>o--I 100 BITS t--{:>o-- OUT 1 

INz--C>o-I 100 BITS t---t:>o--OUT2 

SWITCHING CHARACTERISTICS 

PARAMETER TEST CONDITIONS 
LIMITS 

MIN MAX 

too 
Data. in overlap tr 2 = tr 1 = 10ns 10 

TIMING DIAGRAM 

910UTl'lJT I 

I 
I I 

'w"'1 ~too~ I I.------- FReaU~NCV---t 

~~" ... I 
I : I 

DATA IN t-, -'-----------

I 
-+l ~IAT 

_~I 

90 

TPACKAGE 

Vee 

UNIT 

2506/o7/17-T,V 

V PACKAGE 

OUTPUT o' Vee CLOCK ttP,1 
INPUT 

OUTPUT 2 2 , 1 CLOCK (q,21 

INPUT 2 3 6 OUTPUT 1 

Voo 4 Ei INPUT 1 

PART NO. OUTPUT PACKAGE 
2506T Bare Drain 8 Pin TO-5 
2506 V Bare Drain 8 Pin DIP 
2507 T 7.5k Pull Down 8 Pin TO-5 
2507 V 7.5k Pull Down 8 Pin DIP 
2517 T 20k Pull Down 8 Pin TO-5 
2517 V 20k Pull Down. 8 Pin DIP 



DESCRIPTION 
The 2S0S/140S S12-bit recirculating dynam
ic shift registers consist of enhancement 
mode P-channel MOSdevices integrated on 
a single monolithic chip. Internal recircula
tion logic plus write and read controls, 
together with two chip select controls are 
included on the chip. 

TIMING DIAGRAM 

BLOCK DIAGRAM 

NOTES: 
N = 512 '0' = av, '1' = +5V. 
When 51 or 52 is '0' Data Recirculates 
When 81 and 52 are '1' see truth table 

1---""-----1 r------'" '---+1'1 . :Y"" 8r'fr--1I ----iU "I INPUT CLOCK I 

-ID 'QIPW I :.=.r-t"D 'F _____ _ '1'1 

I I I 

NOTE: 
1. N=512 -
2. Note that the Read Inout is AND'ed with </> 1; therefore this function is not valid until .P..1 occurs. 

SlnDnDS 

2S0S/140S-K 

PIN CONFIGURATION 

K PACKAGE 

TRUTH TABLE 

WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read/Write, Output is Data 
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DESCRIPTION BLOCK DIAGRAM 
The 2524512-bit recirculating dynamic shift 
register consists of enhancement mode P
channel MOS devices integrated on a single 
monolithic chip. Internal recirculation logic 
plus write and read controls are included on 
the chip. 

CONDITIONS OF TEST NOTE 

Input rise and fall times: 10 ns Output load 
is 1 TTL gate 

N = 512 '0' = OV. '1' = +5V, 

TIMING DIAGRAM 

~ .,Tl ----j' r- .,TN ~ 

~~~~~~~r--~U~--~ 
~INPUTCLOCK 

-,. 
"'" 
~~--~~~----i~~~--~ 

~10UTPUT CLOCK : : : I 
tow I I I I I 

-10 ~~tDH :. I 

: I :: I ~ CLOCKREPRATE~ : 
'5~--'l-~1 I _____ I) I 

DATA IN I I l' : 
o I \. _lJ S ! I , 

I INIIT' ::o..~+~ 
+5- - _.L - -- ~------------ ---- ~r+I-- --:1' v---

O"TAOUT : I I '_ ,'l-
o : : SS : ! -----Q'UTBIT'-----J 

'w +5 --1 r-- -., t-- tw :: 
WRln I I 

I I 
I I 
I I 

READ 

+I tA+ -;:--- ~ ~ tR-

--------------~\J \~----------
NOTE: 
1, N = 512 
2. Note that the Read Input is AND'ed with ¢ 1; therefore this function is not valid until ¢ 1 occurs. 
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2524-V 

PIN CONFIGURATION 

V PACKAGE 

"""",e,o,,O' Vee OUTPUT ~ 7 ';'1 OUTPUT CLOCK 

READ 3 6 INPUT 

Voo 4 5 WRITE 

TRUTH TABLE 
WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read Mode Output is Data 



PIN CONFIGURATION 

2502 
B,I PACKAGE 

DESCRIPTION 
These Signetics 2500 Series 1024-bit multi
plexed dynamic shift registers consist of 
enhancement mode P-channel MOS de
vices integrated on asingle monolithic chip. 
Due to on-chip multiplexi ng, the data rate is 
twice the clock rate. 

OUTPUT BUFFER 

SWITCHING CHARACTERISTICS 
LIMITS 

UNIT 
MINIMAX too DATA IN OVERLAP 
10 I NS 

2503 2504 
TA PACKAGE 

voo 
TA PACKAGE 

voo 

Vee Vee 

2503 2504 
V PACKAGE V PACKAGE 

TIMING DIAGRAM 

BIT 1 BIT2 BIT N BIT N+2 

BIT2 

r ------ VIHC 

IO%U--' I , 
<f,Il CLOCK I I I 

-- 1- I -- 90~ 90%_: -- ~---------VILC 
--r.' ~D I~ I \ II II 

I I~CLOCKRATE--------+--l I, I) 

t<plPW -1 ............. :1 ~ I , 1JTl[tF---.I)-.-.II .... t R V'He 

:: I 

,'CLOCK 'DW' __ : :i-- 90% __ : 90% _____ v 

tDH"~: , .... :: I 1: ILC 

~ : .... , t,p2PW I .... DATA RATE .... ' : 1 
- - -~.- - - - - - - - - --iJ;?- - - - - - - - - - - - - -VIH 

DATAIN~ ..... __ '\ l : :. VIL 

INBITl INBIT2 ---.1 :..-tA+ ----.: :"-tA_ 

- - - - - - - - - - - - - - - --i'i'-- - - - - _....J. .... r-----....---VDH 
DATA OUT t. __ .~ _ '--

--------------i((lP--------'--oliT"ai:;:-;- OUTBIT2 VOL 

'IDW and IDH same for I</>2 UN 0256 for 1402A, N 0512 for 1403A, N 0 1024 for 1404A 
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DESCRIPTION 
The 2512 1024-bit recirculating dynamic 
shift register consists of enhancement 
mode P-channel MaS devices integrated on 
a single monolithic chip. Internal recircula
tion logic plus write and read controls, 
together with two chip.select controls are 
included on the chip. 

TIMING DIAGRAM 

NOTE: 
1, N=1024 _ 

BLOCK DIAGRAM 

NOTES: 
N = 1024"0' = OV. '1' = +5V. 
When 81 or 52 is '0' Data Recirculates 
When 81 and 82 are '1' see truth table 

2. Note that the Read Input is AND'eeI with cP 1; therefore this function is not valid until !E. 1 occurs, 
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2512-K 

PIN CONFIGURATION 

K PACKAGE 

TRUTH TABLE 

WRITE READ FUNCTION 

0 0 ReCirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read/Write, Output is Data 



DESCRIPTION 
The 2525 1024-bit recirculating dynamic 
shift register consists of enhancement 
mode P-channel MOSdevices integrated on 
a single monolithic chip. Internal recircula
tion logic plus write and read controls are 
included on the chip. 

CONDITIONS OF TEST 
Input rise and fall times: 10 ns Output load 
is 1 TTL gate 

TIMING DIAGRAM 

BLOCK DIAGRAM 

READIRf 

NOTE 
N = 1024 '0' = ov, '1' = +5V, 

r-- BIT N ------j 
I------iv,-------.; 

"'ow 
.. ----i..--+-;--.... 

• ,OUTPUT CLOCK : : : 

""'ttl' II - I -10 I ~tDH II 1 

: :: I .. _ LOCK REPR"'TE~ : 
"~ __ ~-'I I _____ " I 

DATA IN I I I' : 
o I ,-_I J " ! I , 

I INalf1 :t...-..-+...t 
I I (I I .. -------,.-----------------It",.----'I' ----------.c·---

DATA OUT : I I I 

o I : SS : : -----OuTBIT'-----...I 
... --1 :- --,t-... :: 
WRln~" I : · rl~:---:~------------

tft+ ---1 ~ ~ t-- tR-

RUD .. ---------IIJ \'----~-
NOTE: 
1. N = 1024 
2. Note that the Read Input is ANO'ed with cfJ1; therefore this function is not valid until ifJ1 occurs. 

_mRDriDli 

PIN CONFIGURATION 

V PACKAGE 

<>, 'N,", C'O" O' Vcc 
OUTPUT z , ':'1 OUTPUT CLOCK 

READ 3 6 INPUT 

Voe • 5 WRITE 

TRUTH TABLE 
WRITE READ FUNCTION 

0 0 Recirculate, Output is '0' 
0 1 Recirculate, Output is Data 
1 0 Write Mode, Output is '0' 
1 1 Read Mode Output is Data 
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DESCRIPTION PIN CONFIGURATION 
The Signetics 2500 Series 256-bit Random Access Memory employs enhancement mode P
channel MOS devices integrated on a single monolithic chip. It is fully decoded, permitting 
the use of a 16-pin dual in-line package. Complete static operation requires no clocking. 

8,1 PACKAGE 

Address 6 1 16 Ch ip Select 

SWITCHING CHARACTERISTICS Guaranteed Limits TA = 0 to +70°C, Address 8 z 

VCC=+5V +5°;' VOO - Vo - 12V +5% - 0, - - -
Address 7 3 

READ CYCLE WRITE CYCLE 
14 Data Out 

SYMBOL TEST LIMITS (lA-sec) MAX SYMBOL TEST LIMITS (lA-sec) MIN, 
13 Data Out 

two Address to Write Pulse Delay 0.3 

ta Access 
lJLsec 

twp Write Pulse Width 
Time tw Write Time 

too Data-Write Pulse Overlap 

AC CONDITIONS OF TEST 
Input pulse amplitudes: 0 to +5V, Input pulse rise and fall times: 
< 10 nsec. Speed measurements referenced to 1.5V levels. 

Output load is 1 TTL gate; measurements made at output of TTL 
gate (tpd .;;; 10 nsec) 

READ CYCLE (For Measurement Purpose Only) 

At-As 

~50 nsec 

RIW 

1-----ts------oroJi 
OUTPUTS 7i\.-

WRITE CYCLE (For Measurement Purpose Only.) 
A,-AS 

cs--t-" 

RIW _.....: ____ -J 

DATA IN -----------, 

0.4 

0.3 

0.1 

BLOCK DIAGRAM 

DATA 
OUT 

CS 
RIW 

DATA IN 

NOTE: 

16 

15 

12 

Address 5 8 

Address 1 7 

'" ffi 
~ 

'" o 
w 
z 
:::i 
X 

11 Address 4 

lQ Address 2 

9 Address 3 

256·BIT RAM PLANE 

Vec' 5 

VOO'S 

VO' 4 

The 25L01 is available which will reduce the 'DO to9mAat25°C. Jo reduces to 16mA 
at 25'C and IOl = OmA at 25'C. 

POWER DISSIPATION 
The maximum power dissipation of 1.7 mW/bit is required only 
during Read or Write. For standby operation 100.1-' W/bit is 
obtained by removing Vo and reducing VOO to -B.OV. 
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2101-F • 2101-1-F • 2101-2-F .2601-F 

DESCRIPTION PIN CONFIGURATION 
The 2101 series and the 2601 are 1024-bit high performance, low power static read/write F PACKAGE 
RAMs organized as 256 words by 4 bits. 

The 2101 series and the 2601 are fully static and no refresh operations, sense amplifiers, or 
clocks are required. All inputs and outputs are directly TTL-compatible and only one +5V 
power supply is required. 

The 2101 series and the 2601 are fabricated with N-channel silicon gate technology which 
allows the design of high performance easy to use MaS circuits and provides a high 
functional density on a given monolithic Chip. 

GNO 

BLOCK DIAGRAM 

An 

A, 

A2 

A3 

... 
R/W 

01, 

012 

0'3 

01. 

,. 
m 

'7 
CE2 

'8 
00 

SWITCHING CHARACTERISTICS for 2101,2101-1,2101-2,2601 
T - O°C to 70°C V A- - 5V +50/, unless otherwise specified CC - - 0, 

READ CYCLE 2101 

Parameter Test Conditions Min. Max. 

tRC Read Cycle 1.000 

tA Access Time t r, tf = 20ns 1,000 

tco Chip Enable To Output VIN = +0.65V to +2.2V 800 

too Output Disable To Output Timing Reference = 1.5V 700 
tDF (3) Data Output to High Z State Load = 1 TTL Gate 0 200 

tOH Previous Read Data Valid and CL = 100pF. 40 
after change of Address 

WRITE CYCLE 

twe Write Cycle 1,000 

tAW Write Delay t r, tf = 20ns 150 

tew Chip Enable To Write VIN = +0.65V to +2.2V 900 

tow Data Setup Timing Reference = 1.5V 700 

tOH Data Hold Load = 1 TTL Gate 100 

twp Write Pulse and CL = 100pF. 750 

tWR Write Recovery 50 

tos Output Disable Setup 200 

ROW 
SELECT 

2101-1 

Min. Max. 

500 
500 
350 
300 

0 150 
40 

500 
100 
400 
280 
100 
300 
50 
150 

CELL ARRAY 
32 ROWS 

32 COLUMNS 

2101-2 

Min. Max. 

650 
650 
400 
350 

0 150 . 
40 

650 
150 
550 
400 
100 
400 
50 
150 

....E-o Vee 

8 
....--oGND 

2601 

Min. Max. 

400 
400 
175 
150 
125 

40 

400 
400 

150 
125 
50 
150 
0 

150 

DO, 

D02 

D03 

DO. 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

-W -• 0 
E 
W 
E 
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CAPACITANCE (2) TA" 25°C f = 1 MHz , 

Parameter 
Limits (pF) 

Typ. (1) Max. 

CIN Input Capacitance 
4 8 (All Input Pins) VIN = OV 

COUT Output Capacitance VOUT - OV 8 12 

WAVEFORMS 

READ CYCLE 

1~------tRC------~ 

ADDRESS 

tCD---' 

CE2 

--I--J _tco---. 

00..,..,,.....-1-----.. ... tOD .... 
(COMMON [41 

NOTES: 

I/O) 

DATA 
OUT 

DATA OUT 
VALID 

1. Typical values are for T A = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tDF is with respect to the trailing edge of CEt, CE2, or 00, whichever occurs first. 
4. CD should be tied low for separate 1/0 operation. 
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AC CONDITIONS OF TEST 

Input Pulse Levels: +0.65 Volt to 2.2 Volt 
Input Pulse Rise and Fall Times: 20ns 
Timing Measurement Reference Level: 1:5 Volt 
Output Load: 1 TTL Gate andCL = 100pF 

WRITE CYCLE .. 
,~ ADDRESS 
---'~ 

1 

CE2 

[41 
00 

{COMMON 
1/01 ---' 
DATA 

IN 

..... --
--..... 

R/W 

.. 
~ 

V 

.. 
If 

tos --, 
-.I .. 

tAW --.. 

'Wc ~ 

,r-
J~ 

tcw 

/ -

\ -tcw ~ 

- ... tDH 

,r- f--
DATA IN 
STABLE '--tow ~ 

t--
__ tWR~ 

twp ~ 



2111· 2111-1· 2111-2· 2611-XA, IK 

DESCRIPTION PIN CONFIGURATION 
The 2111 series are 1024-bit high performance, low power static read/write RAMS XA,IK PACKAGE 
organized as 256 words by 4 bits. 

The 2111 series are fully static and no refresh operations, sense amplifiers, or clocks are 
required. All inputs and outputs are directly TTL-compatible and onlyone+5V powersupply 
is required. 

The 2111 series is fabricated with N-channel silicon gate technology which allows the 
design of high performance easy to use MOS circuits and provides a high functional density 
on a given monolithic chip. 

BLOCK DIAGRAM 

R/W ~-...... '------' 

1/02 o--t+-IJi~ 1 

ROW 
SELECT 

CE2 o--<:t":>--'--

00 

MEMORY ARRAY 
32 ROWS 

32 COLUMNS 

SWITCHING CHARACTERISTICS 

18 
---OVcc 

8 
+--OGNO 

T A - O°C to 70°C VCC - 5V +5% unless otherwise specified - - -

A3 

A2 

Al 

Ao 

A5 

AS 

A7 

GNO 

00 

vee 

A4 

R/W 

eE, 

READ CYCLE 2111 2111-1 2111-2 2611 

Parameter Test Conditions Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tRC Read Cycle 1,000 500 650 400 ns 

tA Access Time tr, tf = 20ns 1,000 500 650 400 ns 

tce Chip Enable To Output V,N = +0.65V to +2.2V 800 350 400 175 ns 

tOD Output Disable To Output Timing Reference = 1.5V 700 300 350 150 ns 

tDF (3) Data Output to High Z State Load = 1 TTL Gate a 200 a 150 a 150 125 ns 

IOH Previous Read Data Valid and CL = 100pF. 40 40 40 40 ns 
after change of Address 

WRITE CYCLE 

IWC Write Cycle 1,000 500 650 400 ns 

lAW Write Delay tr, tf = 20ns 150 100 150 400 ns 

ICW Chip Enable To Write V,N = +0.65V to +2.2V 900 400 550 150 ns 

lOW Data Setup Timing Reference = 1.5V 700 280 400 125 ns 

IOH Data Hold Load = 1 TTL Gate 100 100 100 50 ns 

IWp Write Pulse and CL = 100pF. 750 300 400 150 ns 

IWR Write Recovery 50 50 50 0 ns 

lOS Output Disable Setup 200 150 150 150 ns 
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2111· 2111-1·2111-2· 2611-XA, IK 

READ CYCLE WRITE CYCLE 

tRC ~ 
'WC 

ADDRESS 

CHIP 
tew 

CHIP ENABLES 
ENABLES (a,. CE2) 
(CE,. CE2) 

OUTPUT 
OUTPUT DISABLE 
DISABLE 

DATAI!O 
DATAI/O 

READ! 
WRITE 
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2112-F,B-2112-1-F,Be2112-2-F,Be2612-F,B 

DESCRIPTION 
The 2112 series and the 2612 are 1024-bit high performance, low power static readlwrite 
RAMs organized as 256 words by 4 bits. 

The 2112 series and the 2612 are fully static and no refresh operations, sense amplifiers, or 
clocks are required. All inputs and outputs are directly TTL-compatible and only one +5V 
power supply is required. 

The 2112 series and the 2612 are fabricated with N-channel silicon gate technology which 
allows the design of high performance easy to use MaS circuits and provides a high 
functional density on a given monolithic chip. 

BLOCK DIAGRAM 

ROW 
SELECT 

MEMORV ARRAY 
32 ROWS 

32 COLUMNS 

16 

--<>Vcc 
8 

+---QGND 

PIN CONFIGURATION 
F,B PACKAGE 

GND 

CAPACITANCE2 T A = 25°C, f = 1 MHz 
INPUT 
DATA 

CONTROL 
Limits (pF) 

Symbol Test 
Typ.' 

CIN Input Capacitance 
4 

(All Input Pins) VIN = OV 

CliO I/O Capacitance VI/O = OV 10 

NOTES: 
R/W o---.....n-" 1. Typical values are for T A = 25Q C and nominal supply voltage. 

2. This parameter is periodically sampled and is not 100% tested. 

SWITCHING CHARACTERISTICS for 2112,2112-2,2612 
WRITE CYCLE #1 T A = DoC to 70°C, VCC = 5V ±5% 

Parameter Test Conditions 

tWC1 Write Cycle tr , tf = 20ns 

tAW1 Address to Write Setup Time VIN = +0.65V to +2.2V 

tDW1 Write Setup Time Timing Reference = 1.5V 

tWP1 Write Pulse Width Load = 1 TTL Gate 

tCS1 Chip Enable Setup Time and CL = 100pF. 

tCH1 Chip Enable Hold Time 

tWR1 Write Recovery Time 

tDH1 Data Hold Time 

tCW1 Chip Enable To Write Setup Time 

WRITE CYCLE #2 T A = DoC to 70°C, VCC = 5V ±5% 

Parameter Test Conditions 

tWC2 Write Cycle t r, tf = 20ns 

tAW2 Address To Write Setup Time VIN = +0.65V to +2.2V 

tDW2 Write Setup Time Timing Reference = 1.5V 

tWD2 Write To Output Disable Time Load = 1 TTL Gate 

tCS2 Chip Enable Setup Time and CL = 100pF. 

tCH2 Chip Enable Hold Time 

tWR2 Write Recovery Time 

tDH2 Data Hold Time 

2112 2112-2 2612 

Min. Max. Min. Max. Min. Max. 

850 500 400 
150 100 100 
650 280 150 
650 350 150 

0 0 0 
0 0 0 

50 50 50 
100 50 50 
650 350 150 

Min. Max. Min. Max. Min. Max. 

1050 650 550 
150 100 100 

650 280 150 

200 200 200 
0 0 0 

0 0 0 

50 50 50 
100 50 50 

Max. 

8 

15 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

Unit 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
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SWITCHING CHARACTERISTICS T A = 0° to 70°C, VCC = 5V ±5%unless otherwise specified. 

Read Cycle Parameter Test Conditions 
2112 

Min. Max. 

2112-2 2612 
Unit 

Min. Max. Min. Max. 

tRC Read Cycle tr, tf = 20ns 1,000 650 400 ns 
tA Access Time VIN = +0.65V to +2.2V 1,000 650 400 ns 

tco Chip Enable To Output Time Timing Reference = 1.5V 800 500 150 ns 

tCD Chip Enable To Output Disable Time Load = 1 TTL Gate 0 200 0 150 100 ns 

tOH Previous Read Data Valid After and CL = 100pF. 40 40 40 ns 

SWITCHING WAVEFORMS 

WRITE CYCLE #1 WRITE CYCLE #2 

WRITE CYCLE#l WRITE CYCLE#2 

tWCl .. - - ., 
....I 'J ADDRESS ADDRESS 

--- tCSl - tCHl 

CHIP ENABLE _tcWl_ 
~ 

>r~~ DATA IN i STABLE - 'l_tDHl 

INPUT/OUTPUT INPUT/OUTPUT 

READ/WRITE ) READIWRITE 

t AWl 
_ .--t 

WP 1_ -4-tWR1 ___ 

NOTE: Typical values are for Til, = 25' C and nominal supply voltaga. 

READ CYCLE WAVEFORMS 

READ CYCLE WAVEFORMS 

Notes: 
1. Output is enabled and tco commences only with both CELOW andj'jE HIGH. _ 
2, Output is disabled and !DF co.!!!.bined from either the rising edge of CE or the falling edge of WE. 
3, Minimum twp is valid when CE has been HIGH at least tDF before WE goes LOW, Otherwise 

twp(ml!!J = tDW(min,) + tDF(max.) _ 
4. When WE goes HIGH at the end olthe write cycle. it will be possible to turn on the output buffers If CE 

is stili LOW. The data out will be the same as the data just written and so will not conflict with Input 
data that may still be on the 1/0 bus. 
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-, 
tW02_ 

...-tAW2-' 

tWC2 -
~ 

-4-tcS2 ...... tcH2 

J 
...-tOW2-' 

'If OATil, IN W 
1~ STABLE 11\ 
.- -.. _tOH2 

J 
~twR2 ___ 



DESCRIPTION 
The 2606 is a fully decoded, static, readlwrite, random access memory. It has a capacity of 
1024-bits and is organized as 256 x 4. The 2606 is fabricated with N-Channel silicon gate 
MOS technology and achieves an access time of less than 750 nanoseconds. No clocks are 
required and all interface signals are directly TTL compatible including the power supply. 

BLOCK DIAGRAM 

VsslGNDI 

-f. ? .. " " I I 
I 

2606-8' 2606-1-8 

PIN CONFIGURATION 
B PACKAGE 

IpputJOl.ltput 3 , 16 Input/Output 2 

'nput/Output 4 2 15 Input/Output 1 

Read/Write 4 

Address 7 s 

Address6 8 

Addr8SSS 7 

Vss (Ground) 8 9 Address4 

,/0, 
, 2 

I I 

~ 
INPUT 

~ 
IN'"' 1t "''''IT ~ 

IM'UT 
LOGIC LOGIC UlG~ LOG'" 

OUTPUT OUTPUT <XI"'UT OUTPUT 

_iii 4 I I I I I 11 I 3 

~ 
fT 

I 
e>!1- XDECOOER I 

02 
AND I "XI 32X' "X, 32X. 

ADDRESS 
I ARRAY ARiiAY ARRAY ARRAV 

BUFFER 

e>! I 

o-!I- I 
rJ.. 

1-----------------------1 

V DECODER AND ADDRESS BUFFER 

0" 0" b" ., 
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2606-8 • 2606-1-8 
AC OPERATING CHA~ACTERISTICS 
TA = O°C to 70°C. Vce = +5V ± 5% unless otherwise specified. See Notes. E. F. G & H 

2606-1 (500 ns Cycle Time) 2606 (750 ns Cycle Time) 

WRITE CYCLE A MIN MAX UNITS NOTES MIN MAX UNITS NOTES 

tAW Address to write time 150 ns 250 ris 
tww Write pulse width 300 ns 400 ns 
tWR Write recovery time 50 ns 100 ns 
t CS Chip enable set-up 0 ns 0 ns 
tCH Chip enable hold 0 ns 0 ns 
t DS Data in set-up 280 ns 380 ns 
t DH Data in hold 0 ns Note A 0 ns Note A 
tWD Write to data out disable delay 100 ns NoteD 125 ns Note D 
tw Write cycle time 500 ns 750 ns 

WRITE CYCLE B 

tAC Address to chip enable time 150 ns 250 ns 
tcw Chip enable pulse width 300 ns 400 ns 
tCR Chip enable recovery time 50 ns 100 ns 
tws Write set-up 100 ns NoteB 200 ns Note B 
tWH Write hold 0 ns 0 ns 
tDS Data in set-up 280 ns 380 ns 
tDH Data in hold 0 ns Note A 0 ns Note A 
tw Write cycle time 500 ns 750 ns 

READ CYCLE 

t R Read cycle time 500 ns 750 ns 
t A Access time 500 ns 750 ns 
tRO Read to output enabled 75 ns NoteC 100 ns Note C 
tco Chip enable to output enable 0 ns NoteC 0 ns Note C 
tvc Previous data valid with respect to chip disable 0 100 ns 0 150 ns 
tVA 
t CV 

Previous data valid with respect to address change 50 ns 50 ns 
Chip enable to data valid delay 

tRC Read to chip enable 

NOTES 
A. Maximum tOH goverend by potential conflict with data out during next cycle. 
B. Write set up required to prevent data overlap. For write cycle B the RiW line will 

typically change with the addresses. 

C. RtW must be high and BE must be low in order for output buffers to turn on. 

TIMING DIAGRAM 

WRITE CYCLE A 

tw 

ADDRESSES ADDRESSES STABLE - f4-'AW tww twR 

300 ns 400 ns 
50 ns 100 ns 

D. The output buffers will turn off within the specified time after write mode is selected. 
E. Input levels swing between 0.65 volt and 2.2 volts. 
F. Input signal transition times are 20 ns. 
G. Timing reference level is 1.5 Yolts. 
H. Bus IOfJ,d is 100 pF, one TTL input and one TTL tristate output. 

WRITE CYCLE B READCVClE 

tw 'R -
ADDRESSES 8T ABLE ADDRESSES STABLE 

READ/WRITE 

~ ~'w~f--~w 
/, 

'RO_ 

t r----tes -teHI-' 
r----'RC_ 

twH I- ~o 

f. -:--
-' f4-~AC--J... r--

~ ,-.,--"'c 
teR 

_____ C'DS- .1 I-'OH !;=='DS _ f--'DH 
.. _-- r-INvALio-'"'\ rVALlD~ 

DATA I/O DATA OUT -{ } .. - DATA IN STABLE DATA IN STABLE DATA OUT .. }eTA OU~ ------ ------ 7;V~ -~~"'A f4-twD.j 

MINIMUM 
CYCLE 
EXAMPLES 

150ns 160ns 750", 

----.. ',---
ADDRESSES - !-

~400ns ,..., 
READIWRITE 

f.-250n._ .1'---400n.- I 100ns 

CHIP ENABLE ~ ~ \. -
--- ----- _400n._ j4-200ns I;:=:: 400 n. __ 

-.. {---- --- ----~{ ----
DATA I/O - >:---._-- ------ '- ____________ F .. 

....J.-OVERLAP 
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1103-XA,IKo1103-1-XA,IK 

DESCRIPTION PIN CONFIGURATION 
The 1103 is designed for main memory applications where high performance, low cost and 
large bit storage are important design objectives. It is a 1024 word by 1 bit random access 
memory element using enhancement mode P-channel MOS devices integrated on a 
monolithic array. It is fully decoded, permitting the use of an 18-pin dual in-line package. 
The dynamic circuitry dissipates significant power only during precharge. Information 
stored in the memory is nondestructively read. Refreshing of all 1 024 bits is accomplished in 
32 read cycles and is required every two milliseconds. A separate cenable (chip enable) lead 
allows easy selection of an individual package when outputs are OR-tied. Use Signetics 
8T25 Sense Amp, and 3207 Clock Driver. 

XA,IK PACKAGE 

Address 3 1 

Address 2 2 

Address a 3 

Address 1 

Precharge 5 

Address 9 6 

Address 6 7 

Address 5 a 

Address 7 9 

BLOCK DIAGRAM 

B~nDII:B 

10132 
ROW 

SELECTOR 

32 'READI 

Vas 0-

Vss 0--

VOO 0---
PRECHARGE 0--

WRITE 
AMPLIFIERS 

CENABLE 0-
READ/WRITE 0-

LOGIC 0 = HIGH VOLTAGE 
lOGIC 1 = LOW VOLTAGE 

64 
MEMORY MATRIX 

32 ROWS 
32 COLUMNS 
(1024 BITS). 

!If Aead/Write 

1& Canable 

15 Address 4 

14 Data Out 

13 Address 8 

10f32 
COLUMN SELECTOR 
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AC CHARACTERISTICS 
1103(1) 

TA = D'C to +70°C 
VSS = 16V ± ,SOl. 

READ, WRITE, AND (VBB - VSS) = 3V to 4V 
READ/WRITE CYCLE IvDD = OV 

PARAMETER CONDITIONS MIN MAX 

tREF Time Between Refresh 2 
tAC Address to Cenable Set 115 

Up Time 

tCA Cenable to Address Hold 20 
Time 

tpc Precharge to Cenable 125 
Delay 

tOVl Precharge & Cenable 25 75 
Overlap. low 

tcp Cenable to Precharge 85 
Delay 

tOVH Precharge & Cenable 140 
Overlap. High 

READ CYCLE 
-

tRC Read Cycle 480 
tpov Precharge to End of tT = 20 ns 165 500 

Cenable tACmin + tOVlmin ClOAD = 50 pF (100pF), 
tpo End of Precharge to +tPOmax = 2tT 120 

RlOAD = 100 
Output Delay tPCmin + tOVlmin 

tACC1 Address to Output Access +tPOmax + 2 tT 
VREF = 80mV (40mV)* 

tACC2Precharge to Output 
Access - *1103 only 

WRITE OR READIWRITE CYCLE 

twc Write Cycle 
} t T =20 ns 

tRWC ReadIWrite Cycle 
tpw Precharge to ReadIWrite 

Delay 
twp ReadIWrite Pulse Width 
tw ReadIWrite Set Up Time 

tow Data Set Up Time 
tDH Data Hold Time 
tpo End of Precharge to 

Output Delay 
tpo End of Precharge to CLOAD = 50pF (100pF)-' 

Output Delay RlOAD=100 
tp Time to Next Precharge VREF = 80 mV (40mV) , 

i tew ReadIWrite Hold Time "1103 only 

CAPACITANCE (2) 

CAD Address Capacitance VIN = VSS -
CPR Precharge Capacitance VIN = VSS 
CCE Cenable Capacitance VIN = VSS 
CRW ReadIWrite Capacitance VIN = VSS 
CIN 1 Data Input Capacitance Cenable = OV f =1 MHz 

VIN = VSS All Unused Pins are 

CIN2 Data Input Capacitance Cenable = VSS at A.C. Ground 

VIN =VSS 
COUTData Output Capacitance VOU" =OV 

NOTES. 
1. These times will degrade by 40ns (worst case) if the maximum values forVIL (for precharge. cenable 

and read/Write inputs) go to VSS - 14.2V@ O°C and VSS - 14.5V @ 70°C. 
2. Thes parameter is periodically sampled and is not 1oo%tested, It is measured atwarst case operating 

conditions. Capacitance measurements for plastic package only. 
3. These times will degrade by 35n8 if VREF point of 40mV is chosen instead of the BOmV point defined 

in this specification. 
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300 
310 

580 
580 
165 500 

50 
80 
105 
10 

120 

120 

0 
10 

7 
18 
18 
15 
5 

4 

3 

1103-XA.IK·1103-1-XA.IK 

1103-1(3) 

T A = DoC to +55°C 
VSS = 19V iSOf. 
(VBB - VSS) = 3V T04V 
VDD =OV 

MIN MAX UNIT 

1 ms 
30 ns 

10 ns 

60 ns 

5 30 ns 

40 ns 

85 ns 

300 ns 
115 500 ns 

75 ns 

150 ns 
180 ns 

340 ns 
340 ns 
115 500 ns 

20 ns 
20 ns 
40 ns 
10 ns 

75 ns 

75 ns 

0 ns 
15 ns 

7 pF 
18 pF 
18 pF 
15 pF 
5 pF 

4 pF 

3 pF 



TIMING DIAGRAM 

WRITE CYCLE OR READ/WRITE CYCLE 

V,H 

PRECHARGE 

V,L 

V,H 

READIWRITE:: 

V,L 

.. 
~~ @ 

~r-. CHANGE :!) 

......---tAC 

~ 
- tpc 

twCORtRWC 

ADDRESS STABLE 

., ...... toVH~ 

/ 

~N 
__ tw --- toVL 

I .. tpw .. -- twp --0 

" -- tow (Note 3) ~ 

V,H 

DATA IN 

VOH 

DATA OUT 

VOL 

.. 

~ 
~ CHANGE 

DATA C.I\N CHANGE 

® 
(j) 

~ tpo----. 

V VAEF '" SOmV ~ 
RLOAD ;100n~ 

CLOAD • 50pF 

tAce1 .. 
tACC2 .. 

READ CYCLE 

'RC 

ADDRESS STABLE 

)< STABLE DATA TIME 

-- ------
~ 

om OUT NOT VALID 

- - DATA OUT VALID 

.. 
K 

~tAC~ 
...-toVH'--" - teA --

PRECHARGE 

V,L 

CENABLE 

V,L 

READJWRITE 

V,L 

~ 
_'PO __ 

/ 

~ rl toVL .- • 'POV 

_'PO __ 

VREF· 80mV '\ 
VOH 

DATA OUT 

VOL 
V RLOAD ;100n~ 

.. 'ACe • 

'ACC2 

NOTES: 

Voo + 2V } t T is defined as the transitions between these two points. 
VSS - 2V 

CLOAD .. 50pF 

tow is referenced to point 1 of the rising edge of cenable or read/write whichever occurs first. 
tOH is referenced to point 2 of the rising edge of cenable or readlwrite whichever occurs first. 

SI!IDDliC9 

.. 

.. 

~ 

--- tep __ 

• 

--
" ~ "-

DATA OUT VALID 

1103-XA. IK • 1103-1-XA. IK 

.. 
t:><' ADDRESS 

CAN CHANGE 

- tCA""'-

~~ 
'4-- tcp ----. 

~ __ lew 

-- tp ------
/ 
-- 4-- toH (Note 4) 

K DATA CAN CHANGE 

"-
" 

ADDRESS CAN CHANGE 
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DESCRIPTION ~IN CONFIGURATION 
The Signetics 2102 is a static random access read/write memory offering a 1024x1 
organization. Fabricated with low threshold N-Channel silicon gate technology. 

a,F,1 PACKAGE 

Address 6 1 

The 2102 is fully static, requiring no clocks and is completely DTLITTL compatible 
including the single +5V power supply requirement. 

Address 5 ~ 1$ Address 8 

BLOCK DIAGRAM 

°IN 
RMv-,-~ ____ ~ __ ~ 

108 

Vee GND 

32 ROWS 
32 COLUMNS 

Reed/Write 3 ,. Address 9 

Address 1 4 13 Chip Enable 

Address 2 6 12 Data Out 

Address 3 I 11 Data In 

Address 4 1 

Address 0 8 9 Ground 

TIMING DIAGRAMS 
READ CYCLE 

f-�·-------'Rc-------+j·� 

ADDR~----------C 

I j----tco--+l 

~~~-LE~I~------~~ ! i~ 
!1-<._-----tA------.l,1 1-II--'OH2 

ge~A ____________________ ....... XJX 
WRITE CYCLE 

f-I·-------~c---------~·I 

ADDR~------------------------~~ 

I I ~tWR~ 

CHIP :---i-\r----'tcw------.': T' 
ENABLE i \ 

I ~.~----------~ I-tAw,....;.~I ... ---------'WP,--------.I 
READ! 
WRITE '\ r 

i""1.-------'DW----=!1---+j r- tDH 

--------~Ir-------------, 
DAl'A DATA CAN 
IN CHANGE 

DATA STABLE 

A.C. CONDITIONS OF TEST 

I DATA CAN 
CHANGE 

Input Pulse Levels: +0.65 Volt to +2.2 Volt 
Input Pulse Rise and Fall Times: 20ns 
Timing Measurement Reference Level: 1.5 Volt 
Output Load: 1 TTL Gate and CL = 100pF 



AC CHARACTERISTICS FOR THE 2102, 21L02-1, 21L02-2, 21F02 
TA-ooe to +70oe vee = 5V +5% unless otherwise specified -

READ CYCLE 

Read Access Chip En- Previous Previous Write Address to Write 
Cycle Time able to Read Data Read Data Cycle Write Set- Pulse 

Output Valid With Valid With upTime Width 
Time Respect Respect to 

to Address Chip 
Enable 

tRe tA teO tOH1 tOH2 twe tAW tWP 
MIN MAX MAX MIN MIN MIN MIN MIN 

2102 1000 1000 500 50 0 1000 200 750 
21 L02-1 500 500 350 50 0 500 150 300 
21 L02-3 400 400 300 50 0 400 100 250 
21F02 350 350 (180 TVP) , (40TVP), 0 350 (20 TVP) (250 TVP)' 

NOTE: 1. TYPical values are for T A = 25°C and nom mal supply voltage 

WRITE CYCLE 

Write Data Data 
Recovery Setup Hold 

Time Time Time 

tWR tDW tDH 
MIN MIN MIN 

50 800 100 
50 330 100 
50 300 50 

(20 TVP)' (250 TVP) , 0 

Chip En-
able to 

Write Set-
up Time 

tew 
MIN 

900 
400 
300 

(250 TVP)' 

Unit 

ns 
ns 
ns 
ns 
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DESCRIPTION 
Signetics 2680 is a 4096 word by 1 bit dynamic RAM. It incorporates the I.atest memory 
design features and can be used in a wide variety of applications, from those which require 
very high speed to ones where low cost and large bit capacity are the prime criteria. 

The 2680 must be refreshed every 2 ms. This can be accomplished by performing a read 
cycle at each of the 64 row addresses (AO-AS). The chip select input can be either high or 
low for refresh. 

The 2680 has been designed with minimum production costs as a prime criterion. It is 
fabricated using N-channel silicon gate MOS technology, which is an ideal choice for high 
density integrated circuits. The 2680 uses a single transistor cell to minimize the device 
area. The single device cell, along with unique design features in the on-chip peripheral 
circuits, yields a high performance and low cost memory device. 

ABSOLUTE MAXIMUM RATINGS· 
Temperature Under Bias 0° e to 700e 
Storage Temperature -6Soe to +1S00e 
All Input or Output Voltages with Respect to the most 

2680 • 2680-1 • 2680-2-F 

PIN CONFIGURATION 

FPACKAGE 

Negative Supply Voltage, VBB -20V to -0.3V 
Supply Voltages VDD, Vee, and VSS with 
Respect to VBB 

BLOCK DIAGRAM 

Power Dissipation 

·COMMENT: 

-20V to -0.3V 
1.2SW 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. This is a stress 
rating only and functional operation ofthe device atthese or any 
other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 
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2680 • 2680-1 • 2680-2-F 

RECOMMENDED OPERATING CONDITIONS (See Note) 
PARAMETER Min Typ Max Unit 

Supply voltage, VCC 4.75 5 5.25 V 
Supply voltage, VOO 11.4 12 12.6 V 
Supply voltage. VSS 0 
Supply voltage, VSS -4.5 -5 -5.5 V 

DC ELECTRICAL CHARACTERISTICS OVER FULL RANGES OF REC. OPER. CONDo 

Parameter 

III Input Load Current 
(all inputs except CE) 

ILC Input Load Current 

ILO Output Leakage Current 
for high impedance state 

1001 VOO Supply Current 
during CE off(3) 

1002 VOO Supply Current 
during CE on 

100 AV1 Average VOO Current 

ICC1 (4) VCC Supply Current 
during CE off 

ISS VSS Supply Current 

VIL Input Low Voltage 

VIH Input High Voltage 

VILC CE Input Low Voltage 

VIHC CE input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

TA = O°C to 70°C (unless otherwise noted) 
NOTES: 

Limits 

Min Typ(2) Max 

.01 10 

.01 2 

.01 10 

50 200 

60 

35 54 

.01 10 

5 100 
-1.0 0.6 
2.4 VCC+1 
-1.0 +1.0 

VOO-1 VOO +1 
0.0 0.45 
2.4 VCC 

1. The only requiremenlfor the sequence of applying voltage to the device is that VOO. VCC. and VSS 
should never be .3V more negative than Vee. 

2. Typical values are for TA :: 25°C and nominal power supply voltages. 
3. The 100 and ICC currents flow to VSS. The lee current is the sum of ali leakage currents. 
4. During CE on Vce supply current is dependent on output loading VCC is connected to output buffer 

only. 

CAPACITANCE1 TA = 25°C 
Test Typ Max Unit 

CAD Address Capacitance, CS 4 6 pF 

CCE CE Capacitance 13 25 pF 

COUT Data Output Capacitance 4 7 pF 

CIN Data Input and WE CapaCitance 5 10 pF 

Notes: 
1. capacitance measured with Boonton Meter or effective capacitance calculated from the equation 

ILlt 
C=-

Ll V with the current equal to a constant 20mA 

.... 

Unit Conditions 

p.A VIN = VIL Min to VIH Max 
CE = VILC or VIHC 

p.A VIN = VIL Min to VIH Max 
p.A CE = VILC or CS = VIH 

Vo = OV to 5.25V 

p.A CE = -1V to +.6V 

-
rnA CE = VIHC' CS = VIL 

mA Cycle time = 400ns, CS = VIL 
tCE = 230ns T A = 25°C 

p.A CE = VILC or CS = VIH 

p.A 
V 
V 
V 
V 
V IOL=2.0mA 
V IOH =-2.0mA 

Conditions 

VIN = VSS 
VIN = VSS 
VOUT =OV 
VIN = VSS 
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2680 • 2680-1 • 2680-2-F 

AC CHARACTERISTICS: 
READ, MODIFY, WRITE CYCLE Over recommended supply voltage range, TA = DoC to 70°C 

PARAMETER 
2680 2680-1 2680-2 

UNIT 
MIN MAX MIN MAX MIN MAX 

tRWC Read, Modify, Write (RMW) 520 590 960 ns 
Cycle Time 

tCRW CE Width During RMW 350 4000 420 4000 540 4000 ns 

twc WE to CE ON 0 0 0 ns 

tw 
-
WE to CE Off' 150 150 200 ns 
-

twp WE Pulse Width 50 50 100 ns 

tDW DIN to WE Set Up 0 0 0 ns 

tDH DIN Hold Time 0 0 0 ns 

tco CE to Output Delay 180 250 320 ns 

tACC Access Time 200 270 350 ns 

CONDITION: 
tT ~ 20ns, Cload ~ 50pf, Load = One TIL Gate. tACC ~ tAC'tco+1ti. 

READ CYCLE OVER REC. SUPPLY VOLTAGE RANGE TA = DoC to 70°C 

2680 2680-1 2680-2 
PARAMETER Unit 

Min Max Min Max Min Max 

tCY Cycle Time 400 470 800 ns 

tCE CE On Time 230 4000 300 4000 380 4000 ns 

tco CE Output Delay 180 250 320 ns 

tACC Address to Output Access 200 270 350 ns 

tWL CE to WE 0 0 0 ns 
-

twc WE to CE on 0 0 0 n5 

tT = 20n5, Cload = 50pF, Load = One TTL Gate, tAce = tAC + tCO +1tT 

WRITE CYCLE OVER REC. SUPPLY VOLTAGE RANGE TA = DoC to 70°C 

2680 2680-1 2680-2 
PARAMETER Unit 

Min Max Min Max Min Max 

tCY Cycle Time 400 470 800 ns 

tCE CE On Time 230 4000 300 4000 380 4000 ns 

tw WE to CE Off 150 150 200 ns 

tcw CE to WE 150 150 150 n5 

tDW(l) DIN to WE Set Up 0 0 0 ns 

tDH DIN Hold Time 0 0 0 ris 
-

tWE WE Pulse Width 50 50 100 ns 

tT = 20ns 

NOTE: 
1. If WE is low before CE goes high then DIN must be valid when CE goes high. 
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WRITE CYCLE 

VIH 

ADDRESS 
ANDCS 

Vil 

CE 

~ 
tAC 

f-3 
ADDRESS STABLE 

2 

tAH 

f-5 

II 
4.., 

tCY 

K ADDRESS CAN CHANGE 

-
tCE 

..JI--

tw 
1\ 

tcw 

-twP-

WE CAN CHANGE 1\ VWE CAN CHANGE 

~ 

- I--tDW -f.+ 

DIN CAN CHANGE x~ DIN STABLE 

-------
\ _ HIGH --+ f UNDEFINED 

IMPEDANCE 

------- -
NOTES: 
1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 

2. VIL MAX is the reference level for measuring timing of the addresses, eg. WE, and DIN' 

3. VIH MIN is the reference level for measuring timing of the addresses, CS, WE, and DIN-

4. VSS +2.0V is the reference level for measuring timing of CE. 

5. VOD -2V is the reference level for measuring timing of CE. 

6. VSS +2.4V is the reference level for measuring the timing of DOUT. 

91!100liC9 

2680 • 2680-1 • 2680-2-F 

ADDRESSSTA BlE 

I--tT -- I--tT 

r--

II 
~I--

_tcc-

-tDH 

:K DIN CAN 
CHANGE 

-----

~ -IMP~lg~NCE -
------

-tCF 
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2680 • 2680-1 • 2680-2-F 

READ AND REFRESH CYCLE1 

~--------~----------------~y--------------------------~ 
V1H 

ADDRESS 
ANDCS 

VIL 

tAC -+1----1 

ADDRESS CAN CHANGE 

~---------------------tCE----------------------~ 

VIHC--~---;-·r---------------------------------------------------'-' 

CE 

VILC ---~r_----011 

VIH-----i----~~r_------------------------------------------------_+_r~~--------r_-----

WE 

V1L-----+-

~----------------------tco-----------------~ 

6 

~1~HiE~.~~:.-.+-----~--------------------------------------V-A-L-ID-----~~~~':.~~~-
tACC-------------t 

NOTES: 
1. For Refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 

2. VIL MAX is the reference level for measuring timing of the addresses, es, WE, and DIN-

3. VIH MIN is the reference level for measuring timing of the addresses, Cs, WE, and DIN· 

4. VSS +2.0V is the reference level for measuring timing of CEo 

5. VOO ·2V is the reference level1er measuring timing 01 CEo 

6. VSS +2.4V is the reference level for measuring the timing of Dour. 

114 amnlll• B 
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READ, MODIFY, WRITE CYCLE 

VIH 

ADDRESS 
ANDCll 

VIL 

CE 

=l 3 

2 

-

ADDRESS STABLE 

I----'AC 
tAH-

5 

/ 
4 

--twc 

'RWCIH 

K ADDRESS CAN CHANGE 

'CRW 

tw 1\ 

---'WP~ 

--1 1\ V WE CAN CHANGE 

-- ~'DW - .... 

DIN CAN CHANGE > DIN STABLE 

'CO --- --i\ 6 
HIGH 

J .... IMPEDANCE .... VALID . 
--l~ I ~ 

tAce 'CF-

NOTES: 
1. For refresh cycle row and column addresses must be stable before tAC and remain stable for entire tAH period. 
2. V,L MAX is the reference level for measuring timing of the addresses, CSt WE, and DIN. 
3. V,H MIN is the reference level for measuring timing of the addresses, CS. WE, and 01 N. 
4. VSS +2.0V is the reference level for measuring timing of CEo 
5. VOO ~2.0V is the reference level for measuring timing of CEo 
6. VSS +2.4V is the reference level for measuring the timing of DOUT. 
7. WE must be at VIH until end of teo. 

2680 • 2680-1 • 2680-2-F 

. 

-'T 'T ---- I--
I:--

II 

'----'CC-

1 

I----'DH 

K DINCAN 
CHANGE 

HIGH 
-----~ 

~~p~::~ 
I---
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DESCRIPTION 
The Signetics 2513 is a high speed 2560-bit 
Static ROM organized as 64x8x5. A stand
ard 7x5 dot matrix fits well in the 2513. The 
product uses +5V, -5V and -12V power 
sl,lpplies, TTL level interface signals and Tri
State Outputs for direct, low cost interfac-
ing with TTL, DTL, CMOS and 2500 Series 
MOS. 

TIMING DIAGRAM 
, 

CE OUTPUT 

0 DATA 
1 OPEN 

I +s.w 

CHARACTER ADDRESSX ... (O:::;~~OV::.V _________________ _ 

1A4-AgI i IN 
I 

--.,~r-3-.0V------'V 3IN 

ROW AOORESS .A O.4V 4 ~.4V 
tA,-A31 { 

, 

~.IN 
OUTPUT ____ +_ :, O.4V 
IO,-Os1 -

I I 

~ .. tCA~~ 

AC TEST SETUP 

=x'....,...,.,...-------- +5V 
: 3.0V 

: I~;.::O:;:: •• V~ _______ OV 

~s-tRA-\~ 
teA:::: Character Access Time 
IRA = Row Access Time 

,-------t__-------'l>-----{) .5V 

2513-N,1 

PIN CONFIGURATION 

N,I PACKAGE 

NC 22 Address 9 

Chip Enable 11 

BLOCK DIAGRAM 

21 Address 8 

18 Address 6 

18 Address 5 

17 Address4 

16 Address 3 

15 Address 2 

14 Address 1 

'. 
' . 
... ., 

,---,-,--" 

EOUT 

AC 'CHARACTERISTICS 

SYMBOL TEST MIN TYP MAX UNIT 

-5V -12V 

COMPANY _______ ~~-----------------------
ADDRESS __________________________________ __ 

CITY _______________ STATE ____ ~_ZIP ________ _ 
TELEPHONE ______________________________ ___ 

AUTHORIZED 

tCA(CM2140)Character Access Time 600 

tRA Row Access Time (A1 - A3) 500 

tCE Chip Enable to Output 

TA =0°Cto e70°C; VCC=5V (Note8):Voo =-5V ±5%;VGG= 
-12V ± 5%; unless otherwise noted. 

CHARACTER FORMAT 

ROW ADDRESS 
ROW ADDRESS' 

OUTPUTS 

ns 
ns 
ns 

SIGNATURE ____________________________ ~ __ __ A3 A2 A1 05 04 03 02 01 

DATE ____________________________________ _ 

CUSTOMER PRINT OR ID NO. ____________________ _ 
PURCHASE ORDER NUMBER ____________________ _ 
DEVICE TYPE ____ _ 2513 __________________ _ 

CUSTOM PATTERN NUMBER (TO BE ENTERED BY 
SIGNETICS) ______________________________ ___ 

ORGANIZATION AS CHARACTER GENERATOR 
A six-bit binary address (A4 through A9) selects 1-of-64 matrix characters arranged 5 
dots horizontally and 8 dots vertically. A three bit binary address code (A1 through A3) 
selects 1 of 8 rows. Five outputs display a complete row of the character matrix. See 
Figure 1. The devices may also be used in pairs to provide 9 X7 and 10 X 8 vertical scan 
formats. 
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1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 0 0 

0 1 1 1 

1 0 II 0 

1 0 0 0 

0 1 1 1 

0 0 0 0 
,.", 

0 0 0 

0 1 1 1 

EXAMPLE 'S' 
FIGURE 1 
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0 

1 
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CHARACTER ADDRESS 

COLUMN ADDRESS 

A4 AsiASIA7 AS Ag 

2513-N,1 

ORGANIZATION AS READ-ONLY MEMORY 
For a straight 512 X 5 read-only memory, the five outputs will display anyone of 512 5-bit 
stored words corresponding to a 9-bit address applied to A1 through Ag. 

CUSTOM DEVICES 

I ASCII CHARACTER 
, , I 0 I 0 , 0 

For unique custom memory patterns, this form should be used to transmit coding 
instructions. The nomenclature for a custom device will consist of he basic product type 
followed by a unique CM number assigned by Signetics. For example, "2513N/CM2141". 

FIGURE 2 
• PROGRAMMING WITH PUNCHED CARDS 

For maximum accuracy and minimum cost and turn-around time, the truth table 
should be transmitted to Signetics in the form of punched cards according to the 
format indicated on the following pages. 

VERIFICATION 
Upon receipt of either punched card or written truth table information, Signetics will 
prepare a computer tabulation of the instructions and return to the address indicated. If 
errors are detected, they should be transmitted to Signetics as quickly as possible. 

LOGIC CONVENTION 
Logic "1 "s or blackened squares in the truth table will result in "high" output from the 
indicated output terminal (i.e. 3.2V minimum). Similarly, a "1" address inp.ut level is 
interpreted as 3.2V minimum. 

IDENTIFICATION CARDS 

INDICATES "COMMENT" CARD 

SIG~ETICS 2513~X/CM 

II I II I 
I I I 

LEAVE COLS. 22,23,24,25 BLANK 
FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

CUSTOMER PIN IDENTIFICATION 

ACME MEMORIES p/~ 135216-1 
II I I II 

I I III I I I 
00100001001000000110000000000000000000100100000000000000000000000000000000000000 
113.5IJtl.1112IJl.1511IJI'I.n~DH~HuvaH.~nu~n.n ••• ~uu"U.U"ftY~UUU"M5'U"anUUU"""A"Nnn13~nnnnn. 
I 1 I I 1 I 1 I 1 I I I I 111 I III I I I I I III 11 I I I I I I I 11 I 111111 I III III I I I I I I I I I I I 1 I I I. I I I I I I I I I I I I 

22122222221212222222222222222222222222122222222122222222222222222222222222222222 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

ATTN. J.Q. E~GlNEER. MEMOR'I' PROD. MGR. 
I I I I I I II II I II I I 

I I I I I I I III III I I 
80011000000000000.0001000000100000000000000000000001000000000000000000000000008' 
lIJ~51'I'MlllZIJI.ngl,gll~~UnUH"Unn.n»n~H.'1.U.flUO"UaU.O~~~Sl~~UUH"q~"U~H"UUUnn12'1"nH"nn. 

11111111111111111111111111111111111111111111111111111111111111111111111111111111 

2Z2ZZ222ZZ2222222222222222222222222222222222222222222222222222222222222222ZZ2ZZZ 

STREET ADDRESS 

8000 ELECTRO~ICS LA~E 
I II II I I 
I III I I 

80011100000100000100000000000000000000000000000000000000000000000000000000000000 
II'CSI' •• MIII'llltI5NI'dllnnunUHavaaDJIUDMn.U ••• flUO"U • • '.O.~""UHYUM •• 'lanun."unnnnnU"H"nn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

ZZZZZZ2ZZZZZZ2Z22122222222222222222222222Z2222222Z2Z2222ZZ2222222222Z22Z22ZZZZZZ 

117 

-III -• o 
E 
III 
E 



IDENTifiCATION CARDS (Cont'd) 

CiTY STATE ZIp· 

SUNNVVALE, CALIrDRNIA 94086 
I I I II II II 

1.1 I I III 
8011001110011800000080000010.00000008000008.0000000800001.100010000 •• 0000 ••••••• 
'ZI'SI'lt."nQNqNUqq.aftUMftaua •• HR»~H.H ••• Qaauu.Q ••• ~RUMH.~.U.~U"MUuu •• qnn"nqR"qq. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

ZZIZZZZZZZZZZZZZZ!ZZZZZZ2ZZZ2ZZ2ZZZ2Z2ZZZZZZZZZZZZZZZZzzrzzzzzzZZZZZZZZZZZZZZzzz 

COMPANY NAME 

ACME MEMDRIES INC. 
I II I I II· I II 

I I III I 
ooaoooo.aoaoo8Ioa008DOOODDD.DDODD0008DOIDOOODDDOOOOOOODOOIo.aIOOOOOODODOOI •• IO.I 
111'11'1 •• "n"Mq."qq.unnHHuu ••• nR»~H.H ••• "aauu.u ••• ~~"MH.D ••• ~U"M".UUnqnn"nqR"Rq. 
IIIllll1111111111111111111111111111111111111111111111UI111111111111111111111111 

ZZlZZZZZZZZZZZIZZZZZZZZZ222Z2ZZZZZZ2ZZZZZZZZ~ZZZ2ZZZZZZZZZZZZZZZZZ!ZZZZZZZ!!ZZZ 
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2513-N,1 

DATA CARDS 

OUTPUTS 05 THROUGH 01 RESPECTIVE L Y 

/ 
0000 01110 10001 00001 00010 00100 00000 00100 

CHARACTER NUMBER 
(DATA CARD NUMBER) 

063 ~ 

11111010001001110011110011101011011011111011011000000000000000000000000000000100 
1114 •• rl'.'1UIJMI$~lrl'dRnUUh~RZ7aa.~n"~u.n ••• ~QQ"Uqu.QWSIU5J~nMSrYHU'I'lUU"".'un~nl1~u~nr'n". 
I I I I I I 11111 III I I1111111111111 I 1111 I I 11111 I 111I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

222ZZ222Z2ZZZZZZZ2Z2Z1ZZ22222Z2Z222ZZZZZZZZZZZZZZZZZ2ZZZZZZ2Z2Z2ZZZ2222Z2ZZZ2222 

33333333333333333333333333333333333333333333333333333 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

44444444444444444444444444444444444444444444444444444444444444444444.4444444.4.1 

5555555 5 5 5 5 5 55 5 5 5 55555555-55 5 5 5 5 55 5 5 555555555555555555555555555555555555555555555 

16116666616666666666666666666666111116166666665666666666666666666666666666666616 

11111 7 11111111111111111111111111111111111111111111111111111111111111111111111111 ..... 

ROW ADDRESS 

\ \ \ \ \ \ \ \ 
000 001 010 011 100 101 110 111. 

0000 01110 10001 10111 10101 10111 10000 01110 OOg """'I 

11111010001001110001000001010001000001111010001000000000000000000000000000000110 
lZ3.51711~'lllUl.'SNll~llanDnMnHuaD.~U"~H.31 •••• IU.JUU.U.UW~»U~~M5J~W.'IU']U&5"6r""rDJI12'l14rSl'Jlrl"" 

I I I III 1111I III 111I11111111111111111I1I1I111111I III IIII II I II 1111 I I I I I I I I I I I I I I I II 

2 2 2 2 2 2 Z 2Z Z Z Z Z 2 2 2 2 2 2 2 Z Z 2 Z 2 2 Z 2 2 2 Z 2 Z2 2 2 2 Z 2 2 Z Z 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 27 72 2Z 2 2 2 Z 2 Z 2 Z Z 2 2 2 2 2 2 2 2 

33 3 3 3 3 J3 3 3 3 3 J 3 3 3 3 3J 3 3 3 3 3 3 3 3 J 3 3 J 3 3 33 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

44444444444444444444444444444444444444444444444444444444444444444444444444444444 

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

6666ti6666666666666666666566666&66"6'6666666666666666666666666666666666666666666 

'- 11171111111111111111111111111111111111111111111111111111711117117171111117111111 "-

BASIC DEVICE TYPE 
LEAVE COLS. 10,11,12,13 BLANK FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

\ 
513NX/CM 

I 
1 I 

00000110000000000000000000000000000000000000000000000000000000000000000000000000 
IIJ.5111'.IIIZUMI5"17111IanDHMaaunn.~U»MH.n ••• nUQUUq47q"~~U»~UKUYHHiln"U""U""~71nn7'Hn7'nn. 
11111111111111111111111111111111111111111111111111111111, 111111111111111111111111 

122 Z 2 2 2 2Z 22222 2222222222222222222222222 Z Z 2 222222 Z 2 2 2 2 2 2 Z Z 2 Z 2 2 2 Z 2 2 2 Z 2 Z 2 Z 2 Z 2 Z 2 Z 2 Z Z 

3 3313 3 313 3 J3 3 J3 3 3 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 

44444444144444444444444444444444444444444444444444444444444444444444444444444444 

5155155555555555555555555555555555555555555"5555555555555555555555555555555555555 

66&&6666&&66&&&6&66666&6&66666611'1116666666666666666666666666666666666666666666 

171171171771777717111711111711111117171171117117111111117117 717117 711117 717 7 7117 

'----NOTE: 
"Character" nu~ber is in columns 78. 79, and 80. Note that each group of eight5~bit words is treated as a 
character tor convenience of coding. 
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2513-N,1 

ASCII CHARACTER FONT CM2140 (Upper Case); For Lower Case Order CM3021 
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DESCRIPTION 
The 2516 isa3072-bit Static ROM organized 
as 64x6x8. The product uses +5V, -5V and 
-12V power supplies,5V TTL level input 
signals and Tri-State outputs for direct, low 
cost interfacing with TTL, DTL and 2500 
Series MOS. 

BLOCK DIAGRAM 

CE 

VGG 

VOO 

VOO2 

vee 

TIMING DIAGRAM 

V CHARACfd3JN 

I 1A4-AgJ j 
.i:-:-:"..----.. 
, , , 
1 t 

TRUTH TABLE 
CE 

0 
1 

Ag 

::i As 
" 0 
l;l A7 

" ~ Aa a: 

" " A5 " 
A4 

V OUTPUT l ~.ov 
o (O,-OBI ---t-' -~ 

i -vaov 
: J\.u.L-____ _ , ,-

~tcA~ :-'-tClA~ 

tCA = CHARACTER ACCESS TIME 
telA = COLUMN ACCESS TIME 

2516-N,1 

PIN CONFIGURATION 
OUTPUT 

DATA 
N,I PACKAGE 

OPEN Chip Enable 

OutputS , n Address 9 

Output 7 · " Address 8 

Output 6 

Output 5 · .. Address 6 

Output 4 , 
" Address 5 

Output 3 · " Address 4 

OUtput 2 · " Address 3 

" Address 2 

Ground " .. Address 1 

AC CHARACTERISTICS (NOTE 8) 
TA =O°C to+70°C;VCC =5V (Note8);VDD =-5V ± 5%; 

V GG = -12V ± SOlo; unless otherwise noted. 

SYMBOLTEST MIN MAX UNIT CONDITIONS 

tCA Character Access Time 600 ns See AC Test Setup' 

tCA Column Access Time 500 ns See AC Test Setup' 

(A1- A3) 

AC TEST SETUP 

~-------4~----~'----O+5V 

I 
IOpF 

vee 

CHARACTER FORMAT 

COLUMN 
ADORESS 

~ 0 o 0 o 1 

Az 0 0 1 1 0 

A, 0 1 0 1 0 

o 0 000 

o 0 1 1 , 
0 , 000 

0 1 0 o 0 

00' , , 
0 o 0 o 0 

0 1 000 

o 0 , , , 
EXAMPLE "S" 

1 

0 , 
0 0, 

0 Oz 
1 03 

0 O. 

0 Os 
1 Os 
1 ~ 
0 Os 

CHARACTER ADORESS 

I CHtf~ER 1;I~ttIA:I~WI 
NOTE: 

OUTPUTS 

Undefined (column) addresses result in "1" level 
(high) outputs. 
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APPLICATIONS DATA: 
OUTPUT INTERFACING NOTES 
The tri-state outputs on this device exhibit three states: 

"1" - low impedance to +5V 
"0" - low impedance to -5V 
OFF - high impedance 10 megohm 

The "off" state is controlled by the chip enable control input. 

CUSTOM ROM ORGANIZATIONS 
The 2516 is a static ROM with a total 64 x 6 x 8 bit capacity. This 
allows a l!tandard 5 x 7 font to be encoded in the ROM, e.g., the 
2516/CM2150 ASCII font standard product. A custom coding 
configuration may make use of the full6x8 dot matrix if desired. 

ORGANIZATION AS CHARACTER GENERATOR 
A six-bit binary address (A4 through A9) selects 1-of-64 matrix 
characters arranged 6 dots horizontally and 8 dots vertically. A 
three bit-binary address code (A 1 through A3) selects 1 of 6 
columns. Eight outputs display a complete column of the 
character matrix. 

STANDARD PATTERN 
A standard ASCII Character Font is available for the 2516. This 
device (2516N I CM2150) may be used for ASCII character 
generation or for device evaluation. 

2516-N,1 

CUSTOM DEVICES 
For unique custom memory patterns, the following formats 
should be used to transmit coding instructions. The nomencla
ture for each custom device will consist of the basic product 
type followed by a unique "c"M" number assigned by Signetics. 
Forexample, "2516N/CM2151", 
• Programming with punched cards. 

For maximum accuracy and minimum cost and turn~around 
time;the truth table should be transmitted to Signetics in the 
form of punched cards according to the format indicated on 
the following pag,es. 

• Programming with written truth table. 
When punched data cards cannot be supplied, the truth table 
may be transmitted in written form using the attached blank 
truth table. 

VERIFICATION 
Upon receipt of either punched card or written truth table 
information, Signetics will prepare a computer tabulation of the 
instructions and return to the address indicated. If errors are 
detected, they should be transmitted to Signetics as quickly as 
possible. 

LOGIC CONVENTION 
Logic "1"s of blackened squares in the truth table will result in 
"high" output from the indicated output terminal (I.e. +3.6V 
minimum). Similarly, a "1" address input level is interpreted as 
+3.2V minimum. 

Undefined addresses result in "1" level outputs . 

122 ...... 



2516-N.1 

ASCII CHARACTER FONT 

NOTE: Excess addresses yield logic "1" outputs. 
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IDENTIFICATION CARDS 

INDICATES "COMMENT" CARD 

SIGNETICS 251~NX/CM 
I II I II I 

I I I 

lEAVE COlS. 22, 23,24, 25, 26 BLANK 
FOR ASSIGNMENT OF CM NO. BY SIGNETICS 

CUSTOMER PIN IDENTIFICATION 

ACME MEMO~IES P/N 135216-1 
III I II 

I I III I I I 
OOIOOOOIOOIOOOOOQIIOOOOOOOOOOOOOOOOOOOIOOIOOOOOOOOOOOO00000000000000000000000000 
I !J.5Ir".lllrlJl.15UI,ql.a~DnNftHlrna.~n»~».v ••• ~UUU6.0QdY~""~"M~U".I'U~"15"'J"Ma"'trJI4rSn"n'l. 
11111111 r 11111111111111111111111111111111111111111111 I 11111111111111111 11111,1 111 

2 212 2 2 2 2 2 2 121Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 212 2 2 2 2 2 2 2 I 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

ATTN. J.Q. ENGINEER. MEMORY PROD. MGR. 
I I I I II II I II I I 

I I I I I I I III III I I 
OOOll00aOOOOOOOODfDOOl8000001000000010D0000000000001000000000000000000000000000. 
111.5.r".'llI1'""M»lld.nnnNn.u.".n»HMft.» ••• ~a.'MU.U."~~unW"SV~Hq~nn"e"UA"nnnll~nnnNn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

ZZZ22ZZZZZ222222222ZZZZZZ22ZZ22ZZZZZ2Z2Z222Z222222222222222222222222Z22222222222 

STREET ADDRESS 

, 8000 ELECTRONICS LANE 
I I II II I I 

I III I I 
00011100000100000100000000000000000000000000000000000000000000000000000000000000 
IZJ.5IrlldllnlJUI5Mlrlll'Dnnn"nH2Jnn~llnH~n.D •••• IUO«U.4rQqY~UUW55gSrYH.llRUU"U"U"n"'Z'3"J5rIJ'nn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22222222222222222122222222122222122222222222222222222222222222222222222222222222 

CITY STATE ZIP 

SUNNYVALE, CALIFORNIA 94086 
I I III II II 

II I I III 
OOllODllOOOIOOOOOOOOOOOOOOIOOOOOOOOOOOboOOOOOOOOOOOOOO00808000000000000000000000 
IZJ.slrll."n"U"~I'.II.nDbMftannn.nnnun.u ••• ~UU"U"OqdY~"5JW~Y~YHMlln"U""UHUNrlnrJU~nl1nn. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22122222f222222ZZZ22222222222222222222222222222222222222222222222222222222222222 

COMPANY NAME 

124 

, ACME MEMORIES INC. 
I II I I II I II 

I I III I 
00000000000000100000000000000000000000000000000000000000000000000000000000000000 
lIJ.51111.1InlJM'5.I,q~annn"ftKnan.MUUMn.ll •• U4IUUMU.U~dY~~5)~"Y5rYw.~n'l"~.'JM"nnr2J]UnKr7nB. 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

Z Z Z 2 Z 2 2 Z Z Z 2 2 2 21Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 Z 2 2 2 Z 

IItgl.1II11 

2516-N,1 



2516-N,1 

DATA CARDS 

OUTPUTS Os THROUGH 01 RESPECTIVELY 

\ 
)DOOOOOO OC110DI0 01001001 D~OD1GOl 010010~1 0010011C 

DECIMAL CHARACTER ADDRESS 
(DATA CARD NUMBER 001 THRU 064) 

\ 

(THIS EXAMPLE ILLUSTRATES OUTPUT SEQUENCE) 

11111111011001101010110110010110110010110110011011001000000000000000030000000101 
1234SS78S10111213141S1&111819m21n2JU25~2r2B~~~132n~~~31~833~4'~43~445"414B~9~51~S3~H~~»~6061~~~6S"67~"1011;27]IC1S16Jl1Bf9~ 

111111111111111111111111 111111111111 III 111 111 I 1111111 I 1111111111 11 111 I 1111111 I 11 

22222222 Z Z Z Z 2 Z Z Z Z Z Z 2 2 222222222 2 ~ 2 2 2 2 2 2 2 2 2 2 2 2 222222222222222222222222222222222212. 

33333333333333333333333333333333333333333333333333333333333333333333333333333333 

4 4 4 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

S 5 5 S S S S 5 5 S 5 5 S 5 5 5 S 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5 S 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 

666666666666666666 6 6~ 6 6 6 B 6 6 6 6 6 6 6 6 E 6666666666666666666666666666666666666666666 S 6 6 

111111111 71 71 71111 71111 ) 7 111111111111 7111 71111 711111111111111111111117 7 17 17 17 7 7 7 

COLUMN ADDRESS(A3.A2,A1) 

\ \ \ 
000 001 010 

\ 
011 

\ 
100 

\ 
101 

~PCDOOOQ 00110010 Gl0010Dl 0100t001 01001001 00l~Dl10 

(THIS EXAMPLE ILLUSTRATES COLUMN ADDRESS SEQUENCE) 

11111111011001101010110110010110110010110110011011001000000000000000030000000101 
lZ3456r8S1U!11213'4151611181t~~unu~~nn~mJl~n~~~31~33~~42U~4~UUU~505IS2U~S5~51SB59~~~Ui4ti5"U6B~ro11127J'41S161119!9~ 

11 I 111 11 111111111 I 111111 11111111111111111111111111111111111111111111 I 1 I I 1 I I 11 I I 1 

222222222 Z 2 2 2 2 2 2 2 2 Z 2 2 2 2 2 2 2 Z 2 2 Z 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222222222222222222222222222 21z 

33333333333333333333333333333333333333333333333333333333333333333333333333333333 

44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

5S555555555555555555555555555555555555555555555555555555555555555555555555555555 

6666666666666666666H666666666666E6666666666666666666666666666666666666666666566 

171 7117 11 11 7111 7 11 7 11 71 I 7 17 77 1 77 77117 77 1 77 7 77 77 77 77 7 77 11 77 77 7 11111 7 1 77 7 7 7 7 7 7 7 7 7 7 

BASIC DEVICE TYPE 

NOTE 

LEAVE COLS. 10, 11,12,13 BLANK FOR ASSIGNMENT OF CM NO. BY SIGNETICS 
\ 

}31.;:,NiVCM 

I (HEADER CARD) 

I I 
o 0 0 0 0 II 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 
1234561'~1011121l141S16111819Z02IUV~25~Zla29~J1J2n3'~JG~~~~C414243444S4~41UU~M~~~~S6S1~ff~W61~63~6~~~Cl~B691D 11121]747~nl11Bl~~ 

1111111111111111111111111111111\111111111111111111111111111111111111111111111111 

122222222222222222222222222 n 2 2 2 2 212 22 2 2 2 2 2 2 2 21222222222222222222222222222222222 

33333331333333333333333333333333333313333333333333333333333333333333333333333333 

44444444144444444444444444444444444444444444444444444444444444444444444444444444 

51551555555555555555555555555555555555555555555555555555555555555555555555555555 

6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6b 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 B 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

7117 717 77 7 77 7 77 7 77 1111 71 7 7 7 11 71 77 117 17 7 77 7 11 7 7 7 71 77 1 7 17 7 77 1 71 7 1 7 71 7 7 77 11 7 7 77 17 7 7 

"Character" number is in columns 7B. 79, and 80. 
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2530-N,1 

DESCRIPTION PIN CONFIGURATION 
The 2530 is a high speed 4,096-bit Static Read-Only Memory available in a 512x8 
organization. This device has TTL compatible inputs and outputs and requires +5V and -12V 
power supplies. A READ input controls the entry of data from the ROM into output latches. 
Three-state outputs ail ow OR tying for implementing larger memories. Two-mask 
programmable OUTPUT ENABLES control the eight output devices without affecting 
address circuitry. 

N,I PACKAGE 

BLOCK DIAGRAM 

A4 

A, 

A3 

4096 BIT 
ROM MATRIX 

512XB 

READ 

TIMING DIAGRAM 

= 

ADDRESSES 

OUTPUTS 

+----3.....ao, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+----3>-00" 

l--tRPW-I-

1'\ 
tAD 

ADDRESSES 
MAY 

CHANGE 

I-

X 

AC CHARACTERISTICS (8) 
TA =DOC to7DoC;VCC =5V (Note 8) VGG =-12V ± SOlo; 
unless otherwise noted 

SYMBOL TEST MIN MAX UNIT 

tRPW Read Pulse Width 250 ns 
tRPW Read Pulse Width 500 ns 

tAD Address Delay Time 50 ns 
(12) 

tAG Address-Read Pulse 50 ns 
Gap (12) 

tA1 Address to Output 700 ns 
Delay 

tA2 End of Read Pulse to 250 ns 
Output Delay 

tOE Output Enable to 250 ns 
Output Delay 

tR"PW 

-I 

1 \ 
tAG 

-I --- - tA2 

ADDRESSES ADDRESSES 

1 

MUST BE MAY 
STABLE CHANGE 

tAt 

* Note: All times measured from 50% pOints, for all input waveforms tr = If 10nsec. 

126 IIJlllliBl 

CONDITIONS 

Note 19 
Note 18 

Note 17 

VAc=25mVp_p 

VIN = VCC 



·2530 CUSTOM CODING INFORMATION 
PUNCHED CARD INPUT 

2530-N,1 

Header Card Data Cards: 

Card No. Column Information Card No. Column Information 

1 1-5 "2530N" or "25301" 1 1-3 Decimal address (blank, blank, 
6-14 Blank 0.) 
15-19 "CODED" 4 Blank 
20 Blank 5-12 8-digit binary output 
21 Logic state of Output Enable #2, (MSB-Ieft) 

(CS2) - Most §ignificant .§it. 13-20 Blank 

22 Logic state of Output Enable #1. 21-33 Decimal address, (blank, 

23 Blank blank,1.) 

24-71 Customer company name. 24 Blank 

72 Blank 25-32 8-Digit binary output 

73-80 Date (MSB-Ieft) 
33-40 Blank 
41-43 Decimal address, (Blank, 

I DJComment Cards: blank,2.) 

Card No. Column Information 44 Blank 

1 1 "C" 45-52 8-digit binary output 

2 Blank (MSB-Ieft) 

3-80 Person responsible for reviewing 
Signetics truth table and Com-
pany Name. 

53.-60 Blank 
61-63 Decimal address, (Blank, 

blank,3.) 
64 Blank 

2 1 lie" 65-72 a-digit binary output 

2 Blank (MSB-Ieft) 

3-80 Customer Street Address 73-80 Blank 

3 1 "C" 2 Same format as data card #1. 

2 Blank 
3-80 ·Customer City, State, Zip. 128 Same format as data card #1. 

NOTE: MSS = Os 

EXAMPLES 

Header Card 

2530 CM3531 CODED 00 ASCII TO EBCDIC AND EBCDIC TO ASCII CODE CONV 02/02/72 
I I III I III 111111 I I 111111 I III I II I 

I I I I I I II 
DOOIOOOOOOOOIOOOOOOOIIOOOIOOOOIOf;ubuOUOUUOOOOOOOOOOIOO01000000000000100010110100 
.I I J. 5 11' tltlillut'4'SIII'IIIUIZIHzuusn"1711UDlIUJJWJSKl1MlI ... "U41U4S4UI.,n5IUI51H~SBn'SlSUU1'h]UI5IU'Ii"'''Jl7IrJ1U57117rl1'. 

First Data Card 

o 00000000 1 00000001 2 00000010 3 00000011 

01101111111100000000000011111110060000000000111111010000000000001111110000000000 
11).51, •• ItII~IJMI5KlrdI18nnn~nHn~n.~unMH.]r.lI •• lq'J"'S~UQ.'U~U\1~SSM5'9WA'IUhU'5"'1""nnn»»nnl'~n~ 

Last Data Card 

508 00000000 509 00000000 510 00000000 511 00000000 

01001111111100000000010011111111000000000010111111110000000000001111111100000000 
, Z J • $ , , I t 1111 U\1)14 '5 II 1111 IU"I nlnZ41UI27 lin JI11 UU1Ml'S" .JI"41 U4HHUlU".UUl 51'U~ SSSl~' ~H""I ,aHU~&U!",,'a 11 Illl It "" H,. 'U' 
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2526-N,1 

DESCRIPTION PIN CONFIGURATION 
The 2526 is a high speed 5184-bit Static Read-Only Memory. It 
may be organized as 64x9x9 for use as a character generator; or 
as a 512x9 ROM for general purpose use. This device has TTL 
compatible inputs and outputs and requires+5Vand -12Vpower 
supplies. A READ input controls the entry of data from the ROM 
into output latches. Three-state outputs allow OR tying for 
implementing large memories. OUTPUT ENABLE controls the 
nine output devices without affecting address circuitry. 

N, I PACKAGE 

BLOCK DIAGRAM 

" 

'. 

',. 

TIMING DIAGRAM 

,OUTPUT 
ENABLE 

6---".....00, 
I 
I 
I 
I 
I 
I 
I 
I 

~_~....clo, 

Output 6 

Output 7 

Output 8 

Output 9 

Voo (OND) e 

Addr&ss4 

Address 3 1 

Addrass2 8 

AddreSs 1 \I 

Output Enable 10 

Address 5 II 

AC CHARACTERISTICS 
TA=O°Cto+70°C, VCC=5V(note8) VGG = 
-12V 50/, I th . t d O;un esso erwlseno e . 

PARAMETER MIN MAX 

tRPW Read. Pulse Width 250 
tRPW Read Pulse Width 500 
tAD Address Delay Time 50 
tAG Address-Read Pulse Gap 50 
tA1 Adress to Output Delay 700 
tA2 End of Read Pulse to 

Output Delay 250 

tOE Output Enable to 
Output Delay 250 

UNIT 

ns 
ns 
ns 
ns 
ns 

ns 

1---~4+------tR~'-------~ 

tAG I 
I+----+I----tA2~ 

ADDRESSES ADDRESSES MAY CHANGE ADDRESSES MUST BE STABLE ADDRESSES MAY CHANGE I 

OUTPUTS 

NOTE: 
All Times Measured from 50% Points. 
tr = If = 10 ns or less 

128 amoot •• 

11 Address 10 

Ifi Address 9 

15 AddressB 

14 Address 7 

u Address 6 

CONDI.TIONS 

Note 19 
Note 18 
Note 20 
Note 20 
Note 17 

Note 17 

V AC = 25mV p-p 
VIN = Vec 



2526-N.1 

STANDARD CHARACTER FONT 
CM 3400 

ASCII SET, VERTICAL SCAN 7X9 WITH CODE CONVERSION 

.~!II •••••• 
"orrll' 11111'1_1 [1'1 ~l~111 •• --II,],f"[1 

DeCIMAL. ADDRESS "S" DECIMAL AODRESS "9" DeCIMAL ADDRESS "'0" DECIMAL ADDRESS """ DECIMAL. ADDRESS "'2" DECIMAL ADDRESS "'3" DeCIMAL ADDRESS "'4" DECIM~1.. ADDRESS "15'-m mlli g.,",::' .:;.' .:~;:' .:'.t G m m m"'''''::;;:I; . 
OECIMAL ADDFIESS "HI" DECIMAL ADDRESS "'7" DECIMAL ADDRESS "1S" DECIMAL ADDRESS "19" DECIMAL ADDRESS "20" DECIMAL ADDRESS "2'" DECIMAL ADDRESS "22" OECIMAL ADDFIESS "23" 

~ ~.".'.'; ." II:':; •. "';; .~.:~ ~ ~ inm'; ;~ :: .~. .: fi 
DECIMAL ADORESS"24" oeCIMAL ADDRESS "26" DECIMAL ADDRESS "26" OECIMAL ADDRESS "27" DECIMAL ADDPlESS "28" DECIMAL ADDRESS "29" DECIMAL ADDRESS "30", DECIMAL ADDRESS "31" 

~~: :~:'" ",:.:: .;,:"l :,:;i: .:.:.:. 

;t ;::: ::;:::. :'; ;~: >:;. i: ':";. ~::::::: :> •~: .':,:, .,:;; B;:·:· .; 11';<' ·lIjli::. .., ..... t ' 
DECIMAL ADDRESS "32" DECIMAL. ADDRESS "33" DECIMAL ADDRESS "34" DeCIMAL ADDRESS "~5" DECIMAl. AOORESS "36" DECIMAL ADDRESS "37" DECIMAL ADDRESS "38" DECIMAL ADDRESS "39" 

•
,:::,> .... .,;:. II":: .,,~; '.~:;i .: .. , .~~; .~:." .. 
,:,~ . _ i~~ /. "", :"':' . is;· ~:'< :~~ . ::::: ,~.: ;::.:, :~::: _.:":" -::;::. 

> .. ". I .x:} }:: ,'", ::::~;1.. ii: :.i;r '.,::.;:: .. 

DECIMAL ADDRESS "40" DECIMAL ADDRESS "41" DECIMAL ADDRESS "42" DECIMAL AOORESS "43" DECIMAL ADDFIESS "44" DECIMAL ADDRESS "45" DECIMAL ADDRESS ".6" DECIMAL ADDRESS "47" 

•••••••• 
~!iOO· 1'[1"11 ~llm ~111'llll ~'l~[ ~'1191 

• "'MAL ADORI;SS "56" DeCIMAL ADDRESS "57" DECIMAL ADDRESS "158" DECIMAL ADDRESS "59" DECIMAL ADDRESS "60" DECIMAL ADDRESS "61" DECIMAL ADDRESS "62" DECIMAL ADDRESS "63" 

NOTES. 
,. BCOIC to ASCII in leftmost column, Baudot to ASCII in next column to right. 
2. Underfined addresses result in all outputs going low (TTL "0"). 
3. Black squares in character font are high (TTL ","). 
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2526-N.1 

STANDARD CHARACTER FONT 

CM 3941 
ASCII SET, RASTER SCAN 7X9 WITH CODE CONVERSION 

1::: .111 •••••• 
I'iflll ~lllfl·II'rallIJ1I'[ffiI··I •• 'llfrfll 
Irf1) Illlllllij1llllnl~ H'llfllll • 
DECIMAL AQCAESS "'6" DECIMAL ADDRESS ",17" deCIMAL ADDRess "18" DECIMAL ADDRESS "'9" DECIMAL ADDRESS "'ZO" DECIMAL ADDRESS "2'" DECIMAL ACOPIESS "22" DECIMAL ADDRESS "23" 

•••••••• DECIMAL ADDRESS "24" DECIMAL ADDRESS "211" DECIMAL ADDRESS "20" DECIM~L ADDAESS "27'" DECIMAL ADDRESS "28" DECIMAL ADDRESS "29" DECIMAL ADOF'leSS "31)" DECIMAL ADDRESS "3'" 

.• • ,i .' •. , .", ..• ~:,., II::" II:'" .\'~ 
. . :. . ;'" ~~ ,~ 

:' ",";: ~. *~. :'; 

Irllllll'll ~.~·Irilll ~-Illl ~Irllm ~1~11. . . , " '::~: "~ .,,;. "~ 

DECIMAL ADDRESS "40" DECIMAl. ADDRESS "41" DECIMAl. ADDRESS "42" DECIMAL ADDRESS "43" DECIMAL ADDRESS "44" DECIMAL ADDRESS "45" DECIMAL ADDRESS "46" OE-CIMAL ADDRESS "47" II,·'··· ....•. . •..• :, ..•. : .:: .......• ;; .:::;:,' 
" .' , :' : ,~: "~ 

, :' :: . ~:::... :;<. '; , 

oeCIMAL ADDI'tESS "48" DECI.MAL ADDRESS "49" DECIMAL ADDRESS "50" DECIMAL ADDRESS "S1" DeCIMAL ADDRess "62" DECIMAL ADDRESS "S3" DECLMAL ADDFIESS "54" DECIMAL AODRESS "!HI" 

•
. • ....•• ' .;' .":; .• L: .• ~;. .~;,; , " , , '~::, 8 '::: ' 

, ," .. ' " , 
, "., ,» 

-DECIMAl. ADDRESS "68" DeCIMAL ADDFIESS "S7" DECIMA.L ADDRESS "S8" DECIMAL ADDRESS "69" DECIMAL ADDRESS "60" DECIMAL ADDRESS "81" DECIMAL ADDRESS "82" DECIMAL ADDRESS "83" 

NOTES: 
1. BCOIC to ASCII in leftmost column, Baudot to ASCII in next column to right. 
2, Undefined addresses result In all outputs going low (TTL ''0''). 
3. Black squares in character font are high (TTL "I"). 
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CUSTOM CODING INFORMATION 
PUNCHED CARD INPUT 

CommentilD Cards: 
Card. No. Column Information 

1 1 "C" 
2 Blank 
3-17 "SIGNETICS 2526N/CM"' 
18-26 Blank 
27-71 Customer I'D' (Company, 

Project, Part No., etc.) 

72 Blank 
73-80 Date 

2 1 "C" 

2 Blank 
3-80 Person responsible for reviewing 

Signetics truth table. 

3 1 "C" 

2 Blank 
3-80 Customer Street Address 

4 1 "C" 

2 Blank 
3-80 Customer City, State, Zip. 

5 1 "C" 

2 Blank 
3-80 Name 

Data Cards 
Card No. Column Information 

1 1-9 Binary outputs of rows 9 through 

I, (MSB at 9). first column, first 

character, (first character is 

''000''). Logic "I" is high output 

(3.2V, min.). 

10 Blank 

11-19 Binary outputs of second column, 

first character. 

20 Blank 

21-29 Third column 

Data Cards (Continued) 
Card No. Column 

1 30 

(conl'd) 31-39 

40 

41-49 

50 

51-59 

60 

61-69 

70-71 

72 

73 

74-76 

77 
78-80 

2 1-9 

10 

11-19 

20-70 

71 

72 

73 

74-76 

77 

78-80 

3 1-9 

(etc .. as 

Card 1) 

4 (etc.,as 

Card 2) 

128 78-80 

2526-N,1 

Information 

Blank 

Fourth column 

Blank 

Fifth column 

Blank 

Sixth column 

Blank 

Seventh column 

Blank 

Data card number of first 

character, ("I"). 

Blank 

Anything-customer option. 

Blank 

Decimal character number, 

(''000'') 

Eight column 

Blank 

Ninth column 

Anything-customer option. 

Blank 

i Data card number of first 

character. ("2"). 

Blank 

Customer option 

Blank 

Decimal character number, 

(''000''). 

First column, second character, 

rows 9 through 1 (MSB at 9). 

Second character is ''001''. 

Decimal character number, 

(''063''). 
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2526-N,1 

EXAMPLES 

1.0. Card 

CM3400 VERTICAL SCAN CHAR GEN WITH· BCorC AND BAUDOT TO ASCII CONVERSION 
I I III II III II I I 11111 I I II I I III I I I 
I I I I I I I I I II I II 

80800000000110100100000100000000000001010000000000000010010100010000000100109000 
lIJ451"'MIIII~J"ISIII,q~~nnUNnannn.~un~n.J' ••• I.IQ4JU4~Q"Qe~SI515]~»K""~H'I~IJ"I~"61U"~711r7J7.n7"J"n. 

First Data Card - First Character 

10100000 000000000 011111100 100000010 101100010 101010010 101001010 1 0 

181011111011111111101000000110011111101001001110100101 01101001011010100000000001 
I' 3.51' 111I11IIlnl'151'"11111'1lInnl'7515nllnIIOJIU]]~H.Jr\ •• "4IUOU'UI"""!JI~'!IlU~~~~n!llS!iIIll'1"lil4'~"~'i.ln'a"11IJ"'~r,nlll910 

Second Data Card - First Character 

01111100 000000000 2 0 

~ •• ""' •• ' ••••••••• "".' ••• ' •••• '.".' •• ".' •••• ' ••••••• ,.,.""",.",." •••• 1 
1 IJ'51"'~llllrJl'15~lrlld'"JIUU"naI7n".nnn"nM17.D.'IU'JU'5""q~~~IUSJ~"~SlUSIH'112~"""ll""nrl'2'J"'51'r'~rl. 

First Data Card - Last Character 

~10001101 011111111 000000010 000000001 110100001 000010001 000001001 1 63 

10111001001000000000111111101011111111000010111100111101110011111011000000000000 
ItJ"I,.'.lttIIIJU1SI11'"l.~nunNnnnna.JI»»~»n» ••• 'IUUU6""qOW\I~l5]USS"51"UR'I~']"u"'r""~'112'Jl"S""~n. 

Second Data Card - Last Character 

00000110 000000000 2 63 

11111100101111111110000000000000000000000000000000000000000000000000000000000000 
113' s.', tlfllJlllJl.ISIIUIIU.lUlnnl4r50l'17ltn .11»]])li~.n.lI"414H)U'~"41"U,1II~I!lnHI~~~~I~IS""·'I51Ii]~"H'~·U"'OII121J",~","rI1910 
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DESCRIPTION PIN CONFIGURATION 
The 2580 is an 8192-Bit Read-Only Memory available in a 2048x4 organization. This device N,I PACKAGE 
has TTL compatible inputs and outputs and requires +5V and -12V power supplies. A READ 
input controls the entry of data from the ROM into output latches. Three-state outputs allow Vee (+5V) , 

OR tying for implementing larger memories. The outputs are enabled by a programmable 
four bit select code applied to four binary chip select terminals. 

AC CHARACTERISTICS 
TA = 25°C;VCC =5V (Note8)VDD =OV VGG =-12V +5% unless otherwise noted , -

PARAMETER MIN MAX UNIT 

tRPW Read Pulse Width" 650 ns 

tRPW Read Pulse Width'3 500 ns 

tAD Address Delay Time15 50 ns 

2580-N,1 

tAH Address Hold Time 0 ns 
16 VaG (-12V) 

tA1 Address to Output Delay 950 ns 

tA2 End of Read Pulse to Output 350 
Delay 

CODING FORMAT 
Coding data for the 2580 may be sent to Signetics via punched cards or via a written truth 
table. Cards are preferred since errors are essentially eliminated. 

On receipt of a card deck, Signetics will translate the card deck to a truth table using the 
Signetics Computor Aided Design (CAD) facility. The truth table will then be sent to the 
customer requesting engineer for final approval. On receipt of final approval, Signetics will 
cut the rubylith mask and proceed with manufacture. 

BLOCK DIAGRAM 

'" " " " .. 
::~:fil~l-~~-r------"------~-, 

" ... 

TIMING DIAGRAM 

ADDRESSES +5V ---, I 
AND CHIP 

SELECT 

OUTPUTS 
+5V ---------'"""" 

OV _______ _ _ J '-_______ -J 

II!I __ I 133 
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2580-N,1 

CARD FORMAT 

(IDENTIFICATION CARDS} 

C LUMN 89 COLUMN 10, 11, 12, 13, 
C~STOM DESIGNATION "CM" CUSTOM NUMBER (ASSIGNED COLUMN 21,22,23,24, 

(CS4, 3, 2, 1} 

BASIC PART TYPE COLUMN 26-80 
\ /

BY SIGNETICS} CHIP SELECT CODE 

~ ____________ CUSTOMER IDENTIFICATION 

134 

<!58 ON .;.elf - - -ttlDED 
I I III 

I I I I I III I I 
000100100000000000000011000000000000010010001000000000180000000000000000000000001 
12J'SI'I'~lllllJl'15111'1'I'm~nUNnavan.~R.M_.n ••• ~Qa~~.o.e.9U»MD.~U9.n"UMn.Q.HRnnn~nn"nnAI 
III I 111111 I I I I 111111111 1111111 111111111111111 1111 11111111111111111111111111111 11 

IZZZZZZZZZZZZZZ2~2ZZZZZZ2Z22222222222122222212122Z2ZZ222ZZZZZ2Z22222Z2ZZZZZZZZ2Zl 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

ATTN. J.Q. ENGINEER. MEMORY PROD. MGR. 
I I I I I I II II I II I I 

I I I I I I I III III I I 
••• 111 •••• 1.0010 •••• 011000101100100 ••• 1100 ••• 001000100010 •• 00.11000000110010101. 
111.S'J ••• "nUU".I,qq.DaaMa.H.ft.~R"M».u •••• aQ"6.Q •• M~UUW"KU.H.hnUMnUt'."~"nnR"KnN". 
11111111111111111111111111111111111111111111111111111111111111111111111111 Hllll 

IIIIIIIIIIIIIIIIIIII!II!II!IIIII!I!!I!!IIIIIIII!I!I!!!!1!!!1!!!111111!2212111111 

STREET ADDRESS 

.' 7800 ELECTRONICS DRIVE 
I I I II II II 

II I I III 
.11100110111011110101.100010000000001 •• 001111010110088811.11000000.000000 ••• 1111 
111.,.r"."UQ"l'~II~I •• ~nnHA.».n.nunH".V ••• ~Qg"U.Q •• W~U»~»MY.H.'ln"Mn." •• Knnn~HM"N". 
111111111111111111111111 I 1 I I 11 I I I I 111111 1111111 I I I 11111111 I 1 11 1111 11 II 1111111111 

11111111111111111122222222222222222222121111122112222!2Zf211!!II!!II!!!I![!!!I!! 

CITY STATE ZIP 
SUNNYVALE, CALlrORNIA 94086 

I I I II II II 
II I I III 

"11"11"'11 •••• 110 •• 1.0'1 •• '01100010000111.0.01.01 •• 0 •••• 0.0 ••• 01.001.111 ••••• 
I 11"1" •• ntlU'U'MUIII'.'urnlusarraa.JfJlDJU$.U ••• ""Q'UUI" ••• ,,VUIlU.V ••• ""IJI .. ,.I1 •• ,UIJUIJU.1I lJ 1"'. 
111111111111111111111111111111111111111111111111.11111111111111111111111111111111 

III!!I!II!!IIII!!I!!!IZZZZZZZ!!!!!!Z!!!!!!!!!!Z!!!!!!!Z!f!Z!!!!!!!!!!!I!!ZI!!I!! 

COMPANY NAME 

. ACME MEMORIES INC. 
I II I I II I II 

I I III I 
•• 00000 •• 0.01010 •••••••• 0000· •••• 00000001080 ••• 00 •••• 00.0 •••••• 0 •••• 0'1000.0 ••••• 
1 I J 4" " ' .. "I!IUnU'U"".JUIU.a.".:lt3lDJUUU'.Jl ..... IfUUUS.II .... IfRSJSUS.UIID.'"UUn, • ., •• ,," ",.ur""',. ... 
1111111111111111111111111111111111111111111111111111 11111111111111111111' 1111111 

!!!!Z!Z!!ZI!!!II!Z!!!ZZ!!!ZZZ!ZZZ!ZZZ!ZZZ!ZZZZ!!!Z!!Z!Z!Z!Z!Z!Z!Z!Z!l!!!!ZZZZ!Z! 

.... l1li 



DATA CARD FORMAT 
Col 1-4 

Col 5 

Decimal equivalent of first data word location. 
Example: 0124 
Note: leading zeros must be used for ad
dresses from 0000 to 0999. 

Dash (-) to separate numbers 

Col 6-9 

Col 10 
Col 11-14 

Col 15 

Col 16-19 

Address of last word on card 

Blank 

First data word (04.03.02.01) 
Blank 
Second data word 

Etc. thru column 71 
Col 72-80 Reserved for comments (These columns are 

ignored by the computer) 

Up to twelve (12) data words can be coded on one card. Less 
than 12 may be used as long as the first and last addresses are 
given in columns 1-9. 

EXAMPLE 

000-0011 0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 

I 
11110110001111011100110101100010110101001001010000011100110001010010900 
12 3 ~ 5 6 1 8 9Iall.12131415161118192a211223242126212829303132311~353631l8314D4IUI3~4454641411951l51525351\5565158596061621364656661686910n 

1111111111111111111111111111111111111111111111111111111111I11111 1111111 

22222222222222222222222222222222222222222222222222222222222222222222222 

33333333333333333333333333333333333333333333333333333333333333333333333 

44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 

55 5 5 5 5 555 5 5 5 5 5 5 5 5 5 5·5 5 5 5 5 5 5 5 5 55 5 555 555 55 5 5 5 555 5 5 55 5 5 5 5 5 5 555 5 5 5 5 5 5 5 5 5 5 5 5 5 

66666666666666666666666666666666666666666666666666666666666666666666666 

7 77 7 7 7 7 7 7 7 7 7 7 77 7 7 77 7 77 7 7 7 77 7 1 77 77 1 7 77 7 7 77 77 7 77 77 7 1 7 7 7 77 7 77 7 77 7 7 7 7 11 7 1 7 1 

88688888888888888888888888888888888888888888888888888888888888888888888 

99999999999999999999999999999999999999999999999999999999999999999999999 
I 2 3 , 5 ! 1 8 9 10 II 15 1017 Ii lI2021 ZZZl241S212128293031 3233343536 31!83940~1l2134H.\4S414l149 5051 S253S~55565158 516061626364 65665118691011 

-.gl.ne. 

2580-N.1 

.135 
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DESCRIPTION 
The 2608 is a fully decoded, static, mask programmable read-only memory. It has a capacity 
of 8192 bits organized 1024 X 8. The 2608 is fabricated with low threshold N-Channel silicon 
gate MOS technology which allows extreme ease of use with low voltage logic families such 
as transistor-transitor logic. 

Requiring only 5 volts and ground power connections, the 2608 features a maximum access 
time of 650ns. Since the 2608 uses static logic throughout, no clocks are required. Four 
mask programmable chip selects are provided for e.asyword expansion. All 2608 inputs and 
outputs are TTL-compatible. 

AC OPERATING CHARACTERISTICS 
TA = OOC to +70°C, VCC = +5V 5"10 (See Notes A, B 8. C) 

SYMBOL PARAMETER MIN MAX UNITS NOTES 

tR Read Cycle Time 650 ns 

tco Chip Select to Output Enable 300 ns NoteD 

tCD Chip Select to Output Disable 10 150 ns NoteD 

tA Access Time (2608) 100 550 ns NoteD 
Access Time (2608-1) 100 450 ns NoteD 

NOTES: 

2608·2608-1-1 

PIN CONFIGURATION 
I PACKAGE 

Ground 1 

Data DutO 2 

DataOut1 '3-

Data Dut2 4 

DataOut3 5 

Data Out4 6 

OataOut5 7 

Data Out6 a 

DaraOut7 t 

Chip Select 0 10 

Chip Select 1 11 1~ Chip Select 3 

13 Chip Salect2 

A. Input levels swing between 0.65 volts and 2.2 Yolts. 
B. Input signal transition times are 20 nsec. 

BLOCK DIAGRAM 
C. Timing reference level is 1.5 volts. 
D. Output load is one standard TTL load plus 130pF. 

136 

ROW ADDRESS 
INPUTS IA4-AgI 

Vcc 

OUTPUT 

16 X 8 

ADDRESS 

:~~F~~~ 1---64::..j._ ... 
64 X 16 X 8·BIT 

STORAGE MATRIX 
DECODER 

16 X 8 

COLUMN SWITCHING MATRIX 

DATA OUTPUT PINS 

*CHIP SELECT CODe 
IS MASK PROGRAMMABLE 

TIMING DIAGRAM 

ADDRESSES =:Xf.~-_-_-_-_-_-_-_-_-_-_-_-_-_-_-tR---------'tl..--------
CHIPSELECTS· --1------, '-----------...... Vr------

DATA OUTPUTS 

1'--- JI\ 

1--'<:0--1 ~ j-'<:D 
1--------tA '1 

HIGH IMPEDANCE ~ _____ _ 

~ 
·CUSTOMER CHOOSES PARTICULAR CHIP SELECT CODE DESIRED. THE OTHER FIFTEEN 
COMBINATIONS OF FOUR CHIP SELECT INPUTS DISABLE THE OUTPUTS. 



PIN DESCRIPTION 
ADDRESS DATA OUTPUTS 

2608·2608-1-1 

These ten TTL-compatible inputs are decoded on-chip to select 
one of 1024 eight-bit bytes. Since the 2608 utilizes static logic 
throughout. a change in addresses results in a change in data as 
long as the chip is selected. Access time is measured from the 
point where the last. address input became stable. Cycle time 
and access time are equal in a static ROM design. 

The eight data outputs are push-pull buffers capable of driving 
one standard TTL-load plus a 130pF load capacitance. These 
outputs are placed in the high impedance state when anyone of 
the disabling combinations of the chip select inputs is present. 

CODING FORMAT 

CHIP SELECTS 
There are four TTL-compatible chip select inputs for the 2608. 
Only one combination of these four signals enables enabling 
combination is chosen by the customer and specified on the 
first punched card of the customer card deck (see following 
page). A positive logic convention is assumed. 

Coding data for the 2608 may be sent to Signetics via punched 
cards or via a written truth table. Cards are preferred since 
errors are essentially eliminated. 

On receipt of a card deck. Signetics will translate the card deck 
to a truth table using the Signetics Computer Aided Design 
(CAD) facility. The truth table will then be sent to the customer 
for final approval. On receipt of final approval. Signetics will 
produce masks and proceed with manufacturing. 

CARD FORMAT 

COLUMN 8, 9 

(IDENTIFICATION CARDS) 

COLUMN 10, 11, 12, 13, 
CUSTOM NUMBER (ASSIGNED 

CUSTON DESIGNATION "CN" BY SIGNETICS) 

COLUMN 21, 22, 23, 24, 
CHIP SELECT CODE 
(CS3, 2,1,0) 

~ / COLUMN 26-80 
BASIC PART TYPE _______ ~ ~CUSTOMER IDENTIFICATION 

260Sl/CN (ODEt, ACME MEMORIES Pd1 1'35211-1 
111111 I III I II 

I I I I III I I 

~ ~. ~ ~ ~ ~,~!W,~ ~ ,~ I~'~ ~ !!!! !!! !!~, ,~ ~!~ ~ ~!! !.~ !!!!!~'!!!~r!!!~, ~~,~! !~!!~.~, !f,!~,~,~,!! ~.~,~! ~.~,~. ~,~'! ~,! 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

22112222211211121221121112111211121121111212111111111111112121121111111112112112 

PERSON RESPONSIBLE FOR REVIEWING SIGNETICS 
COMPUTER GENERATED TRUTH TABLE 

ATnl. ),Q. ENGINEER, MEMOR',' PROI!. MGR. 
I I I I I I II II I II I I 

I I I I I I • III III I I 

~; ~,,~ ~ ~ ~!,~ ,~!! '~,~! !,~!!!!!!!,~ !~! ~ ~!! ~ ~~, !~!~ ~,~,~.!,!~,! !!~ ~ ~,~!~,~ !~.~~, ~,~,~! ~?,! ~ ~.~~,~,~. ~,~~' ~.~,! 
1111111111111111111111111111111111111111111111111111111111\111111\111111111\1111 

lllllUZH!221Z12122121122211111111121111111211221111111111111111111n2122!11222 

STREET ADDRESS 

1800 ELECTRONIC~ r,RlUE 
I I II II I I 

III I I 
DO QIII' ~ a 0 010 0 0 a 010 0 0 0 0 0 0 0 0 0 0 0 0 0 D DODO 0 00 0 0 O! 000000 e 0 0 0 0 0 0 0 I 0 II 0 0 0 DOD Doe 0 0 0 0 Doe a 0 
""""''''''''''''''''''''''"'nlIII''"1111.,·"",,''''.II.II.''''''''''''''''''II" '''''''' 111111 .... " 1I" ... ,." ... "n"""""""". 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

ZZ211122ZlZ221221122121122112211221111222i21112111211112112221111111122111121122 

CITY STATE ZIP 

SUNN'r'IJ~lE. CALlF'ORNIA 94086 
111111 II 

II I I III 

~ ~,,~ ~,,: !,~!! ~,~! ~ ~,~!~ !!!!! !!!! ~!! ~!!~, !~!~ ~~,!!!~, ~!! ~ ee!!!!!!!~,!!!!!!!~,!~, ~~,~,~,!~,~,~.! 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

2Z12211Z12ZlZ11Z21121212111Z121112221222222212211111111Hlllllllllllll11111111ll 

COMPANY NAME 

H(M£ MEMDRIE; ItiC. 
I .. I I II I II 

I I III I 

~ ~ ~ ~ ~ ~ ! ~ ~!~,~ '~,~! ~,~ ,~,~!~ ~~!!~ ~!! ~ ~ !~!!! ~ !~!~ !!!!!.~!!!~ !~!!!~!!!~ ~~!~~!!!! ~~ ~ ~'~'~~I!~~! 
11111111111111111111111111111111111111111111111111111111111111111111111111111111 

11122111lZZ1111l1122222122222111211221111212221211211112221221212122111121111212 
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DATACARDS 
12--75 
77-78 
79-80 

Hexadecimal data coding 
Card number (starting 01) 
Total number ot, cards (32) 

Column 12 on the first card qontains the hexadecimal equivalent 
of bits 07 thru D4 of byte O. while column 13 contains the 
hexadecimal equivalent of bits 03 thru ~O. Columns 14and 15 
contain byte 1. columns 16 and 17 byte 2. and so on. 

The first card contains the first 32 bytes. Columns 12 and 13 on 
the second card will contain byte 32 (the 33rd byte). A total of32 
cards will contain 1024 bytes of 8 bits. 

138 

2608 • 2608-1-1 

BINARY TO HEXADECIMAL CONVERSION 

BINARY 
COMBINATION HEXA.OECIMAL 

00-03 OR 04-07 CHARACTER 

0 0 0 0 0 
0 0 0 1 1 
0 0 1 0 2 
0 0 1 1 3 
0 1 0 0 4 
0 1 0 1 5 
0 1 1 0 6 
0 1 1 1 7 
1 0 0 0 8 
1 0 0 1 9 
1 0 1 0 A 

1 0 1 1 B 
1 1 0 0 C 
1 1 0 1 0 

1 1 1 0 E 
1 1 1 1 F 
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Logic 
Analog 
Analog 

LOGIC 

8T04 
8T05 
8T06 
8T09 
8T10 
8T13 
8T14 
8T15 
8T16 
8T18 
8T20 
8T22 
8T23 
8T24 
8T25 
8T26A 
8T28 
8T30 
8T31 
8T32 
8T33 
8T34 
8T37 
8T38 
8T80 
8T90 
8T93 
8T94 
8T95 
8T96 
8T97 
8T98 
8T100 
8T101 
8T110 
8T111 
8T363 
8T380 

ANALOG 

NE582 
NE584 
NE585 
DM7820 
DM8820 
DM7830 
DM8830 

Interface 

TABLE OF CONTENTS 
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High Speed Hex Tri-State Buffer ............•.................................................... 87 
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Hex Universal Driver ............................................................................ 99 
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DM8880 
MC1488 
MC1489 
MC1489A 
75S107 
75S108 
551754506 
551754516 
551754526 
551754536 
551754546 
3207A 
3207A-1 
75S207 
75S208 
7520 
7521 
7522 
7523 
7524 
7525 
75324 
55175325 
75361 A 

High Voltage 7-Segment Decoder/Driver ...•........•.......••....•.••••.........••...•......•.. 107 
Quad Line Driver •....•...•.......••.••..•••.•...• , ..•..............••..••......•.•.•............ 110 
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Quad Li ne Receiver .. . . • . • • . . . . . . • • • • • • • • . • • . • . • • . • • • • • . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . . • . .• 112 
High Speed Dual Line Receiver •..•.••...•...•...•...•..•....••.....••........•.••...••.......... 114 
High Speed Dual Line Receiver .....•.......••..•...••..........•...••..•....•.••.••.........•.. 117 
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Dual Core Memory Sense Amplifier ...............•.......•......•.•...•......•................. 144 
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INTERFACE-LOGIC 
INPUT VOL lAGE OUTPUT VOLTAGE 

Vil (Vi VIH (V) V'C 
VTL(mV}'" VTH (mV)'o VOL (V)7 

PARAMETER VOL lAGE RATING LOW LEVEL HIGH LEVEL LOW LEVEL HIGH lEVEL &LAMPVOLTAGE 
THRESHOLD VOLTAGE THRESHOLD VOLTAGE 

LOW LEVel 

VCC=MIN VCC=MIN VCC=MAX 
TEST CONDITIONS IIN=-IZmA VIN"'IOmA VIN"'O.IV VIN=O.8V Vee ... IN 

IOL"-400/jA IOH'=16mA 
MI. TV. MAX MI. TV. MAX MI. TV' MAX MI. TV. MAX MI. TV. MAX MI. TV. MAX MI. TV. MAX 

8T04 0.8 2.0 -1.5 5.5 NIA NIA ABO/Bl=4.8mA 
Fora,b,c,d Fora,b,c,d RBI,Driven Inputs=O.8V 

RBO D .• 
Outpuls=40mA 

LT. RBI, RBO/B1=Q,4V 
A·. 0.5 

BT05 0.8 2~ -1.5 5.' NIA NIA LT=4.5V 
Fore,b,c,d Fora,b,t,d VIN=O.4V 

'Ol=500/oiA 
A·. 0.3 

R80/Bl=4.BmA 
Othen=O.8V 

RBO D •• 

8T06 0.8 2.0 -1.5 5.5 NIA NIA A·G 
Fora,b,t,d Fora,b,c,d Outputs=40mA 

LT=4.5V 
RBI, RBO/Bl=O.4V 

0.5 
RBO 

RBO/B1=4.8mA 
RBI. Driven InputS"'O.8V 

D •• 

8TOS 0.8 2.0 -1.5 5.5 NIA NIA Outputl~40mA 

Data=2.0V 
C,sabIFO.8V 

0.2 0.4 
RT1D as 2.0 -1.5 5.5 NIA N/A VIN=O.GV 

'Ol"'32mA 

W OA 

ST13 0.8 2.0 -1.5 5.5 N/A ~/A N/A 0 e 
-= 

BTl' 0.8 2.0 -1.6 5.5 N/A NIA IOL-ISmA ... 
NOTE: R-0.8V, S=2.0V ... Hysteresis is A,S-OV 

0.3V MIN, 0.5V TYP D •• c: Note 10 
R, S-OV, A, B=2.DV -D •• 

Note 10 

ST15 0.8 2.0 -1.5 5.5 N/A NIA V'N=2.oV 
Note 23 'DL-4.OmA 

-5.0 -6.0 -7.0 

ST16 See Data Sh&et for Electrical Characteristics 

ST1S NIA NfA -1.5 Driven Input=100",A N/A NIA VCC1=4.75V 
Othel'$"'OV VCC2"'20.0V 

50 Others--9.0V 
'OL"7.2mA 

0.35 

8T20 V(REF)=O.SV MIN. 2.0V MAX, -1.5 5.5 ,. 
IOL-16mA 

Pin6tiedtoPin7 0.' 

8T22 0.' 1.9 -1.5 N/A NIA NJA IOL=12.8mA 
0.2 0.45 

8123 0.8 2.0 -1.5 5.5 NIA NIA Gate #1 
Input Under Test=O.SV 

Other-4.5V 
Gate #2=OV 
IOL'-2'0~A 

0.15 
Note 15 

8T24 0.7 1.7 -1.5 5.5 N/A NfA R-O.7V,&-1.7V 
S.A.B S,A,B A, 8:0V, IOL"'16mA 

0.2 D .• 
A, S"OV, A, B=1.7V 

0.2 D •• 
'Ol"'16mA 

8T25 0.8 2.0 -1.5 5.' NIA NIA A,8"200/olA 
DIS,STR tBUI=lmA Disabte,StroblFO.8V 

DIS,STR 0.' 
IOl=16mA 

•• l1li:1 1 



INTERFACE-LOGIC (Cont'd) 

2 

PARAMETER 

TEST 
C.ONDITIONS 

8T04 

8T05 

8T06 

8T09 

8TlO 

8T13 

8T14 

8T15 

8T1G 

8T18 

8T20 

8T22 

aT23 

BT25 

VOH (Y)" 
HIGH LeVEL 

Vee-MIN 
IOH=-I6U.uA 

MIN TVP MAX 

R80 
3.1 

A·G 
DutPuts=-500/JA 

IT''O.4V 
3.9 

ABO 
RBD/Bl=-160J.lA 

3.1 

3.1 
ABO 

Outputs"-5.2mA 
VIN"0.8V 

2.4 3.0 

ON=2.0V 
Othars=0.8V 

low-5.2mA 
2.4 3.0 

Gate .. 1 VIN=2.0V 
Gata #2 VIN=0.8V 

low-75mA 
2.4 

IOH"-800JlA 
R=2.0V, S=4.5V 

A,B=OV 
2.6 3.5 

Note 11 
R,A,8=OV,S=O.8V 

2.6 3.5 
Note 11 

VIN"'O.8V 
IOW-4.OmA 

5.0 S.O 7.0 

VCC1=4.75V 
VCC2=24.0V 

Drillen Input=6.5V 
IOH=-225J.1A 

3.4 

IOl=-800J.lA 
2.6 

IOH--960,llA 
2.4 3.4 

Gate #1-2.0V 
Gata#2=O.BV 

, IOH=-59.3mA 
3.11 

R=1.1V,S=4.5V 
A,B=OV 

2.S 3.4 
IOW-BOOJlA 

R,A,B=OV,S=O.7V 
2.S 3.4 

IOH=-BOOJ.lA 

A,B=400J.lA 
DisabIB,Stroba=O.BV 

2.8 3.5 
IOH=-1.5mA 

III (mAl 
LOW LEVEL 

VCC=MAX 
VIN=OAV 

INPUT CURRENT 

IIH ~AI 
HIGH LEVEL 

VCC=MAX 
VIN-4.5V 

MIN TVP MAX MIN" TVP MAX 

RBI R81 40 
-.1 -1.2 IT 160 

Bl Others 80 
-.1 -2.2 

IT 
-.1 -10 

Others 
-.1 -1.6 

RBI RBI 
·-.1 -1.2 IT 

Bl Others 
-.1 -22 

IT 
-.1 -1.0 

Others 
-.1 -1.6 

RBI RBI 
-.1 -1.2 LT 

81 Others 
-.1 -2.2 

IT 
-.1 -10 

Others 
-.1 -1.6 

-2.0 

ON ON 
-.100 -3.2 Others 

Others 
-.100 -2.0 

-1.6 

-.1 -1.6 
SN,AN, BN 

SN,AN, BN 

R=3.8V 

40 
160 

BO 

4ll 
IBO 
80 

40 

50 
40 

40 

40 

RN .17mA 

-11.1 --0.8 -1.6 

N/A 

REe, NEC 
-0.1 -2.4 

Clear 
-0.1 -1.6 

Common Mode Rang&2' 
-3.2 4.2 

-1.6 

-.I -1.6 

-.1 -1.6 
SN, AN, BN 

-.1 -1.6 

R=3.8V 

N/A 

Bias 

Offset 
2 

VCC=OV 
SN. AN, BN 

R=3.11V 

40 

40 

125 

so 

40 

40 

RN 0.17mA 
R=1.0V 

RN 5.0mA· 
R=6.0V 

RN 5.0mA 

40 
VIN"OV STR, DIS 

8TR,PRE/DIS 

OUTPUT CURRENT 

ICBO("A)" 
LEAKAGE CURRENT 

IOS~ 

SHORT CIRCUIT 
CURRENT 

VCC"'MAX 
VIN=DV 

VoUT'OV 

MIN TVP MAX' MIN TVP MAX 

A-G 100 
Outputs=6.0V 

N/A 

A·G 
lTc O.4V 

Outputs=6.0V 
100 

Outputs"0.4V or2.4V 
Disable"2.QV 

-40 +40 

Outputs"'0.4V or2.4V 
Outdi$C2.0V 
Others=O.8V 

-40 

HIGH llM!l 
Outputs=3.0V 

VIN=OV 

lOWlBlleI 
Outputs=O.4V 

Gate #1 

+40 

80 

Input Under Test VIN=0.8V 
Others VIN=4.5V 
Gate #2 VIN=OV 

-BOD 

N/A 

N/A 

N/A 

NA 

D18"2V, 8TR".8V 
OUt=3.9V 

40 

100 
QutputA 

A=200~A. B=1.5mA 
OutputB 

A=1.5mA. B=200"A .-. 

-40 

N/A 

N/A 

DN=4.5V 
VIN=0.4V 

-120 

-40 -120 

Gate #1 VIN=4.5V 
Gate #2 VIN=OV 

-30 

-50 

20 

10 

-100 

OUI=-25V 
-25 

Out"'+25V 
+25 

Note 23 

Driven Input=OV 
-75 

Gatl#I-4.5V 
Gate #2:QV 

-70 

-40 

-100 -250 
VOUT=2.0V 

50 -100 
R=3.11V 

S,A,B=OV 

-.20 -10 
STR=DV 

POWER SUPPLY 

ICC 
PQWER!CURRENT 

CONSUMPTION (mW/mA) 

VCC"'MAX 
VIN=DV 

,,'lITARY COMMERCIAL 
VCC=MAX 

TVP MAX TVP MAX MIN TVP MAX 

394flS 446/85 N/A 

394115 

394"5 

N/A 

N/A 

N/A 

N/A 
PositillBSupply 
NegativeSupplv 

Note 23 

VCCl"5.25V 
VCC2"'24V 

N/A 

N/A 

NfA 

N/A 

H/A 

N/A 

110185 

446/85 

236/45 340/65 

619/118 

"un~" 
VIN"'2.0V 

150/28 
lOWlellel 
VIN=0.8V 

315/60 

315/60 380nS 

Per Driver 
275/16 

28 

(Par Gate) 
VCCll 44 
VCCIH 1 
VCC2L 39 
VCC2H 38 

N/A 

N/A 

HIGH level" 
VIN=2.0V 

150/28 
LOWlevel'4 

VIN=O.aV 
315/60 

315160 380/12 

A. B=400JlA 
Oisable=4.5V 
8trobe=OV 

210/40 

N/A 

N/A 

N/A 

NA 

N/A 

N/A 

N/A 

37 55 
VCC=-5.25V 

-12 -211 

25 

N/A 

N/A 

N/A 



INTERFACE-LOGIC (Conl'd) 
INPUT VOLTAGE OUTPUT VOLTAGE 

YILIVI VIH (VI VIC 
VTL (mVI'o VTH (mY)'" 

VOL IV)' 
PARAMETER lOW lEVEL HIGH LEVEL CLAMPYDLTAGE 

VOLTAGE RATING LOW LEVEL HIGH lEVEL LOW LEVEl 
THRESHOLD VOLTAGE THRESHOLD VOLTAGE 

VCC=MIN VCC"'MIN VCC=MAX 
TEST CONDITIONS VIN=10mA VIN=D.BV VIN=O.BV VCC=MIN IIN=-12mA; 

'Ol=-400"A ~=16mA 

MI. TY. MAX MIN rY' MAX MIN TY' MAX MI. TV' MAX MIN TY' MAX M •• TY' MAX MI. T.VP MAX 

aT2SA NIA NIA -1.0 NIA 0.85 Drivur 
IOl"48mA 

0.5 
Receiver 

IOL=20mA 
0.5 

8128 NIA NIA -1.0 NIA 0.85 Driver 
IOl=48mA 

0.5 
Receiver 

IOl=20mA 
0.5 

mo D .• 2.0 NIA NIA NIA NIA VIN""O.8V,2.0V 
Transmit Outputs 

IOL=6DmA 
0.4 

TTl/OTl Trans~eivers 
IOL~24mA 

D •• 
MOSTransceivers 

IOl=-lmA 
-1.2 0.4 

8T31 NIA NIA IrN=-5mA NIA NIA NIA IOl=20mA 
-I 0.55 

BT32'" .. 2.0 IIN"'-5mA NIA NIA NIA 'Ol=16mA -. G.liS 

1M 
8T33'" .. 2.0 11N=-SmA NIA NIA NIA IOl=16mA 0 -. 0.55 

BT34 D •• 2.0 -. -1.5 IIN<lmA '1.05 1.36 1.55 1.80 2.25 2.50 Receiver a: 
5.5 Receiver Receiver 'OL"'16mA -... 0.25 D •• ." .. IOL"'50mA 

0.7 

1M 
8T37 Disable Oisable -, -1.5 NIA 1.05 1.30 1.55 1.80 2.25 2.50 Receivsr=4.0V,0.5V ... .. 2.0 Receiver RltCeiver Disable"'0.BV,2.DV c: IOL"'16mA 

O.~ -
8T38 0.8 2.0 -. -1.5 IIN..-lmA 1.05 1.30 1.55 1.80 2.25 2.50 Bus Driver 

5.5 Receiver 'OL"'50mA 
0.7 

Receiver 
'OL"'16mA 

0.25. 0.4 

8TBO 0.6 2.0 -1.5 NIA NIA NIA V'N=2.0Vu 
'.0 

'OL::20mA 

BT90 0.6 2.0 -1.5 NIA NIA NIA VIN::2.0V'~ 

IOL=7.2mA 
0.35 

JOL=20mA 

BT93 D •• 2.0 IIN=-IBmA 5.5 NIA NIA V'N=2.0V 
-1.2 I'N=lmA 'OL=20mA 

0.5 
BT94 D .• 2.0 IIN=-IBmA 5.5 NIA NIA VIN=2.0V 

-1.2 IIN=lmA IOL=20mA 
0.5 

ST9S D •• 2.0 Input -1.5 IIN-lmA NIA NIA IOL=4BmA 
5.5 0.5 

Output -1.5 
to 

Ground 

ST96 0.' 2.0 Input -1.5 IIN=lmA NIA NIA IOL=48mA 
5.5 0.5 

Output -1.5 

" Ground 

3 



INTERFACE-LOGIC (Cont'd) 

PARAMETER 

TEST 
CONDITIONS 

8T26A 

8T28 

RT3D 

8T31 

8T34 

8T37 

BT38 

8TSO 

mo 

81113 

8T94 

8T95 

m6 

4 

YOH IV)' 
HIGH LEVEL 

VCC=MIN 
'OH:-11iO/J.A 

MIN TVP MAX 

2.4 

Driver 
tor'-10mA 

Receiver 
IOL=-100~A 

I 3.5 

2.4 

2.4 

3.5 

2.4 

Driver 
IOl"'-10mA 

Receiver 
10\.=-100/oiA 

IOL=-2.om~ 

VIN"'0.8V,2.oV 
TTL/OTL Transceivers 

'OL"-15o,.A 
3.0 

MoSTransceiven 
IOL"'-1.6mA 

4.25 

2.4 

2.4 

2.4 

IOl--3.2mA 

IOH"'-3.2mA 
2.4 

IOH=·3.2mA 
2.4 

A,cliVlr 
IOL=-400I'A ... 
IOL"10.4mA 

ReteiveFO.5V 
DisabIIFO.8V 
IOL"'-400.llA 

Receiver 
IDL"'-400,.A 

N/A 

N/A 

VIN-O.8V 
IOl"'-1mA 

2.7 3.3 

N/A 

IOl=-5.2mA 

2.4 

2.4 

'2.4 

'Ol"'-S.2mA 
2.4 

\ 

INPUT CURRENT 

III trnA) 
LOW lEVEl 

VCC~MAX 
YIN"'U.4V 

Driver 
lOWLlvel 

-200 
lOWLaveI(Oisabled) 

-25 
Receiver 

Driver 
LOW level 

-200 

-200 
LOW Level (Disabledl 

-25 
Receiver 

-200 

.Enable:::lrDUnd 

-1.6 
TTL/OTL Transc.MlIlI 

Receivelnpuu 

-.1 

-3.2 
MOSTransceivel1 

-0.5 

VIN-=0.55V 
-500 

VIL"'·5V"· 
-350 -550 

Vll=·6V" 
-350 -550 

-1.8 

Disable 
-31 

-1.6 

-1.6 

-.1 -1.6 
V'N"·35V 

VIN=D.5V 
DlSaO.5V 

DIS"i.oV 
ThirdStite 

V'N"0.5V 
DIStO.5V 

OIS=2.0V 
Third State 

V'N".5V 

-400 

-400 

-400 

-40 

-400 

-40 

IIH (~A) 
HIGH LEVEl 

VCC"'MAX 
VIN"4.5V 

MIN TVP" MAX 
DrivtrfAeceiver 

25 

Driver/R.ceiver_ 
25 

Enable::=round 

40 
Receiv.lnputs 

DO 
MOSTransctivers 

200 

100 

VIH=S.25V" 
<10 1(JO 

VIH'''5.25V'' 
<10 100 

Disable & Driver 
VIN=2AV 

VIN=4.QV 
Bus-Powtl ON 

50 

20 100 
Bus-Power OFF 

20 100 
V"'OV 

80 
Aeceiver 

15 50 
VCC"'OV 
Receiver 

, on 

VIN=2.4V 
DisablelO,lver 

VIN=4.DV 
Bus-Power ON 

50 

20 100 
BUI-Power OFF 

VCC1V '"" 

25 

25 

10 

10 

40 

40 

OUTPUT CURRENT 

ICBO (pAl· 
LEAKAGE CURRENT 

MIN TVP MAX 
HIGH le\l8l 
VOUr=2.4V 

lOW Level 
VOUT"'O.5V 

HluH Leve 
VoUr=2.4V 

LOW Levtl 
VoUT"0.5V 

100 

-100 

100 

-100 

V'N····V. 2.0V 250 

Vour-Vee 

10 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

V1N"'O.8V· 

VOUT"'5.5V 

N/A 
Third State 

Output Current 
VOUT"2.4V 

VOUT"'o.SV 

N/A 
Third State 

OutputCurrtnt 
VOUr-Z.·4V 

100 

100 

260 

40 

40 

VOUr-°.5V _40 

lOS' 
SHOAT CIRCUIT 

CURRENT 

VCC-MAX 
V'N"OV 

V.iiT"OV 

MIN TVP MAX 
Driver 

-50 .,-150 
Receiver 

-30 -75 

Driver 
-so -150 

Aeceiver 
-30 -75 

-20 

10 

2D 

10 

20 

./A 

-200 

Vu8Ys 

IV Bus 

VCBus 

IV Bus 

Receiver 
-18 -33 -55 

Driver 
-60 -80 -105 

-18 -55 

-18 -33 -55 

N/A 

N/A 

-40 -'00. 

-40 -100 

-40 -80 -115 

-40 -80 -115 

POWERSUPfiLY 

'ce 
POWER!CUARENT 

CONSUMPT'ON (""'/mAl 
Vcc-MAX 

V'N-DV 
MILITARY COMMERCIAL 

'CC(onAl 
VIII-Z.'v 

TVP MAX TV. MAX MIN TVP MAX 
N/A 

NA 

"IA 

.fA 

.f" 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

457/87 N/A 

578",. 

NfA 

./A 

N/A 

N/A 

315118 

N/A 

IPerGete) 
HIGIi Level 

7.9 

LOW Lmo'20 

(PerGlte) 
HIGH Ltvel 

7.9/1.51 
LOW Le'" 

20/3.81 

N/A 

N/A 

N/A 

N/A 

N/A 

.fA 

lou 

,w '''' 

'00 150 

40 60 
Power DissipatiDn 

210mW 315mW 

N/A 

40 60 
PawerDissipltiDn 

21.DmW 315mW 

N/A 

15 
ICCL 

30 

ICCl 
30 

ICCH • 
65 

69 

24 

54 

54 

20 

98 

89 



INTERFACE-LOGIC (Cont'd) 
INPUT VOL lAGE 

V,L (V) "IH (V) V'C PARAMETER LOW LEVEL HIGH LEVEL CLAMP VOLTAGE VOL lAGE RATING 

VCC=MIN 
TEST CONDITIONS 

IIN=-12mA V'N=10mA 

MIN TY, MAX MIN lY, MAX MIN TY' MAX MIN TY' MAX 

8T91 0.8 2:0 Input -1.5 
5.5 

Output -1.5 

" Ground 

8198 0.8 2.0 Input -1.5 
5.5 

Output -1.5 
to 

Ground 

8111.10 NJA NJA "N=-IBmA 
-1.5 

8Tl01 NIA NIA IIN=-lSmA 
-1.5 

8TIIO 0.8 2.0 NJA 

BT1t1 0.8 2.0 NIA 

81363 See Data Sheet for Electrical Characteristics 

8T380 NIA NJA -1.5 

NOTES: 
1. All voltagr measurements are referenced to the ground terminal. Terminals not specifically referenced are left electrically open. 
2. All measurements are taken with ground pin tied to Zllfovolts. 
3. Positive current is defined as into the terminal referenced. 
4. PrecautienlrV mealuru should be taken to insure current limiting in accordance with absolute muimum ratings. 
5. Measurements applv to eech gate .Iement independently. 
6. OutPLrtsource current is supplied through a resistor to ground. 
7. Output sink current is supplied through a resistor to Vce. 
8. Connectanexternallk±l%resinortotheoutputforthistest. 
9. Not more than onll output should be shorted at one tima. 

10. Previous condition isa HIGH leval output state. 
11. Previous condition is a lOW level output state. 
12. Test each driver separately. 
13. For more electrical specifications see data sheet. 
14. ICC is dependent upon loading. ICC limit specified is for no·load test condition for both drivers. 
15. With forced output current of 240JlA. the output volta!fl!l must not exceed O.15V. 
16. Theu limits do not apply during eddress progrlmming. 
17. The inpuf current includes tha tri-state/epen collector leakage curren t of the output drivllr on the data lines. 
18. OutPUt leakage current is supplied through a 2kn resistor to 30V. 
19. Output sink current is supplied through a resistor to lOV. 

IIN=lmA 

IIN=lmA 

NIA 

NIA 

Common Modi 
Voltage Range 

Common Mode 
Voltage Range 

NIA 

20. The differential input threshold voltage is defined as the maximum DC yoltaga duration from the referenca level necessary to trigger the one·shot. 
21. Common mode voltages that are confined within the dynamic range IS specified will not cause false triggaring of the one-shot. 

;'5 

±IS 

VTL(mV)'" 
LOW LEVel 

THRESHOLD VOL lAGE 

MIN 

VCC=MIN 
V'N=O.8V 

iOl=-4GOpA 

TY. MAX 

NJA 

NJA 

NJA 

NIA 

-15V..-VCM,,+15V 
VOUT<O.5V 
'OL=20mA 

-1.0 

-15Vo;;VCM",+15V 
VOUTd.SV 
IOl=20mA 

-1.0 

1.1 1.3 1.5 

VTH (mV)'" 
HIGH lEVEL 

THRESHOLD VOLTAGE 

MIN 

VCC=MAX 
VIN=O.8Y 

IOH=16mA 

lY' MAX 

NJA 

NJA 

NIA 

NIA 

-15V.;;VCM<.+15V 
VOUp2.7V 
'OH"-1.0mA 

-15Vo;;VCM<i;+15V 
VOUP2.7V 
IOH"'-t.OmA 

1.0 

1.0 

2.25 2.5 

22. Hysteresis is defined as voltage difference batween R input level at which output begins to go from "0" to "1" state and level lit which output begins to go from Hl" to "0". Refer to Hysteresis test tircuit. 
23. VCC=+12.6V. VEE=-12.6V. 

..11 .. 

OUTPUT VOL lAGE 

VOL {VI' 
LOW lEVEl 

VCC"'MIN 

MI. TY. MAX 

iOl=48mA 

IOl=4BmA 

IOL=20mA 

IOL=40mA 

iOL=20mA 

lOt =40mA 

VOIFF=-1V 
IOl=20mA 

VOIFF=-lV 
iOL=20mA 

0.5 

0.5 

.45 

0.5 

.45 

'"'-

0.5 

0.5 

0.4 

5 

1M o 
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INTERFACE-LOGIC (Cont'd) 
INPiJT ,CURRENT OUTPUT CURRENT POWER SUPPL V 

VOH (V)' III (mA) IIH I,IIA) ICBO (uAI' lOS' ICC IcClmAl PARAMETER HIGH LEVEL LOW lEVEL HIGH LEVEL LEAKAGE CURRENT SHORT CIRCUIT POWER(CURRENT 
V'N==Z.oV CURRENT CONSUMPTION (mW/mA) 

TEST VCC"'MIN VCC=MAX VCC=MAX YCC=MAX VCC=MAX 

CONDITIONS 'OW-16Q",A VIN"O.4V VIN=4.&V VIN=Z.OV VIN"~V VIN=UV VCC=MAX 
VourDV MILITARV COMMERCIAL 

MIN TV' MAX MI. TV. MAX MI. TV. MAX MI. TV. MAX MI. TV. MAX TV. MAX TV. MAX MI. TV. MAX 
SlS7 rOl=·-51mA VIN"'D.5V VIN=2.4V NIA -40 -SO -115 NIA NIA 6' 98 

2.4 OIS=Q.5V 40 Third State 
-400 OUlputCumtnt 

DlS=2.0V VOUy"'Z.4V 
Third State 40 

-40 VOUr'D.5V 
v, •. 'V _4n 

8Tll8 'Ol=··S,2mA VIN=()·5V V/N=2.4V NIA -40 -80 -115 NtA NtA 59 B9 
2.4 DlS=O.5V 40 ThirdStlte 

-400 OutputCurrtnt 
DIS=2.0V Vour=2.4V 
Third State 40 

-40 VOUT'''O.5V 
V'.-.'V -40 

8Tl00 'ow=20rrrA Data Inputs -400 Data Inputs 40 NIA NIA NtA NtA 100 
2.6 Mode Control 1200 Mode Control 120 

IOH=40mA 
1.8 

aTI01 low20mA Date Inputs -400 Date Inputs 40 NtA 100 NtA NtA 100 
2.6 Mode Control 1200 Mode Control 120 

IOH=40mA 
1.8 

ST1ID VDfFF"+1V V'N=O.5V VIN=2.7V HIGH Levltl -40 -100 NtA NtA 40 55 
low-lmA 400 -40 VO=2.7V 

2.1 Oata·lnwrtiJlg VINIDlS)=2.0V 
VCM=+.15V 1.5 V'N=O.5V 
VCM=OV -0.5 -50 
VCM=-15V -1.5 LOW Level 

Data·Non-lnverting VO=0.5V 
VCM:c+15V V'NIOISI=2.0V 

1.1 2.1 V'N=2.1V 
VCM=OV +50 

-0.4 -<l.6 
VCM=-15V 

-2.1 3.1 

anlt VOIFF=+IV VIN'20.51l VIN=2.1V ,HIGH lewl -40 -100 NIA NtA 40 55 
low-lmA 400 -40 VO"'2.1V, VIN"'O.5V 

2.1 Data·lnverting VINIOISI"'2.0V 
VCM=+·15V 1.5 -50 
VCM=OV -0.5 LOW level 
VCM=-15V -1.5 Vo"'0.5V, VIN=2.1V 

Data-Non-Inverting V'NIDIS)=2.0V 
VCM=+15V ... 

1.1 2.1 
VCM"'OV 

-0.4 -0.6 
VCM=-15V 

-" 
ST3G3 

8T~aO lOW 400",A NtA 15 '0 NtA V'N=0.5V NIA 132/26 210/40 
2.4 VCC=OV -18 -55 

1 50 

6 ,-.11. 



ANALOG INTERFACE - GENERAL 
AC ELECTRICAL CHARACTERISTICS 

I nput Voltage Output Voltage 

VIL(V) VIH(V) VIC(VI VOL(VI VOH(VI 

PARAMETER Low Level High Level Clamp Voltage Low Level High Level 

TEST VCC=MIN VCC=MIN VCC=MAX VCC=MIN VCC=MIN 
CONDITIONS IIN=-12mA VIN=2.0V VIN=0.8V 

Min Typ Max 'Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

NE582 N/A N/A N/A N/A VIN=2V. 

IR=2mA 

IOL =20mA 

.025 .OSO 

VIN=S.5V. 

IR=12mA 

IOl =250mA 

.320 .450 
VIN=S.5V. 

IR=20mA 

IOL=400mA 

.500 .750 

NE584 See Data Sheet For Electrical Specifications 

NE585 See Data Sheet For Electrical Specifications 

DM7820/8820 See Data Sheet For Electrical Specifications 

DM7830/88301 0.8 2.0 N/A IOUT=32mA IOUT=-0.8mA 

0.2 0.4 2.4 

lour=40mA IOUT=40mA 

0.22 0.5 1.8 2.S 

DM8880 0.8 2.0 -O.S -1.5 IOUT=SmA IOUT=200J.LA 

RBO 0.13 0.4 2.4 3.7 

MC14884 N/A NIA NIA RL =3.0K RL =3.0K 

V+=S.OV. V+=S.OV. 
V-=-S.OV V-=-S.OV 
-S.O -S.8 S.O 7.0 

V+=13.2V. V+=13.2V. 
V-=-13.2V V-=-13.2V 

-S.O -10.5 S.O 10.5 
I 

I 

' .... 

Threshold Voltage 

VTL(V) VTH(VI 

Low Level High Level 

TA=25°C TA=l5°C 

VOUT..;2.5V VOUT..;0.45V 

IOUT=-0.5mA IOUT=lOmA 

Min Typ Max Min Typ Max 

N/A N/A 

N/A N/A 

NIA N/A 

I nput Current 

II(mAI 

hiput Current 
At Max 
Input Voltage 

VCC=5.5V 

VIN=5.5V 

Min Typ Max 

VIN=10V 

IR=2mA 

IOL=20mA 

2.2 3.3 

N/A 

NIA 

7 
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ANALOG INTERFACE· GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current . Output Current Power Supply 

IILlmA) IIH(,uA) IOL' IOHII'AI loslmA) ICCL(mA) ICCH(mA) 

PARAMETER Low Level High Level Low Level High Level Short Circuit Low Level High Level 

TEST VCC=5.25V VCC:=5.25V . VCC=MIN VOUT=OV TA=25°C TA=25°C 
CONDITIONS VIN=O.4V VIN=2.0V VIN=2V VCC=MAX VCC=MAX 

VOH=30V VIN=OV VIN:=5V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

NE582 N/A N/A N/A N/A NfA N/A N/A 

NE584 

NE585 

DM7820/8820 

DM7830/88301 4.8 120 N/A N/A -40 -100 (Each Driver) N/A 

VIN=5.5V 

2mJl 
r 
I 

DM8880 Bl Except B1 . N/A NfA N/A Rp=2.2K N/A 
-1.2 -2:0 2 15 27 43 

Except Bl VIN=5.5V 
-300-600 4 400 

MC14SS4 VIN=OV VIN=5V N/A N/A Hjgh Level VIN=1.9V 

-1.0 -1.3 .005 10.0 VIN=0.8V V+=9.0V, 

-6.0 10.0 -12.0 V-=-9.0V 

Low Level -13.0 -17.0 15.0 20.0 

VIN=1.9V 
V+=12V, 
V-=12V 

6.0 10.0 12.0 -18.0 -23.0 19.0 25.0 
V+=15V, 
V-=-15V 

-25.0 -34.0 25.0 34.0 
VIN=0.8V 

V+=9.0V, 
V-=9.0V 

-.001 -1.0 4.5 6.0 
V+=12V, 
V-=-12V 

-.001 -1.0 5.5 7.0 
V+=15V, 
~-=-15V 

-.01 -2.5 8.0 12.0 

8 



ANALOG INTERFACE-GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Voltage Output Voltage 

PARAMETER VIL(V) VIH(V) VIC(V) VOL(V) VOH(V) 

Low Level High Level Clamp Voltage Low Level High Level 

TEST VCC;MIN VCC;MIN VCC;MAX VCC;MIN VCC;MIN 
CONDITIONS Ilw-12mA VIN;2.0V VIWO.8V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

MC14895 N/A N/A N/A VIW3.0V VIWO.75V 

IOUT;10mA IOUT;-O.5mA 

0.33 0.45 2.6 3.8 5.0 

75S107 N/A N/A N/A N/A N/A 

75S108 N/A N/A N/A IOUT;20mA N/A 

0.5 

Threshold Voltage 

VTL(V) VTH(V) 

Low Level High Level 

TA;25°C TA;25°C 

VOUT.;2.5V VOUT.;0.45V 

IOUT;-0.5mA IOUT;10mA 

Min Typ Max Min Typ Max 

0.75 1.25 1.75 2.2 

N/A N/A 

N/A N/A 

Input Current 

II(mA) 

Input Current 
At Max 
Input Voltage 

VCC;5.5V 

VIW5.5V 

Min Typ Max 

N/A 

N/A 

N/A 

9 
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ANALOGINTEAFACE-GENERAL 
AC ELECTR.ICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current Power Supply 

PARAMETER IIL(mA) IIH(IlA) IOL IOH(IlA) los(mA) ICCL(mA) ICCH(mA) 

Low Level High Level Low Level High Level Short Circuit Low Level High Level 

VCC=MIN TA=25°C TA=25°C 

TEST VCC=5.25V VCC=5.25V VIN=2V VCC=MAX VCC=MAX 
CONDITIONS VIN=0.4V VIN=2.0V VOW3OV VOUT=OV VIN=OV VIN=5V 

Min Typ, Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

MC14B95 VIN=25V N/A N/A N/A VIN=0.75V VIN=5.0V N/A 

3.6 5.6 B.3 3.0 20 26 

VIN=25V . --

-3.6 -5.6 -B.3 
VIN=3V 

'. 

0.43 0.53 
VIN=3V 
-0.43 -0.53 

..•. 

75S107 VIL=0.5V VIH=2.7V N/A ~/A -- -40-100 -11 -15 20 30 
lG or 2G 1 G or 2 G . 
Strobe Strobe 

-2.0 50 
Common Common 
Strobe S Strobe S 

-4.0 100 
VIH=5.5V 

lG or 2G 
Strobe 

lmA 
Common 
Strobe S 

2mA 
, 

75S10B VIN=0.5V VIH=2.7V N/A N/A -11 -15 
:1 

20 30 

1 G or 2G lG or 2G 
Strobe Strobe 

-2.0 50 
Common Common 
Strobe S Strobe S 

-4;0 100 
VIH=5.5V 
lG or 2G \ 

Strobe 
.1mA 

Common 
Strobe S 

2mA 

10 ._11 



ANALOG INTERFACE - GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

! I nput Voltage Output Voltage 

PARAMETER VIL(V) VIH(V) VIC(V) VOL(V) 

Low Level High Level Clamp Voltage Low Level 

TEST VCC=MIN VCC=MIN VCC=MAX VCC=MIN 
CONOITIONS IIN=-12mA VIW2.0V 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

75450B6 0.8 2.0 -1.5 IOL =16mA 

0.22 0.5 

75451 B6 0.8 2.0 -1.5 VI L =0.8V 

IOL =100mA 

0.25 0.5 
IOL =300mA 

0.5 0.8 

75452B6 0.8 2.0 
.. 

-1.5 IOL =100mA 
0.25 0.5 

IOL =300mA 

0.5 0.8 

75453B6 0.8 2.0 -1.5 IOL=100mA 

0.25 0.5 
IOL =300mA 

0.5 0.8 

75454B6 0.8 2.0 -1.5 IOL=100mA 

0.25 0.5 
IOL=300mA 

0.5 0.8 

.01!lRl1 

Threshold Voltage 

VOH(V) VTL(V) VTH(V) 

High Level Low Level High Level 

VCC=MIN TA=25°C TA=25°C 

VIN=0.8V VOUT.;2.5V VOUT.;9.45V 

IOUT=-0.5mA IOUT=10mA 

Min Typ Max Min Typ Max Min Typ Max 

IOW-400,uA N/A N/A 

2.4 3.3 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

N/A N/A N/A 

Input Current 

II(mA) 

I nput Current 
At Max 
Input Voltage 

VCC=5.5V 

VIW5.5V 

Min Typ Max 

A 1 

G 2 

1 

1 

1 

1 

11 
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ANALOG INTERFACE-GENERAL 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current 

PARAMETER Ill(mA) IIH(IlA) IOl IOH(IlA) 

low level High level low level High .level 

TEST VCC=5.25V VCC=5.25V VCC=MIN 
CONDITIONS VIN=O.4V VIN=2.0V VIN=2V 

VOW3OV 

Min . TypMax Min Typ Max Min Typ Max Min Typ Max 

7545086 A -1.6 A .40 N/A 

G -3.2 G 80 

7545186 -1 -1.6 40 N/A 

7545286 -1 -1.6 40 N/A 

7545386 -1 -1.6 40 N/A 

7545486 -1 -1.6 40 N/A 

NOTES FOR ELECTRICAL CHARACTERISTICS TABLE 

1. Specifications apply for DM7830: -55°C .. T A" +125°C. V CC = +5V ± 10%, 

DM8830: rfC .. T A" 70°C. V CC = +5V ± 5% unless otherwise specified. 

2. Applies for T A = +125°.C only. 

3. Voltage v~lues shown are with respect fo network ground terminal. Positive current 
is defined as current into the referenced pin. 

4. These specifications apply for V+ = +9.0V ± 1%, V- = -9.0V ± 1% and T A = 25°C. 

5. These specifications apply for response control pin = open. 

6. For additional electrical specifications, see data sheet. 

..11:1 

N/A 

300 

300· 

300 

300 

' Power Supply 

los(mA) ICCl(mA) ICCH(mA) 

Short Circuit low level High level 

VOUT=OV TA=25°C TA=25°C 

VCC=MAX VCC=MAX 

VIN=OV VIN=5V 

Min Typ Max Min Typ Max Min Typ Max 

-18 VIN=5V VIN=OV 

6 11 2 4 

N/A 52 85 7 11 

N/A VIN=5V VIN=OV 

56 71 11 14 

54 68 8 11 

VIN=5V VIN=OV 

61 79 13 17 



ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS 

Input Voltage 

Parameter VIL (V) VIH (V) VIC (V) VOL (V) 
Low Level High Level Clamp Voltage Low Level 

VCC=4.75V VCc=4.75V IIL=-12mV VCC=4.75V 
Test Conditions VIN=2V VIL=O.8V VIW 2V 

IOL =16mA 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

3207A 1 VCC-5V VCC=5V IOL -500JiA 
VSS=16V, 1.0 2.0 N/A dOc 0.8 
VBB=19V 25°C 0.7 

3207A-l 1 VCC=5V VCC=5V IOL =500/lA 
VSS=19V, 1.0 2.0 N/A OoC 0.8 
VBB=23V 25°C 0.7 

75°C 0.6 

75S207 IOl =20mA 
0.8 2.0 N/A 0.5 

75S20B IOl =20mA 
O.B 2.0 N/A 0.5 

7520 1 0.8 2.0 N/A 0.25 0.4 

7521' 0.8 2.0 N/A 0.25 0.4 

7522 1 O.B 2.0 N/A 0.2 0.4 

7523 1 O.B 2.0 N/A 0.2 0.4 

7524 1 O.B 2.0 N/A 0.25 0.4 

7525 1 O.B 2.0 N/A 0.25 0.4 

75324 
0.8 3.5 N/A N/A 

Output Voltage 

VOH (V) 
High Level 

VCC=5V 
VIN=0.B5V 

IOW-4OO/lA 

Min Typ Max 

IOW-5OO/lA 
VSS-0.7 OOC 

VSS-0.6 25°C 
VSS-0.5 75°C 

IOW-500/lA 
VSS-0.7 OOC 

VSS-0.6 25°C 
VSS-0.5 75°C 

IOW-lmA 
2.7 3.4 

N/A 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

2.4 3.9 

N/A 

VOl. (V) 
Clamp Voltage 

VIN=OV 
IOW2OmA 

Min Typ Max 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Input Current 

II (rnA) 

VIN=5.5V 

Min Typ Max 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 
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ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current Power Sdpply 

Parameter IlL (rnA) IIH tuA) 10L 10H (pA) ICCL ICCH lOS 
Low Level High Level Low Level VCC=5V Low Level High Level 

VCC=5.25V VCC=5.25V VCC=5V VOUT=VSS-4V VIN=OV 
Test Conditions VIL=0.4V VIW2.4V VNT=4V VIN=0.85V 

VIN=2V 

: .Min Typ Max Min Typ Max Min Typ Max. Min Typ Max Min Typ Max Min Typ. Max Min Typ Max 

3207A I VD-0.45V See Oata Sheet 
VSS=16V, Others =5.25V N/A 100 -100 See Data Sheet N/A 
VBB=19V Data -.25 

Enable -.50 

3207A.., II VD=0.45V 
VSS=19V, Others=5.25V N/A 100 -100 See Data Sheet N/A 
VBB=23V Data -.25 

I Enable -.50 
I 

75S207 VIL-0.5V VIW2.7V 
16 or 26 Strobe 16 or 26 Strobe N/A N/A See Data Sheet -40 -100 

-2 50 
Common Strobe S Common Strobe S 

I -4 100 
I VIH=5.5V 

16 or 26 Strobe 
lmA 

Common Strobe S 
2mA 

75S208 VIL=0.5V VIW2.7V 
16 or 26 Strobe 16 or 26 Strobe N/A N/A See Data Sheet -40 -100 

-2 50 
Common Strobe S Common Strobe S 

-4 100 
VIW5.5V 

16 or 26 Strobe 
lmA 

Common Strobe S 
2mA 

7520 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7521 1 I -1.6 lmA N/A 
I 

N/A 
" See Data Sheet 2.1 3.5 

7522\ -1.6 lmA N/A NrA See Data Sheet 2.1 3.5 
7523\ -1.6 lmA N/A N/A See Data Sheet 2,1 3.5 

7524 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

7525 1 -1.6 lmA N/A N/A See Data Sheet 2.1 3.5 

75324 VIL =OV VIW5V All sources/sinks off 
Address -6 Address 200 12.5 15 N/A 
Timing -12 Timing 100 Either sink selected 

I 
30 42 

Either source selec'd 
25 35 

14 



ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS 

Input Voltage 

Parameter VIL (V) VIH (V) VIC (V) VOL (V) 
low level High level Clamp Voltage low level 

VCC=4.75V VCC=4.75V IIL=-12mV VCC=4.75V 
Test Conditions VIW2V Vil =O.8V VIN=2V 

IOL=16mA 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

'75325' IIL=-10mA 
0.8 2.0 -1.3 -1.7 N/A 

.. 
75361A IOl=10mA 

0.8 2.0 -1.5 0.15 0.3 

Output Voltage 

,VOH (V) 
High level 

VCC=5V 
VIN=0.85V 

IOH=-400pA 

Min Typ Max 

VCC=4.5V 
IOH=OV 

19 23 

IOW-5OpA 

VCC2 VCC 

VOL (V) 
Clamp Voltage 

VIN=OV 

IOW2OmA 

Min Typ Max 

N/A 

VCC=+15V 

Input Current 

II (mA) 

VIN=5.5V 

Min Typ Max 

Address 
1 

Strobe 
2 

A 

15 
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ANALOG INTERFACE-MEMORIES 
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

Input Current Output Current Power Supply 

Parameter ',l (mA) "H {j.tA) 'Ol IOH (pA) 'CCl 'CCH lOS 
low level High level low level VCC=5V low l.evel High level 

VCC=5.25V VCC=5.25V VCC=5V VOUT=VSS-4V VIN=OV 
Test Conditions V,l =O.4V V

'
W2.4V VNT=4V VIN=0.85V 

V'N=2V 

Min TypMax Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

75325 1 Address Address 
-1 ~1.6 3 40 N/A N/A See Data Sheet N/A 

Strobe Strobe 
-2 -3.2 6 80 

75361A VCC1=5.25V VCC1=5.25V 
-1 -1.6 A 40 N/A NiA VCC2=24V VCC2=24V N/A 

V'N=5V V'N=OV 
ICCI 16 24 ICCI 2 4 

ICC2 7 11 'CC2 0.5 

NOTES: 
1. For addltlonlil electri.cal specifications, see data sheet. 

16 



DESCRIPTION 
The 8T04 consists of the necessary logic to decode a 4-bit BCD 
code to seven segment (0 through 9) readout, as well as some 
selected signs and letters. 

Incorporated in this device is a blanking circuit which turns all 
segments off when activated. The blanking circuit allows sup
pression of all numerically insignificant zeros, thereby present
ing an easily read display. 

Also included is the necessary circuitry to implement suppres
sion of leading and/or trailing zeros. A Lamp Test control is 
provided to turn all segments on. The Lamp Test allows the 
viewer to check the validity of the display lamps. 

High performance bare collector output transistors are used in 
the 8T04 for directly driving incandescent lamps or common 
anode LED displays. 

(11 

(2) 

151 

141 

RBI 
(71 

vee = (16) 
GND = (8) 

PID 

tDI-D-
fDTD 
f>TD 

~BI/RBO 
(101 

( ) = Denotes Pin Numbers 

~. 

t-L-' 

~ 

I 

-----t--'---' 

L':::::f"") 
~ 

PIN CONFIGURATION 
B,F,W PACKAGE 

8 

b 

A 

B 

e 

o 

RB1 

GND 

rr==t-' ,LJ 

r-' 
J 

-- I ==LJ f-LJ 

Vee 

c 

d 

LT 

G 

F 

RBO/B1 

E 
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,j. 
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~ 

... 

(3 
A 
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SCHEMATIC DIAGRAM 

v .. ~--r_------r_,------___r-,_--------,-11 

D. 

RBI ______ ---' 
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TRUTH TABLE 

INPUTS 

INPUT CODE LAMP TEST 

d c b a 

X X X X 
X X X X 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

X = Don't care, either "1" or "0". 
BI/RBO is an internally wired OR 
output. 

NOTE: 
1. BI/RBO used as input. 
~. BI/RBO should not be forced 

high when a,b,c,d, RBI termi
nals are low, or damage may 
occur to the unit. 

LT 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

RBI 

X 
X 
0 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

BI/RBO 

Note 

X 

01. 2 
0 
12 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

OUTPUTS 

DISPLAY 
OUTPUT STATE CHARACTER 

A B C D E F G 

0 0 0 0 0 0 0 0 u 
1 1 1 1 1 1 1 BLK 
1 1 1 1 1 1 1 BLK 
0 0 0 0 0 0 1 ,-, 

u 

1 0 0 1 1 1 1 : 
0 0 1 0 0 1 0 ::; 

'-
0 0 0 0 1 1 0 :3 
1 0 0 1 1 0 0 U 

I 

0 1 0 0 1 0 0 S 
1 1 0 0 0 0 0 b 
0 0 0 1 1 1 1 .. 

I 

0 0 0 0 0 0 0 8 
0 0 0 1 1 0 0 0 

I 

1 1 1 1 .1 1 0 -
1 1 1 1 1 1 1 BLK 
0 0 0 1 0 0 0 0 

II 

1 1 0 1 1 1 1 I 

1 1 1 0 0 0 1 '-
1 1 1 1 1 1 1 BLK 

·COMMA 

TEST FIGURE FOR "0" OUTPUT VOLTAGE 

vcco--------. 

O.4V 

OUTPUT 

A~--<> 

B 

C 

o 

GL---

Each output is tested separately in the ON state. 
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DESCRIPTION 
The 8T05 consists of the necessary logic to decode a 4-Bit BCD 
code to seven segment (0 through 9) readout as well as some 
selected signs and letters. 

A Ripple Blanking input is provided to implement suppression of 
leading and/or trailing zeros. The suppression of all numerically 
insignificant zeros provides an easily read display. 

Incorporated in the Ripple Blanking output (BI/RBO) is the facil
ity to ground all the outputs. Blanking of the outputs allows for 
intensity modulation. 

A Lamp Test Input is provided which, when grounded forces all 
segment outputs high. This allows the viewer to check the valid
ity of the display presentation by testing the integrity of the 
lamps. 

\ 
The\8T05 has resistor pullups on the outputs to provide source 
current sufficient to drive interfacing elements. This allows the 
unit to drive high voltage transistors for neon displays. The 
8T05 can also be used to drive common cathode LED displays 
without the need for external resistors. 

~. 

..........,. 
1) PID 

PIN CONFIGURATION 
B,F,W PACKAGE 

r-=::t- ~ 

- I ~ 
\ 

b 
I 2) 

15) 

d 
11 4) 

RBI 
I 7) 

vee = (16) 
GND = (8) 

~ 

~ 

fID 
~BI/RBO 

110) 

( ) = Denotes PIn Numbers 
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1=1- c 
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SCHEMATIC DIAGRAM 

Y .. ----,r-----r--r---------.--r----------,-" 

BI/RBO O-++-hl---+-l 

•• ,~ _____ .J 

BT05 B.F.W 
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TYPICAL CHARACTERISTIC CURVES 

20 

15 

1 
~ 
Z 10 

.JP 

/ 

TYPICAL CURRENT SINK 
CAPABILITY VERSUS VCE (SAT) 

(OUTPUTS A-G) 

Vee = S.OV 
TA " 2SOC 

---/" 

/ 

if 
/ 

V 
O.6V I.OV 1.5V 2.OV 

VCE(VOLTS) 

TRUTH TABLE 
INPUTS 

f.--

2.5V 

INPUT CODE LAMP TEST RBI 

22 

d c b a LT 

X X X X 
X X X X 
0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

X = Don't care, either "1" or "0". 
BI/RBO is an internally wired OR 
output. 

NOTE: 
1. BI/RBO used as input. 
2. BI/RBO should not be forced 

high when ab,c,d, RBI terminals 
are low, or damage may occur 
to the unit. 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

X 
X 
0 
1 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

~ 
..J 

~ .. 
~ 

~ 

BI/RBO 

Note 

X 
0 
0',2 
12 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Ii!lDDIiII 

B.OV 

7.OV 

S.OV 

>.OV 

""'" 4.OV 

3.OV 

2.OV 

I.OV 

A B 

1 1 
0 0 
0 0 
1 1 
0 1 
1 1 
1 1 
0 1 
1 0 
0 0 
1 1 
1 1 
1 1 
0 

~\ 0 
1 1 
0 0 
0 0 
0 0 

TYPICAL OUTPUT CURRENT 
VERSUS OUTPUT VOLTAGE 

(OUTPUTS A-G) 

Vee" s.ov 
TA = 26°C 

'" I""'" '" ""'" '" ........... 

"" 

8T05 B,F,W 

........... 

"" t.OmA 2,OmA 3.OmA 4.0mA 5.0mA 

'OUT(mA) 

OUTPUTS 

DISPLAY 
OUTPUT. STATE CHARACTER 

C D E F G 

1 1 1 1 1 0 
u 

0 0 0 0 0 BlK 
0 0 0 0 0 BlK 
1 1 1 1 0 " '-' 

1 0 0 0 0 
, , 

0 1 1 0 1 2 
1 1 0 0 1 :J 

-' 
1 0 0 1 1 u , 
1 1 0 1 1 5 
1 1 1 1 1 b 
1 0 0 0 0 i 
1 1 1 1 1 8 
1 0 0 1 1 0 , 
0 0 0 0 1 -
0 0 0 0 0 BlK 
1 0 1 1 1 ':J 

" 1 0 0 0 0 
" 0 1 1 1 0 , 

'-
0 0 0 0 0 BlK 

• COMMA 



DESCRIPTION 
The 8T06 is a monolithic MSI circuit consisting of the necessary 
logic to decode a 4-bit BCD code to drive 7-segment indicators 
directly. Open-collector outputs are used for high current 
source applications, such as driving common cathode LED dis
plays and discrete active components. The 8T06 seven seg
ment decoder/driver accepts a 4-bit binary code and decodes 
all possible inputs as decimals 0-9 or selected signs and letters. 
Auxiliary inputs are provided for maximum versatility. The ripple 
blanking inputs (ABI) and the ripple blanking output (ABO) may 
be used for automatic leading and/or trailing-edge zero sup
pression. The ABO output also acts as an overriding blanking 
input (BI) which may be used for intensity modulation or strob
ing of the display. A lamp test (LT) input is provided to check the 
integrity of the display by activating all outputs independent of 
the input code. 

LOGIC DIAGRAM 
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t::::=:L....I" ;:=u 

~ 1131 
LT 

I!!IRILIiDli 

8T06 B.F.W 

F 

RBO/B1 

E 

A 
131 

r-
";" 

B 
141 

";" 

~ 151 
c 

";" 

o 
~ 

161 

~I 
~ 111 

~ 
==t 

";" 

G 
I 112 
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TRUTH TABLE 
INPUTS 

INPUT CODE LAMP TEST 

d c b a 

X X X X 
X X X X 
0 0 0 0 
0 0 0 ,0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

X = Don't care, either "1" or "0". 
BI/RBO is an internally wired OR 
output. . 

NOTE: 
1. BI/RBO used as input. 
2. BI/RBO should not be forced 

high when ab,e,d, RBI terminals 
are low, or damage may occur 
to the unit. 
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LT 

0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

BI/RBO 
RBI 

Note 

X X 
X 0 
0 0 1,2 

1 12 

X 1 

X 1 
X 1 
X 1 
X 1 

X 1 

X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 

8T06 B,F,W 

TEST FIGURE FOR "0" OUTPUT VOLTAGE 

vcoo,------, 
OUTPUT 

A 

1 
0 
0 
1 
0 
1 
1 
0 
1 

0 
1 
1 
1 
0 
0 
1 
0 
0 
0 

A 1----0 
B 

c 
o 

G ...... -..../ 

Each output is tested separately in· the ON state, 

OUTPUTS 

DISPLAY 
OUTPUT STATE CHARACTER 

B C 0 E F G 

1 1 1 1 1 1 8 
0 0 0 0 0 0 BLK 
0 0 0 0 0 0 BLK 

,-, 
1 1 1 1 1 0 u , 
1 1 0 0 0 0 , 
1 0 1 1 0 1 2 
1 1 1 0 0 1 3 
1 1 0 0 1 1 L: 
0 1 1 0 1 1 S 
0 1 1 1 1 1 b 
1 1 0 0 0 0 

.... , 
1 1 1 1 1 1 8 
1 1 0 0 1 1 0 , 
0 0 0 0 0 1 -
0 0 0 0 0 0 BLK 
1 1 0 1 1 1 0 

" 

0 1 0 0 0 0 
" 

0 0 1 1 1 0 
, 
'-

0 0 0 0 0 0 BLK 

• COMMA 



SCHEMATIC DIAGRAM 

y .. ----~--------r_~----------_r--r_---------------_;--, 

RBO/a1 0-1-1++----I-4 

•• 0-------;----' 

.-.. 

8T06 B,F,W 
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DESCRIPTION 
The 8T09 is a high speed quad bus 
driver device for applications re
quiring up to 25 loads intercon
nected on a single bus. 

The tri-state outputs present a high 
impedance to the bus when dis
abled, (control input "1") and ac
tive drive when enabled (control 
input "0"). This eliminates the re
sistor pullup requirement while 
providing performance superior to 
open collector schemes. Each out
put can sink 40mA and drive 300pF 
loading with guaranteed propaga
tion delay less than. 20 
nanoseconds. 

LOGIC DIAGRAM 

I DATA 

2 DISABLE 

DATA 

10 DISABLE 

13 DATA 

12o!D;:::'S=:AB::::L::...E _-I 

vcc = (14) 
GND = (7) 
( ) = Denotes Pin Numbers for 

11 

t 4 Pin Dual-in-Une Package 

TRUTH TABLE 
Data Disable Output 

0 0 1 
1 0 0 
0 1 Hi-Z 
1 1 Hi-Z 

26 

8T09A,F,W 

PIN CONFIGURATIONS 
A,F PACKAGE W PACKAGE 

SCHEMATIC DIAGRAM 

DATAn-----' 

-COUl 

2.BK 

TA = 25°CandVCC = 5.0V 
LIMITS TEST CONDITIONS 
r----

CHARACTERISTICS MAX UNITS OUTPUTS NOTES ! 

Propagation Delay 
Data to Output 
ton, toff 10 ns 30pFIoad 9 

20 ns 
Disable to Output 

300pFIoad 9 

14 ns 3OpFload 9 
High Z to 0, 0 to High Z 22 ns 300pFIoad 9 

14 ns 30pF load 9 
High Z to 1, 1 to High Z 22 ns 300pFIoad 9 



ST09A,F,W 

AC TEST FIGURES AND WAVEFORMS 

{ 
INPUT PULSE: 
Ir = If = 5ns (10% TO 90%) 
FREQ. = 1MHz (50% DUTY CYCLE) 
AMP. = 2.6V 

~1 
INPUT PULSE: 
Ir = If = 5ns (10% TO 90%) 
FREQ. = 200kHz 
AMP. = 2.6V 

INPUT PULSE: 
Ir = If = 5ns (10% TO 90%) 
FREQ. = 200kHz 
AMP = 2.6V 

UN 

vcc·s.ov 

DATA 

DISABLE 

DATA 

DISABLE 

DATA 

DISABLE 

DATA 

DISABLE 

YCC .. s.ov 

DAT' 

DISABLE 

DATA 

DISABLE 

DATA 

DISABLE 

DATA 

DISABLE 

Vcc-6.OV 

DAT' 

DISABLE 

DATA 

DISABLE 

DAYA 

"' ....... 
DATA 

DUSABlE 

PROPAGATION DELAY (DATA TO OUTPUT) 

FIGURE 1 

PROPAGATION DELAY 
("0" TO HIGH Z, tpLz; HIGH Z TO 0, tpzL) 

2.'" 

FIGURE 2 

PROPAGATION DELAY 

DIODES 
1N916 

("1" TO HIGH Z, tpHz; HIGH Z to "1", tpzH) 

DATA. ~1.sy 
INPur---'j ~ 

I I .r--
I \UV I "t-"6V 
I I I I 

OUTPUT 

T~-I f--- --.j f4--T •• 
I I I I 

DISABLE ~1.5V 
~I i'--

t Plz ______ 1 ~ I 

It.. 'b "'OU""U"'T"--,j tPzl~ I 1.5V 

} ~~~LE I tpdl----..J ...-

It' I~ I I 1.5V 

OUTPUT 

I I I I 
~.~,,,,,, II 

FIGURE 3 
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The figure to right illustrates usage of the 8T091n data process
Ing logic. For example, FF1 thru FFn may represent bit X in 
each of several functions in a minicomputer (accumulators, MQ 
register, index registers, indirect address registers, etc.). Trans
fer from any source to any load, including transfers from one 
register to another, can take place along the single path labeled 
"BUS". 

28 

TYPICAL APPLICATION 

FF, 1-_ ........ -1 

I 

Lb-
CLOCKo-----' 



DESCRIPTION 
The 8T10 is a high speed Quad D flip-flop with tri-state outputs 
for use in bus-organized systems. The high current sink capabil
ity permits up to 20 standard loads to be interconnected on a 
single bus. The outputs present a high impedance to the bus 
when disabled (Control Input "1") and active drive when ena
bled (Control Inputs "0"). 

All four D-type flip-flops operate from a common clock with data 
being transferred on the low-to-high transition of the pulse. 

A common clear input resets all flip-flops upon application of a 
logic "1" level. 

Data will be stored if either one or both inputs to the Input 
Disable NOR gate is a logic "1". 

TRUTH TABLE 
On INOIS OUTOIS On+1 

0 0 0 0 
1 0 0 1 
X 1 0 On 
X X 1 High Z 

On refers to the output state before a clock pulse. 
On + 1 refers to the output state after a clock pulse. 

LOGIC DIAGRAM 

::~: ;8==:::[)o--, 

PIN CONFIGURATION 
B,F,W PACKAGE 

TA = 2SO C and VCC = S.OV 

PARAMETER 
MIN. 

Propagation Delay (Ion' toff) 
Clock to Output 

CL = 30pl 
CL = 300pl 

Disable to Output 
High z to Logic 0, tpZL 
State (CL = 300pl) 

Logic 0 to High Z, t~LZ 
High Z (CL = 300p ) 

Clear to Output 
CL =,3Opl 
CL = 300pl 

Set Up Time, tsatup 
Data +5 
Input Disable 

Hold Time, thold 
Data 

Reset Pulse Width 15 
Clock Frequency 35 
Clock Pulse Width 

Positive 
Negative 

I. Measured to 1.5V level 01 output waveform. 
2. Measured to 10% level 01 output wavelorm. 
3. ReIer to AC Test CircUitS. 

I!JOOIIIII 

LIMITS 

TYP. 

18 
24 

20 

20 

15 
21 

-I 
-6 

-I 

50 

8 
8 

8T10 B,F,W 

MAX. UNITS 

25 ns 
35 ns 

30 ns 

30 ns 

22 ns 
30 ns 

ns 
0 ns 

+5 ns 
ns 

MHz 

12 ns 
12 ns 
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AC TEST CIRCUITS AND WAVEFORMS 

INPUT 

INPUT 

INPUT 

30 

~5V 

Vee 
5V 

Vee 
5V 

PROPAGATION DE LA Y ton' toft (CLOCK TO OUTPUT) 

DATA SETUP TIME, tsetup 

OUTPUTS ...------, I 2.6V I 

I I 
I I 
I I 

I 
I 
I 
I 

L~A~C~~!.J 

r LO~Jc~UiTsl 
SAME AS LOAD I 

L- -E1.!!£U.,!!'_ .J 
CL =30pF 300,_ 

FIGURE 1 

CLOCK 

Dl\.TA 

OUTPUTS 

°0,°,.°2.°3 -I 

PROPAGATION DELAY (CLEAR TO OUTPUT) 

OUTPUTS r- -,:6v-l 
I I 
I I 
I I 

I 
I 
I 
I 

L~~D~R~I"U J 
r LoA-n~UiTsl 

SAME AS LOAD I 
'--....EI~U!:!..'_.J 

CL" 30pF 300,_ 

FIGURE 2 

PROPAGATION DELAY (DATA HOLD TIME) 

OUTPUTS r--,-:6v-l 
I I 
I 43n I 
I I 

I 
I 
I 

I 
I 
I 
I 

L~DER~I!..!.J 
r LoAiiCIRcu"iTs --, 

2,3& 4 I 

L-S!I;!~~: J 
CL .. 30pF 

300 .. 

CLOCK 

DATA 

FIGURE 3 

8T10 B,F,W 

F"-__ --'/r--_-_-_-_-_-_-_:":V 



AC TEST FIGURES AND WAVEFORMS (Cont'd) 

INPUT 

TYPICAL APPLICATIONS 

r--
r--. -, . 
~ . 

l....-
L-,-

'.-~ 

~ -~ .~, 

1/11_ 111_ 

_co 
IWOttOLD 

~ 
,,~ 

INPUT 

DISABLE 

OUTPUT 

DISABLE 

D. 
D, 

I ,-, 
.. 

I 

PROPAGATION DELAY (DISABLE TO OUTPUT) 

OUTPUTS r '- - 5V -1 
I I 
I I 
I I 

H-I1--f-4~~ri<l:1. I 
15k CL I 

PR9BE I 
I I 
L_~ __ J 

FIGURE 4 

CLOCK 1~=41_'00", 

OUTPUT J".5-V ---; 

DISABLE _11 __ tplz 

OUTPUTSJ.O'!L'------:, 
°OP,.02,03 

MULTIPLEXING EIGHT LED DISPLAYS 

y 

I '11457 ''''.7 
-"~- --"~-"r- .. 1 .. 'I 

'DISPLAY 

J I 'OISl"LAY I I .~, I 
III 

11 

HIGH Z TO"O" 

,-, 
.. 

I 

----
""0(111 

I"':~"'I 
--

I 
OUTOIS 

InG I ~:~ .. no, J~'"'''' I DUTOIS 

rL" 
"'w 

" "" 

~JTJTJ, '. 
--- ,,", 

IImlDlieB 

aT10 B,F,W 

:i-
'OI$Pt.AY J 

lEDll'S 

II 
m. J 
li 
-
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TYPICAL APPLICATIONS 

OUTPUT IN 

LOGICAL 
"1"STATE 

OUTPUT IN 
HIGHZSTATE 

OUTPUT IN 
HIGH ZSTATE 

-

Sl,O 

I') 

Sl'O 

IZ) 

Sl,O 

('281 

TO TTL LOAOS 

'20.A i 
","OUTPUT 

CURRENT -~5.2mA 
4C:A I 

I 
I 
I 

~A II 

DRIVER IN LOGICAL "," STATE 

32 

OUTPUT IN 
LOGICAL 

"O"STATE 

OUTPUT IN 
HIGHZSTATE 

OUTPUT IN 
HIGHZSTATE 

Sl'O 

(1) 

BT10 

(Z) 

BT'O 

('28) 

TO TTL LOAOS II< BUS 
TERMINATION IF NEEDED 

IZ6.9BmA 

+ MAX 

32mA -"O"OUTPUT 
CURRENT 

-40.A -
I 

-40,.A -
DRIVER IN LOGICAL "0" STATE 

8no B,F,W 



DESCRIPTION 
The 8T13 is a monolithic Dual Line Driver designed to drive 50 
ohm or 75 ohm coaxial transmission lines. TTL multiple emitter 
inputs allow this line driver to interface with standard TTL or 
DTL systems. The outputs are designed to drive long lengths of 
coaxial cable, strip line, or twisted pair transmission lines with 
impedances of 50n to 500n. 

KEY DESIGN BENEFITS 
• High-Power Drive Capability: 

Specified at -75mA source current rating at 2.4 volts. 
• Party-Line Operation: 

Emitter-follower outputs enable two or more drivers to drive 
the same line. This permits multiple time-shared terminal 
connections since these drivers have no effect upon the 
transmission line unless activated. 

• Input gating structure allows employment of the "OR" as well 
as the "AND" function. 

• High Speed: ton = taff = 20ns (max). 
• Input Clamp Diodes: Protects inputs from line ringing. 
• Single 5 Volt power supply. 
• Short Circuit Protection: 

Incorporates a latch-back short circuit protection feature 
which protects the device by limiting the current it may source 
when operating under conditions of zero load resistance. 

TA = 25° C and VCC = 5.0V 

LIMITS 
UNIT PARAMETER 

MIN. TVP MAX 

tan, Turn-On Delay 20 ns 
32 ns 

taff, Turn-Off Delay 20 ns 
22 ns 

NOTES: 
1. Rl = 370 to ground. 
2. load is 3711 in parallel with 1000pF. 
3. Reference AC Test Circuit and Pulse Requirements. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 
B,F,W PACKAGE 

LOGIC DIAGRAM 

4 
5 
6 

10 
11 

12 
13 
14 
15 

Vee = (16) 
GND = (8) 
( ) = Denotes Pin Numbers 

vcco-----------------~~._------------~--~------~------------~~_, 

VINo-_-----F 

9 

150 

L---I---OVOUT 

GNDo-~~----------4---~~~------~--~~~--~--~--4-~------~ 

8T13 B,F,W 

1M 
0 e: • 1M 
~ c: -
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TYPICAL OUTPUT CURRENT VERSUS 
fl OUTPUT VOLTAGE CURVE 

2&0 

200 

150 

100 

50 

--• • .. 

-...... 

" 

1.0 1.' ,.0 

OUTPUT VOLTAGE (VOLtsl 

TYPICAL APPLICATIONS 

TA~~·C 

" \ ~ 
\ 

3 .• ... 

A typical application for the 8T13 is shown in Figure 1. If only 
one line driver is to be used for each transmission line, the line 
may be terminated with 50 ohms on the receiving end only. See 
Figure 2. 
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AC TEST FIGURE AND WAVEFORMS 

INPUT OUTPUT 

PULSE REQUIREMENTS 

FIGURE 1 

INPUT 

OUTPUT ---t,----oJ 

INPUT PULSE: 
Amplitude = 3.0V 

, 
~ton 
I 

PW =40n8 (50% Duty Cycle) 
tr = tf "5ns (10% and 90% measurement points) 

50 ohm come 

FIGURE 2 

, , 
I , , , 

f4-'off~ 
I , 

8T13 B,F,W 

3m 



DESCRIPTION 
The 8T14 is a Triple Line Receiver designed for applications 
requiring digital information to be transmitted over long lengths 
of coaxial cable, strip line, or twisted pair transmission lines. 
The Receiver's high impedance input structure (=30kO) pre
sents a minimal load to the driver circuit and allows the trans
mission line to be terminated in its characteristic impedance to 
minimize line reflections. 

The built-in hysteresis characteristic of the 8T14 also makes it 
ideal for such applications as Schmitt triggers, one-shots and 
oscillators. 

FEATURES 
• BUII:.T-IN INPUT THRESHOLD HYSTERESIS· 
• HIGH SPEED: Ion = toff = 20ns (Typical) 
• EACH CHANNEL CAN BE STROBED INDEPENDENTLY 
• FANOUT OF TEN (10) WITH STANDARD TTL INTEGRATED 

CIRCUITS 
• INPUT GATING IS INCLUDED WITH EACH LINE RECEIVER 

FOR INCREASED APPLICATION FLEXIBILITY 
• OPERATION FROM A SINGLE +5 VOLT LOGIC SUPPLY 

* HystereSis is defined as the difference between the input thresholds for the "1" 
and "0" output states. Hysteresis is specified at 0.5 volts typically and 0.3 volts 
minimum over the operating temperature range. 

LOGIC DIAGRAMS 

R, R2 

S, 52 

A, 
A2 

B, 

Vee (16) 

GND = (B) 
( ) = Denotes Pin Numbers 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 

B,F,W PACKAGES 

R3 

S3 

A3 

B3 

vee 

680n 

lk 

R 

vee lk 

3k 67Bn 345n 

50n 

620n 

l(gomel 

A 0--....--' 

Bo-~+--' 

4k 

4k 

Boon 

3.5k 

6.2k 

Boon 

8T14 B,F,W 

III 
0 

'3 e 
-= III ... c: -

56 
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AC TEST CIRCUIT AND WAVEFORMS 

a Receivers in the package. 
Test each tleceiver using switch positions as 
shown in Table 1. 

TABLE I 

Receiver no.- Position 

SwHch 1 Switch 2 

Receiver 1 1 1 
Receiver 2 2 2 
Receiver 3 a a 

. MONITOR 
INPUT PULSE 

I .~ ~'''"' PULSE 

GENERATOR ~ 1 

3 2 
51~ . 

':' 

HYSTERESIS TEST CIRCUIT 

r ' 2 

3 

-4 

r S 
6 

-7 

8 

FIGURE 1 

VCC=·5.0V 

5.0V 

16 l"-
lSr--

" 
O,U.T 13 

12 

llr--

10 I"-
9 

CURVE TRACER 
TEK.575 

11 RINPUT 
15 

5 
6 

12 
~--------------;C 

1 
.---_---IB 

.". 

OUTPUT 
S1 

8T14 B.F.W 

T A = 25" C and VCC = 5.0V 

~ 

LIMITS 
CHARACTERISTICS 

MIN. TYP. MAX. 
UNITS 

lon. Turn-On Delay 
toff. Turn-Off Delay 

INPUT I 
I 
I 

OUTPUT 
I 
~ 

SWITCH 2 
Uf 

1 .... 
2 : :3Opf 

3Cj 5k 

~-

'::' 

PW 

I 
It)ff I--

I 

84.5!l 2.6 v 

20 30 
20 30 

15V 

I 
-I ton f....:-

I 

Input Pulse: 
Amplitude = 2.6V 
Pulse width = 200nS 
(50% Duty Cycle) 
tr = t1 = 5nS'(10% to 90%) 

FIGURE 2 

VOUT 

1.01i 2.OV 

V2 V1 

ns 
ns 

Verify In each of three (3) positions' of S1 (Figure 1) that the following occurs per 
Figure 2. 
1. VI and V2 must be between O.SV minimum and 2.0V max. 
2. Hysteresis = V1 - V2;' o.av. 
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TYPICAL APPLICATIONS 

IN 

COAXIAL TRANSMISSION SYSTEM 

8T14 RECEIVER 

PARTY·LINE APPLICATION 

SCHMITT TRIGGER APPLICATION 

OUT IN 
OV 

OUT----' 

8T14 B,F,W 
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DESCRIPTION 
The 8T15 Dual Communications 
Line Driver provides line driving 
capability for data transmission be
tween Data Communication and 
Terminal Equipment. The device 
meets or exceeds the require
ments of EIA Standard RS-232B 
and C, MIL STD-188B and CCITT 
V 24. 

This dual 4-input NAND driver will 
accept standard TTL logic level in
puts and will drive interface lines 
with ',nominal data levels of +,6V 
and - 6V. Output slew rate may be 
adjusted by attaching an external 
capacitor from the output terminal 
to ground. The outputs are pro
tected against damage caused by 
accidental shorting to as high, as 
±25V. 

ABSOLUTE MAXIMUM 
RATINGS* 
Input Voltage 

Output Voltage 

VCC 

VEE 
Storage 

+5.5V 
±25V 
+15V 
-15V 

Temperature -65°C to +150"C 
Operating 
Temperature O"C to + 75"C 

* Limiting values abov~ which serviceability 
may be impaired. 

AC TEST FIGURES & WAVEFORMS 

LOAD A 

LOADD 

PIN CONFIGURATION 

8T15 A,F 

LOGIC DIAGRAM 

121 111~ 
151 

131 

141 

1101~ 1111 
, , 191 

(121 

(131 

VEE = (8) GND = (7) 

VCC = (14) ( ) = Denotes Pin Numbers 

TA = 25°C, VCC = +12.0V, VEE = -12.0V 

TEST CONDITIONS LIMITS 

CHARACTERISTICS INPUTS 

OUTPUTS UNIT MIN TYP MAX 
DRIVEN OTHER 

Output Rise Time' Load A p,s 4 
Output Fall Time' Load B j.<s 4 
Output Rise Time1 Load C ns 200 
Output FilII Time' Load 0 ns 200 

Current from Positive Supply' rnA 16 
Current from Negative Supply' rnA 28 

Output Impedance 
(Power on) O.OV -3.5±1mA ohms 95 
(Power on) 2.0V +3.S±1mA ohms 95 
(Power off) ±2V ohms 300 2.5M 

1 Rise and fall times are measured between the +3V and -3V POints on the output 
waveform. 

'VCC = +12,6V, VEE = -12,6V 

LOADB LOADC 

7kb' ::-----1500PFSHAPING 

_------J CAPACITOR 

3kb:P~-----1500PFSHAPING 
_------J CAPACITOR 

+6T , 
+3 r---- ----:-
-:1---- ~\~ 
-6 ttall ___ ~ --i I-- 'rise 
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SCHEMATIC DIAGRAM 

I. 
Vee 

5k 

10k 10k 8k 50n 10k 10k 19k 

1.73 

2.12 

5k 

',10 0---"------' 

TYPICAL OUTPUT 
CHARACTERISTIC CURVE 

+IOUT I I I 
8T15 

+10mA Vee = +12V 
Vee = -12V 
TA = +25·C 

J I 
I,.....-~ 

10' 

.... 
-VOUT +VOUT .. 

......... P"',.. 

+5mA 

OmA 

-5mA 

-10mA .-
"""" 

-lOUT 
-25V -15V -5V +5V +15V +25V 

+------+-~-<> 5,9 

10k 

2k 3.5k 12.2k 

2k 

TYPICAL APPLICATIONS 

HIGH DIFFERENTIAL NOISE IMMUNITY (EIA + INPUn 

HIGH COMMON MODE NOISE IMMUNITY (MIL + INPUT) 

8T15 A,F 
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DESCRIPTION 
The 8T16 Dual Communications Line Receiver provides receiv
ing capability for data lines between Data Communication and 
Terminal Equipment. The . device meets or exceeds the re
quirements of EIA Standard RS-232B and C, MIL-STD-188B 
and CCITI V24 and operates from a single 5 volt power supply. 

The receivers accept single (EIA) or double ended (MIL) inputs 
and are provided with an output strobing control. Both EIA and 
MIL input standards are accommodated. 

When using the EIA input terminal (with the Hysteresis terminal 
open), input voltage threshold levels are typically +2V and -2V 
with a guaranteed minimum Hysteresis of 2.4V. By grounding 
the "Hysteresis" terminal, the EIA input voltage threshold levels· 
may be shifted to typically + 1.0V and +2.1 V with a minimum 
guaranteed Hysteresis of 0.75V. (Note that when using the EIA 
inputs, the MIL inputs - both positive arid negative - must be 
grounded). . 

The MIL input voltage threshold levels are typically +0.6V and 
-0.6V with a minimum guaranteed HysteresiS of 0.7V. A MIL 
negative terminal is provided on each receiver per specification 
MIL-STD-188B to provide for common mode noise rejection. 

Each receiver includes a strobe input so that: 
a. A "1" on the strobe input allows data transfer. 
b. A "0" on the strobe input holds the output high. 

ABSOLUTE MAXIMUM RATINGS· 
Input Voltage (EIA and MIL) 
VCC 
Storage Temperature 
Operating Temperature 

±25V 
+7.0V 

-65·Cto +175· C 
0" C to +75· C 

• Llmrting values above which serviceability may be impaired. 

SCHEMATIC DIAGRAM 

EIAtt' MiLl" 

50 12k 

HYST. 

40 

PIN CONFIGURATION 

A,FPACKAGE 

LOGIC DIAGRAM 

vce = (14) 
GND = (7) 

HVST, STROBE 

i41 131 

:',~+ :::~ ~12i 
Mil-III~--

:',~ :::~O-OI131 
MIL'IIOI~ ~ 

11'1 1121 

HYST. STROBE 

( ) = Denotes Pin Numbers 

STROBE 

OUT 

8T16 A,F 



T A = 25° C and V CC = 5.0V 
TEST CONDITIONS 

PARAMETER INPUTS 
MIN 

EIA MIL(+I MIL(-I STROBE 

Input Resistance (EIA) ±25V O.OV O.OV 3 
Input Resistance (MIL) O.OV ±25V O.DV 7.S 
Propagation Delay S.ODV 
Signal SwHching Acceptance S.OOV 20 

1. This test guarantees transfer of Signals of up to 20kHz. Connect 1000pF between 
the output terminal and ground. 

HYSTERESIS CURVES 
EIA - "HYSTERESIS" OPEN 

-Uy +uy .", . .., 

EIA - "HYSTERESIS" GROUNDED 

r-G"".ANT •• D rST ...... 
• 

OV +1,OV +1.7V +2.1V . ...., 

MIL - HYSTERESIS 

t...----L---.1 
I GUARANTEED HYSTERESIS I 
I I I f..--+ T""'CAL "T .... ,. --t-j--.I 

-o.SY ... ,.., .. .IV 

• 'lIn IS REFERENCED TO THE MIL (-I INPUT TERMINAL 

aT1S A,F 

LIMITS 

UNITS 
TYP MAX 

5 7 kO 
11.4 kO 
100 1S0 ns 

kHz 

AC TEST FIGURE AND WAVEFORMS 

-=-

W 
PROPAGATION DELAY 0 

+.9 +6 e t,· tf" 20ns 
+3V p.w.:iJ 1 ms &I: p.w. 

'," W 
-311 ... 

-.9 -6 c: -MIL ..... 0 

VOUT 
1.SV 

SIGNAL SWITCHING ACCEPTANCE 

+.9 +3 

PRf - 20 kHz, 

__ -+_50'10_ Duty Cycle 

-.9 -3 

MIL EIA 

1 
-- 2.8V 

VOUT 1-----==------== 

_ O.4V 
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TYPICAL APPLICATIONS 

42 

HIGH DIFFERENTIAL NOISE IMMUNITY 
(EIA + INPUT) 

EIA FAIL-SAFE OPERATION 

"1" INPUTOPENOA 
INPUT SHORTED OR 
TRANSMITTER 
POWER OFF ~ 

AC COUPLED OPERATIONS 

SmnBlllli 

HIGH COMMON MODE NOISE IMMUNITY 
(MIL + INPUT) 

SINE TO SQUARE WAVE CONVERTER 

SCHMITT TRIGGER 

aT16 A,F 



DESCRIPTION 
The 8T18 is a Dual2-lnput NAND Interface Gate. It is typically 
used as a high to low voltage translator which provides transla
tion from up to 30-volt logic levels to standard logic levels of 5 
volts. 

The basic gate operates from two power supplies. The input 
structure functions from a high voltage supply VCC2, between 
20V and 30V and the second stage transistors and output struc
ture operate from a standard 5V power supply, VCC1. 

The high "0" level input threshold (guaranteed at 6.5V) makes 
the 8T18 very attractive for noisy systems applications such as 
industrial interfaces. 

The output structure features active pull-up and pull-down, pro
viding a low impedance driving source in both "1" and "0" out
put states. This configuration is particularly suited for driving the 
high capacitance loads encountered in high fan-out and line 
driving applications. 

CIRCUIT SCHEMATIC 

r-----_-_--<>VCCI 

580n Goon 4K 

VOUT 

4.9K 2.3K 

AW·A·0737 

NOTE: 112 of unit shown. Component values are typical. 

PIN CONFIGURATION 

A,FPACKAGE 

AB=Y 

WPACKAGE 

AB=Y 

SWITCHING PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT TYPICAL WAVEFORM 

INPUT OUTPUT 2.6V 

210n 

IN916 

Inpul Pulse: Amplilude = 24.0 V, P.W. = 200 ns, 1,= If= 10 ns. 

BI!IDOliDB 

14 VCC1 

13 VCC2 

12 A2 

II 

82 

8T18 A,F,W 
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8T18A.F.W 

AC ELECTRICAL CHARACTERISTICS TA = 25" C, VCC1 = 5.0V, VCC2 = 24.0V 

PARAMETER TEST CONDITIONs9 
LIMITS 

UNIT 
MIN TYP MAX 

ton Turn·On Delay RL = 2100 27 40 ns 

Ioff Turn-Off Delay CL = 100pF 18 35 ns 

44 



DESCRIPTION PIN CONFIGURATION 
The Bidirectional One Shot is intended for applications where 
high speed low level signal processing is required. 

The ST20 Is a Monolithic Building Block, consisting of a high 
speed analog comparator, digital control circuitry, and a preci
sion monostable multivibrator. The differential input threshold 
voltage is between ±4mV with respect to the input reference 
level which may range from -3.2V to +4.2V. For input frequen
cies up to SMHz, the device may be conditioned to act as a 
frequency doubler since it can trigger on both positive and 
negative input transitions. 

Timing pins permit using this device in a variety of applications 
where external control over pulse width is desirable. Pulse 
width (tw) is defined by the relationship tw = CXRX Loge2. 
Pulse width stability is internally compensated and virtually in
dependent of temperature and VCC variations, thus only limited 
by the accuracy of external timing components. 

An internal resistive divider is available on the chip to provide a 
voltage of 1.4V (typ.). This output can be connected directly to 
either of the comparator inputs as a reference voltage when 
interfacing with TTL outputs. 

FEATURES 
• DIFFERENTIAL INPUT 

THRESHOLD = ±4mV 
• PULSE POSITION ERROR = 

TYPICALLY <3ns 
• MAX. INPUT FREQUENCY = S 

MHz 
• TRIGGERS ON POSITIVE 

AND/OR TRANSITIONS 

APPLICATIONS 
DISC, TAPE AND DRUM READ
ERS 
DIGITAL COMMUNICATIONS 
RECEIVERS 
SIGNAL CONDITIONERS 
TRANSITION DETECTORS 

ABSOLUTE MAX 
RATINGS 
Input Voltage 
VCC: +7V 
VEE: -7V 

LOGIC DIAGRAM 

Sk" 

-IN I 

+IN 5 ... 

VEE = 
vcc = 
GND = 
( ) = 

INTERNALLY 
CONNECTED TO 
+Vcc PIN 16 

(4) (-5V ±5%) 
(16) (+5V ±5%) 
(8) 

Denotes Pin Numbers 

B,F PACKWGE 

MAX DIFF.INPUTVOLTAGE ± 5V 
TA = 2Soc, VCC = +S.OOV, VEE = -S.OOV 

LIMrrs 
CHARACTERISTICS 

MIN. TYP. MAX. 
UNITS 

Output Frequency 16 MHz 
Propagation Delay (ton' loft) 

Input to Q, Q 30 50 ns 
Input to A, A 30 50 ns 
Clear to Q, Q 20 30 ns 

Reference Voltage (VREF) 0.8 1.4 2.0 V 
Output Pulse Width, Fig. 1 10 40 ns 
Output Pulse Width, Fig. 3 600 800 ns 

CLEAR 

(ACTIVE HIGHI 

TEST CONDITIONS 

Fig. 1, lin = 8 MHz 

Fig. 2 
Fig. 4 

Pin 7 tied to Pin 6 
Rx = 10K, Cx = Open 
Rx = 10K, Cx = tOOpt 
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AC TEST CIRCUITS 

46 

01'11 

PULSE 
GENERATOR 

MINIMU", OUTPUT PULSE WIDTH (ex = OPEN) 

INPUT 2.BV OUTPUTS 
+Vcc r------l 

I 2.BV I 
I I 
I I 
I 84.511 I 

IN9l6 5k 

r-4-.-4<l--+-'Wv-..1 
I 

~--f'---JI 

!E~,l.! .::: __ J 
,-------, 
I ' I 3 

10t-+-+......I 

13" SAME AS LOAD I 
t:_.;..~~...!:t""""---iL _ ~R~I!2 __ J 

FIGURE 1 

INPUT PULSE: 
PULSE IN 
F=8MHz/5O% DUTY CYCLE 
'R = If -,Ons 
CL INCLUDES PROBE AND JIG 

CAPACITANCE 

_---+2OOmV 
\ / ____ OV 

\0.. ___ ..I. ___ -2OOmV 

PROPAGATION DELAY (INPUT TO Q, Q OUTPUTS) 

INPUT 2.6V OUTPUTS 
+Vcc r------l 

I 2.BV I 
I I 

,Ok I'.f I I 

~~~~~~r-~~6~'5~~7:t~~---4~I~~~1-~~: 
6 I 

9 L----t----' I 
2 !E~IIi.::: __ J 

,0 ,-------, 
3 I I 
,3 111-.... ----; SAME AS LOAD I --T""-r-..... L :..... ~R~I!2 __ J 

FIGURE 2 

IlJnllllll 

INPUT PULSE: 
PULSE IN 
F=5MHzI5O% DUTY CYCLE 
tA =t,· fOns 

CL INCLUDES PROBE AND JIG 
CAPACITANCE 



AC TEST CIRCUITS (Cont'd) 

PROPAGATION DELAY (CLEAR TO 0, Q) 

INPUT 2.6V +Vcc 

10k 

50.11 6 

OUTPUTS 

10 

r------, 
1 2.6V 1 

1 1 
1 84.512 1 
1 IN916 51< 1 

t-I-..--tIQ--......... VVV'-, 1 
1 

1 1 
l ___ ~ __ J 

PULSE GENERATOR .-.----+-1--1 r-----i 
50.11 13 11 SAME AS LOAD I 

L._;..~_..::JI---I_ ~R~I!..!. __ .J 

INPUT PULSE: 

PULSE IN 

F = 200KHz (50% DUTY CYCLE) 

1 I I I IR = II = 10n. 
- 250n. _I CL INCLUDES PROBE AND JIG. CAPACITANCE 

I I-r--" 
PULSE IN(5IM~ 1 90%\,'0% I \,, __ ....... 1 '---=-~: 

'R~ ~I'-'R ----+t t--., -200 

I 1.5VI,;j!9O% 9O%lIIri / \. / \. ""'iv-
CLEAR 131 10%, \: 10'11 " "---

-! ton I--- OV 

OII1I~1.5V n f\,, ______ _ 

FIGURE 3 

PROPAGATION DELAY (INPUT TO A, A OUTPUTS) 

PULSE 
GENERATOR 

INPUT 2.6V 
OUTPUTS r------, +Vee 

I 2.6V I 

10k 
1 I 
I I 

~~~~~r.1-~~lt~~-+ ____ -J~I~IN;9~16~-l_84~.:~~: 

13 

t-----..... -.f", l..-
Jr=~~1 

10 

11 

FIGURE 4 

I 
'----1---1 

,.------. 
1 

I SAME All LOAD I 
L _ ~R~I!2 __ J 

INPUT PULSE: 

PULSE IN 

F = 200KHz (50% DUTY CYCLE) 

IR = II = 10n. 
CL = PROBE AND JIG CAPACITANCE 

-2OOmV 
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INPUT BIAS CURRENT TEST CIRCUIT INPUT/OUTPUT WAVEFORMS 

+5V 

INPUT ~ ~ 
"'...7\.7 

A ClCJ 
16 

A CJ r=L 
Q _I I-'w 
~~~:~JJ 0 
Q 

0 0 PEe ~O 
NEe-1 

Q 

PEe -, 0 0 0 0 NEe-1 

FIGURE 5 FIGURE 6 
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8T22 A.F 

DESCRIPTION 
The 8T22 is a direct pin-for-pin re
placement for the 9601 retriggera
ble one-shot. Triggering can be 
performed on either the leading or 
falling edge of the input signal 
through selection of the proper 
input terminal. 

The inputs are level-sensitive mak
ing triggering independent of sig
nal transition times. Output pulse 
width is determined by external tim
ing components (Rx and ex) with 
each trigger pulse initiating a com
plete new timing cycle. 

For those applications where a 
dual retriggerable one-shot is re
quired the Signetics 9602 should 
be considered. 

TRUTH TABLE 
Pin Number 

1 2 3 

H-L H H 

H H-L H 

L X L-H 

X L L-H 

L X H 

X L H 

4 

H 

H 

H 

H 

L-H 

L-H 

PIN CONFIGURATION LOGIC DIAGRAM 
A,F PACKAGE 

• PINS FOR EXTERNAL TIMING COMPO
NENTS 

TA = 25° C and VCC = 5.0V 

PARAMETER TEST CONDITIONS 

Propagation Delay 
Negative Trigger InPUt Rx = 5.0kfi, Cx = 0 
to True Output (tpd+) CL = 15pf 
Negative Trigger Input Rx = 5.0kO, Cx. = 0 
to False Output (tpd-) CL = 15pF 

Min. True Output Pulse Width Rx = 5.0kfi, Cx = 0 
CL = 15pF 

Pulse Width Variation Rx = 10kfi, Cx = 1000pF 
Timing Resistor 
CStray - Maximum allowable 

wiring capacitance 
P13 to Ground 

NOTES 

Vee (14) 
GND (7) 
() Denotes 

" . " 

Pin Numbers 

., _;;;-__ ..J 

.,_,.,,-___ ..J 

*Exter!181 Components 

LIMITS 

MIN TYP 

25 

25 

45 

3.08 3.42 
5.0 

1. Positive current Is defin~d as into the pin referenced. 
2. Unless otherwise noted;' 10kfi resistor placed between Pin 13 and VCC (Rx). 

,-__ ",lB' 

MAX 
UNIT 

40 n. 

40 ns 

65 ns 

3.76 p.s 
50 kfi 
50 pF 

AC TEST FIGURE AND WAVEFORMS 
TRIGGER INPUT/OUTPUT AND PULSE WIDTH 

•• OV 

NOTES: 

RL 

CL 

1. Puise Generator has ths following characteristics: 'r = tf = 10ns (10% to 90%), 
AMP. = 3V. 

2. CL includes probe and jig capacitance. 
3. For tpd+. tpd- and tpw (min.) RX = 5kfi ± 1%, CX = OPEN, PRR = 1MHz. 
4. For dtpw: RX = 10kfi ± 1%, Cx = 1000pF ± 1%, PRR = 200kHz. 

WAVEFORMA • 

WAVEFORMB. 

I I 
VIN 1.5V ~ 1.5V 
~ ..... ~ 

I., ANO ·21 . ~ ... '--I I I 

: f..v "\L,sv 
(TRUEIVOUT ____ !-. __ J. !\::.. 

ICOMPLEMENT! VOUT . I 14-- .... ---l 

: ~sv r 
.-... --1 
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OPERATION RULES 

50 

~ 

103 c 
i ... c 
i 
'" ~ 
::> 
"-... 
::> 

102 "-... 
::> 80 c 

60 

40 

20 

10 

VCC~PIN13 
RX cx 

. I---<> PIN 11 
+ -

R <0.6 Rx (MAX) 

vcc~. R. PIN 13 
Cx 

. ~ ~PIN11 

TA=2S·C 

Vee -'5.0V ./ 
-

;/ 'i 
y ./ 
// 

I-- r-- ~ '~"" ,/ f-" I'{"!I o1-"'''~ ",-..'" i..-
1''1' .' ,.'" f- ,.,,/' 1''1' ." r-- ./ 1''1' . 

) 4 6 8 10 

CXTIMING CAPACITANCE·pF 

V V 

~ Vv 
/ Vv 
./ 

TYPICAL OUTPUT PULSE WIDTH VERSUS TIMING RESIS
TANCE AND CAPACITANCE FOR Cx < 103 pF IS SHOWN IN 
THE ABOVE GRAPH. 

8T22 A,F 

1. .An external resistor (RX) and external capacitor (Cx) are 
required as shown in the Logic Diagram. 

2. The value of RX may vary from 5.0 to 50 kU (0 to 75°). 
3. CXmay vary from 0 to any necessary value available. If, 

however, the capacitor has leakages approaching 3.0 p,A or 
if stray capacitance from either terminal to ground is more 
than 50 pF, the timing equations may not represent the pulse 
width obtained. 

4. If electrolytic capacitors are to .be used, the following config
urations are recommended: . 
A. F()r use with low leakage electrolytic capacitors. 

The normal RC configuration can be used predicably 
only if the forward capacitor leakage at 5.0 volts is less 
than 3 p,A, and the inverse capaCitor leakage at 1.0 volt 
is less than 5 p,A over the operational temperature 
range, and Rule 3 above is satisfied .. 

B. Use with high inverse leakage current electrolytic 
capaCitors. 
The diode in this configuration prevents high inverse 
leakage currents through the capacitor by preventing 
an inversELvoltage across the capacitor . 

t=0.3 RCX 
The output pulse with (t) is defined as follows: 

t = 0.32 RXCX ~ + ~~ ] Where RX is in ill, Cx Is in 
pF, tis in ns; forCX < 103 pF. 



8T23 B,F,W 

DESCRIPTION PIN CONFIGURATION 
The 8T23 is a Dual Line Driver designed to B.F.W PACKAGE 
meet all of the requirements of the IBM 
SystemJ360. SystemJ370 1/0 interface spec
ifications (IBM SpeCification GA 22-6974-
0). 

The low impedance emitter foll.ower output 
will drive terminated lines such as coaxial 
cable or twisted pair. The output is protect
ed against accidental shorting by an 
internal clamping network which turns on 
once the output voltage drops below 
approximately 1.5 volts. The uncommited 
emitter output structure allows Dot-OR 
logic to be performed as in "Party-Line" 
operations. 

Multiple emitter inputs allow the 8T23 to 
interface with standard TTL or DTL syst
ems and the circuit operates from a single 
+5 volt power supply. 

LOGIC DIAGRAM 

;~' 
:!~. 13 

I. 
15 

vcc = (16) 
GND = (8) 
( ) = Denotes 

Pin Numbers 

Additional logic incorporated in the 8T23 
. Dual Line Driver can be used during the 
power-up and power-down sequence to 
ensure that no spurious noise is generated 
on the line. 

SWITCHING CHARACTERISTICS VCC = 5.0V, TA = 25° C1,2 

FEATURES 
• lOUT = 59.3mA AT 3.11 VOLTS 
• UNCOMMITTED EMITTER OUTPUT 
STRUCTURE 

FOR PARTY-LINE OPERATION 
• SHORT-CIRCUIT PROTECTION 
• SINGLE 5 VOLT POWER SUPPLY. 
• AND-OR LOGIC CONFIGURATION 

CIRCUIT SCHEMATIC 

Vee -

If ( 
~ 

~ .~ 

Gf.,O '-

il-

PARAMETER 
MIN 

Ion. Turn-On Delay 

loff, Tum-Off Delay 

NOTES: 
1. RL = 500 10 ground. 
2. Load is son in parallel wHh 100pF. 

3. Reference AC Test Circuit and Pulse Requirements 

\ ~~~ 
...v 

r. 
~ H::l 

17 

LIMITS 
UNIT 

TYP MAX 

12 20 ns 
15 25 ns 

12 20 ns 
20 35 ns 

J 
..... 

H<I-
7- k 

VOUT 

51 
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8T23 e,F,VIi 

TYPICAL OUTPUT CHARACTERISTICS AC TEST FIGURE AND WAVEFORMS 

Vee ~I.oy 
TA'We -

"-~ 
'\ 

1\ 
- r- \ 

I--.... ~ 

~I. ~I"N . 
1.511 I. 1 1.5V 

INPUT 1V I I I ~'V:....-. __ 
-I II-.. I,,-! i I--
~I' • 1.511' 1 1.511 I . 

0I1n'UT I' 1 
I 'off 1:' ..... , ~ 

---... I I , 
o 1V "N IV 

0I1n'UT VOL TAGI CVOL TIl 
INPUT PULSE: 

AMPLITUDE = 3.0V 
PW = 50ns (50% DUTY CYCLE) 
... = If '" 5110 (10% AND 90% MEASUREMENT POINTS) 

TYPICAL APPLICATIONS 

52 

1f2I8T23) ,------, 
I !I5!'!COAX 

1 
I 
I 96tl 

1 
I 
1 

1 I 
L ______ -1 

·ROna 

'::' 

115 • .'1 

113(8T24) 
r--- -·---'-~·-1 

I I 
1 I 
! I 

I 

I 
I 
I 

I '::' I L _________ .J 



DESCRIPTION 
The 8T24 is a Triple Line Receiver designed specifically to meet the IBM System 
(360, System/370 I/O Interface Specification (IBM Specification GA 22-6974-0). 
Each receiver incorporates hysteresis to provide high noise immunity and high input 
impedance to minimize loading on the driver circuit. 

An input voltage of 1.7 volts or more is interpreted as a logical one; an input of 0.70 
volts or less is interpreted as a logical zero as is an open circuited input. 

The receiver input (R) of the 8T24 will not be damaged by a DC input of + 7.0 volts 
with power on or by a DC input of + 6.0 volts with power off in the receiver. The 8T24 
will also withstand an input of -0.15V with power on or off. 

The 8T24 is fully compatible with TTL and DTL systems and operates from a single 
5 volt power supply. 

FEATURES 
- BUILT-IN INPUT THRESHOLD 

HYSTERESIS' 

- HIGH SPEED: TON = TOFF = 
20ns (TYPICAL) 

-EACH CHANNEL CAN BE 
STROBED INDEPENDENTLY 

- FANOUT OF TEN (10) WITH 
STANDARD TTL INTEGRATED 
CIRCUITS 

- IN.PUT GATING IS INCLUDED 
WITH EACH LINE RECEIVER 
FOR INCREASED APPLICA
TION FLEXIBILITY 

- OPERATION FROM A SINGLE 
+5V POWER SUPPLY 

* Hysteresis Is defined as the difference be~ 
tween the input thresholds for the "1" and 
"0" output states. Hysteresis is specified at 
0.4V typically and 0.2V minimum over the 
operating temperature range. 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 
B,F,W PACKAGE 

Vee 

.... 

4k 

8T24B,F,W 

LOGICAL DIAGRAM WITH 
PIN LAYOUT 

5'o-----L.-' 

B, o-----tL-", 

tI, 
A3o----r~ 

B3Q----L..J 
(21 

Vee = (16) 
GND = (8) 
( ) = Denotes Pin Numbers 
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1. Hysleresis is defined as Ihe voltage differ
ence between Ihe R inpul level al which the 
oulpul begins 10 go from "0" 10 "I" stale 
and Ihe level al which Ihe oulpul begins 10 
go from "1" 10 "0". 

8T24 B,W 

SWITCHING CHARACTERISTICS AT VCC = 5.0v AND TA:::: 25"C 

TEST COND.ITIONS LIMITS 

PARAMETER R S A B MIN TYP MAX UNITS 

ton, Tum-On Delay 20 30 ns 

Ioff, Tum-Off Delay 20 30 ns· 

Hysteresis 1 4.5V OV OV 0.2 0.4 V 

AC TEST CIRCUIT AND WAVEFORMS 

MONITOR 
INPUT PULSE 

SWITCH 1 l PULSE 'r ~: GENERATOR 

51~ 

-= 

INPUT I 

_--;:---J~II L5V 
OUTPUT I' 
~ toff I--

I 

r l 
2 

3 

-4 

r 5 
6 

-7 

8 

I 
I 
I 
~ 

HYSTERESIS TEST CIRCUIT 

yvcc~ 5.0V 

1 
~ 4 

16 3 

f- 11 14 R INPUT 

"- 15 10 

r-

~ 6 

~ 12 7 

f- 1 9- .33,.' 

>-2 13-
8 11

.0"' 1 

-= OUTPUTS SI 

54 

5.0V 

16 "-

15r--

14 

D.U.T. 13 

12 

11_ 

10-

9 

1.5V 

CURVE TRAC.ER 
TEK.575 

C 

B 

E 

~ 

Inpul Pulse: 
Amplilude = 2.6V 
Pulse widlh = 200nS 
(50% Duly Cycle) 
tr = If = 5nS (10% 10 90%) 

SWITCH 2 84.5!.":! 2.6 v 

3~ 

.A ... 1 
:::3OPI 

IN916 
( 2 5k 

.............. 

-= 

-

3 Receivers in the package. 
Test each Receiver using switch 
pcsllions as shown in Table 1. 

TABLE 1 

Receiver no. POSITION 

Swllch 1 Switch 2 

Receiver 1 1 1 
Receiver 2 2 2 
Receiver 3 3 3 

Verify In each of Ihree (3) pcsillon. of SI (Figure 1) Ihal Ihe following occurs per 
Figure 2. 
1. V1xand V2 must be between o.7V minimum and 1.7 maximum. 
2. Hysteresis = VI -V2 

VOUT 

VI 1.7V 

..... 



8T24 B,W 

TYPICAL APPLICATION 

1/2~8T231 1 3,8T241 ,--- ------, 
I I I 
I 950. COAX I I 
rTl~~~~~~~ I 

I I 
I 
I 
I 
I 

95n 
I 

I I 

I 
I 
I 

-=- I -=-l ______ -.-1 L _________ -l 
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DESCRIPTION , 
The 8T25 is a Dual MOS-to-TTL interface element. The Sense Amplifier Is designed 
to accept low level MOS signals from the output of Random Access Memories and 
the information is stored in a I.atch in response to an external Strobe signal. A 
tristate output buffer presents the data to the output using conventional TTL logic 
levels. The 8T25 operates from a single +5 volt supply. 

CIRCUIT OPERATION 
A logic "1" .Ievel on the PRESET/DISABLE line will disconnect the outputs of the 
Sense Amplifier from a common bus bytuming both totem-pole transistors oft 
When the Preset/Disable line returns to a logic "0" level, the outputs will be preset 
to a logic "1" state. A low-going Strobe pulse will then transfer the data at Inputs A 
and B to their respective outputs non-inverted. 

Due to the internal latch, output data will remain stable regardless of any change in 
input levels until a Disable signal again forces both outputs to the high impedance 
$late. 

If the STROBE Is not used (STROBE = 0) the effect of the Preset/Disable line is to 
first disconnect the data from the tri-state bus (PRESET/DISABLE HIGH) and then 
transfer the input data to the output. 

LOGIC DIAGRAM 

AMPLIFIER 

INPUT A 0----1 
(3) 

INPUT B 0---1 
(5) 

PRESENT/DISABLE 
(6) 

LATCH 

ELECTRICAL CHARACTERISTICS T A = 25° C, VCC = 5.0V 
LIMITS 

PARAMETER MIN TYP MAX 

Propagation Delay Strobe to Output (tds) 15 25 
Disable to "0" Output (tPZL) 15 25 
"0" Output to Disable (tpLZ) 8 15 
Disable to "1" Output (tPZH) 15 25 
"1" Output to Disable (tpHzl 9 20 

56 

BUFFER 

UNIT 

ns 
ns 
ns 
ns 
ns 

8T25V 

FEATURES 
• MOS-TO-TTL CONVERTER 
• INTERNAL LATCH 
• TRISTATE OUTPUTS 
• SINGLE +5V SUPPLY 

PIN CoNFIGURATION 
V PACKAGE 

OUTPUT A 2 7 OUTPUT B 
ffiIoiiE08 Vee 

INPUT A . 3 6 DISABLE 

GND 4 5 INPUT B 

.>()---I~ OUTPUT A 
(2) . 

><:>---1"- OUTPUT B 
(7) 

VCc-8 
GND-4 



8T25V 

AC TEST CIRCUITS AND WAVEFORMS 

+5.OV 

1----0--4 AIN ;:==::: BIN AoUT 

L~~~~lr-~1 STROBE 
DISABLE 

50u 60n 

PULSE CHARACTERISTICS: 

'" 1 MHz 
t, .. 'tf<5ns 
tpw .. tsw = 20 ns MAX~ 
t, = 2OnsMAX. 

PULSE 
GENERATOR 

50!! 

BouT 

PROPAGATION DELAY (STROBE TO OUTPUT) 

DIDOES INgle 

AIN OR BIN +l.5mA I I 
-----.., lOOn. i,r--

+300pA t -- -- ------ -:. t 
;;.ST;.;R;.;;O;;;B~E __ ...;+3;;;.OV;.;..._.:.I __ ... l-t -l r-------

10 
+3.OV I_tpw~ I-"-j 

PREsfnTI '- I DISABLE I 'm~ 
OV I~ ______________ __ • ~,----'-

FIGURE 1 

I 
I 

PROPAGATION DELAY (DISABLE TO OUTPUT) 

24Ol! 

DIODES INgle 

INPUT 

OV 

OUTPUT 

OV 

FIGURE 2 

10% 

PULSE CHARACTERISTICS 

f • 1 MHz 
... • '1< 5n. 
PULSE WIDTH' 200 n.IMAX.1 

1.5V 

NOTE: tPlz = "0" OUTPUT TO HIGH-Z 

tpzl a HIGH-Z TO "0" OUTPUT 

PROPAGATION DELAY (DISABLE TO OUTPUT) 

INPUT PULSE CHARACTERISTICS 

INPUT 

OV 

3.OV 

OUTPUT 

FIGURE 3 

f • 1 MHz 

1.5V 
t, .. tf< 5n~ 
PULSE WIDTH' 200", IMAX.I 

NOTE: tphz - "1" OUTPUT TO HIGH-Z 

tpzl = HIGH-ZTO "0" OUTPUT 
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TYPICAL APPLICATION 
MOS MEMORY SYSTEM 

TTL DATA8US 

I 
OUTPUT A OUTPUT B OUTPUT B OUTPUT A OUTPUTS OUTPUT B 

STR~ ~O8~ STR~ ~ 
8T25 DUAL 8T25 DUAL 

DIS~ SENSE AMP/LATCH 1/28T25 ~ABLE DIS~ SENSE AMP/LATCH 1128T25 

~ ABLE 

INPUT A INPUT B INPUT B INPUT A INPUT B INPUT 8 

- - - -

BIT 1 

0-

J 
2548 

2KMOS 
RAMOR c-

I 
1103 

lKMOS 

J- RAM 

ROW' 1 INPUTS 
ADDRESS 

ENABLE 1 t 

-C>-

I" 
2548 

2KMOS 
RAM OR I-

1 
1103 

lKMOS 

_o!- RAM 

ROWN 1 INPUTS 
ADDRESS 

ENABLE N 
-1 

0--
2548 

<>"j 2KMOS 
RAMOR 

I 1103 
lKMOS 

~ 
RAM 

I 

C>-
2548 

I 2KMOS 
RAMOR 

1 1103 
lKMOS 

o-!... 
RAM 

[ 

MEMORY CARD 1 

M DEVICES/ROW 
N ROWS 

BIT 2 81TM 

0-- r I" 
2548 

ROW 1 0-;-2KMOS 

r RAM OR t- INPUTS I 
--I 1103 ADDRESS 1 

lKMQS 

o!- RAM 

-~ 
I ENABLE 1 

-
C>-

r I" 
2548 

ROWN 0-;-2KMOS - RAM OR I- INPUTS 1 
--I 1103 ADDRESS 1 

lKMOS 

o!- RAM _01-
1 

ENABLE N 

BIT 1 

2548 
2KMOS 
RAM OR 

1103 
,..-

lKMOS 
RAM 

I 

2548 
2KMOS 
RAMOR -1103 
lKMOS 

RAM 

[ 

0-
2548 

I 2K MaS 
RAM OR 

1 1103 
lKMOS 

~ 
RAM 

I 

0-
2548 

I 2K Mas 
RAMOR 

1 1103 
lKMOS 

01- RAM 

1 

MEMORY CARD 2 
M DEVICES/ROW 
N ROWS 

81T2 

0-

I 
2548 

2KMOS 

- RAM OR 

--I 1103 
lKMOS 

o-!- RAM 

1 

C>-
2548 

I 2K Mas 

- RAMOR 

--I 1103 
lKMOS 

o-!- RAM 

1 

NOTE: EACH MEMORY CARD IS AN 
N (2K) XM MEMORY FOR 2548 2K MOS RAM 
N(K)XM MEMORY FOR 11031K MOS RAM 

TYPICAL WAVEFORMS 

TYPICAL PRESET/DISABLE AND STROBE SEQUENCE" 

PRE5ET/DIS~ 1\1. _________ _ 
.. STROBE :. : '---I .:: Lr 

1 1 1 1 1 1 
CURRENllNPUTI -- _ -+ ___ 1_ - ---- - -- -f - - J -- - J_ --1- - -----

THRESHOLD +300.A 1 1 1 . 1 1 I 
ourpurl- - - ~I : rr--t-I -----

1 1 1-. ___ .J~ 
~ HI-Z ~ ==-:1 HI-Z 

I OUTPUT I ------, OUTPUT 

• These waveforms are easily obtained from ttie clock p~ases of the memory systems if desired. 

58 

81TM 

r 

c-

8T25V 



DESCRIPTION 
The 8T26N2B consists of four pairs of Tri-State logic elements configured as Quad 
Bus Drivers/Receivers along with separate buffered receiver enable and driver 
enable lines. This single IC Quad Transceiver design distinguishes the 8T26N28 
from conventional multi-IC implementations. In addition, the 8T26/28's ultra high 
speed while driving heavy bus capacitance (300pF) makes these devices particu
larly suitable for memory systems and bidirectional data buses. 

Both the Driver and Receiver gates have Tri-State outputs and low-current PNP 
inputs. Tri-State outputs provide the high switching speeds of totempole TTL cir
cuits while offering the bus capability of open collector gates. PNP inputs reduce 
input loading to 200ILA maximum. 

APPLICATIONS 
HALF-DUPLEX DATA TRANSMISSION 
MEMORY INTERFACE BUFFERS 
DATA ROUTING IN BUS ORIENTED SYSTEMS 
HIGH CURRENT DRIVERS 
MOS/CMOS-TO-TIL INTERFACE 

LOGIC DIAGRAM 

8T26A-B,F • 8T28-B,F 

PIN CONFIGURATION 

B,FPACKAGE 

8T26A -INVERTING OUTPUT (TRI-STATE) 8T28 - NON-INVERTING OUTPUT (TRI-STATE) 

VCC = 
GND = 
( ) = 

2 
ROUT 0---< 

7 
DIN 0-------' 

(16) 
(8) 

DENOTES PIN NUMBERS 

14 
>-~ROUT 

13 
:>O-+-~ DOUT 

12 
'-----~DIN 

11 
>---<lROUT 

10 
:>O-+-~DOUT 

9 
'-------0 DIN 

SWITCHING CHARACTERISTICS 

PARAMETER 

Propagation Delay tON DOUTtoROUT 
toFF DOUTtoROUT 
toN DIN to DOUT 
toFF DIN to DOUT 

Data Enable to Data Output IpZL HighZtoO 

IpLZ OtoHighZ 
Receiver Eneble to Receiver Output IpZL HighZtoO 

IpLZ o to HighZ 

8T26A 
TEST CONDITIONS 

MAX 

CL = 30pF, Note 9 14 
14 

CL = 300pF, Note 9 14 
14 

CL = 300pF, Note 9 25 
20 

CL = 30pF, Note 9 20 
15 

13 
>-........ -<lDoUT 

12 
'-------0 DIN 

11 
>---<lROUT 

10 >-...... -oDOUT 

9 
'-------Q°IN 

8T28 

MAX 
UNIT 

17 ns 
17 
17 ns 
17 
28 ns 
23 
23 ns 
18 
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AC TEST CIR.CUITSAND WAVEFORMS 

PROPAGATION DELAY (DOUT TO ROUT) 

VCC .. S.OV 

DOUT1 

} D. DoUT' 
R. ,DOUT3 

DIN, DOU14 
92 

DIN2 ROUT 1 

} DIN3 ROUT 2 

DIN4 RoUT 3 

RoUT 4 

1.3k 

-= 

PROPAGATION DELAY (DIN TO DOUT) 

UN VCC" 5•OV 

2.6V 

DOUTl 

} D. OoU12 30 

R. OouT3 

{ 
DIN, DOUT4 

DIN2 ROUT 1 
260 

DIN3 ROUT 2 

DIN4 ROUT 3 

ROUT 4 

-= 

8T26A~B,F • 8T28-B,F 

INPUT PULSE: 
tr = If = 5ns (10% to 90%) 
lreq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 

FL 
~ 

1 1 1 1 
-1 .. "1.....- --I"ffl-

PROPAGATION DELAY (DATA ENABLE TO DATA OUTPUT) 

2.6V Vee 

DOUT1 

} D. °OUT2 

". DOU13 

DIN, DOUT4 

DIN2 ROUT' 

DINa ROUT 2 

DIN4 ROUT 3 

ROUT 4 

60 

5.011 

Uk 

5k 
(PROBe) 

11101101 

,. 

INPUT PULSE: 
tr = If = 5ns (10% to 90%) 
Ireq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 



8T26A-B,F • 8T28-B,F 

BLOCK DIAGRAM 

PROPAGATION DELAY (RECEIVE ENABLE TO RECEIVE OUTPUT) 

Vee 2.6V 

0, DOUTl 
5.OV ~ ", °OUT2 'p"--I 1 __ I 'p"I-

DIN, DOUT3 2.4k 24D ~ DIN2 °OUT4 

DIN3 ROUT 1 

} DIN4 ROUT2 5k INPUT PULSE: IPROBEl 

ReUl3 tr = tf = 5ns (10% to 90%) 
ROUT4 fr~q = 5MHz (50% duty cycle) 

':" Amplitude = 2.6V 

':" 

BIDIRECTIONAL MOS - CMOS TO TTL INTERFACE 

C·MOSLOG'C 
ORMOS 

MICROPROCESSOR 

TYPICAL APPLICATIONS 

r---------, 

I 
~~~. 0--'---0( 

B~~ 0--+-+---1 

~~~ o--.--+-o( 

B~~ 0--'--+---1 

~~~. O--+-+-O( 

B~~ 0--;---+--1 

B~~ 0--+---+--1 

CONTROL LINES MAY BE TIED TOGETHER, SUCH THAT 
LOGICAL '1' TR1'(NSMIT, LOGICAL '0' RECEIVE 

BIDIRECTIONAL 
MOSBUS 

1/4 
BT26 

I I 
CONTROL 

BIDIRECTIONAL DATA BUS 

I I I 
I I I 

OTHER 8126'S 
OR BUS-ORIENTED 

CIRCUITS 

- TTL BUS IN 

- TTL BUS OUT 

r--------, 
I 

1--+--,_<> ~~s 

jo--+_L--o ~~T 

I--+-l-<> ~~s 

LOGICAL "0" = ACTIVE LOGICAL "1" = ACTIVE 
LOGICAL "1" = Hl-z LOGICAL "0" = HI-z 
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DESCRIPTION 
The 8T30 is a dual bi-directional bus interchange el~ment that 
interfaces MOS and TTL data busses. Data can be exchanged 
in a half-duplex transmission mode from a "party line" TTL/DTL 
bus to a MOS transceiver port and a TTUDTL transceiver port. 
For maximum versatility the receive inputs and high current sink 
open collector transmit outputs are brought out separately. 

Common receive and transmit enable controls condition each 
half of the 8T30 for six valid modes of operation as, tabulated in 
Table 1. 

Pins 6 and 4 (8 and 10) are typically connected such that data 
from a common high performance "partY,line" bus can be 
routed to and from the.TTUDTL and MOS transceiver ports. In 
addition, wrap-around inputs are provided such that TTUDTL 
data can be sent directly to the MOS transceiver port and the 
TTUDTL "party line drivers" without using the TTUDTL trans
ceiver port. 

A high performance emitter follower driver and a low current 
base input on the MOS transceiver port make, the 8T30 a 
superior MOS bus interface element. 

A power-down sequence (as VCC is varied from 5.25V to OV) of 
the 8T30 will have no effect on the transmit outputs i.e., the 
"party line" bus driving the port controller. 

8T30 VALID OPERATING MODES 

MODE OF 
PIN FUNCTIONS OPERATION 

Port Controller Receives Data Control 
From TTUDTL System Data In 

Data Out 

TTUDTL Transceiver Sends Control 
Data to TTUDTL System Data In 

Data Out 

MOS Transceiver Sends Data Control 
to TTUDTL System Data In 

Data Out 

MOS Transceiver Receives Control 
Data from TTUDTL Wrap- Data In 
Around Input Data Out 

TTUDTL System Receives Control 
Data From TTUDTL Wrap- Data In 
Around Input Data Out 

Port Controller Idle (Random Control 
Activity on Pins 1 (13), 2(12), Data In 
and 5(9) Does Not Affect Data Out 
Bus on 6, 4 (8, 10) 

(X = Don't Care, 1 = Logic "1", 0 = Logic "0") 

62 

PIN CONFIGURATION 

Half Duplex 
MOS Transceiver 1 

TTL Wrap-Aroun.d 
Input.1 

Transmit Enable 
(Common) 

Receive Data 1 

Half Duplex 
TTL/DTL Transceiver 1 

Transmit Oat's 
(OCI 

GND 

6&4 2 
(8 & 10) (12) 

0 
Data 

0 

Data 

0 

Data 

X 
Data 

Data 
Data 

X 
X 
X 

A,F PACKAGE 

PIN NUMBERS 

5 3 
(9) 

1 

Data 

0 
Data 

1 0 

1 1 

1 0 

X 1 

8T30 A,F 

Haff Duplex 
MOS Transceiver 2 

TTL Wrap-Around 
I"put 2 

Receive Enable 
(Common) 

Half Duplex 
TTl/OTL Transceiver 2 

Transmit Data 2 
(OCI 

11 

0 

1 

1 

1 

1 

1 

1 
(13) 

Data 

1 

Data 

Data 

Data 

X 



AC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 5.0V 

PARAMETER TEST CONDITIONS 

Propagation Delays 

TIL/DTL Transceiver Inputs ton Fig. 1, 2 RL = 2201}, CL = 50pF 
to Transmit Outputs Ioff 
MOS Transceiver Inputs ton Fig. 2, 3 RL = 2201}, CL = 50 pF 
to Transmit Outputs toff 
TIL Wraparound Inputs to ton Fig. 2, 4 RL = 2201}, CL = 50 pF 
Transmit Outputs Ioff RF = 11.2K, CF = 30 pF 
Receive Inputs to 
TTL/DTL Transceiver ton Fig. 2, 5 RL = 1001}, CL = 30 pF 
Outputs toff Fig. 2, 5 RL = 4KI}, CL = 30 pF 

Receive Inputs to MOS Ion Fig. 6,7 RF = 11.2K, CF = 30 pF 
Transceiver Outputs Ioff 
Transmit Enable to Ion Fig. 8, 9 RL = 2201}, CL = 50 pF 
Transmit Outputs Ioff 
Receive Enable to 
TTL/DTL Transceiver ton Fig. 9, 10 RL = 4001}, CL = 30 pF 
Outputs Ioff Fig. 9,10 RL = 4KI}, CL = 30 pF 

Receive Enable to MOS Ion Fig. 11, 12 RF = 11.2K, CF = 30 pF 
Transceiver Outputs Ioff 

LOGIC DIAGRAM 

o (PIN 14) Vee 

O,.......::.(P.::;I N:..:.7)'----_GROUNO 

40-----------------, 

110-----1 

10 Q----t-----------t---, 

1-------..... <)13 

1----<)12 

IRnDlII1 

LIMITS 

MIN TYP MAX 

14 25 
14 20 

23 70 
23 50 

120 175 
36 75 

42 60 
13 20 

14 35 
106 135 

19 40 
19 40 

46 60 
19 35 

20 50 
115 155 

8T30 A,F 

UNIT 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 
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AC TEST FIGURES AND WAVEFORMS 

64 

ton. toff TRANSCEIVER INPUTS TO 
TRANSMIT OUTPUTS 

INPUT Vee = 5V VCC 

11 
RL = 200 OHMS 

PULSE 
GENERATOR 1/2 8T30 1-=-'-_ .... -0 OUTPUT r CL*=50PF 

FIGURE 1 

ton. toft MOS TRANSCEIVER 
TO TRANSMIT OUTPUTS 

PULSE 
GENERAtOR I---.!..j 1/2 8T30 j..:. ............. _OOUTPUT r CL =50PF 

FIGURE 3 

ton. toff RECEIVE INPUTS 
TO TTUDTL TRANSCEIVER OUTPUTS 

RL • 220 OHMS 

PULSE 
GENERATOR 1-........ 4 j..::._ ..... -(J OUTPUT r CL =20PF 

*CL INCLUDES STRAY AND PROBE CAPACITANCE 

':~~F~:U5:ESi;;:~:JE~~~:But ~ 50 OHMS 
FIGURE 5 

8T30 A.F 

WAVEFORMS 

<;
10NSl r- -, F<;10NS 

_I t- -ST-------'~ 
INPUT fLV 1':J~ 

,~"' ,~ c~~~~:}: ___ :: 
*CL INCLUDES STRAY AND PROBE CAPACITANCE 

.... tPW E5 0.5 ~SEC. PRR :1:!! 1 MHz. Rout ~ 50 OHMS 

PULSE 

FIGURE 2 

ton. toff TTL WRAPAROUND INPUTS 
TO TRANSMIT OUTPUTS 

INPUT VCC=5V 

RL = 220 OHMS 

~"---4,-_-(J OUTPUT 
11 

GENERATOR 1-*---''-1 1/2 8T30 
~ CL*=50PF 

13 

-12V 

*CF. CL INCLUDES STRAY AND PROBE CAPACITANCE 

1Ht'tpw!!!! 0.5 pSEC, PRR S;' 1 MHz, Rout 9;! 50 OHMS 

SEE FIGURE 2 FOR WAVEFORMS 

FIGURE 4 

ton. toft RECEIVE INPUTS TO 
MOSTRANSCEIVER OUTPUTS 

INPUT Vee=5V -12V 

PULSE 
GENERATOR 1-.......... 4 J..!-____ -o OUTPUT 

FIGURE 6 



AC TEST FIGURES AND WAVEFORMS (Co nt' d) 

ton, toff WAVEFORMS 

';;
IONSl r-- -j F';;IONS I ~- -ST-----~ 

rL:V 1.5~N 
--=:;Jl0% b~ t~-{I::f~ ov 

~VOH 

\{,~ I_~:~:, 
·cL INCLUDES STRAY AND PROBE CAPACITANCE 

**tpw ~ 0.5 .uSEe, PRR ~ 1 MHz, Rout!:: 50 OHMS 

FIGURE 7 

Ion, toff WAVEFORMS 

'CF INCLUDES STRAY AND PROBE CAPACITANCE 

**tpw e! O.5,uSEC, PRR == 1 MHz, Rout 5!!! 50 OHMS 

FIGURE 9 

ton, toff RECEIVE ENABLE TO 
MOS TRANSCEIVER OUTPUTS 

INPUT VCC=5V -12V 

PULSE 
GENERATOR I-~--', 

FIGURE 11 

RF 
11.2K 

1-'--_-0 OUTPUTS 

TRANSMIT ENABLE TO TRANSMIT OUTPUTS 

INPUT 

1 
5 
2 

VCC 

220 OHMS 

GE:~~!~OR I-...... --'''t 112 ST30 1-"-..-.,.... ....... --<0 OUTPUT 

INPUT 

FIGURE B 

ton, toff RECEIVE ENABLE TO 
TTLlDTL TRANSCEIVER OUTPUTS 

INPUT VCC=5V 

GE~m~OR 1-~---:I.!!1 112 BT30 1-'54--+-0 OUTPUT 

·CF. CL INCLUDES STRAY AND PROBE CAPACITANCE 

Utpw !:: 0.5 pSEC, PRR 5!!! 1 MHz. Rout 5!!! 60 OHMS 
SEE FIGURE 2 FOR WAVEFORMS 

FIGURE 10 

ton. toff WAVEFORMS 

OUTPUT 

.0l1li1 

'CF INCLUDES STRAY AND PROBE CAPACITANCE 

··tpw 5!!! 0.5 pSEe, PRR 9!! 1 flHz, Rout::: 50 OHMS 

FIGURE 12 

BT3D A,F 
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ST30 A,F 

TYPICAL APPLICATION 

PROCESSOR-PORT CONTROLLER INTERFACE FOR HALF-DUPLEX TTL/MOS DATA TRANSMISSION ... -------
PROCESSOR 

- ---, 
VCC I 

I 
270 I 

TO OTHER 
7439 

EMIT DATA OHMS I"PART';;~~:;~~WAV PORT CONTROLLERS 

66 

RECDATA 

OMIT ENABLE 

I 
I 
I 
I '- ___________ J 

PORT CONTROLLER r------- -------------------, 

DTLmL 

DATA 
(HALF 

DUPLEX) 

, 

7439 

7400 

CONTROL 7400 

r- - - -- -----------, 
VCC VCC I 

I 
I 
I 
I 

VCC 

EMIT/REC { D-<3 

LOGIC D-<7~"":"'-----I 

VALID OPERATING MODES: 
1. PROCESSOR TRANSMITTING TO PORT 

CONTROLLER 
2. DTLITTI HALF DUPLEX INPUT TRANS· 

MITTING TO PROCESSOR 
3. MOS HALF DUPLEX INPUT TRANSMIT· 

TING TO PROCESSOR 
4. WRAP AROUND INPUT TRANSMITTING 

TO MOS OUTPUT 

1/28T30 
INPUT FROM DTLITTl 

____ oJ 

5. WRAP AROUND INPUT TRANSMITTING 
TO PROCESSOR 

6. PORT CONTROLLER IDLE (NEITHER 
SENDING NOR RECEIVING) RANDOM 
ACTIVITY ON PINS 1, 2, 5 DOES NOT 
AFFECT TWO WAY "PARTY LINE" PATH 

.1l1li1 

, 



OBJECTIVE SPECIFICATION 

DESCRIPTION 
The ST31 S-bit Bidirectional I/O Port is designed to function as a 
general purpose I/O interface element in minicomputers, mi
crocomputers and other bus oriented digital systems. It consists 
of S clocked latches with two sets of bidirectional inputs/ 
outputs, Bus A (BAO-BA7) and Bus B (BBO-BB7)' Each Bus has 
a write control line and a read control line. The two buses oper
ate independently exaept for the case where the user is' at
tempting to write data in from each bus simultaneously. In that 
case, the data on Bus A will be written into the latches while Bus 
B will be forced into a high impedance state. Data written into 
one Bus will appear inverted at the other Bus. 

A master enable (ME) is provided that enables or disables Bus 
B regardless of the state of the other inputs. 

A unique feature of the ST31 is its ability to start up ina pre
determined state. If the clock is maintained at a voltage less 
'than .SV until the power supply reaches 3.5V, Bus A will always 
be all logic 1 levels, while Bus B will be all logic 0 levels. 

FUNCTIONAL BLOCK DIAGRAM 

BUS A 
111-1'1 

Vee = (24) 
GND= (12) 
I I DENOTES PIN NUMBERS 

eLK 

BUSB 
(16)-(23) 

PIN CONFIGURATION 

N,FPACKAGE 

CONTROL FUNCTION TABLES 
BUSA 

RBA WBA CLK 

X 0 1 
0 1 X 
1 1 X 

BUSB 

RBB WBB WBA CLK ME 

X X X X 1 
1 0 X X 0 
X 1 0 X 0 
0 0 X X 0 
X 1 1 1 0 

liJDOlillS 

ST31 N,F 

BUSA 

WRITE (INPUT) 
READ (OUTPUT) 
HI-Z 

BUSB 

HI-Z 
HI-Z 
HI-Z 
READ (OUTPUT) 
WRITE (INPUT) 
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OBJECTIVE SPECIFICATIONS 

SCHEMATIC 

68 

BUS Ao--...... --o( 

8T31 N,F 

NOTE: CIRCUIT INSIDE DOTTED LINE IS FOR ONE BIT ONLY. 
".LOW VOLTAGE CONTROL CIRCUIT 

++-+-+-11--< ;I~~~~NALLY GENERATEDI 

BUSB 

L __________________ ~ 

liiD"-



OBJECTIVE SPECIFICATIONS 

SWITCHING CHARACTERISTICS 

PARAMETER TEST CONDITIONS 
MIN 

tZl Cl = 300pF 
tZH Cl= 300pF 
tZl Propagation Delay From Read Cl = 30pF 
tZH (RBB), Write (WBB) and Master Cl = 30pF 
tlZ Enable (ME) to Bus B Cl= 30pF 
tHZ Cl= 30pF 

tSETUP 0 
tHOlD1 

Bus A Data Setup and Hold 
10 

tHOlDO 
Times 

25 

tsETUP Bus A Write Setup and Hold 30 
tHOlD Times 0 

tsETUP Bus B Data Setup and Hold . 
lHOlD Times 0 

CIN Input Capacitances V'N=OV 
Control V'N= OV 
Data V'N= 3V 

• The Bus B Data Setup Time is equal to the clock pulse width. 

CLOCK 

BUS OUTPUT 

LIMITS 

TYP 

27 
29 

17 
14 

13 

17 

-10 

4 

16 

20 
-30 

8T31 N,F 

UNIT 
MAX 

45 ns 

50 ns 

30 ns 

25 ns 

20 ns 

30 ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

6 pF 
12 pF 
9 pF 

\ '-----
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OBJECTIVE SPECIFICATIONS 8T31 N,F 

AC WAVEFORMS 

PROPAGATION DELAYS 

-------'--:~-r---,--/,I ',P"---LH r- ov 
----c----,. 1 t / BUS OUTPUT 

OUTPUT yJ' 
-=~,~ ------f~~-_-_-_-_-_-_-_-_ ~~ 
-----------~ r--------3V '+ CONTROL /1'< _---~"".5V 

OV _______ -J \. oiv- - - - - - - --

OUTPUT 

L'PLZ 

AC TEST CIRCUIT 

200 
1-..-..... -i<:J-..-~51 ~ 5V 

L-_....I 

INPUT CHARACTERISTICS 
PA = 3V, f = 1 MHz tR = tF = 2.5n5 (1 0% to 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 

NOTE: ALL RESISTORS VALUES ARE TYPICALAND IN OHMS. 

______ ---, ,-------------3V 

_n _______ .} .... 5V-,... ____ ...;C;.:;O,;.;N,;.;TR,;.;O;;;:L_ OV 

OUTPUT r 'PZL 

\w CO,,, '.' "''' 

------__. r------------ 3V 

_m _ n ___ J¥ .... V-rr--'P-ZH-......;C;.:;O,;.;N,;.;TR,;.;O;;;:L- OV 

~lw 

TEST TABLE 

81 82 

tpHL Closed Closed 
tpLH Closed Closed 
tpL Closed Closed 
tpHZ Closed Closed 
tpZL Closed Open 
tpZH Open Closed 
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DESCRIPTION 
The Interface Vector (IV) Byte is an 8-bit bi-directional data 
register designed to function as an I/O interface element in 
microprocessor systems. It contains eight clocked data latches 
accessible from either a microprocessor (IV) port or a user port. 
Separate I/O control is provided for each port. The two ports 
operate independently, except when both are attempting to 
input data into the IV Byte. In this case, the user port has prior
ity. 

A unique feature of the IV Byte is the way in wh.ich it is addres
sed. Each IV Byte has an 8-bit, field programmable address, 
which is used to enable the microprocessor port. When the SC 
control signal is high, data at the microprocessor port is treated 
as an address. If the address matches the IV Byte's internally 
programmed address, the microprocessor port is enabled, al
lowing data transfer through it. The port remains enabled until 
an address which does not match is presented, at which time 
the port is disabled (data transfer is inhibited). A Master Enable 
input (ME) can serve as a ninth address bit, allowing 512 IV 
Bytes to be individually selected on a bus, without decoding. 
The user port is accessible at all times, independent of whether 
or not the microprocessor port is selected. 

8T32-TM-ST ATE' 8T33-0PEN COLLECTOR 

PIN CONFIGURATION 

F,NA PACKAGE 

BLOCK DIAGRAM 

~!l 
I DRIVERS! I- ADDRESS I+'-RECEIVERS COMPARATOR 

AND f--STATUS 
LATCH 

1 I ~"~,~,, ~ 
CONTROL 

LOGIC 

1---1 I DRIVERS/ 
RECEIVERS 

11 Jl 
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FUNCTIONAL DESCRIPTION 
USER DATA BUS CONTROL 
The activity of the User Data Bus "Is controlled by the SiC and 
BOC inputs as shown in Table 1. (H represents high, L repre-
sents lOW.) -

Table 1 
BIC and BOC function Control 

~ 'BC5'e MCLK USER D~TA BUS 

H L X Output Data 

L X H Input Data 

L X L Inactive 

H H X Inactive 

To avoid conflicts at the Data Latch, input from the mi
croprocessor port is inhibited when BIC indicates user data is 
being input. Under all other conditions, the two ports operate 
independently. 

INTERFACE VECTOR BUS CONTROL 
As is shown in Table 2, the activity of the microprocessor port 
(IV Bus) is controlled by the ME, ,SC, WC and BIC inputs, as 
well as the state of an internal status latch. BIC is included to 
show user port priority over the microprocessor port for data 
input. 

ME 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

TABLE 2 
MICROPROCESSOR PORT FUNCTION CONTROL 

Status IVBX 

SC WC MCLK BIC Latch Function 

L L X X SET Output Data 

L H H H SET Input Data 

H L H X X Input Address , 
H H H L X Input Address 

H H H H X Input Data 

and Address 

X H L X X Inactive 

H X L X X Inactive 

L H H L X Inactive 

L X X X not set Inactive 

X X X X X Inactive 

Each IV Byte's status latch stores the result of the most recent 
IV Byte select; it is set when the IV Byte's internal address 
matches the IV Bus. It is cleared when an address that differs 
from the internal address is presented on the IV Bus. In normal 
operation, the state of the status latch acts like a master enable; 
the microprocessor port can transfer data only when the status 
latch is set. 
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When SC and WC are both high, data on the IV Bus is accepted 
as data, whether or not the IV Byte was selected. The data is 
also Interpreted as" an address. The IV Byte sets its select 
status if its address matches the data read when SC and WC 
were both high; it resets its select status otherwise. 

BUS OPERATION 
Data written into the IV Byte from one port will appear inverted 
when read from the other port. Data written into the IV Byte from 
one port will not be inverted when read from the same port. 

Figure 1 shows various ways to use the IV Byte in a system by 
controlling the states of the BIC and BOC lines. BYTE 1 is for 
input only, BYTE 2 Is for output only, BYTE 3 is bidirectional 
under user control. BYTE 4 is output only (6 bits) with two bits 
reserved for system control of BYTE 5. 

CONTROL 

8X300 
INTERPRETER 

ii7iiii 7 

FIGURE 1 
SOME IV BYTE CONFIGURATIONS 
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AC TEST CIRCUITS AND WAVEFORMS 

D, 
R, 

DIN, 

°INZ 

DIN3 

DIN4 

{ 

Vee'" s.ov 

°OUTl 

} DOUT 2 

DOUT3 

DOUT4 

ROUTl 

} ROUT 2 

ROUT 3 

ROUT4 

-:" 

2.6V Vee" 5.0V 

DOUT 1 

D, DOU12 

R, DOUT 3 

DIN, °OUT4 

DINZ ROUT 1 

DIN3 ROUT 2 

DIN4 ROUT3 

ROUT 4 

.". 

PROPAGATION DELAY (DOUT TO ROUT) 

2.6V 

92 

13k 

PROPAGATION DELAY (DIN TO DOUT) 

2.6V 

} 30 

260 

.". 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 10MHz (50% duty cycle) 
Amplitude = 2.6V 

--FL-
~ 

I I I I 
------I ton 1"""- ------I toff 1"'-' 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 10MHz (50% duty cycfe) 
Amplitude = 2.6V 

PROPAGATION DELAY (DATA ENABLE TO DATA OUTPUT) 
2.6V Vee 

DOUTl 

D, DOU12 

R, DOUT3 

DIN1 °OUT4 

OIN Z Rourl 

DIN3 ROUT2 

DIN4 ROUTJ 

ROUT4 

-:" 

} 24k 

5k 
IPROBEI 

5.0V 

70 

.". 

INPUT PULSE: 
tr = tf = 5ns (10% to 90%) 
freq = 5MHz (50% duty cycle) 
Amplitude = 2.6V 
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PIN DESCRIPTION 
PIN SYMBOL NAME AND FUNCTION TYPE 

1-S UDO -UD7: User Data I/O Lines. Bidirectional data lines to com- ACTIVE HIGH 

municate with user's equipment. Either tri-state or 
open collector outputs are available. 

16-23 IVBO -IVB7: Interface Vector Bus. Bidirectional tri-state data lines ACTIVE LOW 

to communicate with controlling digital system (mi-
croprocessor). 

10 BIC: Byte Input Control. User input to control writing into ACTIVE LOW 

the IV Byte from the User Data Lines. 

9 BOC: Byte Output Control. User input to control reading ACTIVE LOW 

from the IV Byte onto the User Data Lines. 

14 SC: Selected Command. When SC is high and WC is low, ACTIVE HIGH 
data on IVBO - IVB7 is interpreted as an address. IV 
Byte selects itself if its address is identical to IV bus 
data; it de-selects itself otherwise. 

15 WC: Write Command. When WC is high and SC is low, IV ACTIVE HIGH 

Byte, if selected, stores contents of IVBO - IVB7 as 
data. 

11 ME: Master Enable. System input to enable or disable all ACTIVE LOW 

other system inputs and outputs. It has no effect on 
user inputs and outputs. 

13 MCLK: Master Clock. Input to strobe data into the latches. 

24 VCC: 5 volt power connection. 

12 GND: Ground. 

PARAMETER MEASUREMENT INFORMATION 

Load Circuit for Open Co~lector Outputs 

330 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 
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Load Circuit for Tristate Outputs 

l= 
__ ~TEST ~ ~l 

OUTPUT~ I.. POINT ~ H ri: ' 
S10PEN 
S2CLOSEO 

SI CLOSED 
S2 OPEN 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 



AC ELECTRICAL CHARACTERISTICS 
BT32-TM-STATE • BT33-0PEN COLLECTOR 

(Limits apply for VCC = 5V ± 5% and r:J' C .;; TA;;' 7r:J' C unless specified otherwise.) 

Parameter Symbol Input Output Conditions 
Limits 

Units 
Min. Typ. Max. 

User Data Delay (Note 1) tpD UDX IVBX CL = 30pF 19 ns 

MCLK IVBX CL = 30pF 36 ns 

User Output Enable tOE BIC UDX CL= 30pF 26 ns 

BOC UDX CL = 30pF 2B ns 

User Output Disable too BIC UDX CL = 30pF 22 ns 

BOC UDX CL = 30pF 13 ns 

IV Data Delay (Note 1 ) tpD IVBX UDX CL = 30pF 32 ns 

MCLK UDX CL = 30pF 40 ns 

IV Output Enable tOE ME IVBX CL = 30pF 16 ns --
SC IVBX CL = 30pF 16 ns 

WC IVBX CL = 30pF 16 ns 

IV Output Disable too ME IVBX CL = 30pF 15 ns 

SC IVBX CL = 30pF 15 ns --WC IVBX CL = 30pF 15 ns 

Clock Pulse Width tw MCLK 20 ns 

Setup Time (2) tSETUP UDX 9 ns 

BIC 22 ns --
IVBX (Note 5) 37 ns 

ME (Note 5) 23 ns 

SC (Note 5) 23 ns 

WC (Note 5) 12 ns 

Hold Time (2) tHOLD UDX (Note 5) 16 ns 

BIC (Note 5) 3 ns 

IVBX (Note 5) 11 ns 

ME (Note 5) 0 ns 

SC (Note 5) 0 ns 

WC (Note 5) 4 ns 

NOTES: 
1. Data delays referenced to the clock are valid only jf the input data is stable at the arrival of the clock and the hold time requirement is met. 
2. Setup and hold times given are for "normal" operation. BIC setup and hold times are for a user write operation. SC setup and hold times are for an IV Byte select operation. we 

setup and hold times are for an IV Bus write operation. ME setup and hold times are for both IV write and select operations. 
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INPUT 
DATA 

OUTPUT 
OATA 

INPUT WAVEFORM 

DATA DELAY TIMES 
(INPUT DATA REFERENCED-;-CLK = '1') 

SETUP AND HOLD TIMES 

ClK --------"" 

DATA AND 
CONTROL 1.5V 

ADDRESS PROGRAMMING 
The IV Byte is manufactured such that an address of all high
levels (> 2V) on the IV Data Bus inputs matches the Byte's 
internal address. To program a bit so a low-level input « O.8V) 
matches, the following procedure should be used: 

1. Set all control inputs to their inactive state (BIC = BOC = 
ME = VCC, SC = WC = MCLK = GND). Leave all IV Data 
Bus I/O pins open. 
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INPUT 
DATA 

OUTPUT 
DATA 

8T32-TM-STATE • 8T33-0PEN COLLECTOR 

I 
I 

CfCK PULSE WIDTH 

DATA DELAY TIMES 
(CLOCK REFERENCED) 

I 
I 
I I 

/ I \ I I 
I I I 
I i--'PD--i I . I I I H't "5~ 1.5V 

OUTPUT ENABLE AND DISABLE TIMES 
(TRISTATE OUTPUTS) 

LOW LEVEL 
ENABLING 

CONTROL \ . 1/ A *
~ 

OUTPUT 1.5V 1.5V 

I \ 'I ~~<;,~u"tcil 
l.'--I------' I ~-~ 

'OE--\ \+'OD...j 

~~AI I I 
OUTg~~~ I I 

~~~~~~---------i~~~~~-VOl 
~_T~~~~----------I~I -±~~~--vOH 

DATA 
OUTPUT 2 I 

I I 
\+'00+1 

WAVEFORM #1 IS FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS lOW WHEN THE TRI·STATE DRIVER IS ENABLED. WAVEFORM =2 IS FOR 
THE OPPOSITE CONDITION. 

2. Raise VCC to 7.75 V ± .25V. 

3. After VCC has stabilized, apply a programming pulse to the 
User Data Bus bit where a low-level match is desired. The 
voltage should be limited to 18V; the current should be lim
ited to 75 mAo Apply the pulse as shown in Diagram 1. 

4. Return VCC to OV (Note 6). 



5. Repeat this procedure for each bit where a low-level match 
is desired. 

6. Verify that the proper address is programmed by setting the 
Byte's status latch (IVBO - IVB7 = desired address, ME = 
WC = L, SC = MCLK = H) and attempting to write through 
the IV Byte (BOC = SC = ME = L, BIC = WC = MCLK = H). 
If the proper address has been programmed, data presented 
at the IV Bus will appear inverted on the User Bus outputs. 
(Use normal VCC and input voltages fOr verification.) 

After the desired address has been programmed, a second 
procedure must be followed to isolate the address circuitry. The 
procedure is: 

DIAGRAM 1 
ADDRESS PROGRAMMING PULSE 

r-\ r-\ 7.5V 

vccp -f:_'SEC._~J L ov 

I I 
ADDRESS 
PROGRAMMING 
PULSE 

1\ 18V 

-' L-ov I I 
100nS < tr < 1Jl,S j+-< 1mS-"1 

BT32-TM-STA TE • BT33-0PEN COLLECTOR 

1. Set VCC and all control inputs to OV. (VCC =BIC = BOC = 
ME = SC WC = MCLK = OV). Leave all IV Data Bus I/O pins 
open. 

2. Apply a protect programming pulse to every User Data Bus 
pin, one at a time. The voltage should be limited to 14V; the 
current should be limited to 150mA. Apply the pulse as 
shown in Diagram 2. 

3. Verify that the address circuitry is isolated by applying 7V to 
each User Data Bus pin and measuring less than 1 rnA of 
input current. The conditions should be the same as in step 1 
above. The rise time on the verification voltage must be 
slower than 100/Ls. 

PROTECT 
PROGRAMMING PULSE 

10% 

DIAGRAM 2 
PROTECT PROGRAMMING PULSE 

JL '4V 

I I 

I I ov 
I I 

t, > 100.5 /+-> lmS-.j 

PROGRAMMING SPECIFICATIONS 
Parameter Symbol Conditions Limits Units 

Min. Typ. Max. 

Programming Supply Voltage VCCP V 

Address 7.5 B.O V 

Protect 0 V 

Programming Supply Current ICCp VCCP = B.OV 250 rnA 

MAX TIME VCCP > 5.25V 1.0 sec. 

Programming Voltage 

Address 17.5 1B.0 V 

Protect 13.5 14.0 V 

Programming Current 

Address 75 rnA 

Protect 150 rnA 

Programming Pulse Rise Time 

Address .1 1 /Lsec 

Protect 100 /Lsec 

Programming Pulse Width .5 1 mS 

NOTES: 
6. If all programming can be done in less than 1 second, Vee may remain at 7.75V for the entire programming cycle. 
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DESCRIPTION PIN CONFIGURATION 
The 8T34 is a quad transceiver with a common two input driver 
disable control. Tri-state driver outputs together with low input 
current requirements for the r!lceivers offer extreme versatility 
in bus organized data transmission systems. The data busses 
may be terminated or unterminated. 

Drivers in the third output state (Hi-Z) load the bus only with 
negligible current. The receiver input current is low, allowing at . 
least 100 driver/receiver pairs to utilize a single bus. The re
ceiver incorporates hysteresis to provide maximum·noise im
munity. In addition the receiver does not load the bus with VCC 
= OV as it may be the case when peripherals drive a common 
I/O bus and are shut off. 

TRUTH TABLE 

MODE DISABLEDISABLE DRIVER BUS RECEIVER 

A B IN OUT 

RECEIVE 1 X X 1 0 

RECEIVE X 1 X 0 1 

DRIVE 0 0 1 0 1 

DRIVE 0 0 0 1 0 

ELECTRICAL CHARACTERISTICS (TA = +250 C, VCC = 5.0V) 

PARAMETER TEST CONDITIONS 

tHZ Disable to Bus Load 1, CL = 15pF 

Waveform 4 

tLZ Disable to Bus Load 1, CL = 15pF 

Waveform 3 

tZH Disable to Bus Load 1, CL = 50pF 

Waveform 3 

tZL Disable to Bus Load 1, CL = 50pF 

Waveform 4 

tPHL Driver to Bus Load 3 

tpLH Driver to Bus Waveform 5 

tpHL Bus to Receiver Load 2 

tpLH Bus to Receiver Waveform 6 
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A PACKAGE 

MIN TYP MAX 

8 15 30 

3 9 30 

5 10 30 

8 18 30 

4 9 20 

3 6 15 

5 14 25 

12 27 40 

8T34A 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SWITCHING PARAMETER MEASUREMENT INFORMATION 

TE5T 
POINT 

ISee Note A) CL 

LOAD 1 

1 kD 

LOAD CIRCUIT FOR TRI-STATE OUTPUTS 

VCC JrL.390D 

FROM OUTPUT TEST 
UNOER TEST . POINT 

I CL-15pF 

NOTES: LOAD 2 

A CL includes probe and jig capacilance 
B. Pin dicdes are IN3064 

VOLTAGE WAVEFORMS 

ENABLE AND DISABLE TIMES, TRI-STATE OUTPUTS 

OUTPUT~ ~3V CONTROL 
(Low-level ~.5V 1.SV 
enabling). -------OV 

__ +-__ tL_Z--.J ___ ~4.5VtZL I 51 and 

51 clos-:i""' -+ 52 Closed!_ -1.5V 
52 open' 1.5V I ..... 

tZH---j 

~,open. 1.5V 
52 closed 

-I 0.5\1 -t- VOL 

_____ ' 0.5V VOH 

~'-·-~1.5V 
I S1 and 

----~V S2 closed 

WAVEFORM 3 WAVEFORM 4 

VOLTAGE WAVEFORMS PROPAGATION DELAY TIMES 

INPUT 1'.5V ~5~ - - - : 

tPHL hi r.=~tPLH VOH 

3V~2.3V 

1.5V 

OUT.O~ 1.5V v,:;;; 
OUTP~,:"HAS. ~ ~-~ VOL 

OV _~ __ tP~HLI 

910 

200 

LOAD 3 

\ ..... '.3_V __ _ 

~tPLHI;= 
1.5V 

WAVEFORM 5 WAVEFORM 6 

8T34A 
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DESCRIPTION PIN CONFIGURATION 
The 8T37 is a hex bus receiver with hysteresis organized as two 
triple receivers with separate disable lines for each group. Typi
cally the devices may be used in bus organized data transmis
sion systems interconnected by terminated lines. The low input 
current requirement allows several drivers and receivers to 
communicate over a common bus in "party line" fashion. A 
power-up or power-down sequence of the receiver will not af
fect the bus. Built in hysteresis provides maximum noise im
munity and makes the 8T37 also an ideal Schmitt trigger in 
those applications where the non-linear input characteristics of 
standard TTL are undesirable. 

Low input current requirements make the hex-inverter inputs 
compatible with MaS/CMOS in addition to DTL/TTL. All inputs 
have clamping diodes to simplify systems design. The receiver 
outputs as well as the disable inputs are TTL/DTL compatible. 

AC ELECTRICAL CHARACTERISTICS TA = 25° C, VCC = 5.0V 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP MAX 

Propagation Delays 
(Ion, Ioff) 

Receiver ton 10 30 

Ioff RL = 4000 20 30 
Disable Ion CL = 15pF 9 15 

Ioff 11 15 

AC TEST FIGURE AND WAVEFORMS 

OUTPUT +5.0V 

IfAECeIVeR- ;i6~'1 
INPUT 

1 I 

NOTE 4 

400n 

I I 
~~,~~Kr~~~*-~~ 

I (NOTE 21 

LD2..SA~E~ __ J 

NOTES: 
1. Including probe and jig capacitance 
2. All diodes are t N3064 
3. Pulse generator characteristics P .A. = 

3.5V 

ZOUT = son 
PRR = 1MHz 
tr = tf ""'0 ns (10% to 90%) 
Duty Cycle = 50% 

4. When testing receiver, Disable = 0; when 
testing disable, Receiver = O. 

• TO BE ANNOUNCED 

EACH TERMINATOR IS 120 OHMS THE VE· 
NIN'S EQUIVALENT CIRCUIT. USING FLAT 
RIBBON A MAXIMUM REASONABLE 
LENGTH IS 50 FT. FROM WHICH THE 
COMBINED LENGTH OF ALL TAPS OR 
STUBS SHOULD BE SUBTRACT. ED. 

TYPICAL APPLICATION 

5V 

180n 

r---l 
I I 
I I 
I I 
I I 
11/4 I 
~T~ __ .....l 

80 IRI ..... 

A PACKAGE 

IN 4 1 

OUT4 2 

OUT 5 4 

OUT6 • 

DISABLE 7 

GND • 

UNIT 

ns 
ns 
ns 
ns 

8T37A 

• DISABLE 

5V 

180n 

390n 



SCHMITT TRIGGER 
The receiver transfer curve shown makes the 8T37 ideal in a 
variety of Schmitt Trigger and waveshaping applications. 

C·MOS TO TTL INTERFACE 

5V 

SWOOIIeS 

VOUT 

TRANSFER CURVE 

IVty. 
--HVST-

L.... ____________ VIN 

1.3V 2.3V 
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OBJECTIVE SPECIFICATION 

PIN CONFIGURATION OBJECTIVE SPECIFICATION DESCRIPTION 
The 8T38 is a quad bus transceiver with a common two input 
disable control for the drivers. Open collector driver outputs 
together with low input requirements for the receivers offer ex
treme versatility in low cost bus organized systems. 

A PACKAGE 

Busses may be terminated at both ends such that up to 100 
driver/receiver pairs can utilize a common data bus. The re
ceiver incorporates hysteresis to provide maximum noise im
munity. In addition the receiver does not load the bus when 
VCC =0. 

In those applications wlilere only bus receiver are required the 
8T380 quad bus receiver should be considered. 

TRUTH TABLE 

MODE DISABLE DISABLE DRIVER BUS RECEIVER 

A B IN OUT 

RECEIVE 1 X X 1 0 

RECEIVE X 1 X 0 1 

DRIVE 0 0 1 0 1 

DRIVE 0 0 0 1 0 

AC ELECTRICAL CHARACTERISTICS (TA = +250 C, VCC = 5.0V) 

PARAMETER TEST CONDITIONS 
MIN 

tPHL Disable to Bus Load 2 11 

Vin = OVto 3V 

tPLH Disable to Bus Measured from Vin = 1.5V 15 

to Vbus = 1.5V 

tpHL Driver to Bus 5 

tpLH Driver to Bus 5 

tPHL Bus to Receiver 5 

Load 1 Waveform 1 

tpLH Bus to Receiver 12 

SWITCHING PARAMETER MEASUREMENT INFORMATION 

LIMITS 
TYP 

19 

23 

12 

12 

14 

27 

WAVEFORM 1 LOAD CIRCUITS 

Vcc 

3V~2'3V 

OV~LI 
1.5V 

~L=39on 
FROM OUTPUT TEST 
UNDER TEST POINT 

I CL=15pF 

\\...1.3_V __ _ 

~tPLHIr= 
1.5V 

LOAD 1 

82 

MAX 

30 

35 

20 

25 

25 

40 

9111 

LOAD 2 

8T38A 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 



DESCRIPTION 
The 8T80 quad 2-input NAND 
interface gate and the 8T90 Hex 
inverter interface buffer are level 
translators that adapt standard 5V 
DTLJTTL logic to voltage levels of 
up to 30V. 

The 8T80 performs the NAND 
function for positive logic (high 
level = logic "1 ") and the 8T90 per
forms the inverting function. 

The output structure of the 8T801 
90 is a high voltage transistor with 
uncommitted collector which al
lows logic swings up to 30 volts. 
The "bare" collector is useful for 
collector logic or wired-and con
nections. 

Applications include TTL to MOS 
interface, lamp and relay driving as 
well as high level logic interfaces. 

CIRCUIT SCHEMATIC 

Vee 

V,N 

NOTE: All RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

NOTE: COMPONENT VALUES ARE TYPICAL. 

PIN CONFIGURATIONS 

A,F PACKAGE W PACKAGE 

AC CHARACTERISTICS TA = 25° C, VCC = 5.0V 

PARAMETER TEST CONDITIONS 

Turn-on Delay RL = 1.43K 
Storage Time CL = 30pF 

AC TEST AND WAVEFORMS 

INPUT OUTPUT 
+3OV 

RL 
1.43K 

LIMITS 
UNIT 

MIN TYP MAX 

35 55 ns 
40 95 ns 

INPUT~toN~~~ 
OuTPuTr......;~-=· 

50% 10% 

INPUT PULSE: AMPLlTUOE = 3.6V. P.w. = 11'5ec. t, = If = 10nsec. 
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DESCRIPTION 
The BTBO quad 2-input NAND 
interface gate and the BT90 Hex 
Inverter interface buffer are level 
translators that adapt standard 5V 
DTL/TIL logic to voltage levels of 
up to 30V. 

The BTBO performs the NAND 
function for positive logic (high 
level = logic "1" and the BT90 per
forms the inverting function. 

The output structure of the BT801 
90 is a high voltage transistor with 
uncommitted collector which al
lows logic swings up to 30 voHs. 
The "bare" collector is useful for 
collector logic or wired-and con
nections. 

Applications include TIL to MOS 
interface. lamp and relay driving as 
well as high level logic interfaces. 

CIRCUIT SCHEMATIC 

V,N 

NOTE: COMPONENT VALUES ARE TYPICAL. 
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8T90 A,F.W 

PIN CONFIGURATIONS 

A,F PACKAGE WPACKAGE 

AC CHARACTERISTICS T A = 25°. C, VCC = 5.0V 

LIMITS 

CHARACTERISTIC MIN. TYP. MAX. 

Tum-on Delay 35 55 

Storage Time 40 95 

AC TEST FIGURE AND WAVEFORMS 

INPUT OUTPUT 
+3OV 

RL 
1.431( 

UNITS 
TEST CONDITIONS 

ns RL = 1.43K 

ns CL = 30pF 

~ ~ INPUT 

OUTPUT ~ ~ ~ 12 

INPUT PULSE: AMPLITUDE = 3.6V. pw. = 1,..seo. If = If = 10nseo. 



OBJECTIVE SPECIFICATION DESCRIPTION 
The 8T93 Hex Inverter interface elements have been designed with Schottky TTL technol
ogy. This makes it possible to combine ultra-high speed with a low current PNP input 
structure. Because of its low input current requirements the 8T93 is ideal in applications 
such as bus receivers. low power TTL interfaces as well as MOS and C-MOS to TTL 
buffers. The 8T93 has active pullups. 

AC ELECTRICAL CHARACTERISTICS TA = 25" C, VCC = 5V 

TEST 
PARAMETER 

CONDITIONS MIN 

Propagation Delay 
RL = 280 

ton. toff CL = 15 pF 

AC TEST FIGURE AND WAVEFORMS 

Input 

tR. tF = 2.5n8 -=-
PW = SanS 
All diodes 1 N3064 
CL includes probe and 

jig capacitance 

r------- ---., 
Output 5V I 

I 

1/68T93 

LIMITS 
TYP MAX 

5 

lI~nDliell 

UNIT 

ns 

8T93-A.F 

PIN CONFIGURATION 
A,F PACKAGE 
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· OBJECTIVE SPECIFICATION DESCRIPTION 
The 8T94 Hex Inverter interface elements have been designed with Schottky TTL technol
ogy. This makes it possible to combine ultra-high speed with a low current PNP input 
structure. Because of its low input current requirements the 8T94 is ideal in applications 
such as bus receivers, low power TTL interfaces as well as MOS and C-MOS to TTL 
buffers. 

AC ELECTRICAL CHARACTERISTICS T A = 25° C, VCC = 5V 

PARAMETER TEST CONDITIONS 

Propagation Delay 

lon, Ioff RL = 280 
CL = 15 pF 

AC TEST FIGURE AND WAVEFORMS 

Input Output 
r-----, 

5V 

Rl = 

1'----6~-~S-.. --I~~rl?::,)930/9-4 ....... -+....,... 280!! 

IR. IF = 2.5ns 
PW = SOns 
All diOdes 1 N3064 
CL includes probe and 

ilg capacitance 
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CL "" I15PF 

L8~~~D_J 

LIMITS 

MIN TYP MAX 

6 

&l!Inllms 

UNITS 

ns 

8T94 A,F 

PIN CONFIGURATION 

A,F PACKAGE 



DESCRIPTION 
Each of the Tri-State Bus Interface Elements described herein 
has low current PNP inputs and is designed with Schottky TTL 
technology for ultra high speed. The devices are used to convert 
TTL/DTL or MaS/CMOS to tri-state TTL Bus levels. For 
maximum systems flexibilHy the 8T95 and 8T97 do so without 

PIN CONFIGURATIONS 

8T95 B,F' 8T96 B,F' 8T97 B,F' 8T98 B,F 

logic inversion, whereas, the 8T96 and 8T98 provide the logical 
complement of the input. The 8T95 and 8T96 feature a common 
control line for all six devices, whereas, the 8T97 and 8T98 have 
control lines for four devices from one input and two from another 
input. 

B,F PACKAGE 

0154 
, 

IN, , 

OUT, , 

IN2 . 
OUT2 

IN3 , 

OUT3 , 

GNO , 

8T95 

IN, 

OUT, 

IN2 

OUT2 

IN3 

OUT3 

" 

" 
" 

" 

, 

0152 

OUTe 

IN5 

OUT5 

OUT4 

8T97 

TRUTH TABLES 
8T95 

DISABLE INPUT 
DIS1 DIS2 INPUT 

0 0 0 
0 0 1 
0 1 x 
1 0 x 
1 1 x 

OUTPUT 

0 
1 

H-z 
H-z 
H-z 

OUT2 

IN3 ' 

OUT3 ' 

8T96 

16 Vee 

" OUTe 

" OUT5 

GND • , OUT4 
L..-___ ...J 

8T98 

IN, 2 

OUT, J 

IN3 • 

OUT3 ' 

GNO 8 

8T96 

DISABLE INPUT 
DIS1 DIS2 INPUT 

0 0 0 
0 0 1 
0 1 x 
1 0 x 
1 1 x 

" OUT5 

9 OUT4 

OUTPUT 

1 
0 

H-z 
H-z 
H-z 
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TRUTH TABLES (Cont'd) 

·1 

8T97 8198 

DISABLE INPUT· DISABLE INPUT 
DIS4 DIS2 INPUT OUTPUT DIS4 DIS2 INPUT 

0 0 0 0 0 0 0 
0 0 1 1 0 0 1 
x 1 X H-z* X 1 X 
1 x X H-z** 1 X X 

• Output 5·6 only" Output 1·4 only' x = Irrelevant 

AC ELECTRICAL CHARACTERISTICS TA = 25° C and VCC = 5.0V 
PARAMETER TEST CONDITIONS 

MIN 

95/97 96/98 

Propagation Delays 
(All Devices) 

ton Data Inputs See AC Test Figures 3 3 
to 

toff Data Outputs 3 4 
Disable to Outputs 

tplH Logic "1" to High Z 3 3 
tpOH Logic "0" to High Z 3 5 
tPHI High Z to Logic "1" 8 7 
tpHO High Z to Logic "0" 12 11 

AC TEST CIRCUIT TRUTH TABLE 

2000 
S1 

I-< __ .KJ._-:s, ~ 5V 
ton Closed 

'-----' 

INPUT CHARACTERISTICS 
PA = 3V, f = 1MHz tR = tF'" 10n8 (10% to 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 

88 

ALL DIODES 1N3064 

toff Closed 
tOH Closed 
t1H Closed 
tHO Closed 
tH1 Open 

LIMITS 

TYP 

95/97 96/98 

9 6 

7 7 

5 6 
6 10 

19 15 
14 18 

S2 

Closed 
Closed 
Closed 
Closed 
Open 
Closed 

OUTPUT 

1 
0 

H·z· 
H~z*' 

MAX UNITS 

95/97 96/98 

13 10 ns 

12 11 ns 

10 10 ns 
12 16 ns 
25 22 ns 
25 24 ns 

CL 

50pF 
50pF 
5pF 
5pF 

50pF 
50pF 



OUTPUT 

DISABLE 

DISABLE 
OV 

OUTPUT 

8T95 B,F' 8T96 B,F • 8T97 B,F' 8T98 B,F 

PROPAGATION DELAYS 

'-____ rN 

1.5V 

8T95/97 

D.SV 

R 
-----------3V 

\~ 
1["" 

~ 1.SV 

J"r 
DISABLE 

OV 

3V 
OUTPUT 

l~ 
--------ov 

\~ 
LOGIC "0" LEVEL 

j~ 
3V 

"1.5V 

toHL 
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DESCRIPTION 
The 8T100/101 are universal differential line drivers with tri
state outputs. The various operating modes of the drivers are 
controlled by 2 control lines. By proper controlling these control 
lines, the driver can be made to operate' in single ended or multip
lexed configuration. The tri-state capability allows disabled driv
ers to stay on the line in a multiplexed system without loading the 
line. The differential feature, when used with suitable line re
ceiver eliminates troublesome ground loops anci common mode 
noise associated with single wire transmis.sion. 8T101 provides 
clamp diodes from output to VCC on all drivers. 

TRUTH TABLE 
Data Q Q 

Operating Mode A B In Out Out 

Driver On 0 0 0 1 (Source) o (Sink) 
o (Sink) 1 (Source) 

Driver Off 1 1 0 Hi-Z Hi-Z 
(3-4-State) 1 Hi-Z Hi-Z 

Party-Line 0 1 0 Hi-Z Hi-Z 
1 o (Sink) 1 (Source) 

Party-Line 1 0 0 1 (Source) o (Sink) 
1 Hi-Z Hi-Z 

AC TEST CIRCUIT 

200Il 
r--.....-_-Kl-..... ~s, ~ 5V 

L-__ .... 

INPUT CHARACTERISTICS 
PA = 3V. f = 1MHz IR = IF'" 10n8 (10% 10 90%) 
CL INCLUDES PROBE AND JIG CAPACITANCE 

90 

PIN CONFIGURATION 

PACKAGE 

LOGIC DIAGRAM 

(DATAl IN~ ~a }DIFFERENTIAL OUTPUTS 

(MODECONTROLI{: ---------.~-< I~_'"M'~. 

AC TEST TABLE 

81 82 CL 

tPHL Closed Closed 300pF 
tPLH Closed Closed 300pF 
tPLZ Closed Closed 5pF 
tPHZ Closed Closed 5pF 
tpZL Closed Open 300pF 
tpZH Open Closed 300pF 



'.5V 

OUTPUT 'Kf I t ''-:''5v 
--=D::.;IS::.A::B:;LE;.:I::.;A=..;B::.) _____ f w 

_______ " __ ~ 

i. 
,r---5V -3V 

_----"'.5V 
DISABLE IA=B) 

W_~~~~~ __ J 

OUTPUT 

tPI,L 

'------oV 

a OUTPUT 

Q OUTPUT IA=B=.8VI 

91 

w o 
e 
.: w 
le: -



DESCRIPTION 
These devices are intended to receive differential input signals 
and convert them to TTL levels. A common strobe and a common 

. output enable lines are provided for all receivers. Common mode 
rejection range of ± 15V is provided to assure that the ground 
shift or ground noise between the transmitter and receiver will not 
affect the data. 8Tlll . also provides termination resistors. 

LOGIC DIAGRAM 

IN, 0-""'--1 

8Tll0 F'8T11t'F 

PIN CONFIGURATION 

F PACKAGE" 

* Output non-inverting. 

SWITCHING CHARACTERISTICS VCC = 5.0V, TA = 25° C 

OUT3 

STROBE TRI·STATE ENABLE 

• ST"1 OPTION INTERNALLY CONNECTED 

1300 " RIN" 1700 

PARAMETER 
UNIT 

Differential Input to Low Level Output 
Differential Input to High Level Output 
Strobe Input to Low Level C-Jtput 
Strobe Input to High Level Output 
Output Enable to Outputs: 

High Level to Hi-Z 
Low Level to Hi-Z 
Hi-Z to Low Level 
Hi-Z to High Level 

Inverting Input Resistance 
Non-Inverting Input Resistance 

AC TEST CIRCUITS AND WAVEFORMS 

TEST 
CONDITIONS 

VCC = 5V 

PROPAGATION DELAY (INPUT TO OUTPUT) 

tr =tf = 2.5n8 (10% to 30%) 
Frequency = 10 MHz (50% duty cycle) 
Amplitude = 2.6V 

92 

92.0 
>C>--t--~-f<lf--'\N'Y-o +5V 

'.3 k!l 

LIMITS 

MIN TYP MAX UNIT 

30 ns 
24 ns 
16 ns 
18 ns 

16 ns 
18 ns 
23 ns 
21 ns 

10.5 15 Kfi 
5.5 7.75 Kfi 



AC TEST CIRCUIT AND WAVEFORMS (Cont'd) 

PROPAGATION DELAY (STROBE TO OUTPUT) 

+2.6V 

92" IN 
>C>-1--r--Kr-AJI.tv--o +5V 

1.3 k" OUT--+----,. 

OUTPUT ENABLE TO OUTPUT 

+5V 

240.0 
IN 

OUT--+--'I 

IiI!lOIIilIi 

ST110 F·ST111 F 
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8T363 A 

DESCRIPTION PIN CONFIGURATION 
The 8T363 Dual Zero Crossing Detector is an interface circuit 
incorporating a differential amplifier input and logiegate output. 
The input amplifier is referenced to zero volts and employs tem
perature compensation to ensure stable thresholds. The output 
structure of the 8T363 is compatible with DTL and TTL circuits. 

APPLICATIONS 
Zero-Crossing Detector 
High Stability One-Shot 
Si-Directional One-Shot 
Frequency Doubler 
Stable-Low Frequency Oscillator 
Linear Amplifier. 
Frequency to Voltage Converter 

ABSOLUTE MAXIMUM RATINGS 
. Input Voltage +7.0V 
Output Voltage +6.0V 

A PACKAGE 

-6V l~ ____ ~ ____ ~; 

IN, 

TIMING R, 

STROBE, 

Vee , 
OUT, • 

OND 7 

NC = no connection 

-'2V 

12 TIMING R2 

STROBE2 

Vee 
2 

Ne 

VCC +6.0V 
Input Current ± 10mA AC ELECTRICAL CHARACTERISTICS T A = 25° C, YCC = 5.0Y, Y- = -6Y 

Output Current +30, -10mA 
Storage Temperature, -65' Cto +175' C 
Operating Temperature 0" C'to + 75' C 
V - -7V or -13.5V 
Maximum ratings are limiting values above which ser
viceability may be impaired. 

CIRCUIT SCHEMATIC 

IN, 

Vcc, 
• 

20-..... _r: 

NOTE 

PARAMETER 

Turn on Delay 
Detector 
Strobe to Output 

Turn off Delay 
Detector 
Strobe to Output 

Input Voltage (Timing R VF 
Diode) 

Uncertainty Region-Signal 
Icc/Detector 
lEE 

Pins 5, 6, 8, and 10 are tied to pin 14 through isolation diodes. 

94 IIJIIRI 

TEST CONDITIONS MAX UNITS 

See Test Figure 1, T A = 25'C 85 ns 
See Test Figure 2, V signal = VCC through 

10KO resistor, T A = 25'C ' 50 ns 

See Test Figure 1, T A = 25'C 65 ns 
See Test Figure 2, V signal = VCC through 

10KO resistor, T A = 25'C 50 ns 

V7 =V2 = V13, 13 = 1mA, 112 = 1mA 1 V 
±30 mV 

V7 = V3 = V12, Note 9, TA = 25'C 6.5 mA 
-13.0 mA 



INPUT 
PULSE 

V-

8T363 A 

FIGURE 1 - ton. toff DETECTOR INPUTS 

Vee'" s.ov 

IN916 

"-__ L-~p.-1I~ .... 4::l-~"AII'v--o ~~:;~T 
2.6V ...... ------IOOMV 

ton 

C1 = 27pF 

R1 = 210n 

10K 

ton 

C1 = 27pF 

R1 = 210n 

16.0K 

toff 

18pF 

1.91kn 

OUTPUT 

Input Pulse: Vin 

Pulse Width ::- 350n5 at 50% Points 

tr o lfol0ns 

Amplitude = .:!:.100mV 

FIGURE 2 - ton. toff STROBE TO OUTPUT 

IN916 
OUTPUT 

Al 
PULSE 
2.6V 

16.0K 

toff 

18pF 

1.91kn 

INPUT 

OV 

OUTPUT 

OV 

lI~nDliC9 

k··~,~ 
~ y.. 

Input Pulse: Vin 

Pulse width::: 200n5 at 50% Points 

tr 0 If (10%-90%) 0 ~Ons 

Amplitude Vp o4.0V 

VOUT (I) 

, 
Vp 

* 

95 

1M 
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TYPICAL APPLICATIONS 

1/48885 

TRIGGER 1 

MONOSTABLE MULTIVIBRATOR 

TRIGGER 2 

V+ V 

-----, 
1 
1 
I. 

10-+1 __ -oQ n 1 _T __ 

96 

{
R'" 1K toSOK 

TetO.6RC 
C=>15Opf 

1 
1/28T363 1 

1 ___________ -1 

1/48885 

FREQUENCY TO VOLTAGE CONVERTER 

e 

IN o-...... >N ..... -<~ .... 

8T363 

LIMITER AMP 

Sine wave inputs up to approximately 500 kHz are limited, amplified and 
used to trigger the timing circuit. The timing circuit output is a constant 
pulse width (pw=O.6RC). The constant width pulsesar. integrated and 
then filtered to attenuate the remaining high frequency carrier compo
nents. 

Vee 

1 
1 

1 ________ -1 

TIMING CIRCUIT 

1..[ 

INTEGRATOR 

8T363 A 



DESCRIPTION 
The 8T380 is a quad 2-input bus receiver with hysteresis for use 
in I/O, data, and memory busses. Built in hysteresis provides 
maximum noise immunity and a power-up or power-down 
sequence on the receiver will not affect the bus. Low input 
current allows several drivers and receivers to communicate 
over a common bus in "Party Line" fashion. The receiver has 
been designed to be pincompatible with the Signetics Utilogic II 
SP 380 gate and provides increased noise immunity as well as 
lower input current. The 8T 380 is ideal as a Schmitt Trigger in 
analog interfaces that cannot tolerate the non-linear input 
impedance characteristics of standard TTL. Further, the low 
input requirements allow the 8T380 to be used as a CMOS to 
TTL interface. All inputs have clamping diodes to simplify 
systems design. 

AC ELECTRICAL CHARACTERISTICS 
TA = 25°C, VCC = 5.0V 

LIMITS 
PARAMETER 

MIN. TYP. MAX. 

ton, Turn-on Delay 16 35 

loft, Turn-off Delay 20 35 

AC TEST FIGURE AND WAVEFORMS 

INPUT OUTPUT 

1. Including probe and jig capacitance 
2. All diode. are 1 N3064 
3. Pulse generator characteristics 

TYPICAL APPLICATIONS 
A generalized "Party Line" bus interface is 
shown in Figure 1. Each driver/receiver 
combination can communicate with any 
other pair or all. Open collector Nand Gates 
such as the Signetics 7439 have adequate 
drive capability for the bus terminations as 
well as 20 driver/receiver pairs. In addition 
the bussing scheme is non-inverting as 
shown and bus drivers are activated by a 
logic "1" whereas bus receivers are activat
ed by a Logic "0". 

+5.ov 

UNITS 

ns 

ns 

(NOTE 21 

+5V 

1BOn 

390n 

OUTPUT 

8T380A 

A PACKAGE 

GND 1 DUT3 

OUT 2 2 

OUT 1 IN4A 

11 IN 46 

IN 18 5 IN3A 

IN 2A 6 L-----I • IN 36 

IN26 71---...J 

3.5V ,------......,- - - - - - - -
1.3V 

ov 

J--'oll"" 

: "'- 1.5V ~I' ~ 
J--ton--~"' ___ --':'P .... A".-:_~C ... v 

"''' .. TRANSMIT 
"O"-OFF 

ZoUT = 500 
PAA = lMHz 
Ir" If'" 10n. (10% to 90%) 
Duly Cycle = 50% 

"," .. TRANSMIT 
"0" = OFF 

+5V 

1BOn 

DATA IN 

1/48T380 

"0"· RECEIVE 
"'''·OFF 

Each terminator consisting of a 180 ohm 
resistor to ground is a 120 ohm. Thevenin's 
equivalent circuit. The maximum length of 
cable that can be driven is a complex 
relationship involving the type of cable used 
as well as the distribution of drivers and 
receivers on the buss. Using flat ribbon 
cable, a maximum reasonable length is 50 ft. 
minus the combined length of all taps or 
stubs. 

L..----O DATA IN 

"'" .. TRANSMIT 
"0"· OFF 

REC.OUTPUT 

FIGURE 1 
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8T380A 

SCHMITT TRIGGER 
The receiver transfer curve shown in Figure 2a makes the 8T380 ideal in a variety of Schmitt Trigger and waveshaping applications such 
as Figure 2b. 

VOUT 

1Vtyp 
--HYST--

L... ____________ VIN 

1.3V 2.3V 

MOS/C·MOS INTERFACE 

% 8T380 

FIGURE 2 

The low input current which is only 50ILA max. in the logical "1" 
state and no current in the logical "0" state marks the 8T380 an 
ideal MOS/C-MOS interface element. FIGURE 3 

TTL OUTPUT 



FEATURES 
• LOW SATURATION VOLTAGE (TYPICALLY O.5V) FOR MINIMUM 

POWER DISSIPATION 
• HIGH OUTPUT SINK CURRENT CAPABILITY - 400mA 
• LOW INPUT CURRENT LOADING FOR MOS COMPATIBILITY 
• LOW STANDBY POWER CONSUMPTION 
• SUITABLE FOR 3 VOLT BATTERY OPERATION 
• INPUTS/OUTPUTS ARE COMPATIBLE WITH 75494 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage Range1 .......................... -12 to VSS volts 
Output Voltage2 ....................................... , 10 volts 
Output to Input Voltage Differential ....................... 10 volts 
Voltage atVSS (Pin 1) .................................. 10 volts 
Output Current - each outpu~ .... . . . . . . . . . . . . . . . . . . . . . . .. 400mA 
Output Current - all outputs ............................ 1200mA 
Continuous Total Power Dissipation 

at or Below 25"C3 ............. ;...................... 800mW 
Current in VR (Pin 9 or 16) ................................ 25mA 
Operating Free-Air Temperature Range .................. 0 to 70°C 
Storage Temperature Range .....•.................. -65 to 150"C 
Lead Temperature 1/16 inch from 

Case for 10 Seconds ................................... 260°C 

NOTES: 
1. The inputs are the only pins whk:h may be negative with respect to ground. 
2 .. Voltage values are with respect to ground. 
3. Above 25DC, derate power dissipation at 6.2SmWrC. 

SWITCHING CHARACTERISTICS (TA = 25°C) 

PARAMETER TEST CONDITIONS 
MIN 

TpLH Propagation Delay, RR = 680n -
Low to High Level Output RL = 39n 

CL = 15pF 
TpHL Propagation Delay, VIH = 7.5V 

High to Low Level Output VIL = OV 
.Ir = tf .;;10n5 -
tw = lp.s 
PRR = 100kHz 

VR VI = 6.5V, 0.9 
IR = 6mA, 
IOL = 80mA 

ISS Current into Pin 1 VSS = 10V 

LIMITS 
TYP 

80 

10 

PIN CONFIGURATION 
B, F PACKAGE 

Vss 

Input 1 Input6 

Output 1 Output 6 

Output 2 Output 5 

Input 2 Input 5 

Output 3 Output 4 

Input 3 Input4 

Ground 

CIRCUIT SCHEMATIC 

EACH OF 6 DRIVERS 

1/6 NE582 AS A RELAY DRIVER 

MAX 

-

-

1.5 

100 

UNIT 

ns 

ns 

V 

p.A 

LOGIC 
INPUT 

v+ 

_._ ........ -

UI o e .. 
UI 
le: -



TYPICAL APPLICATION FOR DIGIT DRIVING 
OF AN LED DISPLAY 

SEGMENT { 
LINES 

~: 

DIGIT 1 LINES 

Oc~t~r~' I 
~I 
H1 
~I 
CH..l 

..... I I L __ ..1 

NE582 

TYPICAL CHARACTERISTIC CURVES 

100 

OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 
IR = 25mA, VIN ':' 6.5 VOLTS 

600..-__ .,.-__ -.-__ -..'--_---, 

!400 
w 

~ g 

~ 
i5200I---+-..,.;¥--1----+--~ 

200 400 

OUTPUT LOAD CURRENT {mAl 

CHIP LAYOUT 

INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, VSS = 10V, T A = 25°C 

2.0 

/ 
1.0 

7 

/ 
0 

-12 -a ... 
INPUT VOLTAGE (mV) 

/ 

• 10 



OBJECTIVE SPECIFICATION 
DESCRIPTION 

The NE584 and NE585 are respectively cathode and anode drivers for 
multiplexed gas discharge displays. 

The NE584 cathode driver is capable of driving up to 9 display seg
ments, eg., 7 digit segments, decimal point and comma. The NE585 
anode drivers can drive up to 9 digits, adequate for most calculators and 
seven segment display applications. More digits may be driven by using 2 
or more anode drivers. 

The display segments are driven by floating current sources maintain
ing uniform brightness across the panel and a minimum of system com
ponents. A current feedback circuit is included to hold the anode voltage 
steady under all load conditions - maximum voltage ripple being typically 
held to less than 1 volt. 

An external resistor on the NE584 circuit provides for external pro
gramming of segment current. 

The total driver system component count for a 9 digit display is only 4 
components (see figure 1) comprising 2 integrated circuits (NE584 and 
NE585), 1 resistor and 1 small value capaCitor. Power supply require
ments are -100V, +100V and the VSS supply. A single 200 V supply 
may be used with additional external components. 

FEATURES 
• INTERNAL FEEDBACK NETWORK ENSURES OPTIMUM OP· 

ERATING CONDITIONS 
• MINIMUM COMPONENT COUNT FOR SYSTEM COST EFFEC-

TIVENESS 
• HIGH SYSTEM RELIABILITY 
• INTERNAL CURRENT LIMITING PROTECTION 
• SEGMENT CURRENT PROGRAMMABILITY FOR OPTIMUM OP· 

ERATION OF ALL CHARACTER SIZES. 

PIN CONFIGURATION 

Vss 1 

Input 1 2 

Input 2 3 

Input 6 7. 

Feedback 11 

-WIObel 

PACKAGE 

24 Pull-Up Option 

>=-----{';;]1 Output 3 

>'-----1 17 Output 7 

14 V2 (-lQOV) 

1J Progr,am Current 

NE 584 

PACKAGE 

NE 585 
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TYPICAL APPLICATIONS 
+10DV 
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FEATURES 
• OPERATION FROM A SINGLE +5V LOGIC SUPPLY 
• INPUT VOLTAGE RANGE OF ±15V 
• INDEPENDENT CHANNEL STROBING 
• HIGH INPUT RESISTANCE 
• FANOUT OF TWO WITH DTL OR TTL 
• OUTPUT CAN BE WIRE OR'ED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Input Voltage 
Differential Input Voltage 
Strobe Voltage 
Output Sink Current 
Power Dissipation 
Operating Temperature Range (DM7820) 
Operating Temperature Range (DM8820) 
Lead.Temperature (Soldering, 10 sec) 

8.0V 
±20V 
±20V 
8.0V 

25mA 
600mW 

-55°C to 125°C 
O°C to 70°C 

300°C 

DM7820-DM8820 CIRCUIT SCHEMATIC 

NCN-INVE~~~~~ 0----...,.----; 

R7 
170 

TERMINATION 

R2 

RIO 
167 

R9 Rll 
SK 4.15 

R8 
5K 

R3 
167 

PIN CONFIGURATION 

Input 1 

Termination 2 

Input 3 

Strobe • 

Response Time 5 

Output 6 

GND 

RESPONSE-TIME CONTROL 

R12 
5K 

Q5 

Rl. 
3K 

R13 
1.SK 

A, F PACKA'GE 

R17 
1.SK 

010 

R15 
320 

Rl' 
750 

12 Termination 

11 Input 

10 Strobe 

9 Response Time 

• Output 

v. 

OUTPUT 

167 
Rl 
5K 

r-~~~-------+----4-----~--~-----oGROUND 
INVERTING 

INPUT 

DM7820-DM8820 TYPICAL APPLICATION 

LINE DRIVER AND RECEIVERt 

'EXACT VALUE DEPENDS ON LINE LENGTH 
tVcc IS 4.5V to 5.5V FOR BOTH THE DM7820 and DM7830 

'OPTIONAL TO CONTROL RESPONSE TIME 

STROBE 

OUTPUTS 

S~nl!lmS 

W 
0 e .. 
W ... c: -
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ELECTRlyAL CHARACTERISTICS (Notes 1 and 2) 

PARAMETER CONDITIONS 

VIN =0 Input Threshold Voltage 
-15V VIN 15V 

High Output Level lOUT 0.2mA 

Low Output Level ISINK 3.5mA 

Inverting Input Resistance 

Non-inverting Input Resistance 

Line Termination Resistance TA=25°C 

Response Time COELAY =0 
COELAY = 100pF 

Strobe Current VSTROBE = 0.4V 
VSTROBE = 5.5V 

VIN = 15V 
Power Supply Current VIN =0 

VIN = -15V 

VIN = 15V 
Non-inverting Input Current VIN =0 

VIN = -15V 

I 

VIN = 15V 
Inverting Input Current VIN =0 

VIN = -15V 

NOTES: 
1. These specifications applyfor4.5V";VCC";5.5V, -15V",VCM";1sVand -55'C";;TA";125'C forthe 

DM78200r O'C TA 70'e forithe DM8820 unless otherwise specified: typical values given are for 
Vee: 5.0V, T A: 25'C and VdM : 0 unless stated differently. 

2. The specifications and curves given are for one side only. Therefore, the total package diS:Sipation 
and supply currents will be double the values given when both receivers are operated under identical 
conditions. 

104 

MIN TYP MAX UNITS 

-0.5 0 0.5 .. V 
-1.0 0 1.0 V 

2.5 5.5 V 

0 0.4 V 

3.6 5.0 kO 

1.8 2.5 kO 

120 170 250 0 

40 ns 
150 ns 

1.0 1.4 mA 
-5.0 /LA 

3.2 6.0 mA 
5.8 10.2 mA 
8.3 15.0 mA 

5.0 7.0 mA 
-1.6 -1.0 mA 
-9.8 -7.0 mA 

3.0 4.2 mA 
0 0.5 mA 

-4.2 -3.0 mA 



FEATURES P·IN CONFIGURATION 
• SINGLE 5 VOLT POWER SUPPLY 
• HIGH SPEED A,F PACKAGE 
• DIODE PROTECTED OUTPUTS FOR TERMINATION OF POSITIVE 

AND NEGATIVE VOLTAGE TRANSIENTS 
• DIODE PROTECTED INPUTS TO PREVENT LINE RINGING 
• SHORT CIRCUIT PROTECTION 

ABSOLUTE MAXIMUM RATINGS 
VCC 
Input Voltage 
Operating Temperature 

DM7830 
DM8830 

Storage Temperature 
Lead Temperature (Soldering, 10 sec) 
Output Short Circuit Duration (125°C) 

CIRCUIT SCHEMATIC 

7.0V 
5.5V 

-55°C to +125°C 
O°C to 70°C 

-65°C to +150°C 
300°C 

1 second 

TYPICAL APPLICATION 

LINE DRIVER AND RECEIVER~ 

DM7830 A,F 
DM8830 A,F 

tEXACT VALUE DEPENDS ON LINE LENGTH 'TROO' 

+VCC IS 4.SV to S.SV FOR BOTH THE DM7820 AND DM7830 

"OPTIONAL TO CONTROL RESPONSE TIME 

AC TEST CIRCUIT 

tEXACT VALUE DEPENDS ON TRANSMISSION RATE 
tVcc IS 4.SV to S.SV FOR BOTH THE OM7820 AND DM7830 

"OPTIONAL TO CONTROL RESPONSE TIME 

smnllies 

5000pF 

Va 
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SWITCHING CHARACTERISTICS 
PARAMETER CONDITIONS 

Propagation Delay tpd 1 TA=25°C 
AND Gate tpd 0 VCC=5.0V 

Propagation Delay tpd 1 CL =15pF 
NAND Gate tpd 0 See Figure 1 

Differential Delay t1 Load,100n 
and 5000pF 

Differential Delay t2 See Figure 2 

NOTES 
1. Specifications apply for DM7830 -.5S'e "'TJI:"'+12s'e, Vee ~ +SV ±10%, DMB830 

D."C~TA.s;:;70°C, Vee := +5V ±S% unless otherwise stated. Typical values given are for 
T A ~ 25'e, Vee ~ s.OV. . . 

SWITCHING TIME WAVEFORMS 

FIGURE 1 

106 S(gRllliDS 

MIN TYP MAX UNITS. 

8 12 ns 
11 18 ns 

8 12 ·ns 
5 8 ns 

12 16 ns 
12 16 ns 

FIGURE 2 



FEATURES 
• CURRENT SOURCE OUTPUTS 
• ADJUSTABLE OUTPUT CURRENT - 0.2 TO 1.5 mA 
• HIGH OUTPUT BREAKDOWN VOLTAGE.-110V TYP 
• SUITABLE FOR MULTIPLEX OPERATION 
• BLANKING AND RIPPLE BLANKING PROVISIONS 
• LOW FAN-IN AND LOW POWER 

'1;:/, SEGMENT 
TRUTH TABLE 'Ij IDENTIFICATION 

DECIMAL 

PIN CONFIGURATION 
B PACKAGE 

B Input Vee 

e Input f Outpu~ 

9 Output 

a Output 

b Output 

OR RBI DC BA BII a 
RBO 

b c d e f 9 DISPLAY 
c Output 

FUNCTION 

0 1 0 0 0 0 1 0 o 0 o 0 o 1 
1 X 0 0 0 1 1 1 001 1 1 1 
2 X 0 0 1 0 1 o 0 1 o 0 1 0 
3 X 0 0 1 1 1 o 0 001 1 0 
4 X a 1 a a 1 1 o 0 1 1 o 0 
5 X 0 1 0 1 1 o 1 o 0 1 o 0 
6 X 0 1 1 0 1 o 1 000 o 0 
7 X 0 1 1 1 1 o 0 o 1 1 1 1 
8 X 1 0 0 0 1 o 0 000 o 0 
9 X 1 0 0 1 1 o 0 001 o 0 

10 X 1 0 1 0 1 o 0 o 1 0 o 0 
11 X 1 0 1 1 1 1 1 o 0 0 o 0 
12 X 1 1 0 0 1 o 1 1 o 0 o 1 
13 X 1 1 0 1 1 1 o 0 o 0 1 0 
14 X 1 1 1 0 1 o 1 1 o 0 0 0 
15 X 1 1 1 1 1 o 1 1 1 o 0 a 
B1 X X X X X 0 1 1 1 1 1 1 1 
RBI 0 o a 0,0 0 1 1 1 1 1 1 1 

LOGIC AND CONNECTION DIAGRAMS 

n 

: 

~; 
"-: 

'-;", 

c· 
~: 
I;' 
:~ ,-

',~ 
L , 

ABSOLUTE MAXIMUM RATINGS 
VCC 
Input Voltage (Except B1) 
Input Voltage (B1) 
Power Dissipation (Note 1) 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering. 10 sec) 

d Output 

e Output 

7V 
6V 

VCC 
600mW 

O°C to 70°C 
-65°C to 150°C 

300°C 

Note 1: Min/max limits apply across the guaranteed operating temperature range of 
ooe to 70°Cunlessotherwisespecified. TypicalsareforVCC ~5V. T A ..:25°C. Positive 
current is defined as current into the referenced pin. 

r------------- . OUTPUT 

I '.----+ 

A INPUT 

B INPUT 

o INPUT 

I 
I 

BLA~~~~~ . 

I A 

I· Be 

16 WORD .II 7 BIT 
READ ONLY 

MEMORV 

RIPI'LEMI 

BLANKING I 0 L-......;=~::::.........J 
INPUTI 
RIPPLE + __ ~--I 

BLANKING 
OUTPUT I 

1'-+--.;.- 'OUTPUT 

I'--f---+- c OUTPUT 

....... +--.;... dOUTPUT 

r----t---t- • OUTPUT 

r--+---'- f OUTPUT 

r---+--+ • OUTPUT 

CURRENT 
PROGRAMMING 
INPUT L _______________ ~ 
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SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

sesment Outputs: 
utputs a. f. t On Current Ratio All Outputs = SOV. Output b Curro = Ref. 

Output c On urrent Ratio All Outputs = SOV. Output b Curro = Ref. 
Output d On Current Ratio All Outputs = SOV. Output b Curro = Ref. 
Output e On Current Ratio All Outputs = SOV. Output b CUrro = Ref. 
Output b On Current VCC = SV. VOUT b= SOV. 

TA = 2SoC. RP = 18.1k 
VCC = SV. VOUT b = SOV, 

TA = 2SoC. RP = 7.03k 
VCC. = SV. VOUT b = SOV. 

T A = 2SoC. RP = 3.40k. 
VCC = SV. VOUT b = SOV. 

T A = 2SoC. RP = 2.20k 
Output Saturation Voltage vce = 4.7SV. lOUT = 2mA. 

RP = 1k±5% 
Output Leakage Current VOUT = 7SV, BI = OV 
Output Breakdown Voltage lOUT = 2S0JLA. BI = OV 

Propagation Delays: 
BCD Input to Segment Output VCC = SV. TA = 2SoC 
BI to Segment Output VCC = SV. TA = 2SoC 
RBI to Segment Output VCC = SV. TA = 2SoC 
RBI to RBO VCC = SV. TA = 2SoC 

I 

TYPICAL APPLICATION 

OUTPUT CURRENT 
PROGRAMMING 

10.0 

VCC=sv 
VOur=5OY 
TA""26"C 1.04 

" 
" I" 

'" 

2 1.03 
!;( 
0: 
0: 
0 1.02 
!2 
w 
0: 
0: 
:::I 1.01 u 

~ 
Q 
w 1.00 N 

i 0.99 i 

3.0 

" ! 
!2 w 
0: 
II: 1.0 :::I 
U 

!; 

~ .. 
0.3 

'-, D.98 

0.1 
, 

0.91 
10 30 100 

RplkSl) 

t08 

MIN 

0.88 
1.19 
0.9S 
1.04 

0.18 

O.4S 

0.90 

1.4S 

80 

/V 
V 

TYP MAX 

0.93 0.98 
1.2S 1.31 
1.00 1.0S 
1.10 1.16 

0.20 0.22 

O.SO O.SS 

1.00 1.10 

1.S0 1.6S 

0.8 2.S 
.003 3 

110 

0.4 10 
0.4 10 
0.7 10 
0.4 10 

ON CURRENTS VS 
TEMPERATURE 

/ 

~l/ 
/ 

~'l' 
c,.;j 

~ 

/ 
V 

/ 
V 

ON CURRENT RATIos .. 

/V vcc=lsv 
I 

Vour-soy 
Rp - o TEMP. COEF. 
0.2 , (IOUT(,1.5 mA 

UNITS 

mA 

mA 

mA 

mA 

V 
p.A 
V 

JLs 
JLs 
JLs 
JLS 

V 

-

10 20 30 40 50 60 70 

TAI"C) 



TYPICAL APPLICATION (Continued) 

DISPLAY 

Vee 
(5V·5:t14) 

DECODER/DRIVER 
Rp 

PRoo. 

MEMORY 

COUNTER 
COUNT 
INPUT 

VAA 
{170·2oo voei 

DMBBBO 

SN7480 
DECADE 

COUNTER 

SPERRY 
SP·7300R 
sp·760 
DISPLAY TUBE 

COUNT 
OUTPUT 

RBl 

BI/RBO 

GND 

... o e 
-= = c: -
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FEATURES 
• CURRENT LIMITED OUTPUT: ±10mA TYP 
• POWER-OFF SOURCE IMPEDANCE: 3000 MIN 
• SIMPLE SLEW RATE CONTROL WITH EXTERNAL CAPACITOR 
• FLEXIBLE OPERATING SUPPLY RANGE 
• INPUTS ARE DTL/TTL COMPATIBLE 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage V+ +15V 

V
Input Voltage (VIN) 
Output Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 10 sec) 

CIRCUIT SCHEMATIC (Y4CIRCUIT) 

. -15V 
-15V ,,;;VIN :";;7.0V 

±15V 
1000mW 

O°C to +75°C 
-65°C to +175°C 

300°C 

r-------.-------.---~------ow 

INPUT O--klH 09 

INPUT O--klH 

AS 
............ __ -'\II>I\r--oOUTPUT 

Os 

~~~--~------~~------__oV-

PIN CONFIGURATION 
F PACKAGE 

INPUT 1 2 

OUTPUT 1 3 

iNPUT 2A 4 11 OUTPUT 4 

INPUT 28 5 

OUTPUT 2 6 9 INPUT 3A 

GND 7 8 OUTPUT 3 

AC LOAD CIRCUIT 

VINo----D:rr VOUT 

3ki Y'5PF' 

'CL INCLUDES PROBE AND JIG CAPACITANCE 

SWITCHING WAVEFORMS 

Jf 1.5V \\.. ___ -_ 3.0V 

VIN ::::;j'Pdor -.I'Pd 1 r-- OV 

VOUT~ 

tr and If ARE MEASURED BETWEEN 10% AND 90% OF THE OUTPUT WAVEFORM 

SWITCHING CHARACTERISTICS (Note 2) 

PARAMETER CONDITIONS MIN TYP 

Propagation Delay to "1" (tpdl) RL = 3.0kO, CL = 15pF, TA = 25°C 230 

Propagation Delay to "0" (tpdO) RL = 3.0kO, CL = 15pF, TA = 25°C 70 
Rise Time (tr) RL = 3.0kO, CL = 15pF, TA = 25°C 75 
Fall Time (tI) RL = 3.0kO, CL = 15pF, TA = 25°C 40 

NOTES 
1. Voltage values shown are with respect to network ground terminal. Positive current is defined as current into the referenced pin. 
2. ThesespecificationsapplyforV+ = +9.0V± 1%, V- = -9.0V± 1%. TA = O°Cto +75°C uillessotherwise noted. A1ltypicals are forV+ = 9.0V, V- ::= -9.0V, and 

TA ~ 25'C. 

110 BRDII'IIG 

MAX UNITS 

300 ns 

175 ns 
100 ns 

75 ns 



APPLICATIONS TYPICAL APPLICATIONS 
By connecting a capacitor to each driver output the slew rate can be ,:.-::..:...=.::...:::=--::...:.:.--=--==..::...:..::....::..::...:.-=-------------.---, 
controlled utilizing the output current limiting characteristics of the DTLlTTL-TO-MOS TRANSLATOR 
MC1488. For a set slew rate the appropriate capacitor value may be 
calculated using the following relationship 

C = ISC (IlT/IlV) +12V 

where C is the required capacitor, ISC is the short circuit current value, 
and Il VI Il T is the slew rate. 
RS232C specifies that the output slew rate must not exceed 30V per 
microsecond. Using the worst case output short circuit current of 12mA in 
the above equation, calculations result in a required capacitor of 400pF 
connected to each output. 

RS232C DATA TRANSMISSION 

1/4 MCl489/ 
r 2L/DTl 1/4 MCl488' MC1489A T2l/DTL 

=:[=~ P--+---,.---t--t>o-:~:»--

MODEM 

*OPTIONAL FOR NOLSE FIL.TERING 

CHARACTERISTIC CURVES 
OUTPUT VOLTAGE AND 

CURRENT-LIMITING CHARACTERISTICS 

15 

~ 
\ 

12 

\ '\. v+= 12V 

\ \ V+=9V \ 

,\-=-12V-

\ \ V-=-9V 

\ 
\ \ \ 
\ \ \ \ 
~ \ 

-3 

-6 

-9 

~II~ \ 
-12 

-1' 

-16 -12 -8 -4 12 ,. 
VO, OUTPUT VOLTAGE (VI 

s~nDlies 

OTLmL 
INPUT 

-12V 

10k 

-12V 

DTL/TTL-TO-HTL TRANSLATOR 

+12V 

DTLITTL . HTL OUTPUT 
INPUT -O.7V TO IOV 1r/4MCI488 

-12V 

DTL/TTL-TO-RTL TRANSLATOR 

+12V 

OTL/TTL RTL OUTPUT 
INPUT ~.7V TO +3.7V 

-12V +3.0V 
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FEATURES PIN CONFIGURATION 
• FOUR TOTALLY SEPARATE RECEIVERS PER PACKAGE 
• PROGRAMMABLE THRESHOLD F PACKAGE 

• BUILT-IN INPUT THRESHOLD HYSTERESIS 
• "FAIL SAFE" OPERATING MODE 
• INPUTS WITHSTAND ±30V 

ABSOLUTE MAXIMUM RATINGS 
The following apply' for TA ';';' 25°C unless otherwise specified. 
Power Supply VoHage 10V 

±30V 
20mA 

1W 
O°Cto +75°C 

-65°C to +175°C 

Input Voltage Range 
Output Load Current 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 

AC TEST CIRCUIT 

RESPONSE 
CONTROL 
= OPEN OUTPUT Vcc 

VOLTAGE WAVEFORMS 

RESPONSE 
CONTROL 1 

RESPONSE 
CQNTROL2 

CIRCUIT SCHEMATIC 

(1/4 OF UNIT SHOWN) 

4k 

RESPONSE 
CONTROL 4 

RESPONSE 
CONTROL3 

,..---<_--<_0 Vcc 

9" 5k 2k 

OUTPUT 

~---4---4---4---4~GND 
MC1489: Rp 10k 
MC1489A: RF = 2. 

SWITCHING CHARACTERISTICS MC1489/MC1489A VCC = 5.0V±1%, TA = 25°C 

PARAMETER CONDITIONS 
MC1489 

MIN TYP 

Input to Output "High" RL = 3.9k (AC Test Circuit) 25 
Propagation Delay (tpd1) 
Input to Output "Low" RL = 3900 (AC Test Circuit) 20 
Propagation Delay (tpdO) 
Output Rise time RL = 3.9k (AC Test Circuit) 110 
Output Fall Time RL = 3900 (AC Test Circuit) 9 

112 

MC1489A 

MAX MIN TYP MAX 

85 25 85 

50 20 50 

175 110 175 
20 9 20 

UNITS 

ns 

ns 

ns 
ns 



TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

r2L1DTL 114 NtC1438 
1/4 MC1489/ 

MC1489A r2UDTL 

=:t:P- =r=p--

MODEM 

-OPTIONAL FOR NOISE FILTERING 

Slnaries 

MOS TO T2UDTL TRANSLATOR 

5V 

r---'~ ~~L 
I MOS LOGIC -r-L ..... ' L __ ....J I 

1/4 MC14891 1 ..r-) 
MC1489A r--' 
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FEATURES PIN CONFIGURATION ,-------------------------------------, • FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO A, F PACK.AGE 
SN75107A/207A 

• 17n5 MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20 !LA MAXIMUM INPUT BIAS CURRENT 
• STTL COMPATIBLE STROBES AND OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGES 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) 
Negative Supply Voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O·C to 70·C 
-65·C to + 150·C 

+300·C 

INPUT 1A 1 

INPUT1B 2 

OUTPUT 1Y 4 

STROBE 1G 5 

STROBE S 6 

GROUND 1 

APPLICATIONS 
MOS MEMORY SENSE AMP 
AID CONVERSION 
HIGH SPEED LINE RECEIVER 

11 INPUT 28 

9 OUTPUT 2Y 

8 STROBE 20 

14~------~--~--------~~------~------------------~------~--------~~----~ 

13<>'------.--_-----_~ ........ _--.....---_+ 

120----+-----, 

11 
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SWITCHING CHARACTERISTICS v+ = +5.00, V- = -5.00, TA = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 75S107/207 
MIN TYP MAX 

Amplifier Input 

Input offset voltage 75S107 V+ = 4.75, V- = -4.75 25 
75S207 10 

Input Bias Current 25°C V+ = 5.25, V- = -5.25 7.5 20 
Over temp range V+ = 5.25, V- = -5.25 40 
Input offset current 25°C V+ = 5.25, V- = -5.25 1.0 5 
Over temp range V+ = 5.25, V- = -5.25 ±3 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

Supply Voltage 
V+ 4.75 5.00 5.25 
V- -4.75 -5.00 -5.25 

Large Signal Switching Speed 

T pLH (0) low to high propagation delay RL = 280nCL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
T pHL (0) high to low propagation delay RL = 280nCL = 15 pF 9 13 
from amp inputs to output T A = 25°C Note 1 
T pLH (8) low to high propagation delay RL = 280nCL = 15 pF 4.5 6 
from strobes input to output T A = 25°C Note 2 
T pHL (S) high to low propagation delay RL = 280nCL = 15 pF 3.0 4:5 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency RL = 280nCL = 15pF 40 55 

T A = 25°C 

NOTES: 
1. Response time measured from 0 V pOint of ±100 mV p.p 10 MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5 V point of input to 1.5 V point of output. 
3. Response time measured from the start of a 100 mV input step with 5 mV overdrive to the 1.5 V point of the output. 

TYPICAL PERFORMANCE CHARACTERISTICS 

100 

50 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA -25"C 
VS=~5V _ 

100t~ /j 
20 mV ,,"j I(/f' r-s mV 

./11. 10mV 

10 lS 20 25 30 

TIME - ns 

> 
I 

w 

'" ~ 3 

~ 
~ 2 

i5 1 

100 

50 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA = 25"C 

Vs = 'sv 

SmV 

r--~omv::::: ~~ 10mV 

I 
~l00mv 

\\\. 

10 15 20 25 

TIME-nl 

UNIT 

mV 
mV 
p.V 
p.A 
p.A 
p.A 
V 
kn 
pF 

VlmV 

V 
V 

ns 

ns 

ns 

ns 

MHz 

30 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT'D) 

116 

II 

--

20 

18 

,. 

RESPONSE TIME VS. 
TEMPERATURE 

,/ 
V 

......- ." 
TPD ILH) ...-

---- ---- -- TPD (HL) 

-20 +20 +60 +100 
AMBIENT TEMPERATURE - DC 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

~N;~~SQuARe 
WAVE INPUT 

TA = 25°C 

! 14 
L 

~ 12 

r-- TPD ILH) 

~ 10 
r-

8 
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100 

12 

\ 
11 

10 
1 
L 
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~ 8 

i 

-76 

TPD IHLI 
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INPUT BIAS CURRENT VS. 
AMBIENT TEMPERATURE 
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PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 
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~ 1& """- TPO(LH) 

Q 
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12 

10 20 30 so 80 70 

INPUT VOLTAGE- mVp-p 

OUTPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 
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~ 
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--- ---VOL 
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INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 

1.0 
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FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75108A120SA 
• 17ns MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20lkA MAXIMUM INPUT BIAS CURRENT 
• TTL COMPATIBLE STROBES AND OUTPUTS 
• OPEN COLLECTOR OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) 
Negative Supply Voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

12O:-----lf---..., 

" 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O°C to 70°C 
-65°C to +150°C 

+300°C 

PIN CONFIGURATION 

A. F PACKAGE 

INPUT 1A 1 

INPUT 18 2 

OUTPUT 1Y 4 

STROBE 1G 5 

STROBE 5 6 

GROUND 7 

APPLICATIONS 
HIGH SPEED LINE RECEIVER 
MOS MEMORY SENSE AMP 
AID .CONVERSION 

"21 

"22 

11 INPUT 28 

9 OU'TPUT2Y 

8 STROBE 20 

..... ---....:.t:a,. 
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SWITCHING CHARACTERISTICS V+ = +5.00, V- = -5.00, T A = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 75S108l208 
MIN. TYP MAX 

Amplifier Input 

Input offset voltage 758108 V+ = 4.75, V- = -4.75 .25 
75S208 10 

Input Bias Current a 25°C V+ = 5.25, V- = -5.25 7.5 20 
over temp range V+ = 5.25, V- = -5.25 40 
Input offset current a 25°C V+ = 5.25, V- = -5.25 1.0 5 
over temp range V+ = 5.25, V- = -5.25 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 ±3 +3 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

Supply Voltage 
V+ 4.75 5.00 5.25 
V- -4.75 -5.00 -5,25 

Large Signal Switching Speed 

T pLH (D) low to high propagation delay RL = 2800CL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
T pHL (D) high to low propagation delay R L = 2800 CL = 15 pF 9 13 
from amp inputs to output . T A = 25°C Note 1 
T pLH (S) low to high propagation delay R L = 2800 CL = 15 pF 6 10 
from strobes input to output TA = 25D C Note 2 
T pHL (S) high to low propagation delay R L = 2800 CL = 15 pF 5 8 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 2800 CL = 15 pF 25 35 

TA = 25°C 

NOTES: 
1. Response time measured from OV pOint of ± 100 mV p.p 10MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5V point of input to 1.5V pOint of output. 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.5V point of the Qutput. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE (Cont'd) 
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TYPICAL PERFORMANCE (Continued) 
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2. 

22 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

VS-i&V 
10 MN .. SQUARE WAVE INPUT 
TA =2S"C 

~ ""- TPOILH) 

I. 

I. 

1.0 

\ 
.. 9 

... 
"7 

... 
•. 6 

-75 

TPOIHLI 
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INPUT OFFSET CURRENT 
VS AMBIENT TEMPERATURE 
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1\ 

1"-
.....~ 
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AMBIENT TEMPERATURE - °C 
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FEATURES 
• 300mA OUTPUT CURRENT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH-UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED APPLICATIONS 
• TTL OR DTL COMPATIBLE DIODE-CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

EQUIVALENT CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage. VCC (see Note 1). 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead Temperature 1/16 inch from case 
for 60 seconds 

Lead temperature 1/16 inch from case 
for 1 0 seconds 

1. Voltage values are with resp.set to network ground terminal 
unless otherwise specifjed. 

2. This is the voltage between two emitters of a multiple
emitter transitor. 

3. This value applies when the base-emitter resistance (RBE) 
is equal to or tess than 500 n 

4. This is the maximum voltage which should be applied to any 
output when it is in the off state. 

Vee 

. 55450B 75450B UNIT 

7 7 V 

5.5 5.5 V 

5.5 5.5 V 

35 35 V 

35 35 V 

35 35 V 

30 30 V 

5 5 V 

V 

300 300 mA 

mA 

800 800 mW 

-55 to 125 Oto 70 °c 

-65 to 150 -65 to 150 °C 

300 300 °C 

260 260 °C 

5. Both halves of these dual circuits may conduct rated current 
simultaneously; however, power dissipation averaged over 
a short time interval must faU within the continuous dissipa
tion rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating for the 
T package requires a heat sink that provides a thermal 
resistance from case to free~air, RHCA. of not more than 
95'C/W. 

PIN CONFIGURATION 

A, F PACKAGE 

Gnd 

v 
cc 

Sub 
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ELECTRICAL CHARACTERISTICS-OUTPUT TRANSISTORS 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

V(BR)CBO Collector-Base Breakdown Voltage IC = 100/J-A, IE = 0 35 V 

V(BR)CER Collector-Emitter Breakdown Voltage IC = 100/J-A, RBE = 500 n 30 V 

V(BR)EBO Emitter-Base Breakdown Voltage IE = 100/J-A, IC = 0 5 V 

VCE = 3 V, IC = 100mA, 25 
TA = 25°C 

VCE = 3V, IC = 300mA, 30 
hFE Static Forward Current Transfer Ratio TA - 25°C 

VCE = 3 V, IC = 100 mA, 10 
TA = -55°C 

VCE = 3 V, IC = 300m A, 
15 

TA = -55°C 

IB = 10 mA, IC = 100 mA 0.85 1.2 
VBE' Base-Emitter Voltage V 

IB = 30 mA, -IC = 300 mA 1.05 1.4 

IB = 10 mA, IC = 100 mA 0.25 0.5 

VCE(sat)' Collector-Emitter Saturation Voltage V 
IB = 30 mAo IC = 300 mA 0.5 0.8 

t All tYPical values are at vee == 5 V, T A = 2S"C 1. These parameters must be measured usmg pulse techniques. tw = 300 }Ls, duty cycle ~ 2%. 

SWITCHING CHARACTERISTICS,-TTL GATES VCC = 5 V, T A = 25°C 

PARAMETER 
TEST TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

tpLH 
Propagation delay time, 12 22 ns 
low-to-high-Ievel output 

1 CL = 15 pF. RL = 400 n 
tpHL 

Propagation delay time, 8 15 na high-to-Iow-Ievel output 

OUTPUT TRANSISTORS 

PARAMETER TEST TEST CONDITIONS:j: MIN TYP MAX UNIT FIGURE 

td Delay time 

tr Rise time 
IC = 200 mA, 

2 IB(2) = -40 mA, 
ts Storage time 

tf Fall time 
CL = 15 pF, 

Voltage and current values shown are nommal; exact values vary slightly with transistor parameters. 

PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
(SEE NOTE A) 

!NPUT 2.4V 

TEST CIRCUIT 

Vee OUTPUT 

NOTE: All resistor values are typical and in ohms. 

122 

5V 

INPUT 

FIGURE 1 

9!!1DOliC9 

8 15 ns 
IB(l) = 20 mA, 

12 20 ns 
VBE(off) = -1 V, 

7 15 ns 
RL = 50 n 

6 15 ns 

VOLTAGE WAVEFORMS 

k----~<; 10ns 

I I 

I 
11~----3V 

90% 

I 10% 10% __ I ________ OV 
1 ___ 0.51-'5 I 

1PLH~ .--___ -...tL_:_~'__ ___ VOH 

i I 
1.5V 1.5V 



PARAMETER MEASUREMENT INFORMATION (CONT'D) 

TEST CIRCUIT 

NOTE: All resistor values are typical and in ohms. 

r- -, 
I I 

I 
I I 
I I 
L_ J 

VOLTAGE WAVEFORMS 

1-------0.31'1-----1 
I 90% 90% -i----------- lV 

II! '" 
1 I 

". 1 : ;'1=-------
IL-.t- I--t- ,-
1-',---1 :'-.,-1 

1 1 
1-·,-1 1--',-1 

------~'~"~ ~~'~~-------

FIGURE 2-SWITCHING TIMES, EACH TRANSISTOR 

GATES AND TRANSISTORS COMBINED 

PARAMETER TEST 
TEST CONDITIONS MIN TYP MAX UNIT FIGURE 

tPLH Propagation delay time, low-to-high-Ievel output 20 30 ns 

tPHL Propagation delay time. high-to-Iow-Ievel output 
3 

IC = 200mA, CL = 15 pF, 20 30 ns 

tTLH Transition time, low-to-high-Ievel output RL = 50 n 7 12 ns 

tTHL Transition time, high-to-Iow-Ievel output 9 ,",15 ns 

VOH High-level output voltage after switching 4 
VS =20V, IC = 300 rnA, 

VS-6.5 mV 

PARAMETER MEASUREMENT INFORMATION (CONT'D) 

PULSE 
GENERATOR 
(SEE NOTE Al 

TEST CIRCUIT 

INPUT 2.4V lOV 

~ 
' .... 

I J ~-.--o OUTPUT 

U CIRCUIT I UNDER 
TEST 

(SEE NOTE BJ CL = 15pF 

'-r------1!r------+-' 1_ (SEE NOTE CJ GND I SUB 

I 
I 
I 

'::' ~ '::' 

NOTE: All resistor values are typical and in ohms. 

RBF = 500 n 

VOLTAGE WAVEFORMS 

r---t----~5n. 1-+---,0... 

~I_: y.1 I"" '" 
l~:~~ I I 

:::~: ''': 1 ""~'--_________ '~"z:..1 !~'~ _______ w 

1--1 -----o,',,-------il 

--I I 1--'-'"' -, I 1--,,-Jfl I ... ''''il!-:--------", 
J~~~ I 1,.5V 15V I 

'4548 1~ Ii :1'0% ov 

i--1PHL ----l I---tpLH-1 
I I 

""~II , Til"" '" OUTPUT I 50% 50% I 

I l~ 1~1 
I I I 1----vOl 

I---t-'THL I~ITLH 

FIGURE 3-SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zout = 50 n 
8. When testing 554506 or 75450B, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 
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PARAMETER MEASUREMENT INFORMATION (cont'd) 

TEST CIRCUIT 

VS=2OV 

INPUT 

2mH 

'--,-+--,-<> OUTPUT 

GND 1 SUB 

I 
I 
I 

". ~ ". 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

""" ..... 

VOLTAGE WAVEFORMS 

I--t-. SOlI 1---1- IOn!. 

~i!)- ~ '" f'l,~ ,~Y:~'~ _______ ~ 
I -----_: 

~-~ --~ " r: v "'\L ~: :'" rn< !~,~ .,~I 
I IF-----------j--t----vOL 
~lTHL i---+'TLH 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: 
A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 501l. 
B. When testing 55450B or ?5450B. connect output Y to transistor base with 8500- 0 resistor from there to ground, and ground to substrate terminal. 
C. Cl includes probe and jig capacitance. 

TYPICAL CHARACTERISTICS CURVES 

4.0 

3.S 

> 
I 

w 3.0 

~ 
!:; 
0 

2.S > 

~ 
:J 2.0 0 
-' w 

~ 1.S 
:i: 

" :;: 
I 1.0 :J: 

~ 
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TTL GATE 
HIGH-LEVEL OUTPUT VOLTAGE 

vs 
HIGH-LEVEL OUTPUT CURRENT 

~cc·svl 
V 1L = D.BV 

~ 
TA = 2SoC 

SEE FIGURE 2 

~ 
f\ 

i\ 

\ 
.\ 

'\ 
o -5 -10 -15 -20 -25 -30 -35 -40 

IOH - HIGH-LEVEL OUTPUT CURRENT -'rnA 

FIGURE 5 
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TRANSISTOR 
STATIC FORWARD CURRENT TRANSFER RATIO 

vs 
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2 90 

~ 
ffi 80 

~ 70 

i!: 
E 60 
a: 
a: 

COLLECTOR CURRENT 

veE = 3V 

SEe NOTE 8 

l-

TA':;:; I-- fo-

TA 26°C -I-~ -----~-
a .. 
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i 40 
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~ 
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w 
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o 
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FIGURE 6 
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TYPICAL CHARACTERISTICS CURVES (cont'd) 

TRANSISTOR 
BASE-EMITTER VOLTAGE 

VB 
COLLECTOR CURRENT 

TRANSISTOR 
COLLECTOR-EMITTER SATURATION VOLTAGE 

VB 
COLLECTOR CURRENT 

1.2 

1. 1 'e Li - ""10 '. II A 

0.6 

> , 
w 

'e 

I. -=-10 '. 
SEe NOTE 8 TA'O'~ 7 

- ~A=10'e 

~ 0 .• 
~ 
0 
> 
z 
0 

~ 0.4 

SEe NOTE 8 VI TA :t70"C 

1.0 

~ 0.9 
w 

~ O.B 

g 0.7 
a: 
w 
1= 0.6 
;; 
W 0.5 

~ .... 0.4 , 
~ 0.3 

0.2 

0.1 

~ I---_I--' 

I--- c-,:=2.·e 

o 
10 20 40 70 100 

Ie - COLLECTOR CURRENT - mA 

FIGURE 7 

a: 
::> 

~ 
ffi 
l-
I-

~ 
~ 
g 

~ 
0 
u , 
! 
~ 

200 400 

0.3 

0.2 

0.1 

o 
10 

j' 
i'" 

r 
~ 

I---" ..... ::::~ lA-O°C 

.--::::: ~ :::;A = 25"C 

1 
20 40 70 100 200 

Ie - COLLECTOR CURRENT - mA 

FIGURE 8 

NOTE 8: These parameters must be measured using pulse techniques, tw ;: 300 /lS, duty cycle.:S 2%. 
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NOTE 9. THIS RATING FOR THE T P.ACKAGE REQUIRES A HEAT SINK 
THAT PROVIDES A THERMAl. RESISTANCE FROM CASE TO FREE· 
AIR, ROCA_ o~ NOT MORE THAN 95"CIWATT. 
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FEATURES 
• 300mA OUTPUT CURRENT CAPABIUTY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH-UP AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP

PLICATIONS 
• TTL OR DTL COMPATIBLE DIODE 

CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

EQUIVALENT CIRCUIT (Each driver) 

A 

B 

y 

t-~-----4--~~--~OGND 

TRUTH TABLE 

A B Y 

L L L (on state) 
L H L (on state) 
H L L (on state) 
H H H (off state) 

PIN CONFIGURATION 

1B 

PIN41SlN 1Y 
ELECTRICAL 
CONTACT 

TPACKAGE 
vee 

2A 

WITH THE CASE GND positive logic: Y ~ AB 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCC (see Note 1) 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Contiriuous total dissipation at (or below) 
25°e free-air temperature (see Note 6) 

Operating free-air temperature range 

Storage temperature range 

Lead temperature 1/16 inch from case F or T package 
for 60 seconds 

Lead temperature 1/16 inch from case A or V package 
for 1 0 seconds 

V PACKAGE 

55451B 75451B 

7 7 

5.5 5.5 

5.5 5.5 

30 30 

300 300 

800 800 

55 to 125 o to 70 

65 to 150 -65 to 150 

300 300 

260 260 

NOTES: 1. Vonage values are with respect to network ground terminal unless otherwise specified. 
2 .. This is the voltage between two emitters of a muHiple-emitter transistor. 
3. This value applies when the base-emitter resistance (RBE) is equal to or less than 500 n. 
4. This is the maximum voltage which should be applied to any output when it is in the off state. 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°c 
DC 

DC 

DC 

5. Both halves of these dual circuits may conduct rated current simultaneously; however. power dissipation averaged 
over a short time interval must fall within the continuous dissipation rating. 

6. For operation above 25°C free-air temperature. refer to Dissipation Derating Curve. Figure 20. This rating for the T 
package requires a heat sink tha~ provides a thermal resistance from case to free-air. RecA. of not more than 
95°ClW. 

SWITCHING CHARACTERISTICS, Vee = 5 V, TA = 25°C 

PARAMETER 
TEST 

TEST CONDITIONS MIN TYP MAX UNIT 
FIGURE 

tpLH Propagation delay time, low-to-high-Ievel output 18 25 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 3 10= 200 mA, eL = 15 pF, 18 25 ns 

tTLH Transition time, low-to-high-Ievel output RL = 50n 5 8 ns 

tTHL Transition time, high-to-Iow-Ievel output 7 12 ns 

VOH High-level output voltage after switching 4 Vs = 20 V, 10 = 300 mA VS-6.5 mV 
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PARAMETER MEASUREMENT INFORMATION 

PULSE 
GENERATOR 
(SEE NOTE AI 

INPUT 

TEST CIRCUIT 

2.4V lOV 

~ 
'4516 

I I +--...... -~o OUTPUT 

U CIRCUIT 1 
UNDER 
TEST 

(SEE NOTE BJ CL ~ lSpF 

L.,---I..----+..J": 1_ (SEE NOTE C' GNO I SUB 

I 
1 
I 

-::- ~ 

VOLTAGE WAVEFORMS 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zout "'" 50 n 
B. When testing 55450B or 754508, connect output Y to translator base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

TEST CIRCUIT 
Vs='1/JV 

INPUT 2.4V 5V 

1 1N3064 

'451B 

L-.-~-...,..--o OUTPUT 

GND I SUB I CL"5pF 

~ ,"'~'" 
1 
I 
1 

~ 
NOTE: ALL RESISTORS VALUES ARE TYPICAL. AND IN OHMS. 

VOLTAGE WAVEFORMS 

__ I I-- --I 1---< "" 

~I: ~:19'" 
INPUT I I '5V 
'4518 ~.5V I 

_ : ~.~'O%;::..... _________ ...:':::.D% I : _________ ov 

~1------40I't------1 

\ C:OH 
'-------------' , OL 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 50n. 
When testing 55450B or 75450B, connect output Y to transistor base with a 500-!l resistor from there to ground, and ground the substrate terminal. 

C. CL includes probe and jig capacitance. 
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FEATURES PIN CONFIGURATION 
• 300 mA OUTPUT CURRENT CAPABILITY r------------------~--~------_, 
• HIGH VOLTAGE OUTPUTS T PACKAGE V PACKAGE 
• NO OUTPUT LATCH UP AT 20V Vee 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP

PLICATIONS 
• TTL OR DTL COMPATIBLE DIODE 

CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

TRUTH TABLE 

A B Y 

L L H (off state) 
L H H (off state) 
H L H (off state) 
H H L (on state) 

NOTES: 
1. Voltage values ara with respect to network ground terminal 

unless otherwise specified. 
2. This is the voltage between two emitters 01 a multiple emitter 

transistor. 
3. This value applies when the b~e-em;tter resistance (RSS) 

is equal to or less than soon. . 
4. This is the maximum voltage which should be applied to any 

output when it is in the off state. . 
5. Both halves of these dual circuits may conduct rated current 

simultaneously; however, power dissipation averaged over 
a short time interval ~ust fall within the continuous dissipa
tion rating. 

B. For operation above 25°C free-air temperature, refer to 
Dissipation Der~iting Curve, Figure 20. This rating for the T 
package requires a heat sink that provides a thermal resis
tance from case to free-air, RHeA, of not more than 95°C/W. 
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1A 

1B 2A 

~~~6i~I~AL 1 Y 
CONTACT 
WITH THE CASE GND positive logic: Y = AB 

ABSOLUTE MAXIMUM RATINGS 

55452B 75452B 

Supply voltage, VCC (see Note 1) 7 7 
Input voltage 5.5 5.5 

Interemitter voltage (see Note 2) 5.5 5.5 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 30 30 
Collector current (see Note 5) 

Output current (see Note 5) 300 300 
Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) . 800 800 

Operating free-air temperature range 55 to 125 o to 70 
Storage temperature range 65 to 150 -65 to 150 
Lead temperature 1/16 inch from case 
for 60 seconds F or T package 300 300 
Lead temperature 1/16 inch from case 
for 1 0 seconds A or V package 260 260 

EQUIVALENT CIRCUIT (Each Driver) 

.-----~------~~--~--------ovcc 

y 

Ao-....,.--...T 

~--~------~--~~--~--~~--~--~GND 

UNIT 

V 
V 
V 

V 

V 
V 
V 

V 

V 
mA 

mA 

mW 

°c 

°C 

°C 

°C 



SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 26 

tPHL Propagation delay time, high-to-Iow-Ievel output 10 = 200 mA, eL = 15 pF, 24 

tTLH Transition time, low-to-high-Ievel output RL = 50n 5 

tTHL Transition time, high-to-Iow-Ievel output 7 

VOH High-level output voltage after switching Vs = 20V, 10 = 300 mA Vs -6.5 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT VOLTAGE WAVEFORMS 

INPUT 24V 

~ 
'4528 

I I 
PULSE 

GENERATOR -J CIRCUIT ISEE NOTE Al 
UNDER 
TEST 

(SEE NOTE Bl 

ONO I SUB 

I 
I 
I 

J.. 

,ov 

RL =50 

r 
OUTPUT 

'''F 
NOTEC) 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PAR = 1 MHz, Zout "'" 50n 
8. When testing 55450B or 75450B, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

TEST CIRCUIT VOLTAGE WAVEFORMS 

MAX UNIT 

35 ns 

35 ns 

8 ns 

12 ns 

mV 

L-_,.--+..-.,....-o OUTPUT 

-.../ I 1-<5ns -I I I--noM Jr..! ~_=-------------~_~~~ll--------W INPUT I I I 
'4629 I 1.5V 1 5V I 

10% 10% ~ _____ OV 

GNO I SUB 
I 
I 
I 

* NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

\ ;CvVOH 

~----------~ OL 

OU11'UT 

FIGURE 4 • LATCH·UP TEST OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PAR = 12.5 kHz, Zout = 50n 
B. When testing 55450B or 754508, connect output Y to transistor base with a 500-0 resistor from there to ground, and ground the substrate terminal 
C. CL includes probe and jig capacitance. 
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FEATURES 
• 300 mA WITH CURRENT CAPABILITY 
• HIGH VOLTAGE OUtPUTS 
• NO OUTPUT LATCH UP .AT 20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP

PLICATIONS 
• TTL OR DTL COMPATIBLE DIODE 

CLAMPED INPUTS 

TRUTH TABLE 

A B Y 

L L L (off state) 
L H H !Off statel 
H L H off state 
H H H (on state) 

NOTES: 
1. Voltag~ values are with respect to network ground terminal 

unless otherwise specified. 
2. This is the voltage between two emmitters ota multiple emitter 

transistor. 
3. This value applies when the base-emittor resistance (Raa) 

is eaual to or less than 500fl. 
4. ThiS!s the maximum voltage which should be applied to any 

output when it is in the off state. 
5. 80th halves of these d d circuits may conduct rated cur

rent simultaneously; however, power dissipation averaged 
over a short time interval must fall within the continuous 
dissipation rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating for the 
T package requires a heat sink that provides a thermal 
resistance from case to free~air. RHeA. of not more than 
95°C/W. 
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PIN CONFIGURATION 

18 

PIN 41S IN 
ELECTRICAL 
CONTACT 

T PACKAGE 
Vee 

GND 

2A 

WITH THE CASE positive logic: Y = A - B 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage, VCC (see Note 1) 

Input voltage 

Interemitter voltage (see Note 2) 

Vcc-to-substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage (see Note 4) 

Collector current (see Note 5) 

Output current (see Note 5) 

Continuous total dissipation at ~r below) 
25°C free-air temperature (see ate 6) 

Operating free-air temperature range 

Storage temperature range 
Lead temperature 1/16 inch from case 
for 60 seconds F or T package 

Lead temperature 1/16 inch from case 
for 1 0 seconds A or V package 

EQUIVALENT CIRCUIT (Each Driver) 

V PACKAGE 

55452B 75452B 

7 7 

5.5 5.5 

5.5 5.5 

30 30 

300 300 

800 800 

-55 to 125 o to 70 

-65 to 150 -65 to 150 

300 300 

260 260 

r-------~r--------.----~--------ov~ 

~~~------~--------------4-~--~~GND 

S!!IIDIIOII 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°C 

°C 

°C 

°C 



SWITCHING CHARACTERISTICS vee = 5V, TA = 25°e 

TEST 
SYMBOL I PARAMETER 

FIGURE 
TEST CONDITIONS MIN TYP 

tPLH Propagation delay time, low-to-high-Ievel output 

tPHL Propagation delay time, high-to-Iow-Ievel output 3 

tTLH Transition time, low-to-high-Ievel output 

tTHL Transition time, high-to-Iow-Ievel output 

VOH High-level output voltage after switching 4 

PARAMETER MEASUREMENT INFORMATION 

TEST CIRCUIT 

INPUT ,OV 

.--...--0 OUTPUT 

PULSE 
GENERATOR 
(SEE NOTE A) ~ C~~~~I~ I 

TEST 
(SEE NOTE Bt cL. = 15pF 

'-T--r---I-'! 1_ ISEE NOTE C) 1..---'---.1 GNO I SUB 

I 

j ~ 1 ~ 
O.4V 

'4538 

26 

10 = 200 mA, eL=15pF, 24 

RL = 50n 5 

7 

Vs = 20V, 10 = 300 mA Vs -6.5 

VOLTAGE WAVEFORMS 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characterrstlcs: PRR =: 1 MHz, Zout = 50n 
B. When testing 654608 or 754508, connect output Y to transistor base and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 

TEST CIRCUIT VOLTAGE WAVEFORMS 

VS=20V 

INPUT 5V 

MAX 

25 

25 

8 
12 

'N3064 ---I 1---- -I 1----,0.. 

INPUT 1 1 

UNIT 

ns 

ns 

ns 

ns 

mV 

~I: itll,,% 
'453B 1.5V ~ 15V 

: ... ':::;'"'=---________ --:;,,;;;.% I :---------OV 

~\--~' r"· 
L--r-..... -.,.--o OUTPUT 

I CL"15.F 

~ ,.,~'" '-__________ -J --- VOL 

O.4V 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: A. The pulse generator has the following characteristics: PRR = 12.5 kHz, Zout = 50H 

B. When testing 55450E;l or 754508, connect output Y to transistor base with a 500-H resistor from there to ground, and ground the substrate terminal. 
C. CL includes probe and jig capacitance. 
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FEATURES 
• 300 mA OUTPUT CURRENT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 
• NO OUTPUT LATCH UP AT20V 
• HIGH SPEED SWITCHING 
• CIRCUIT FLEXIBILITY FOR VARIED AP

PLICATIONS 
• TTL OR. DTL COMPATIBLE DIODE 

CLAMPED INPUTS 
• STANDARD SUPPLY VOLTAGES 

TRUTH TABLE 

A B Y 

L L H (off state) 
L H H (on state) 
H L H (on state) 
H H L (on state) 

NOTES: 
1. Voltage values are with respect to network ground terminal 

unless otherwise specified. 
2. This isthe voltage between two emitters of a multiple emitter 

transistor. 
3. This value applies when the base~emitter resistance (RSS) 

is equal to or less than soon. 
4. This;s the maximum voltage which should be applied to any 

output when it is in the off state. 
5. Both halves of these dual circuits may conduct rated current 

simultaneously; however, power dissipation averaged over 
a short time interval must fall within the continuous dissipa
tion rating. 

6. For operation above 25°C free-air temperature, refer to 
Dissipation Derating Curve, Figure 20. This rating for the T 
package requires a heat sink that provides a thermal resjs~ 
tance from case to free~air, RuCA' of not more than 95°C/W. 
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PIN CONFIGURATION, 

PIN 41S IN 
ELECTRICAL 
CONTACT 

T PACKAGE 

Vee 

18 

V PACKAGE 

Vee 

GND 
WITH THE CASE positive logic: Y = AS 

ABSOLUTE MAXIMUM RATINGS 
55452B 75452B 

Supply voltage, VCC (see Note 1) 7 7 

Input voltage 5.5 5.5 

Interemitter voltage (see Note 2) .. 5.5 5.5 

Vcc-to:substrate voltage 

Collector-to-substrate voltage 

Collector-base voltage 

Collector-emitter voltage (see Note 3) 

Emitter-base voltage 

Output voltage '(see Note 4) 30 30 

Collector current (see Note 5) 

Output current (see Note 5) 300 300 

Continuous total dissipation at (or below) 
25°C free-air temperature (see Note 6) 800 800 

Operating free-air temperature range -55 to 125 o to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1/16 inch from case 
for 60 seconds F or T package 300 300 
Lead temperature 1/16 inch from case 
for 10 seconds A or V package 260 260 

EQUIVALENT CIRCUIT (Each Driver) 

r-----~~--~--.-----~--~--~---------ovcc 

A 
y 

Bo--r--~-------r----------~ 

t-~~------~------------~--~---+--~--~-oGND 

UNIT 

V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mW 

°C 

°C 

°C 

°C 



SWITCHING CHARACTERISTICS, VCC = 5V, TA = 25°C 

SYMBOL PARAMETER 
TEST 

FIGURE 
TEST CONDITIONS MIN TYP 

tpLH Propagation delay time, low-to-high-Ievel output 27 
tpHL Propagation delay time, high-to-Iow-Ievel output 10 200mA, CL =15pF, 24 
tTLH Transition time, low-lo-high-Ievel output 3 RL = 50 5 
tTHL Transition time, high-to-Iow-Ievel output 7 
VOH High-level output voltage after switching 4 VS=20V,10 300mA VS-6·5 

PARAMETER MEASUREMENT INFORMATION 
TEST CIRCUIT VOLTAGE WAVEFORMS 

PULSE 
GENERATOR 
ISEE NOTE Al 

INPUT 10V 

t--..---oOUTPUT 

FIGURE 3 - SWITCHING TIMES OF COMPLETE DRIVERS 

NOTES: 
A. The pulse generator has the following characteristics: PRR ;;: 1 MHz, Zout""'50n 
B. When testing 55450B or 75450B. connect output Y to transistor base and ground the substrate 

terminal. 
C. CL includes probe and jig capacitance. 

TEST CIRCUIT 
VS"'20V 

INPUT 5V 

2mH 
1N3064 

VOLTAGE WAVEFORMS 

MAX UNIT 

35 ns 

35 ns 

8 ns 

12 ns 
mV 

65 

---I It--· ----I I t-- < 10" Jr.1 ~':~~----------~_=~:I--------W 
INPUT I I 15V "v II 
'4$48 I' 

10% 10'J6 ~-----CN 
'-----1r-+--p-O·OUTPUT 

GNO 
·4548 

O.4V 

I SUB 

I 
I 
I 
~ 

NOTE: ALL RESISTORS VALUES ARE TVPICAL AND IN OHMS. 

\ r YOH 

'-__________ -J - ---VOl. 

FIGURE 4 - LATCH-UP TEST OF COMPLETE DRIVERS 

NOTES: 
A. The pulse generator has the following characteristics: PRR ; 12.5 kHz. Zout ; 50n 
B. When testing 554508 or 754508. connect output Y to transistor base with a 50o-,n resistor from there 

to ground, and ground to substrate terminal. 
C. CL includes probe and jig capacitance. 

133 

8 e • = c: -



FEATURES 
• OTLlTTI,. COMPATlE!LE INPUTS. 
• 1103 ANOll03A RAM COMPATIBLE OUTPUTS 
• HIGH OUTPUT SOURCE/SINK CURRENT CAPABILITY -100mA 
• HIGH SPEED - 45n6 MAX. to WITH 200 pFd LOAD 
• INPUT AND OUTPUT DIODE CLAMPING TO MINIMIZE LINE RE· 

FLECTION 
• HIGH INPUT BREAKDOWN VOLTAGE -19 VOLTS 

LOGIC DIAGRAM 

~'~ ... 0, 

" 
" D, D, 

D'~ 0, 

" 
" 

PIN CONFIGURATION 

OUTPUT 0" 2 

DATA INPUT 0, 3 

ENABLE E, 4 
!NPUT 

ENABLE 
INPUT E2 5 

DATA INPUT 02 6 

OUTPUT 02 1 

F PACKAGE 

1~ 04 OUTPUT 

14 ()4 DATA INPUT 

13 14 ENABLE 
INPUT 

12 £3 ENABLE 
INPUT 

11 OJ DATA INPUT 

10 03 OUTPUT 

0, 
D, 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature Range 
Storage Temperature 

00 to 70°C 

Input Voltage Ranges 
VCC Supply Voltage Range 
Output Voltage Range 

(with respect to ground) 
VSS Voltage Range 

.. (with respect to ground) 
VBB Voltage Range . 

-650 to +150°C 
-0.5 to +21VDC 
-0.5 to + 7.0VDC 
-0.5 to +25VDC 

-0.5 to +25VDC 

-0.5 to +25VDC 

A.C. CHARACTERISTICS T A = O°C to 70°C, VCC = 5V ±5%, vBB= VSS +3 to 4V, f = 2MHz, 50% Duty Cycle 

PARAMETERS 
DELAY DIFFERENTIAL (1) CL =100 pF 

CL = 200 pF max. MIN MAX 

t+_ INPUT TO OUTPUT DELAY 5 5 15 
t_+ INPUT TO OUTPUT DELAY 10 5 25 
tr OUTPUT RISE TIME 10 5 20 
tf OUTPUT FALL TIME 10 5 20 
to DELAY + RISE OR FALL TIME 10 10 35 

(1) This is defined as the maximum skew between any output in the same package, e.g., aU the input to output delays for the t-+ parameter are within a maximum of 
10nsec of each other in the same package. 

p.C. CHARACTERISTICS TA = O°C to 70°C, VCC = 5V ±5%, VSS = 16V ±5%, VBB = Vss +3.0V to 4.0V 

SYMBOL PARAMETER CONDITIONS MIN 

IFD Data Input Load Current VD = 0.45V, VCC = 5.25V, All Other 
Inputs at 5.25V, VSS = 16V, VBB = 19V 

IFE Enable Input Load Current VE = 0.45V, VCC = 5.25V, All Other 
Inputs at 5.25V, VSS = 16V, VBB = 19V 

IRD Data Input Leakage Vo = 19V, VCC = 5.0V, All Other 
Current Inputs Grounded, VSS = l6V, VBB = 19V 

IRE Enable Input Leakage VD = 19V, VCC = 5.0V, All Other 
Current Inputs Grounded, VSS = l6V, VBB = 19V 
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CL=200 pF 
MIN MAX 

5 15 
5 25 
5 30 

10 30 
20 45 

MAX UNITS 

-0.25 rnA 

-0.50 mA 

20 J.<A 

20 /LA 



D.C. CHARACTERISTICS (Cont'd) T A = O°C to 70°C, VCC = 5V ±5%, VSS = 16V ±5%, Vaa = Vss +3.0V to 4.0V 

SYMBOL PARAMETER I CONDITIONS MIN MAX 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 

ICC Current from VCC VCC = 5.25V, VSS = 16.8V 83 
ISS Current from VSS 250 
laa Current from Vaa Vaa = 20.8V All Inputs High 21 
PTOTAL Total Power Dissipation 900 

All Outputs "High" 

ICC Current from VCC VCC = 5.25V, VSS = 16.8V 33 

ISS Current from VSS Vaa = 20.8V 250 

laa Current from Vaa All Inputs High 3 

PTOTAL Total Power Dissipation 250 

STANDBY CONDITION WITH VCC = OV, VSS = VBB 

ICC Current from VCC VCC = OV, VSS = 16.8V 0 
Vaa = 16.8V 

ISS Current from VSS 250 
IBa Current from Vaa 250 
PTOTAL Total Power Dissipation 10 

WAVEFORMS 

TYPICAL CHARACTERISTICS 

SWITCHING TIME VS. 
AMBIENT TEMPERATURE 

Vee = -I-5V 
CL '" 200pF 

Vss = 16V 
VAB ~ 19V 

- 'F 

/L+ 

~ 
p"""" I. 

~ ---
2. 

10 

,,-

2<l 4. 6' 
AMBIENT TEMPERATURE rei 

s. 

Vss 

OUT ---....... 

IN 
GND--__ -L_~ __________ ~ _____ ~ ___ 

SWITCHING TIME VS. 
LOAD CAPACITANCE 

~r----;----.-------~-----' 
Vss: 5.OV 
Vss '" 16V 
Vee'" 19V 
TA=25C 

100 2 •• 

LOAD CAPACITANCE (pFI 

3.0 400 

UNITS 

mA 
p.A 
mA 
mW 

mA 
}LA 
mA 
mW 

mA 

p.A 
p.A 

mW 

135 

w o e • w 
l
e: -



LOGIC DIAGRAM 

0, 
. .'. D'~ " 

" 0, 
~ ".; 

D'~. 0, 

" 
'. 0. D. 

ABSOLUTE .MAXIMUM RATINGS 
Operating Temperature Range 
Storage Temperature 
Input Voltage Ranges 
Vec .supply Voltage Range 
Output Voltage Range 

(with respect to ground) 
VSS Voltage Range 

(with respect to ground) 
VBB Voltage Range 

00 to 70"C 
-65~ to +150°C 

-0.5 to +21VDC 
-0.5 to + 7.0VDC 
-0.5 to +25VDC 

-0.5 to +25VDC 

-0.5 to +25VDC 

PIN CONFIGURATION 

OUTPUT 01 2 

DATA INPUT D\ 3 

ENABLE ~1 4 
INPUT 

ENABLE 
INPUT E2 5 

DATA INPUT Dz 6 

OUTPUT 02 1 

F'PACKAGE 

I!, !~4 OUTPUT 

14 ()4 DATA INPUT 

,13 E4'~N~8TLE 

12 E3 ENABLE 
INPUT 

11 03 DATA INPUT 

10 OJ OUTPUT 

A.C. CHARACTERISTICS TA = O°C to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, VBB = VSS +3 to 4V, f = 2MHz, 50% Duty Cycle 

PARAMETERS DELAY DIFFERENTIAL (1) CL=100 pF CL=200 pF 
CL = 200 pF max. MIN MAX MIN 

t+_ INPUT TO OUTPUT DELAY 5 5 15 5 
L+ INPUT TO OUTPUT DELAY 10 5 25 5 
tr OUTPUT RISE TIME 10 5 20 5 
tf OUTPUT FALL TIME 10 5 20 10 
tD DELAY + RISE OR FALL TIME 10 10 35 20 

(1) ThiS IS defined as the maximum skew between any output in the same package. e.g., all the input to output delays for the t-+ parameter arewlthm a maximum of 
10nsec of each other in the same package. 

D.C. CHARACTERISTICS TA = O°C to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, VBB -Vss = .3.0V to 4.0V 

PARAMETER CONDITIONS MIN MAX 

IFD Data Input Load Current VD = 0.45V, VCC = 5.25V, All Other 
-0.25 Inputs at 5.25V, VSS = 16V, VBB =19V ' 

IFE Enable Input Load Current VE = 0.45V, VCC = 5.25V, All Other 
-0.50 

Inputs at 5.25V, VSS = 16V, VBB =19V 

IRD Data Input Leakage VD = 19V, VCC = 5.0V, All Other 20 
Current Inputs Grounded, VSS = 16V, VBB =19V 

IRE Enable Input Leakage VD = 19V, VCC = 5.0V, All Other. 
20 Current Inputs Grounded, VSS = 16V, VBB =19V 

CIN INPUT CAPACITANCE VBIAS =2.0V, VCC = OV 8 (Typical) 
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MAX 

15 
25 
30 
30 
45 

UNITS 

mA 

mA 

,..A 

!LA 

pF 



D.C. CHARACTERISTICS (Cont'd) TA = O°C to 55°C, VCC = 5V ±5%, VSS = 19V ±5%, VSS -VSS = 3.0V to 4.0V 

I PARAMETER I CONDITIONS I MIN I MAX I UNITS 

POWER SUPPLY CURRENT DRAIN: 
All Outputs "Low" 

ICC Current from VCC VCC = 5.25V, VSS = 20V 83 mA 

ISS Current from VSS 250 p.A 

ISB Current from VSS VSS = 24V All Inputs Open 25 mA 

PTOTAL Total Power Dissipation 1040 mW 

All Outputs "High" 

ICC Current from VCC VCC = 5.25V, VSS = 20V 33 mA 
ISS Current from VSS VSS = 24V 250 p.A 

IBS Current from VSS All Inputs Grounded 5 mA 

PTOTAL Total Power Dissipation 297 mW 

STANDBY CONDITION WITH VCC = OV, VSS = VBB 

ICC Current from VCC VCC = OV, VSS = 20V 0 mA 
ISS Current from VSS VBB = 20V 500 p.A 
IBS Current from VSB 500 /LA 

PTOTAL Total Power Dissipation 15 mW 
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FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75207 
• 17n5 MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20~A MAXIMUM INPUT BIAS CURRENT 
• STTL COMPATIBLE STROBES AND OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) . 
Negative Supply Voltage (V - ) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O°C to 70°C 
-65°C to +150°C 

+300°C 

PIN CONFIGURATION 

A, F PACKAGE 

INPUT1A 

INPUT1B 2 

OUTPUT 1Y 4 

STROBE 1G 5 

STROBE S 6 ~---' 

GROUND 7 

APPLICATIONS 
HIGH SPEED LINE RECEIVER 
MOS MEMORY SENSE AMP 
AID CONVERSION 

11 INPUT 2B 

9 OUTPUT 2Y 

~--,8 STROBE2G 

14~~----~--~--------~r-------~------------------~------~--------~~----, 

12 0:..------1------.., 

" 
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ELECTRICAL CHARACTERISTICS v+ = +5.00, V- = -5.00, TA = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 
755207 

MIN TYP MAX 

Amplifier Input 

Input offset voltage V+ = 4.75, V- = -4.75 10 
Input Bias Current a 25°C V+ = 5.25, V- = -5.25 7.5 20 
over temp range V+ = 5.25, V- = -5.25 40 
Input offset current a 25°C V+ = 5.25, V- = -5.25 1.0 5 
over temp range V+ = 5.25, V- = -5.25 12 
Input common mode voltage range V+ = 4.75, V- = -4.75 ±3 
Input resistance 4 
Input capacitance 3 6 
Voltage gain 5 

Power Supply Requirements 

Supply Voltage 
V+ 4.75 5.00 5.25 
V- -4.75 -5.00 -5.25 

Large Signal Switching Speed 

TpLH (0) low to high propagation delay RL = 280.!lCL = 15 pF 12 17 
from amp inputs to output T A = 25°C Note 1 
TpHL (0) high to low propagation delay RL = 280.!l CL = 15 pF 9 13 
from amp inputs to output T A = 25°C Note 1 
TpLH (S) low to high propagation delay RL = 280.!l CL = 15 pF 4.5 6 
from strobes input to output T A = 25°C Note 2 
TpHL (S) high to low propagation delay RL = 280.!l CL = 15 pF 3.0 4.5 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 280.!l CL = 15 pF 40 55 

T A = 25°C 

NOTES: 
1. Response time measured from OV point of ±100 mV p.p 10MHz square wave to the 1.5 point of the output. 
2. Response time measured from 1.5V pOint of input to 1.5V point of the output. 
3. Response time measured from the start of a 100rnV input step with SmV overdrive to the 1.5V point of the output. 

TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES VARIOUS INPUT OVERDRIVES 

TA = 25°C TA=25b C 
Vs= ±5V _ Vs = !5V 

5mV 

100jV'-...., "/J 
20mv,,"- Iff' 5mV 

ill.. 10mV 

r--- 50mv :::: ~K 10mV 

I ~1~ 
t--- 1OOmV 

I.\.\.: 

100 100 

50 50 

10 15 20 25 30 10 15 20 25 

TIME-ns TIME-ns 

UNIT 

mV 
pA 
/LA 
/LA 
/LA 
V 

k.!l 
pF 

V/mV 

V 
V 

ns 

ns 

ns 

ns 

MHz 

30 
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TYPICAL PERFORMANCE CHARACTERISTICS 

140 

,. 
,. 

--

-60 

20 

,. 
,. 
" 

RESPONSE TIME VS. 
TEMPERATURE 

./ 

./' 
V 

V 
, 

11IOI\.H) ~ --
-- -->-- ---- --~ TPD IHLI 

-20 +20 +60 +100 

AMBIENT TEMPERATURE - "c 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

YN;~~~QUARe 
WAVE INPUT 

TA"26~C 

.140 

I-- TPD/LHI 
12 

10 r-.... 

100 

12 

\ 

" 
10 

-7S 

TPDIHLI 

1000 

INPUT VOLT AGE - mV pop 

INPUT BIAS CURRENT VS. 
AMBIENT TEMPERATURE 

'\ 
\ 

1\ 
'\ 

~ -
+25 +7& """ AMBIENT TEMPERATURE - °C 

B~nl!liDB 

> 
I 

, . 
" 

" 

12 

PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGE 

vr~t 
1 MHzSOUARE 

WAVE INPUT 
TA '" 26"C 

'" r- TPD(LHI 

TPD(HL) 

10 20 30 40 .0 60 

INPUT VOLTAGE - mV pop 

OUTPUT VOLTAGE VS. 
AMBIENT TEMPERATURE 

70 

3.0 1--1--+--+-+--+-+--1--1--11--1 

~ S 2.0 f--l---f--+-+--+-+---l-+......jf--I 
> 

I 
1.0 f--l---f--+-+--+-+---l-+--l~-I 

-76 -25 -+25 +75 +125 
AMBIENT TEMPERATURE _ °c 

INPUT OFFSET CURRENT VS. 
AMBIENT TEMPERATURE 
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\ 
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'.7 
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~ 

0 .• 
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...... ... 
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FEATURES 
• FUNCTIONALLY EQUIVALENT AND PIN COMPATIBLE TO 

SN75208 
• 17n8 MAXIMUM GUARANTEED PROPAGATION DELAY 
• 20 !LA MAXIMUM INPUT BIAS CURRENT 
• STTL COMPATIBLE STROBES AND OUTPUTS 
• OPEN COLLECTOR OUTPUTS 
• LARGE COMMON MODE INPUT VOLTAGE RANGE 
• OPERATES FROM STANDARD SUPPLY VOLTAGES 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply Voltage (V+) 
Negative Supply Voltage (V -) 
Differential input voltage 
Common mode input voltage 
Strobe/Gate input voltage 
Power Dissipation 
Operating Temperature Range 
Storage temperature range 
Lead temperature (Soldering 60 seconds) 

SCHEMATIC DIAGRAM 

+7V 
-7V 
±6V 
±5V 

+5.5V 
600mw 

O"C to 70°C 
-65°C to +150°C 

+ 300°C 

PIN CONFIGURATION 
A, F PACKAGE 

INPUT lA 1 14 V+ 

INPUT1B 2 

OUTPUT lY 4 

STROBE lG 5 

STROBE S 6 1-----' 

GROUND 7 

APPLICATIONS 
MOS MEMORY SENSE AMP 
AID CONVERSION 
HIGH SPEED LINE RECEIVER 

11 INPUT 2B 

9 OUTPUT 2Y 

~--,8 STROBE2G 
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ELECTRICAL CHARACTERISTICS V + = +5.00, V _. = -5.00, T A = 0 to 70°C (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 

Amplifier Input 

Input offset voltage V+ = 4.75, V- = -4.75 
Input Bias Current w 25°C V+ = 5.25, V- = -5.25 
over temp range V+ = 5.25, V- = -5.25 
Input offset current w 25°C V+ = 5.25, V- = -5.25 
over temp range V+ = 5.25, V- = -5.25 
Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 
Input capacitance 
Voltage gain 

Power Supply Requirements 

Supply Voltage 
V+ 
V-

Large Signal Switching Speed 

T pLH (0) low to high propagation delay RL = 280nCL = 15 pF 
from amp inputs to output T A = 25°C Note 1 
T pHL (0) high to low propagation delay RL = 2800CL = 15 pF 
from amp inputs to output T A = 25°C Note 1 
T pLH (S) low to high propagation delay RL = 2800CL = 15 pF 
from strobes input to output T A = 25°C Note 2 
T pHL (S) high to low propagation delay RL = 2800CL = 15 pF 
strobe input to output T A = 25°C Note 2 
Maximum Operating Frequency R L = 2800 CL = 15 pF 

T A = 25°C 

NOTES: 
1. Response time measured from OV point of ± 1 00 MHz square wave to the 1.5 pOint of the output. 
2. Response time measured from 1.5V point of input to 1.SV point of the output. 
3. Response time measured from the start of a 100mV input step with SmV overdrive to the 1.5V point of the output. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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RESPONSE TIME .. OR 
VARIOUS INPUT OVERDRIVES 

TA = 25°C 
Vs=±SV _ 

lOOt"'" IF" /J 
2QmV"~ W" 5mV 

1D. 10mV 

10 15 20 25 30 

TIME-nl 

100 

50 

75S208 

MIN TYP MAX 

10 
7.5 20 

40 
1.0 5 

12 
±3 

4 
3 6 
5 

4.75 5.00 5.25 
-4.75 -5.00 -5.25 

12 17 

9 13 

6 10 

5 8 

25 35 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

TA = 25"C 

Vs " ~5V 

5mV 

_50mV:::: ~~ 10mV 

I ~[\ 
-100mV 

~ 

10 15 20 25 

TlME-ns 

UNIT 

mV 
J1-A 
J1-A 
J1-A 
J1-A 
V 

kO 
pF 

VlmV 

V 
V 

ns 

ns 

ns 

ns 

MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME VS. 
TEMPERATURE 

2.~-+--+-~--~--+--+--1_--r--t--1 

'2~-+--+-~--~--+--+--1_--r--t--1 
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PROPAGATION DELAY FOR 
VARIOUS INPUT VOLTAGES 
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INPUT VOLTAGE - mV p-p 

14 

10 
i-. 

10 

12 

11 

10 

-75 

\ 
\ 

\ 

TPD (lH} 

TPD(Hll 

20 30 50 60 

INPUT VOLTAGE - mVp-p 

INPUT BIAS CURRENT VS. 
AMBIENT TEMPERATURE 

\ 
" \ 

\ 

'" "- ......... ... ... 

-25 +25 +75 +125 

AMBIENT TEMPERATURE - ac 

INPUT OFFSET CURRENT VS. 

1.0 

'i 0.9 
I 

~ 
~ 0.8 

~ 
It 0.7 
o 

~ 0.6 

0.5 

\ 

AMBIENT TEMPERATURE 

\ 
\ 
\ 

'\ 

"", 
... , 

' ...... 
-75 -25 +25 +15 +125 

AMBIENT TEMPERATURE - ac 

Si!lDOliCS 

70 
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FEATURES 
• DUAL SENSE AMPS 
• ±4mV THRESHOLD UNCERTAINTY 
• DESIGN VERSATILITY 
• 25ns PROPAGATION DELAY 

PIN CONFIGURATIONS 

ORDER 
PART NOS. 1 

SN7520NI 
SN7521N 

7520/21 

ORDER 
I. PART NOS. 

SN7522NI 

" SN7523N 

,. 
13 

12 

11 

10 

ABSOLUTE MAXIMUM RATINGS 
Differential Input Voltage 
Vee 
Strobe & Gain Input Voltages 
Storage Temperature 
Operating Temperature 
Power Dissipation 

B PACKAGE 

7522123 

ORDER 
I. PART NOS. 

SN7524N1 

" SN7525N 

" 
13 

12 

11 

,. 

±5V 
±7V 

+5.5V 
-65°e to +150oe 

ooe to +70oe 
500mW 

7524125 

I. 

" 
,. 
13 

12 

11 

,. 

'The 7520/21/22123124/25 does not require an external capacitor (Cext) to stabilize the pre
amplifier. Pin 1 may be used as a test pOint, giving access to the pre·amplifier output. No 
degradation of performance will result if a 100pF capacitor is connected from Pin 1 to GND. 

LOGIC DIAGRAMS 

7520/21 

INPUTS{" 
'2 "I=:::i")o.-r---<I OUTPUT a 

STROBE A <>----' 

INPUTS{·' 
·2 

STROBE B <>----' 

GATEQ"::======~ GATECiO 

Output Q = GQ + (SA INA + Ss INS) GQ 
Output Q = GQ (GQ + SA INA + Ss INS) 
where: 
GQ = Gate Q;;.2V 
SA = Strobe A;;.2V 
INA = (VinD at Inputs A1 and A2»VT 

II Sa = Strobe S;;.2V 
~ = (VinD at Inputs S1 and S2»VT 
GQ = Gate Q,,;;O.8V 
GO = Gate Q;;.2V 

144 

OUTPUT 0 

INPUTS{" 
'2 

7522123 

STROBE A <>-__ ...1 

INPUTS{BI 
B2 

STROBE B,,"===~ __ J 
GATE yo-

OUTPUTY 

Output Y = G(SA INA + Ss + INS) + G 
where: 
G = Gate;;.2V 
SA = Strobe A;;.2V 
INA = (VinD at Inputs A1 and A2»VT 
Ss = Strobe S;;.2V 
INS =(VinD at Inputs S1 and S2»VT 
G = Gate,,;;OAV 

smnOlll1 

7524125 

INPUTS{:: ~OUTPUTA 
STROBEA~-·"" 

INPUTS{BI~ 82 OUTPUT B 

STROBE 8 

Output A = SA INA 
Output 8 = S8 INS 
where: 
SA = Strobe A;;.2V 
INA = (VinD at Inputs A1 and A2»VT 
5s = Strobe S;;.2V 
INS = (VinD at Inputs S1 and S2»VT 



AC CHARACTERISTICS 7520/21 
PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

tpd(1)OO, tpd(O)OO Ar A2-or B1-B2 

tpd(1)Oa, tpd(O)OQ A1-A2·or B1-B2 

tpd(1 )SO, tpd(O)SO Strobe A or B 

tpd(1)Sa, tpd(O)SQ Strobe A or B 

tpd(1)GOO, tpd(O)GOO Gate 0 

tpd(1)GOa, tpd(O)GOQ Gate 0 

tpd(1)GaO, tpd(O)GOa Gate a 

AC CHARACTERISTICS 7522123 
PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

t~i til, 0 A1-A2 or B1-B2 

tpd(1 
tpd(O)S Strobe A or B 

tpd(1)G 
tpd(O)G Gate 

AC CHARACTERISTICS 7524/25 
PROPAGATION DELAY TIMES 

SYMBOL FROM INPUT 

tpd(1)O 
tpd(O)O 

A1-A2 or B1-B2 

tpd(1)S 
tpd(O)S 

Strobe A or B 

NOTES: 
1. The differenlial input threshold voltage (VT) is defined as the DC input voltage (Vin) required 

to force the output of the sense amplifier to the logic gate threshold voltage level. 
2. Common mode input firing voltage is the common mode voltage that will exceed the dynamic 

range of the input at the specified conditions and cause the logic output to switch. The 
specified common mode input signal is applied with a strobe enable signal present. 

3. Differential input overload recovery time is the time necessary for the device to recover from 
the specified differential input overload signal prior to the strobe enable signal. 

4. Common mode input overload recovery time is the time necessary for the device to recover 
from the specified common mode input overload signal prior to the strobe enabJe signal. 

TO OUTPUT 

0 

Q 

0 
-
0 

0 

Q 

a 

TO OUTPUT 

y 

y 

y 

TO OUTPUT 

A or B 

Aor B 

MIN TYP MAX 

20 40 
30 
25 
35 55 
15 30 
25 
15 
35 55 
10 20 
15 
15 
20 30 
15 
10 20 

MIN TYP MAX 

20 
30 45 
15 
25 40 
10 
15 25 

MIN TVP MAX 

25 40 
20 
15 30 
20 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 

UNIT 

ns 
ns 
ns 
ns 
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SCHEMATIC DIAGRAMS 
7520/21 

" A STROBE 

·vcco-------~------------------------________________ ~------}__¥~ 

146 

16 
VCC' 

7522123 

IIIIIIICI 

" A STROBE 

" aGATE 



SCHEMATIC DIAGRAMS (CONT'D) 

" Vcc' 

7524/25 

" ASTRQ8E 

VCC-o.8-------<'---------------------f---+~M-! 

TYPICAL CHARACTERISTIC CURVES 

OUTPUT VOLTAGE VERSUS 
DIFFERENTIAL-INPUT 

VOLTAGE 

1524,7525 AND Q OUTPUT OF 7520, 7521 ONLY 

"ee,-5" 
"CC2"-6V 
ILOAN =-40D,uA 

TA B 25"C 

"IND - DifFERENTIAL-INPUT VOLTAGE - mV 

LOGICAL 1 OUTPUT 
VOLTAGE VERSUS 

LOAD CURRENT 

Ii.O~ 

4.51-+-=!'"-..I--1-+-1-+-1-+-I 
VCC1"5V ........... r--.... 
"CC2=-6V -1-+"""'k+-I-+-1-1-1 
TA ·"'· ......... r---.. 

ALL TYPES 

~~~~~~:3~ERNAL RESISTOA OF +-I-+---'f---I 

°0L-~~>OO~~300~~400~~500~~~~~70~0~80~0~'OO~~,000 
ILOAD - LOAD CURRENT -I'A 

Sloolies 

0.4 

1 

o 
o 

LOGICAL 0 OUTPUT 
VOLTAGE VERSUS 

SINK CURRENT 

Vcc, =6V 

VCC2~-W 

TA"'25DC 

7520,7521,7524,7525 
~ ~ 

I--r ~ ~""" 
~ """"'1522,7523 

.SINK - SINK CURRENT - rnA 

---
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 

148 

.. 
40 

o 

THRESHOLD VOLTAGE 
VERSUS 

REFERENCE VOLTAGE 

Jcc,",v I 
r-- VCC2 "-6V , 
r- lA"O"Cto7rY'C 

, 
V 

o 

V 
V 

/ 
/ , , 

10, 15 20 25 30 36 40 

VREF - REFERENCE VOLTAGE - mV 

COMMON MODE FIRING 
VOLTAGE VERSUS 

FREE-AIR TEMPERATURE 

VCC1 ~ 5V 

2 vCC2 "'-{)V 
VREF m 20mV 

, 

~oL---,~o.-.--~~--~~--L---~--~--~ 

0 

VREF" 20mV TA - FREE..A.IR TEMPERATURE - C 

LOGICAL 1 LEVEL INPUT 
CURRENT VS 

INPUT VOLTAGE 

9 r-v~,='~! 
VCC2 "·5V 

8 f-TZ TI\"25'C 

7 . 
,/ , 

4 

", 
", 

3 

" , 
, l/ 
0 

I 
1.5 2.0 2.5 3.0 3.5 4.0 4.5 6.0 

VIN ~ INPUT VOLTAGE _ V 

THRESHOLD VOLTAGE 
VERSUS 

SUPPLY VOLTAGE 

_ vREF"'20mL 
. TA- 25·C 

23 

, --r-- --I----

, , 
±4.~ t4.75 

.. 
< , 
~ 
~ " 
~ 3 0 

• 
~ 
~ 20 

~ 15 

Q 

o , 

1.-1•75 

, 
1-,·50 
u -1.25 

i § -1.00 

~ -0.7 

~ 
9.a.s 

, 

0 

.. 
_-·026 

0 

Vee -SUPflLY VOLTAGE-V 

DIFFERENTIAL-INPUT BIAS 
CURRENT VERSUS 

FREE-AIR TEMPERATURE 

vcc,l=sv 
VCC2" -6V 

........... ~ --

40 

TA - FREE-AIR TEMPERATURE _DC 

LOGICAL 0 LEVEL INPUT 
CURRENTVS 

INPUT VOLTAGE 

VCC/' 5V 
Vccz "-6V 

TA =25·C 

......... ...... 
f'.. r-..... 

'\ 

0.25 0.60 0.15 1.00 

Y,N - INPUT VOLTAGE - V 

0 

< o • 

I 
~ 

7 

NORMALIZED THRESHOLD 
VOLTAGE VERSUS 

PULSE REPETITION RATE 

PRR - PULSE REPETITION RATE - MH.t' 

DIFFERENTIAL-INPUT 
OFFSET CURRENT VS 

FREE-AIR TEMPERATURE 

Veel ~ 6V 

VCCZ --5V 

.' 
a 0, 

i o. 

~ o. 

:i o. 
~ 
~ o. 

is o. , 

, 
4 

3 

, 
p o. , 

0 

~ -r--"", 

TA - FREE-AIR TEMPERATURE -'C 

OUTPUT VOLTAGE VERSUS 
DIFFERENTIAL INPUT 

VOLTAGE 

7522, 1523 AND a OUTPUT OF 7520, 7521 O~l Y 

V,NO - DIFFERENTIAL_INPUT VOLTAGE - mV 

" 



SWITCHING CHARACTERISTICS (Propagation Delay Times) 

TEST CIRCUIT-DIFFERENTIAL AND 
STROBE INPUTS TO OUTPUTS 

VOLTAGE WAVEFORMS-DIFFERENTIAL 
AND STROBE INPUTS TO OUTPUTS 

7520/21 

VeC1 

DIFFERENTIAL r ~l~ __ :EJ5:~ _rt _ lL-, 

INPUT r-~>--~''+-l : 
~~---"m' 

20mV 20mV 20m\' 20mV 
DIFFERENTIAL Io.-',.-....j t-----' 2 ---l OV 

TEST CIRCUIT 

1,3 OUTPUT 

lc'.:I,sPF 
I ~ 
I 
I 

Q 
»-"'------+OOUTPUT 

C,+'5PF 

NOTES: 

INPUT PULSE ! p : P ______ V
lNm 

STA08EINPUT ~1.5V ~-;.~----
PULSEJ4'p2~'"\::.......,~~-'~'--I~VJNfl» 

~(lIDO -...I ~ 'pd(O)OQ 'pdntSD ~ ~ 1..-1xtIOISO 
I f I I ~I I :1"---- VaUTU) 
I I.SV lo5V I I.SV 1.5V 

OUTPUT a ;: I: VOUT(O) 

I I I I 
OUTPurli --J"""-\. .l.. ~~ ,'_.. .r::- VOUT\11 

1 ~'.5V ! 1\1:...E~5~_ 
'pd(11 oo.....j 1-:: tpd(O)sQ -l j...; 1--- \'OU1(0) 

--1 ~lpdl1JDa ---! r--1xt!1lSQ 

1. Pulse generators have the following characteristics: 
Zoul ~ 50n, I, ~ ~ ~ lS(±5)ns, tpl ~ 100 ns, 

Ip2 ~ 300ns, and PAR ~ 1 MHz. 

2. C1 includes probe and jig capacitance. 

7520/21 
VOLTAGE WAVEFORMS 

»-l"-___ +oli,euTPuT 

TEST CIRCUIT 

VCC2 VREF a20mV 

NOTES: 
1. Pulse generators have the following characteristics: 

ZOUT ~ 50n, t, ~ If ~ lS(±S)ns, Ipl ~ 100 ns, 

Ip2 ~ 300ns, and PAR ~ 1 MHz. 
2. C1 includes probe and jig capacitance. 

7522123 
VOLTAGE WAVEFORMS 

20mV 20mV 20mV 20mV 

OlfFERENTIAL r18 ____ ~ __ D __ 
INPUT I .. 

~------' 

OlfFERENTlAL~ I I OV 
'NI'UTPUlSE ,..Ip'~ t----'p2~ 

I I 
,--.,.--'----1';-1 ~~-------""" 

1.5V l : 1.5V 1.6V UN 

STROBE~~~~ ~i>2~ :"'p,--I VINIOI 

: : :; : : VINI') 

,.5V 1 I "1.5,,, 

GATEO"UT ---i I I '"" I I t:- "N'" 
I lpelIOIO-.j ~I I I . 

Ipell'IG.-J ~ l.....-.j t--\xtI'IO ! ----t r-i>fIIIS 

~I I ~._. ~-:=VOUTI1I 
'.6V ,.5V ,.&V ! ~'.5V! ~ 

OUTPUT I I I 1 VOUTIOI 

C'J.'5PF 

'pellOIS ~ to-- ......j 14- lpelIO)G 

NOTES: 
1. Pulse generators have the following characteristics: 

z"ul ~ son, I, ~ tf ~ 15(±S)ns, Ipl ~ 100 ns, 
tp2 ~ 300ns, PAR ~ 1 MHz. 

2. Strobe input pulse is applied to Strobe A when inputs A1 ~A2 are 
being tested and to Strobe 8 when inputs 8 1-82 are being tested. 

3. C1 includes probe and jig capacitance. 
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SWITCHING CHARACTERISTICS (Propagation Delay Times) (Cont'd) 

150 

TEST CIRCUIT 
7524125 

Vee1 

DIFFERENTIAL r-I __ ::T:m~_D-__ ~_l 
INPUT ",--'---'--"'t1r' 

rt--'c,...~H .,,")--==::r'). ______ -i'I,!!.. +~A. OUTPUT 

IC'1:'6pf' 
I ." 
I 
I 

>-t--;-).....------~(,:!..,-~-_t~BOUTPUT 
I C,*''!IpF 

VOLTAGE WAVEFORMS 

. ~ _____ ""'v 
20rnV 20mV 20mV 20mV 

DIFFERENTIAL I _I OV 
INPUT PULSE r-'P'''''' """'--;'2_ 

I I ________ V'N(1) 

~1.5V., ~;;.;-----
STR08EINPUT ---'~t,.2~'\:i~"':"-I~I-.j~VINtOI 

PULSE '\ I I 
I I ~llIS-+j !'--+i t--'PIIIOIS 

... t1lD~ I.-.J l.-lpd1010 \ 
I I ~-+------VOIJT(II 

- ~UiV 1.6V I.SV 

OUTPUT ----./' •. _- ~ VOUT10' 

NOTES: 
1. Pulse generators have the following characteristiCS: 

z"ut ~ 50!), tr ~ tf ~ t5(±5)ns, tpl ~ lOOns, 

tp2 ~ 300ns, PRR ~ 1 MHz. 

2. Strobe input pulse is applied to Strobe A when inputs 

Al-A2 are being tested and to Strobe B when inputs 

Bl·B2 are being tested. 

3. C1 includes probe and jig capacitance. 



FEATURES PIN CONFIGURATION 
• 400mA OUTPUT CAPABILITY 
• HIGH VOLTAGE OUTPUTS 

A PACKAGE 

• DUAL SINK/SOURCE OUTPUTS 
• INTERNAL DECODING AND TIMING CIRCUITRY 
• FAST SWITCHING TIMES 
• OUTPUT SHORT-CIRCUIT PROTECTION 

ABSOLUTE MAXIMUM RATINGS 
Over Operating ease Temperature Range (Unless 
Otherwise Noted). 
Supply voltage Vee (See Note 1) 
Input voltage (See Note 2) 

17 V 
5.5 V 

ooe to 700 e 
SOOmW 

Operating case temperature range 
Continuous total power dissipation at 
(or below) 700 e case temperature 
Storage temperature range -65°e to 150°C 
NOTES: 
1. Voltage values are with respect to network ground terminal. 
2. Input signals must be zero or positive with respect to network ground terminal. 

FUNCTION TABLE 
INPUTS OUTPUTS 

ADDRESS TIMING SINK SOURCES SINK 

A B e D E F G W X Y Z 
L L H H H H H ON OFF OFF OFF 
L H L H H H H OFF ON OFF OFF 
H H L L H H H OFF OFF ON OFF 
H L H L H H H OFF OFF OFF ON 
X X X X L X X OFF OFF OFF OFF 
X X X X X L X OFF OFF OFF OFF 
X X X X X X L OFF OFF OFF OFF 

H :== high level, L = low level, X :=: irrelevant 

NOTE: Not more than one output is to be on at one time: When aUtiming inputs are high, two of the 
address inputs must be low. 

Address Input A t 

Address Input B 2 ...--....... -....--.J 

Address Input C 3 r-1n-T-""--.J 

Timing Input E 4 

Timing Input F 5 

Timing Input G 6 

Address Input 0 7 "'--~-""--.J 

F PACKAGE 

Address I nput A 2 

Address Input B 3 

Address Input C 4 r--1rr-T ... _ 

Timing Input E 5 

Timing Input F 6 

Timing Input G 7 

Address Input 0 8 ""-~--""--.J 

ELECTRICAL CHARACTERISTICS Vee = 14V, Te = ooe to 700 e (Unless Otherwise Noted). 

PARAMETER 
TEST 

TEST CONDITIONS 
FIGURE MIN 

V(sat) Sink saturation voltage 2 Isink ~ 420mA, RL = 53 

V(sat) Source saturation voltage 2 Isource ~-420mA, RL = 47.5 

loff Output off-state current 1 VI = OV 

NOTE: 
1. All typical values are at T C ~ 25"e 

S(gonties 

Output (Sink) Z 

Vee 

Output (Source) Y 

11 Source Collectors 

10 Output (Source) X 

9 Output (Sink) W 

15 Output (Sink) Z 

Vee 

Output (Source) Y 

Source Collectors 

11 Output (Source) X 

Output (Sink) W 

LIMITS 

TYP' MAX 
UNIT 

0.75 0.S5 V 
0.75 0.S5 V 
125 200 /LA 
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SCHEMATIC DIAGRAM 

r---~--~------------~----~------------~r---------oVoc 

TIMING{ : 
INPUTS 

G 

ADo.Esstl SWITCH·PAI. 
INPUTS SELECT 

~----__ o~+---~~ 

MODE SEL.ECT [. 

(SOURCE/SINK} CO-+-----H-4 

SOURCE 
COLLECTORS 

L-__________________ -+ ________ ~ __ ~--~--------~GND 

SWITCHING CHARACTERISTICS vcc = 14V TC= 25°C , 

TEST LIMITS 
PARAMETER FIGURE TEST CONDITIONS 

TYP MIN 

tpLH Propagation Delay Time 5 
Low-to-High-Level Source Output RL1 = 53 

tpHL Propagation Delay Time 5 RL2 = 500 
High-to-Low-Level Source Output CL = 20pF 

tpLH Propagation Delay Time 6 
Low-to-High-Level Sink Output 

tpHL Propagation Delay Time 6 RL = 53 
High-to-Low-Level Sink Output CL = 20pF 

ts Sink storage time 6 

152 

MAX 
UNIT 

90 ns 

50 ns 

110 ns 

40 ns 

70 ns 



PARAMETER MEASUREMENT INFORMATION 

IlL 
VI-

lift 

-= 

NOTES: 

D.C. TEST CIRCUITSt 

TEST 
PER 
FUNC-
TIDN 
AND 
TEST 
TABLES 
(SEE 
NDTES1 

r--------------, 
I TIMING INPUTS V OA-----_o +14V 

E cCy 

I 
I 

o 
ADDRESS INPUTS 

I 
F~o--Hr-'W"v--o+23V 

15W (NONINDUCTIVEI 

'--Df--Q+13V 

~-r-r~~-r-------o+3V 

L ___________ ..E!'!D 

1. Che'ck V,H and V,L per Function Table. 

2. Measure I,L per Test Table. 

3. When measuring 'lH. all other inputs are at ground. 

TEST TABLE FOR IlL 

APPLY 3.5V GROUND TEST 
IlL 

B. C. E. F. and G A and D A 
B. C. E. F. and G A and D D 
A. D. E. F. and G Band C B 
A. D. E. F. and G Band C C 
A. B. C. D. F. and G E E 
A. B. C. D. E. and G F F 
A. B. C. D. E. and F G G 

Each input is tested separately. 
FIGURE 1-VIL. VIH. IlL. IIH. and loff 

+5V 

SEE 
FUNC· 
TION 
TABLE 

r--------------, 
I TIMING INPUTS Vee 9 ....... ---------0 +14V 

I 
;,.:.;.;:....c>--_.__:NII--Q+23V 

'SOURCE +3V 

NOTE: This parameter must be using pulse techniques, 
tw = 500n5, duty cycle ~ 1%. 

FIGURE 2-V (sat) 

t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 

r--------------, 
I TIMING INPUTS VCC9 ....... ---ICC;;:.;;..----_0+14V 

I 
~~o---~~~~~+23V 

53 
15W (NDNINDUCTIVEI 

'--Df--Q+13V 

~-r-r~~-r--------o+3V 

ADDRESS INPUTS L ___________ ..E!'!D 

FIGURE 3-ICC (ALL OUTPUTS OFF) 
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PARAMETER MEASUREMENT INFORMATION 

D.C. TEST CIRCUITSt (Continued) 

+3.5V 

+3.5 V 

SEE 
NOTES 

__ -_'c"'c"-_ ......... o +14V 

~-r-r~~-----O+3V 

ADDRESS INPUTS L ___________ ~~D 

NOTES: 
1. Ground A and S, apply 3 .. 5V to C and D, and measure ICC 

(output W is on). 
2. Ground Band D, apply 3.SV to A and C, and measure ICC 

(output Z is on). 
3. Ground A and C, apply 3.5V to Band D, and measure ICC 

(output X is on). 
4. Ground C and D, apply 3.SV to A and B, and measure ICC 

(output Y is on). 

FIGURE 4-ICC (ONE OUTPUT ON) 
t Arrows indicate actual direction of current flow. Current into a terminal is a positive value. 

SWITCHING CHARACTERISTICS 

SEE 
NOTE 

2 

+5V 

TEST CIRCUIT 
r--------------, 
I TIMING INPUTS Vee 9>------0 +14V 

SOURCE I 
COLLECTO;.::.;R8'::"'9-"'----1r-"'"'lIL"l-o+23V 

53 
15W (NON INDUCTIVE) 

'--0'1--0 +13V 

..... -+-Q-+~--.,.--oOUTPUT y 

VOLTAGE WAVEFORMS 

~"~-------500ns------~~'H' 
I , 

+5V-------L--,..-_______ ---, , 

i -\'" INPUT OV-----I, , 1'-_____ _ 

, I I 
r--- tpLH -I r-- tpH L -I 'I , ';:90% \:. 

OUTPUT ________ ..J. h 
XOR Y 

NOTES: 
1. The input waveform is supplied by a generator with the 

following characteristics: Ir = If = 10 ns, duty cycle ~ 1%, 
and Zout = son. 

2. When measuring delay times at output X, apply +5V to 
.Input D, and ground A. When measuring delay' times at 
riutput Y, apply +5V to tnput A, and ground D. 

3. CL includes probe and jig capacitance. 

4. Unless otherwise noted all resistors are Q,5W. 

FIGURE 5-S0URCE-OUTPUT SWITCHING TIMES 
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PARAMETER MEASUREMENT INFORMATION 

SWITCHING CHARACTERISTICS (Continued) 

TEST CIRCUIT 

+5V 
-----_<O+14V 

r'-"""--<)---. ...... --"M..-O+23V 
53 
15W (NONINDUCTIVE) 

SEE 
NOTE 

2 
INPUT 
PULSE 

+13V 

-r--I-"¢--+-----oOUTPUT 

VOLTAGE WAVEFORMS 
I_ 500 ns ---~'-II 

CL 

120PF 

I I 

------i~ -N,~ 
INPUT ov f 10~ : "-______ _ 

I 
j- tpHL ---j I-- tPLH---I 

I I I 
I I I 

'OUTPUT :: I I 

I I-- '0-1 
I I 

NOTES: 
1. The input waveform is supplied by a generator with the 

following characteristics: Ir = If = 10 ns, duty cycle :'!'.i: 1%, 
and lout = 50. 

2. When measuring delay times at output W, apply +5V to 
Input 0, and ground A. When measuring delay times at 
output Z, apply +5V to Input A, and ground D. 

3. CL includes probe and jig capacitance. 

FIGURE &-SINK-OUTPUT SWITCHING TIMES 
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FEATURES PIN CONFIGURATION 
• 600mA OUTPUT CAPABILITY --------------------~-------, 

• FAST SWITCHING TIMES 
BA, F PACKAGE 

• OUTPUT SHORT·CIRCUIT PROTECTION 
• DUAL SINK AND DUAL SOURCE OUTPUTS 
• MINIMUM TIME SKEW BETWEEN ADDRESS AND OUTPUT CUR· 

RENT RISE 
• 24 VOLT OUTPUT CAPABILITY 
• SOURCE BASE DRIVE EXTERNALLY ADJUSTABLE 

Source 1 
Collectors 

• TTL OR DTL COMPATIBILITY 
• INPUT CLAMPING DIODES 

TRUTH TABLE 
ADDRESS STROBE OUTPUTS INPUTS INPUTS 

Strobss.{S1 4 

S2 '1-:::::-,--., 

SOURCE SINK SOURCE SINK SOURCE SINK 
A B C D S1 S2 W X Y Z 

L H X X L H ON .OFF OFF OFF 
H L X X L H OFF ON .OFF OFF 
X X L H H L OFF OFF ON OFF 
X X H L H L OFF .OFF OFF .ON 
X X X, X H H OFF OFF OFF .OFF 
H H H H X X OFF OFF OFF .OFF 

H = high level, L = low level, X = irrelevant 

NOTE: 
Not more than one output is to be on at anyone time. 

ABSOLUTE MAXIMUM RATINGS 
RATING 

PARAMETER 
55325 75325 

Supply voltage VCC1 (see Note 1) 7 7 

Supply voltage VCC2 (see Note 2) 25 25 

Input voltage (any address or strobe input) 5.5 5.5 

Continuous total dissipation at (or below) 100°C case 1 1 
temperature (see Note 2) 

Operating free·air temperature range -55 to 125 o to 70 

Storage temperature range -65 to 150 -65 to 150 

Lead temperature 1/16 inch from case for 60 seconds F Package 300 300 

Lead temperature 1/16 inch from case for 10 seconds SA Package 260 260 

NOTES: 1. Voltage values Bre with respect to network ground terminal. 2. For operation above 1 OODC case temperature, refarta Dissipation Derating Curve, Figure 20. 
For dissipation ratings in free-air, see Figure 21. 
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V 
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°C 
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SWITCHING CHARACTERISTICS VCC1 = 5V, T A = 25°C 

PARAMETER1 TO (OUTPUT) 

tPLH 

tPHL 
Source collectors 

tTLH 
Source outputs 

tTHL 
tpLH 

tPHL 
Si nk outputs 

tTLH 
Sink outputs 

tTHL 

t5 Sink outputs 

NOTE: 
1. tPLH ~ propagation delay time, low-to-high-tevel output 

tPHL = propagation delay time, high-to-Iow-Jevel output 

tTLH = transition time, low-to-high-Ievel output 

trHL = transition time, high-to-Iow-Ievel output 

ts = storage time 

CIRCUIT SCHEMATIC 

ADDRESS 0 

4k 

OND OUTPUT Z 

TEST 
FIGURE 

9 

10 

9 

9 

9 

STROBE 52 ADDRESS C 

OUTPUTY 

NOTE: ALL RESISTORS VALUES ARE TYPICAL ANO IN OHMS. 

TEST CONDITIONS 

VCC2 = 15V, RL = 240 
CL,= 25pF 

VCC2 = 20V, RL = 1kO 
CL = 25pF 

VCC2 = 15V,RL=240, 
CL = 25pF 

VCC2 =15V, RL = 240 
CL = 25pF 

VCC2 = 15V, RL = 240, 
CL = 25pF 

AODRESS8 

55 

OUTPUT X 

IROOIllI 

LIMITS 

MIN TYP MAX 
UNIT 

25 50 
ns 

25 50 

55 

7 
ns 

20 45 
ns 

20 45 

7 15 
ns 

9 20 

15 30 ns 

STROBE S1 ADDRESS A 

4> 

NODE R SOURCE OUTPUTW RINT VCC2 
COLLECTORS 

157 

w o e • ... 
le: -



PARAMETER MEASUREMENT INFORMATION (Cont'd) 

DC TEST CIRCUITS' 

24V 

2V 

TEST TABLE 

A B S1 

GND GND 2V 
2V 2V GND 

OPEN 

I 
Zl 

OPEN 

I 
I 

G~J 

-= 4.5V -= -= 

FIGURE 1 - VIH AND I(off) 

24V 

4.5Vo-_f'o'--<II,"" 

TEST TABLE 

C D S2 Y Z 

2V 4.SV GND VOH OPEN 
GND 4.SV 2V VOH OPEN 
4.SV 2V GND OPEN VOH 

4.5V 4.SV GND 2V OPEN VOH 
OPEN 

2V 

"ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW 

FIGURE 2 - VIH AND VOH 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

DC TEST CIRCUITS· (Continued) 

4.5Vj 
SEE 

TEST 
TABLE 

O •• V 

1k 

4.5V 

15V 

I 
I 
1 

yl 
.__--'"1---0 OPEN 

I 
,I 

.__1---'+--0 OPEN 

I 
I 

G~J 

AlL RESISTORS VALUES ARE TYPICAL AND IN OHMS 
NOTE A: THESE PARAMETERS MUST BE MEASURED USING PULSE TECHNIQUES. 

tw ~ 200/-,5. DUTY CYCLE"'2%. 

A 

O.BV 

4.5V 

FIGURE 3 - VIL AND SOURCE V(sat) 

1k 

O .• V1 
SEE 
TEST 

TABLE 

4.5V 

15V 

1 VCC1 L _____ _ 

4.5V 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS 

OPEN 

.~l = 24 

I 
NOTE A: THESE PARAMETERS MUST BE MEASURED USING PULSE TECHNIQUES. 

tw ~ 2001'S, DUTY CYCLE"'2%. 

'ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW. 

C 

O.BV 

4.5V 

FIGURE 4 - VIL AND SINK V(sat) 

sllDlies 

TEST TABLE 

B S1 W 

4.5V O.BV GND 

O.BV O.BV OPEN 

TEST TABLE 

D S2 y 

4.5V O.BV RL 
O.BV O.BV OPEN 

X 

OPEN 

GND 

Z 

OPEN 

RL 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

DC TEST CIRCUITS' (Continu~) TEST TABLES 

APPLY VI = S.SV. 
MEASURE II 

GROUND APPLY S.SV 
APPLY VI = 2.4V. 

24V 
MEASURE IIH 

A 51 B,C,52,D 

51 A,B C,52,O 
OPEN B 51 A,C,52,D 

C S2 A, 51, B, D 
5.5V 

52 C,O A,51,B 

~ 
V, - I ',L I 

D 52 A, 51, B, C 

I 
yl 

OPEN APPLY VI = O.4V. 
I 

V, 
zl 

OPEN 

MEASURE IlL 
APPLY S.SV 

APPLy II =-,10mA, 

11 I 
I 

VCC1 
I 

L..-X----- G!!?J 

-=- -=- -=-5.5V 
(4.5VFOR 

MEASUREMENT VI 

A 51,B,C,52,D 
81 A,B,C,82,O 

B A, 51, C, 52, 0 
TESTING v.) 

C A,81,B,52, D 

52 A, 51, B, C, 0 

D A,51,B,C,52 

FIGURE 5 - VI. II. IIH. AND IlL 

'ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW, 24V 

r"'''''t--o() OPEN 

I 
5V I 

I 
I y 

OPEN 

I 
zl 

OPEN 

I 
I 

G!!?J 

-=- ':' 

FIGURE 6 - ICC1(off) AND ICC2(off) 
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PARAMETER MEASUREMENT INFORMATION (Cont'd) 

24V 

5V 

DC TEST CIRCUITS· (Continued) 

l"-"'''''I--o() OPEN 

I 
I 

GtlQJ 

C 

GND 

5V 

1 

FIGURE 7 - ICC1. EITHER SINK ON 

TEST TABLE 

D , S2 V Z 

5V GND '(sink) OPEN 

GND GND OPEN I(sink) 

"ARROWS INDICATE ACTUAL DIRECTION OF CURRENT FLOW. 

5V 

"::" 

SEE 
TEST 

TABLE 

24V 

5.5V 

-
I 
I 
I 

yl 
OPEN 

I 
zl 

OPEN 

I 
I 1",ooreel· 

GtlQJ -SOmA 

"::" "::" "::" 

FIGURE 8 - ICC2. EITHER SOURCE ON 

TEST TABLE 

A B S1 

GND 5V GND 

5V GND GND 

161 
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PARAMETER MEASUREMENT INFORMATION (Cont'd.) 

162 

INPUT 

50 

SWITCHING CHARACTERISTICS 

SEE 
TEST 

TABLE 

NOTES: 

15V 

350 OPEN 

I 
I 
I 

yl 
~--'+-+-_-~--I-oOUTPUT y 

I 
zl 

~+-""'-+---1I---"""-<~OUTPUT z 
I 

1 VCCI I L. ______ G!!!!?J 

5V 

TEST CIRCUIT 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 
A. THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: 
Zout ~ 50ll •. DUTY CYCLE .;;1%. 

B. CL INCLUDES PROBE AND JIG CAPACITANCE. 

TEST TABLE 

PARAMETER OUTPUT UNDER TEST INPUT CONNECT TO 5V 

A and S1 B, C, D and S2 
tpLH and tPHL Source collectors 

San S1 A, C, D and S2 

tPLH, tpHL, Sink output Y C and S2 A, S, D and S1 
tTLH, tTHL, 

and ts Sink output Z D and S2 A, S, C and S1 

" 10ns I-----+__ ~ 10ns 

~---------------3V 

INPUT 

10% 10% - - - - - - - - ov 
zoo". 

tpLH tpHL 

90% 90% 
VOH 

OUTPUT 

___ t, 

- Vlsad 

tTHL tTLH 

VOLTAGE WAVEFORMS 

FIGURE 9 - SWITCHING TIMES 



PARAMETER MEASUREMENT INFORMATION (Cont'd.) 
SWITCHING CHARACTERISTICS Continued 

50 

SEE 
TEST 

TABLE 

PARAMETER 

tTLH and tTHL 

90% 

INPUT 

OUTPUT 

20V 

-1-..!!f-f---,--.,------oOUTPUT w 

"'--....::.t-i--i,.--+ ...... --_-o OUTPUT X 

I 
I VCC1 I L ______ q~J 

5V 

TEST CIRCUIT 

TEST TABLE 

OUTPUT UNDER TEST 

Source output W 

Source output X 

...:;; 10ns 

10% 10% 

INPUT 

NOTES: 
ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 
A. THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: 
Zout = 50n, DUTY CYCLE"'1%. 

B. CL INCLUDES PROBE AND JIG CAPACITANCE. 

CONNECT TO 5V 

A and S1 8, C, 0 and S2 

Band S1 A, C, 0 and S2 

";;10n5 

~ __ - __ 3V 

90% 

-------OV 

1_--__ 200n"------I 

lr-9~0~%-------~90~%~- - - - - - VOH 

10% 
'----- VOL 

VOLTAGE WAVEFORMS 

FIGURE 10 - TRANSITION TIMES OF .SOURCE OUTPUTS 
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TYPICAL CHARACTERISTICS 

164 

OFF-STATE CURRENT INTO SOURCE COLLECTORS 
vs FREE-AIR TEMPERATURE 

400 

200 

~ 100 , 
i 40 

il 

~ 2Q 

_ 10 
o , 
J 

1 

Vcc,-4.&V 

VCC2"'24V 
see FIGURE 1 

......... 

-7& -50 -25 

/ 

I 

"" -~ 
26 50 75 100 125 

T A - FREE·A,IR TEMPERATURE - QC 

FIGURE 11 

HIGH-LEVEL SINK OUTPUT VOLTAGE 
vs FREE-AIR TEMPERATURE 

,~ 20 Vee1 c4.5V 

~ 7~~r24V 
g 16 see FIGURE 2 

I 
~ 12~~---+---t--~--~--+---t-~ 
0; 

~ 8~~---+---t--~--~--+---t-~ 
;; , 
% 

~ • ~~---+---t--~--~--+---t-~ 

T A - FREE·AIR TEMPERATURE _ °C 

FIGURE 12 

SOURCE OR SINK SATURATION VOLTAGE 
vs SOURCE CURRENT OR SINK CURRENT 

O'.I":':'"--'=:-"'"--.----r--,---,---,---, 
VCC,"'4.6V 

VCC2 = 1SV 

~ 0.6 ~~x~ ~:~~=~~~ 
~ SEE FIGURES 3 AND 4 

~ 
~ ~4~-4---+~~~~~~~~~~-i 

S 
S 0.3 ~-4~-I:_~S;"'~~--~--+---I 
". z 
;; 

~ 
w 0.2 
~ 
~ 

9-, .... j nl 
7311 •• 538 • • 35 

> I I I I I I I 
RL 48 ., '" 31 28 28 240 

0 
250 300 350 4<10 .50 SOO ... ... .50 

-ICsourul OR '(sinkl- SOURCE CURRENT OR SINK CURRENT - mA 

FIGURE 13 

SOURCE OR SINK SATURATION VOLTAGE 
vs FREE-AIR TEMPERATURE 

SUPPLY CURRENT, ALL SOURCES AND SINKS OFF 
vs FREE-AIR TEMPERATURE 

0 .• 

> , 0.7 

~ no 

!l S 0.5 

~ 0.' 
0; 

'" o 0.3 

! .. 0.2 , 
i 
~ n , 

o 

Vee1 =4.5V 
VCC2 -16V 

-I{$ource) OR 'Clink'"' 1 
see FIGURES3AND4 

.---
V "" --r,., 8OOmA. Rl • 24n - ."...... 

1""~RL=28U ...... - I-" ."...... -
I "" 4ODmA. RL 7360 -V --
'''''3OOmA,.R "480 -~ 

-75 -50 -25 26 60 75 100 126 

TA - FREE·AIR TEMPERATURE - QC 

FIGURE 14 

1. 

14 

.. 12 
E , ... 
~ 10 

il i 8 

, . 
~ 

:..8 • 

o 

Icc,ICoffl 

-----VCC,·S.5V 
VCC2 = 24V 
SEe fiGURE 6 

I 
r-'CC2{of 

-15 -so -25 25 50 75 100 125 

T A - FREE·AIR TEMPERATURE - QC 

FIGURE 15 



TYPICAL APPLICATION DATA 

BALANCED BIPOLAR LOGIC·LlNE DRIVER 
The circuit shown in Figure 16 converts standard TIL logic to bipolar 
logic. Bipolar logic is primarily used in transmitting data or clock pulses 
over long lines. This line-driver may be operated from a single 5-volt 
supply; however, the output drive may be increased by raising the supply 
voltage to the source collectors. The circuit features a tri-state output 
which is off during the absence of data, thus not dissipating high power. It 
provides a balanced drive circuit giving maximum noise immunity when 
used with the proper line receiver. Large drive levels can be used to 
further increase noise immunity. The circuit is capable of driving twisted
pair lines of several miles in length of low-impedance coaxial lines. 

5V 

TTL 
DATA o-..-I-i-.,----..J 
INPUT 

1. 

TTL 
INPUT 

OUTPUT 
WZTO x-r:. 

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

TEST CIRCUIT 

VOLTAGE WAVEFORMS 

'R AND C ARE ADJUSTED TO GIVE THE DESIRED BIPOLAR OUTPUT PULSE WIDTH. 

14V 

"-~....!!.j--_--oOUTPUTWZ 

I 
I 
I 

Rl = 100 

vi 
..._-4-<1..-.--1---0 OUTPUT xv 

FIGURE 16 - BALANCED BIPOLAR LOGIC - LINE DRIVER 
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TYPICAL APPLICATION DATA (Continued) 
In memory-drive applications the 75325 (orforfull-temperature operation, 
the 55325) can be connected in any of several ways. Typically, however, 
sources and sinks are arranged in pairs from which many drive-lines 
branch off as shown in Figure 17. Here each drive-line is served by a 
unique combination of two source/sink pairs so that a selection matrix is 
formed. To select drive-line 13, 75154 No.1 must be set to 3 (with mode 
select high), enabling source X of 75325 No.2 to drive lines 12 through 15, 
and 74154 No.2 must' be set to 2, providing a sink at Y of 75325 No.4 for 
drive-line 13 only. Alternatively, to drive current in drive-line 13 in the 
oPPOsite direction, only the mode-select voltage would be changed from 
high to low. The size of such a matrix is limited only by the number of 
drive-lines that a source/sink pair can serve. This number in turn depends 
on the capacitive and inductive load that each drive-line of the particular 
system imposes on the driver. A 256-drive-line selection matrix is shown 
in Figure 18. These 256 drive-lines are sufficient to serve (25612)2 = 
16,384 individual cores. 

---< A 

--( s, 
--( B 

oc>-

75325 
NO,' 

w 

DRIVE LINE NO" 1 
TID134 

~I=::t::::~=:~ 

DRIVE 
LINES 
AND 

~s 

THIS 4X4 GRID OF SOURCE-SINK 
PAIRS FUNCTIONS AS A MATRIX 

TO SELECT ONE OUT OF 16 DRIVE-LINES 

DRIVE-LINE 

A 

\~ 
o--A 
o--B 
O--c 

0--0 

, 0-----: 
2 0--.,.--

3C>-
40 

~ ~ ~ 4 
~~5~H11---------1---~-------t---------1 
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ENABLE o----c Gl 

s~:6~~ o--c G2 

50 

60 
~~.S: 7 0 

D~~D~~) B 0 

90 

'00 
110 

'20 
130 

'40 
ISO 

-<A 
-< s, 
-<a 

-<C 
>-(52 

- -< 0 

,--------., 
, 1167404 , 

75325 
NO.2 

T10134 

6 
7 

'0 
11 

;~~ 
J ' ~ F- '2 

'3 
'4 
15 

w v x 

75325 NO.3 75325NO.4 

, I AS18 CSlD AS1B CS2D 

MODESELECT()--['~~""=:'=ti====~~~~=~=~l!!~~~~~~;~~~~~~~~~~ 'SOURCE/SINK) I ~ __ ~ ____ J SINK STROBE '1', 'I' 'I' 'I' 'I' 'I' '1''1' '1 J 
SOURCE STROBE 

TIMING STROBE 

r----' 
~_ I 

J. il I frfAnnnnnnnnnnno 
(n) 

MOOESElECT 
(SOURCE/SINK) 

see NOTE A 

I , 

I I 
I , 

3V~: ~474Hooi 
I I L. ____ .... 

TO ADDITIONAL TO ADDITIONAL 
SOURCE STROBE SINK STROBE 

INPUTS INPUTS 

o 1 2 3 4 6 6 7 8 9 10 11 12 13 14 15 

74154 NO. 2 

ABC 0 Gl G2 

11 U 
NOTE A: THIS OPERATIONAL MODE SELECT AND TIMING STROBE TECHNIQUE CAN BE 

USED IN PLACE OF THE 7440 MODE SELECT AND 74154 TIMING STROBE 
WHEN MINIMUM TIME SKEW IS DESIRED 

FIGURE 17 - 75325 USED 'AS A MEMORY DRIVER TO SELECT ONE OF SIXTEEN DRIVE LINES 

·WIOIII. 



TYPICAL APPLICATION DATA (Continued) 

J r- ------------------- -j 

r ,: : 
I g II I 
I • I I I 
I ; ti : 
L -.11 I 

I I 
I I 
I I 
1 1 
I I 
I 0 I 
1 ~ I 
I §~ I I ., , 
I , 
, I 
I I 
I I 
, I 
, I 
I I 
I I 
I I 
, 1 
I I 
: C _ N w, •• N •• " _ N W •• ~~ : 

L___ _ ___ ...J 

~-------, I J 
:~ ~~~~ 
I ~ Yr-r--~~1_~_+_+--+_+__+_t----_t~_+~----_t~----_H_rrrrrtTtTtTTt~ I § 

I ~ c~ r-- "' ___ m ______ "'- ____ _ 

ll---+i-.--,---...---,;[ i~- -- - i~ ~ 
, I ~ : 

: ~. " ~ * 
: :j~ 

~ I - -- -
- -- -r 

-~ 
I;, 

~ I 
- -- I" , I: ~ I 

- -- -,J I" r I 
- -- -.-1 

11 : ~ 
~ L ______ ..J liS r-O ~~7 

1-------f-1 - -- - I ~ ~~~ m;;i'" 
I ~ I - -- - I'" 

:: I~ ~ 1 I" g 1 - -- - L __ --- ------ ______ .....J 

i 1~[Jl-r:rje ~-(-):; ~ : i-- --- ---~-- ------- : 

~ r---:~~-- LL1UllIlI~~II~~~I~~~~~: 
~: ' I [m ~~ : 

I ~~ : 

i ~~ : 
i §~ : 

~~ ~~m; : 
NOv I 

~ ~ : 
I 

§ 0 : 

~ --l- I L ________________________________________________________________________ J 

FIGURE 18- 75325 SERVING 256 DRIVE LINES IN A MAGNETIC MEMORY 
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TYPICAL APPLICATION DATA (Continued) 

EXTERNAL RESISTOR CALCULATION 
A typical magnetic-memory word-drive r!KIuirement is shown in Figure 
19. A source-outputtransistor of one 753::15 delivers load current (IL). The 
sink-output transistor of another 75325 sinks this current. 

NOTES: 

.------------
, R 
lONE 
, 55175325 
: SOURCE 

,.. -------.-- - - --- ---, 
lONE 
: 55/75325 
I SINK , 

---_ .. _-.., 
SOURCE I 
COLLECTORS, 

A. FOR CLARITY, PARTIAL. LOGIC OIAGRAMS OF TWO 75325'. ARE SHOWN. 
B. SOURCE AND SINK SHOWN ARE IN DIFFERENT PACKAGES. 

FIGURE 19 

The value of the external pull-up resistor (Rext) for a particular memory 
application may be determined using the following equation: 

16 [VCC2(min) - Vs - 2.2] 
Rext = . . . 

IL - 1.6 [VCC2(min) - Vs - 2.9] 
(Equation 1) 

168 

where: Rext is in k!l 
VCC2(min) is the lowest expected value of VCC2 in volts, 
Vs is the source output voltage in volts with respect to ground, 
IL isinmA. 

The power dissipated in resistor Rext during the load current 
pulse duration is calculat9d using Equation 2, 

PRext = ~~ [VCC2(min) - Vs - 2] 
. (Equation 2) 

where: PRext is in mW. 

After solving for Rext, the magnitude of the source collector current (ICS) 
is determined from Equation 3, 

ICS = 0.941L 
(Equation 3) 

where: ICS is in mAo 

As an example, let VCC2(min) = 20V and VL = 3V while IL of 500mA 
flows. 

Using Equation 1, 

Rext = 16 (20 - 3 - 2.2) = 0.5k!l 
500 - 1.6 (20 - 3 - 2.9) 

and from Equation 2, 

500 [ ]. 
PRext = 16 20 - 3 - 2 = 470mW 

The amount of the memory system current source (ICS) from Equation 3 
is: 

ICS = 0.94 (500) = 470mA 

In this example the regulated source-output transistor base current 
through the external pull-up resistor (Rext> and the source gate is approx
imately 30mA. This current and ICS comprise IL' 



THERMAL INFORMATION 

1200 

CASE TEMPERATURE 
DISSIPATION DERATING CURVE 

K '\ 
1\ 

'\ \ 
~ \. 

"- \ 

"- 1\ 
~ \. 

'KG DERATE FROM 

8A 24mWrC ''''C SEE 
F 35mWrC 121°C HOTEA 

0 
100 110 120 130 140 160 

Te-CASE TEMPERATURE -"c 

NOTE A: RATED OPERATING FREE-AIR TEMPERATURE 
RANGES MUST BE OBSERVED REGARDLESS OF HEAT SINKING. 

FIGURE 20 

1200 

'. 

FREE-AIR TEMPERATURE 
DISSIPATION DERATING CURVE 

r-... ' 75SERIES 

~ FPACKAGE 

r{" PACKAG'" 

r-... 

" '\ 
55 SERIES 

'\ ~ 

20 30 40 60 60 70 aD 90 100 11D 120 130 

T A - FREE·AIR TEMPERATURE -"C 

FIGURE 21 
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FEATURES PIN CONFIGURATION 
• DUAL POSITIVE-LOGIC NAND TTL-TO-MOS DRIVER r--~---------,--'. --------~"" 

• VERSATILE INTERFACE CIRCUIT FOR USE BeTWEEN TTL AND F PACKAGE 
HIGH-CURRENT, HIGH-VOLTAGE SYSTEMS 

• CAPABLE OF DRIVING HIGH-CAPACITANCE LOADS 
• COMPATIBLE WITH MANY POP,ULAR MOS RAMs 
• VCC2 SUPPLY VOLTAGE VARIABLE OVER WIDE RANGE TO 24 

VOLTS MAXIMUM 
• TTL AND DTL COMPATIBLE DIODE-CLAMPED INPUTS 
• OPERATES FROM STANDARD BIPOLAR AND MOS SUPPLY 

VOLTAGES 
• HIGH-SPEED SWITCHING 
• TRANSIENT OVERDRIVE MINIMIZES POWER DISSIPATION 
• LOW STANDBY POWER DISSIPATION 

ABSOLUTE MAXIMUM RATINGS 

Supply voltage range 'of VCC1 (Note 1) 
Supply voltage range of VCC2 
Input voltage 
Inter-input voltage (Note 2) 
Continuous total dissipation at 

(or below) 25°C free-air 
temperature (Note 3): 
F package 
V package 

Operating free-air terperature range 
Storage temperature range 
Lead temperature 1/16 inch 

from case for 60 seconds: F package 
Lead temperature 1/16 inch 

from case for 10 seconds: V package 

NOTES: 
1. Voltage values are with respect to network ground terminal. 

-0.5V to 7V 
-0.5V to 25V 

5.5V 
5.5V 

1300mW 
1000mW 

O°C to 70°C 
-65°C to 150°C 

300°C 

260°C 

2. This rating applies between the A input of either driver and the common E input. 
3. For operation above 25°C freeMair temperature. refer to Dissipation Derating Curve, 

Figure 17. 
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V PACKAGE 

SCHEMATIC (EACH DRIVER) 

V CC2 

TO OTHER I 
DRIVER 0------""1 

INPUT A G----rlKt--I 
OUTPUT V 

ENABLE E o-r-,--HI<J--' 

TO OTHER I 
DRIVERS G---'--........ -----...... --,--'---oGND 



SWITCHING CHARACTERISTICS, VCCI = 5V, VCC2 = 20V, TA = 25°C 

PARAMETER TEST CONDITIONS 

tDLH Delay time, low-to-high-Ievel output 

tDHL Delay time, high-to-Iow-Ievel output CL = 390pF, 
tTLH Transition time, low-to-high-Ievel output RD = Ion 
tTHL Transition time, high-to-Iow-Ievel output See Figure I, 
t PLH Propagation delay time, low-to-high-Ievel output Unused gate 
tpHL Propagation delay time, high-to-Iow-Ieveloutput input grounded 

PARAMETER MEASUREMENT INFORMATION 

NOTES: 
A. THE PULSE GENERATOR HAS THE FOLLOWING 

CHARACTERISTICS: PRR ~ 1 MHz, ZOUT < 501l. 

B. CL INCLUDES PROBE AND JIG CAPACITANCE. 

TEST CIRCUIT 

VOLTAGE WAVEFORM 

"He 

'OLH 

"--------'--~--- ---VOL 

FIGURE 1-SWITCHING TIMES, EACH DRIVER 

smlnnes 

LIMITS 
MIN TYP MAX 

11 20 
10 18 
25 40 
21 35 

10 36 55 
10 31 47 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 

171 

.. o e • .. 
le: -



";,i t : 

· . DESIGN PRECAUTIONS .. 
- USE OF DAMPING RESISTOR TO REDUCE OR ELIMINATE OUTPUT TRANSIENT OVER-

SHOOT IN CERTAIN 75361A APPLICATIONS 
Th~fast sWitching speeds of this device may produce undesirable output transient overshoot 
because of load or wiring inductance. A small series damping resistor may be used to reduce or 
eliminate this output transient overshoot. The optimum value Qf .the damping resistor to use 
depends on the specific load characteristics and switching speed. A typical value would be 
between 10n an<;!. 30!t See Figure 13. 

,... %'In:s3ii'A .. ·.., ,. -MOS- ... 
I I I SYSTEM I 
I I I 
~~'!~I 
~vv~c·1 
I· I IIll 

POWER DISSIPATION PRECAUTIONS 
Significant power may be dissipated in the 75361 A driver when charging 
and discharging high-capacitance loads over a wide voltage range at high 
frequencies. Figure 5 shows the power dissipated in a typical 75361 A as a 
function of load capacitance and frequency. Average power dissipated by 
this driver can be broken into three components: 

PT (AV) = POC(AV) + PC(AV) +PS(AV) 
where POC(AV) is the steady-state power dissipation with the output high 
or low, PC(AV) is the power level during charging or discharging of the 
load capaCItance, and PS(AV) is the power dissipation during switching 
between the low and high levels. None 01 these include energy trans
ferred to the load and all are averaged over a full cycle. 
The power components per driver channel are: 

POC(AV) PL tL ~ PH tH 

PC(AV) = C VC2 f 
PS(A V) PLH tLH ~ PHL tHL 

where the times are as defined in Figure 14. 
PL, PH, PLH, and PHL are the respective instantaneous levels of power 
dis!lipation and C is load capacitance. 
The 75361 A is so designed that Ps is a negligible portion of PT in most 
applications. Except at very high frequencies, tL + tH » tLH + tHL so that 
Ps can be neglected. Figure 5 for no load demonstrates this point. The 
power dissipation contrioutions from both channels are' then added to
gether to obtain total device power. 

VOLTAGE WAVEFORM 

'HL 

'LH 

I I I ":' I 
...... ____ ....1. L ___ .J 

NOTE: RO ~ lOr! TO 300. (OPTIONAll. 

FIGURE 13 

The folloWing example fllustrates this power calculation technique: As
sume both channels are operating identically with C = 200pF, f = 2MHz, 
VCC1 = 5V, VCC2 = 20V, and duty cycle = 60% outputs high (t~'/T = 
0.6). Also, assume VOH = 19.3V, VOL = 0.1V, PS is negligible, and that 
the current from VCC2 is negligible when the output is high. 
On a per-channel basis using data sheet values: 

POC(AV) = r5V) l2~A) + (20V) (0~A)}0.6) + 

[(5V) (16;A) + (20V) (7~A)J (0.4) 

POC(AV) = 47mW per channel 
PC(AV) = (200pF) (19.2V)' (2MHz) 
PC(AV) = 148mW per channel. 

For the total device diSSipation of the two channels: 
PT(AV) = 2 (47 + 148) 
PT(AV) = 390mW typical for total package. 

!------T-1If-----! 

FIGURE 14-0UTPUT VOLTAGE WAVEFORM 
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SIGNETICS DEFINITION OF TERMS 

OPAMPS 
AVERAGE INPUT OFFSET CURRENTt° COEFF - The change 
in input offset current divided by the change in ambient temper
ature producing it. 

AVERAGE INPUT OFFSET VOLTAGE to COEFF - The change 
in input offset voltage divided by the change in ambient temper
ature producing it. 

COMMON MODE INPUT RESISTANCE - The resistance 
hooking into both inputs, with inputs tied together. 

COMMON MODE REJECTION RATIO (CMRR) - The ratio of 
the change of input offset voltage to the input common mode 
voltage change producing it. 

FULL POWER BANDWIDTH - The maximum frequency at 
which the full sinewave output might be obtained. 

INPUT BIAS CURRENT - The average of the two input cur
rents at zero output voltage. In some cases, the input current is 
measured for either input independently. 

INPUT CAPACITANCE - The capacitance looking into either 
input terminal with the other grounded. 

INPUT CURRENT - The current into an input terminal. 

INPUT NOISE VOLTAGE - The square root of the mean square 
narrow-band noise voltage referred to the input. 

INPUT OFFSET CURRENT - The difference in the currents 
into the two input terminals with the output at zero volts. 

INPUT OFFSET VOLTAGE - That voltage which must be 
applied between the input terminals to obtain zero output 
voltage. The input offset voltage may also be defined for the 
case where two equal resistances are inserted in series with the 
input leads. 

INPUT RESISTANCE - The resistance looking into either input 
terminal with the other grounded. 

INPUT VOLTAGE RANGE - The range of voltages on the input 
terminals for which the amplifier operates within specifications. 
In some cases, the input offset specifications apply over the 
input voltage range. 

LARGE-SIGNAL VOLTAGE GAIN - The ratio of the maximum 
output voltage swing to the change in input voltage required to 
drive the output to this voltage. 

OUTPUT RESISTANCE - The resistance seen looking into the 
output terminal with the output at nUll. This parameter is defined 
only under small signal conditions at frequencies above a few 
hundred cycles to eliminate the influence of drift and thermal 
feedback. 

OUTPUT SHORT-CIRCUIT CURRENT - The maximum out
put current available from the amplifier with the output shorted 
to ground or to either supply. 

OUTPUT VOLTAGE SWING - The peak outputswing, referred 
to zero, that can be obtai ned. 

POWER CONSUMPTION - The DC power required to operate 
the amplifier with the output at zero and with no load current. 

POWER SUPPLY REJECTION RATIO - The ratio of the 
change in input offset voltage to the change in supply voltages 
producing it. 

RISE TIME - The time required for an output voltage step to 
change from 10% to 90% of its final value. 

SLEW RATE - The maximum rate of change of output voltage 
under large signal condition. 

SUPPLY CURRENT - The current required from the power 
supply to operate the amplifier with no load and the output at 
zero. 

TEMPERATURE STABILITY OF VOLTAGE GAIN - The maxi
mum variation of the voltage gain over the specified tempera
ture range. 

REGULATORS 
DROPOUT VOLTAGE - The input-output voltage differential 
at which the circuit ceases to regulate against further reductions 
in input voltage. 

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - The range of 
voltage difference between the supply voltage and the regulated 
output voltage over which the regulator will operate. 

LINE REGULATION - The percentage change in output volt
age for a specified change in input voltage. 

LOAD REGULATION - The percentage change in output 
voltage for a specified change in load current. 

MAXIMUM POWER DISSIPATION - The maximum total de
vice dissipation for which the regulator will operate within 
specifications. 

OUTPUT NOISE VOLTAGE - The rms output noise voltage 
with constant load and no input ripple. 

OUTPUT VOLTAGE RANGE - The range of output voltage 
over which the regulator will operate. ' 

QUIESCENT CURRENT - That part of input current to the 
regulator that is not delivered to the load, 

REFERENCE VOLTAGE - The output of the reference amplifi
er measured with respect to the negative supply. 

RIPPLE REJECTION - The ratio of the peak-to-peak input 
ripple voltage to the peak-to-peak output ripple voltage. 

SENSE VOLTAGE - The voltage between current sense and 
current limit terminals necessary to cause current limiting. 

SHORT CIRCUIT CURRENT LIMIT - The output current of the 
regulator with the output shorted to the hegative supl:Jly. 

STANDBY CURRENT DRAIN - The supply current drawn by 
the regulator with no output load and no reference voltage load. 

COMPARATORS/SENSE AMPLIFIERS 
COMMON MODE FIRING VOLTAGE -'- The CM input voltage 
that exceeds the dynamic range of the inputs with strobe 
enabled resulting in the output switching states. 

COMMON MODE RECOVERY TIME - The time from the turn 
off of the CM signal to the analog input threshold of the earliest 
s.ense line pulse signal that can be processed normally. Pro
cessed normally refers to bi-polar signals greater than or less 
than the input threshold with a corresponding proper output. 

EQUIVALENT INPUT COMMON MODE NOISE VOLTAGE
The change in input offset voltage due to common mode input 
noise. 
LOGIC INPUT HIGH VOLTAGE - The minimum voltage al
lowed at a bit control gate to hold the bit off. 

LOGIC INPUT LOW VOLTAGE - The maximum voltage al
lowed at a bit control gate to hold the bit on. 
OUTPUT SINK CURRENT - The maximum negative current 
that can be delivered by the comparator. . 

PEAK OUTPUT CURRENT - The maximum current that may 
flow into the output load without causing'damage to the com
parator. 
PROPAGATION DELAY - The interval between the application 
of an input voltage step and its arrival at either output, measured 
at 50% of the final value. 
RESPONSE TIME - The interval between the application of an 
input step function and the time when the output crosses the 
logic threshold voltage. The input step drives the comparator 
from some initial, saturated input voltage to an input level just 
barely in excess of that required to bring the output from 
saturation to the logic threshold voltage overdrive. 

STROBE CURRENT - The maximum current drawn by the 
strobe terminals when it is at the zero logic level. 

STROBE DELAY - The time delay measured from strobe to 

1 
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SIGNETICS DEFINITION OF TERMS 

output threshold with a signal present exceeding .the,input 
~hreshold.. ',' 

STROBE RELEASE TIME ~ Tne time required for the 'output t.o 
rise to the logic threshold vbltage after the strobe terminal hafj 
been driven from the zero to the one logic level. Appropriate 
input' conditions are assumed. " 
STROBED OUTPUT LEVEL -.The .DC outpulvoltage, inde~. 
pendent of input voltage, with the voltage on the strobe terminal' 
equal to or less than a minimum speCified amount. c.· 

SWITCHING SPEED - The time required to turn on the least 
significant bit. ' . 

THRESHOLD UNCERTAINTY --.: With all sense amps sharing 
the same input threshold less the uncertainty as iI'''O'', This 
includes unit to unit, power supply and temperature v~riations. 
THRESHOLD VOLTAGE - Thetypical referred to input voltage 
which determines whether an input is a "1" or a "0". A signal 
whose magnitude is greater than the threshold level is sensed as 
a logic "1" and a signal whose magnitude is less as a "0". 
ZERO SCALE OUTPUT CURRENT - The output current for all 
bits turned off. 

COMMUNICATIONS CIRCUITS 
AGO DETECTOR SENSITIVITY - The ratio of the incremental 
differential DC voltage change at the AGCdetector output 
terminals to the incremental change in peak-to-peak voltage at 
the AGC detector input terminal for a specified burst input level, 
with the local oscillator locked. 
APC DETECTOR SENSITIVITY - The ratio of the incremental 
differential DC voltage change at the APC detector output 
terminals to the incremental change in relative phase at the APC 
detector input terminal for a specified burst input level. .. 
AVERAGE TEMPERATURE COEFFICIENT OFOUTPUT VOL
TlIAGE - The percentage change in output voltage for a 
specified change, in ambient temperature. 
eANDwlQTH - Thefrequ!lncy atwhich the differential gain is 
3d'B below its low frequency value. 

DIFFERENTIAL OUTPUT VOLTAGE SWING -ThE! peak dif
ferential output swing that can be obtained without clipping. 
DIFFERENTIAL VOLTAGE GAIN ~ The ratio of the change iii 
differential output voltage to the change in differential input' 
voltage producing it. ... . 

OSCILLATOR CONTROL SENSITIVITY':"" The .ratio ~f the 
incremental change in oscillator free running frequency to the 
incremental change in the differential DC voitage at the APC 
detector output terminals. 
OUTPUT COMMON MODE VOLTAGE - The average of the 
voltages at the two output terminals. 
OUTPUT OFFSET VOLTAGE - The difference between the 
voltages at the two output terminals with the inputs grounded,' 
TOTAL HARMONIC DISTORTION - The ratio of the sum of the 
amplitudes of all signals harmonically related to the fundamen
tal, and the amplitude of the fundamental' signal. 

2 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER VOS (mVI Vos DRIFT 
Offset Voltage (/lvtCI lOS (mAl lOS DRIFT IBIAS (nAI 

DEVICE TEST CONDITIONS RS';; 10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE531' TA = 25°C 2.0 6 N/A 50 200 N/A 400 1500 
O°C .;; T A';; + 70°C 7.5 N/A TA = +70°C N/A TA=+70·C 

200 1500 
TA = O°C TA = O°C 

300 2000 

SE531' TA = 25°C 2.0 5.0 N/A 30 200 N/A 300 500 

-55°C';; TA +125°C 6 N/A TA=+125°C N/A TA = +125°C 
200 500 

TA=-55°C TA = _55°C 

500 1500 

NE532 TA = 25°C ±2 ±63 N/A ±5 ±50 N/A IIN+ or IIN-
4 

45 250 

V+= 5V 
0°C';;TA';;+70°C ±7.53 7 ±150 10 500 

SA532 TA=25°C ±2 ±63 N/A IIN+or IIN_4 
±5 ±50 N/A 45 250 

V+= 5V 
_40°C';; TA <85°C ±l.53 7 ±150 10 500 

SE532 TA = 25°C ±2 ±53 N/A ±3 ±30 N/A IIN+ or IIN-4 
45 150 

V+= 5V 
-55°C';; TA';; 125°C ±73 7 ±100 10 300 

SA534 TA=25°C ±2 ±73 N/A ±5 ±50 N/A IIN+or IIN-4 
45 250 

-40';;TA';;85°C ±g3 7 ±150 500 

NE535 TA = 25°C 2.0 5.0 N/A 15 40 N/A 65 150 

O°C';; TA +70°C 2.0 6.0 6.0 80 N/A 200 

...... 3 
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ANALOG·OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = +15V unless otherwise specified 

AVOL (V!MV) 

CMRR (dB) 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(V) Common Mode RIN(MQ) RL;;' 2KU 
Common Mode Rejection Ratio INPUT VOUT ± 10V 

DEVICE TESTCONDITIONS Voltage Range RS';;;; ± 10Kfl RESISTANCE VS=±15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX 

NE531' TA = 25°C ±10 70 100 20 20,000 60,000 
DOe.;;;; TA';;;; +70oe N/A N/A N/A 15,000 

SE531' TA = 25°e ±10 N/A 20 50,000 100,000 
_55°e.;;;; T A+125°e N/A 70 90 N/A 25,000 

NE532 TA=25°e v+= 30V' 70 85 N/A v+= 15V 
y+= 5Y 0 V+-l.5 25 100 
oOe';;;;TA';;;;+70oe 0 V+-2 N/A N/A 15 

SA532 TA = 25°C V+=30V' 70 85 N/A v+= 15V 
y+= 5Y 0 V+-l.5 25 100 
-40oe.;;;; TA';;;; 85°e 0 V+-2 N/A N/A 15 

SE532 TA = 25°e V+=30Y' 70 85 N/A y+= 15Y 
y+= 5Y 0 Y+-l.5 50 100 
_55°e.;;;; TA';;;; 125°e 0 Y+-2 N/A N/A 25 

SA534 TA = 25°e y+ = 30Y' 70 85 N/A y+= 15V 
0 Y+-l.5 25 100 

-40 ';;;;TA';;;; 85°e 0 Y+-2 N/A N/A 15 

NE535 TA = 25°e ±12 ±13 N/A 1.0 6.0 50 500 

oOe.;;;; TA +70oe N/A 70 90 N/A 75 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) VS = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (V) SUPPLY CURRENT POWER (pV/V) 

DEVICE TEST CONDITIONS RL>2Kn (MAl CONSUMPTION RS';;; 10Kn 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TVP MAX MIN TVP MAX 

NE531 , TA=25°C N/A 5.5 10 165 300 10 150 
0°C';;;TA';;;+70°C 110 t13 N/A N/A N/A 

SE531' TA=25°C N/A 5.5 7.0 165 210 N/A 
-55°C';;; T A +125°C 110 ]13 N/A N1A 10 150 

NE532 TA=25°C N/A N/A N/A 65 100 
v+= 5V 
0°C';;;TA';;;+70'C VOH v+= 30V RL = 00 On All Op Amps N/A N/A 

26 0.5 1.2 
RL>10KH 

27 28 
VOL V+= 5V 

RL';;; lOKH 
5mV 20m V 

SA532 TA=25'C N/A N/A N/A 65 100 
V+ = 5V 
-40°C';;; T A';;; 85c C VOH V+= 30V RL = 00 On All Op Amps N/A N/A 

26 0.5 1.2 
RL>10KH 

27 28 
VOL V+= 5V 

RL';;; 10KH 
5mV 20mV 

SE532 TA=25°C N/A N/A N/A 65 100 
V+ = 5V 
-55°C';;; TA';;; 125°C VOH V+ = 30V R L = 00 On All Op Amps N/A N/A 

26 0.5 1.2 
RL>10KH 

27 28 
VOL V+= 5V 

RL';;; 10KH 
5mV 20mV 

SA534 TA=25°C N/A N/A N/A 65 100 

-40';;; TA';;; 85'C VOH V+=30V RL = 00 On All Op Amps N/A N/A 

26 0.8 2 
RL>10KH 

27 28 
VOL V+=5V 

RL';;; 10Kn 
5mV 20mV 

NE535 TA = 25'C ±10 ±13 N/A N/A N/A 

RL = 10KH 
±12 ±14 

O°C';;;TA +70°C N/A 1.6 3.0 48 91) 30 150 

I 

5 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Conl'd) Vs ~+" 15Vunless otherwise specified ,..-,..,--. 

VOS (mV) VOsDRIFT PARAMETER 
Offset Voltage (pvtC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE' TEST CONDITIONS RS" 10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN 'TYP MAX. MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SE535 TA = 25°e 0.7 2.0 N/A 
,; 

5.0 10 N/A 45 60 

-55°C" T A" +125°C 0.7 3.0 3.0 1.5 20 N/A 100 

NE536 TA = 25°e 30 90 N/A 5pA N/A 30pA 100pAI3 

Over Temp. 30 30 N/A N/A N/A 

SU536 Vs = ±6V to ±20V 7.5 20 20 5pA N/A 5pA 30pA\3 

Over Temp. 7.5 30 N/A N/A N/A 250pA 3000pA 

LH2101A7 TA = 25°C RS" 50K1l 2.0 N/A 10 N/A 75 

±5V" Vs ,,± 20V 3.0 15 20 25°e.;; TA ';;125°e 100 
-55';;TA';; 125°e O.lnA 

_55°e" T A" 25°e 
0.2nA 

LH2201A 7 TA = 25°e RS';;50Kn 2.0 N/A 10 25°e';;TA" 125°e 75 
O.ln,ll 

±5V " VS" ± 20V 
15 20 

-55°C" T A';; 25°e 
100 -25°e';;T A';; 85°e 3.0 0.2nA 

LH2301A 7 TA = 25°e RS';;;SOK1l 7.5 N/A 50 25°e";TA';; 125°e 250 
0.3nA 

±5V';; VS';; ±15V ·55°e .;; T A';; 25°e· 
oOe .;; T A';; + 700 e 10 30 70 0.6nA 300 

LH2108 TA = 25°e 2.0 N/A 0.2 N/A 2 

±5';; VS';; ±20V 
-55';;TA';; 125°e 3.0 15 0.4 2.5 3 

LH2108A TA= 25°e 0.5 N/A 0.2 N/A 2.0 

±5V .;; Vs .;; ±20V 
-55';; T A';; 125°e U) 5 0.4 2.5 3.0 

LH2208 TA = 25°C 2.0 N/A 0.2 N/A 2.0 

±5V .;; VS';; ±20V 
-25';; TA';; 85°C 3.0 15 0.4 2.0 3.0 

LH2208A TA= 25°C 0.5 N/A 0.2 N/A 2.0 

±5V .;; Vs " ±20V 
-25 ';;TA';; 85°e 1.0 5 0.4 2.5 3.0 

6 •••• 



ANALOG·OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

AVOL (V/MV) 
LARGE SIGNAL 

CMRR (dB) VOLTAGE GAIN 
PARAMETER VCM(V) Common Mode RIN(Mn) RL;;> 2Kn 

Common Mode Rejection Ratio INPUT VOUT ± 10V 
DEVICE TEST CONDITIONS Voltage Range RS';;± 10Kn RESISTANCE VS=±lSV 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 

SE535 TA = 25°C ±12 ±13 N/A 3.0 10 50 SOO 

-55"C';; T A';; +125°C N/A 70 90 N/A 25 

NE536 TA=25°C VIN = ±10V 
±10 ±11 64 80 lOn l4 so 

Over Temp. N/A N/A N/A 2S 100 

SU536 Vs = ±6V to ±20V ±10 ±11 70 80 10nl4 50 100 

Over Temp. N/A N/A N/A 50 100 

LH2101A' TA = 2SoC N/A N/A 1.5 50 
±5V .;; VS';; ± 20V 
-55';;TA';;125°C VS= ±20 RS';;50K 

±15 80 N/A 25 

LH2201A' TA = 25°C N/A N/A 1.5 50 
±5V .;; Vs .;; ± 20V 

Vs = ±20 RS';;50K 

N/A 25 
-25°C';; TA .;; 85°C ±15 80 

1-. 

LH2301A' TA = 25°C N/A N/A 0.5 25 
±5V';; VS';; ±15V 

RS';;50K N/A 15 
O°C';; TA';; +70°C ±12 70 

LH2108 TA = 25°C RL;;>10Kn 
±5';; VS';; ±20V N/A N/A 3.0 Vs = ±15 

50 
-55';; T A';; 125°C ±13 85 N/A 25 

LH21 DBA TA=25°C RL;;>10Kn 
±5V';; VS';; ±20V N/A N/A 3.0 Vs = ±15 

80 
-55';; TA';; 125°C ±13.5 96 N/A 40 

LH220B TA = 25°C RL;;>10Kn 
±SV .;; Vs .;; ±20V N/A 3.0 SO Vs = ±15 

-25 ';;TA';; 85°C ±13.5 85 N/A 25 

LH2208A TA = 25°C RL;;>10Kn 
±5V .;; Vs .;; ±20V N/A N/A 3.0 BO Vs = ±15 

-25';; T A';; 85°C ±13.5 96 N/A 40 

MAX 

100 

7 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) VS = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING IV) SUPPLY CURRENT POWER /.j}.V/V) 

DEVICE TEST CONDITIONS RL;;>2Kn IMA) CONSUMPTION Rs';;;10Kn 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

SE535 TA=25°C ±10 ±13 N/A N/A N/A 

RL = 10Kn 
±12 ±14 

_55°C';;; TA ';;;+125°C N/A 1.6 3.0 48 90 30 150 

NE536 TA = 25°C Vs = ± 15V VOUT=OV ±6';;;VS';;;±15 

±10 ill 6.0 8.0 180 240 100 300 

I'lL;;>10Kn 
±12 ±13 

Over Temp. N/A N/A N/A N/A 

SU536 Vs = ±6V to i20V Vs = ±15V VOUT = OV Vs = ±20V N/A ±6';;; VS';;; ±20 

±10 ±12 4.5 5.5 50 150 

RL;;>10K 
±12 ±13 

Over Temp. N/A N/A N/A N/A 

LH2101A' TA=25°C N/A Vs = ±20V N/A 

±5V " Vs " ± 20V 3.0 120 

-55" TA" 125°C Vs = ±lS TA=125°C RS" 50K 
±10V VS= ±20V 

RL;;>10K 2.5 100 80dS 
±12 

LH2201A' TA=25°C N/A Vs = ±20V N/A 

±5V " VS" ± 20V Vs = ±15 3.0 132 
±10V RS" 50K 

RL;;>10K TA;'+12SoC 
-25°C" T A" 85°C ±12V Vs = ±20V 100 80dS 

2.5 

LH2301A' TA= 25°C N/A Vs = ±15V N/A 

±5V" VS" i15V Vs = ±15V 3.0 90 
±10V RS" 50K 

RL;;>10K 70dS 

O°C" TA" +70°C ±12V N/A N/A 

LH2108 TA = 25°C N/A 0.6 N/A N/A 
±5" VS" ±20V Vs = ±15 

RL;;>10K TA = +125°C 
-55';;; T A" 125°C ±13 0.4 N/A 80dS 

LH2108A TA = 25°C N/A 0.6 N/A N/A 
±5V" VS" ±20V Vs = ±15 

RL;;>10K TA~+125°C 
-55';;; TA" 125°C ±13 0.4 N/A 96dS 

LH2208 TA = 25°C N/A 0.6 N/A N/A 
±5V " VS';;; ±20V Vs = ±15 

RL;;>10K TA=+125°C 
-25" T A" B5°C ±13 0.4 N/A BOdB 

LH2208A TA = 25°C N/A 0.6 N/A N/A 
±5V .;;; Vs " ±20V Vs = ±15 

RL;;>10K TA = +125°C 
-25';;; T A" 85°C ±13 0.4 N/A 96dS 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER VOS (mV) VOS DRIFT 
Offset VDltage (INtC) lOS (mA) lOS DRIFT 

DEVICE TEST CONDITIONS RS 0( 10KQ RS=OQ Offset Current pAtC 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVP MAX 

LH2308 TA=25°C 7.5 N/A 1.0 N/A 
±5V 0( Vs 0( ±15V 

10 30 1.5 i5 
O°C 0( TAo( 70°C 

LH230BA TA = 25°C 0.5 N/A 1.0 N/A 
±5V 0( Vs 0( ±15V 

0.73 5 1.5 2.5 
0°CO(TA0(70°C 

LM10l TA = 25°C 1.0 5.0 RS0(50n 40 200 N/A 
±5V 0( Vs 0( ±20V 3.0 

Cl = 30pF RSo( 10Kn 
6.0 

TA = +125°C 
10nA 200nA 

_55°C 0( TA 0( 125°C 6.0 TA = _55°C 
100 500 

LM101A TA=25°C RS0(50Kn 
0.7 2.0 N/A 1.5 10 N/A 

±5V 0( Vs 0( ±20V, 3.0 3.0 15 20 25°C 0( TA 0( 125°C 

Cl = 30pF 0.01 0.1 
_55°C 0( TA 0( 125°C -55°Co(TA0(25°C 

0;02 0.2 

LM201 TA = 25°C 2.0 7.5 RS0(50n 100 500 N/A 

±5V 0( Vs 0( ±20V, 6 

Cl = 30pF RSo(10Kn 
10 

TA=+70°C 
25°CO(TA0(85°C 10 50 400 N/A 

TA=O°C 
150 750 

LM201A TA = 25°C RS0(50Kn 
0.7 2.0 N/A 1.5 10 N/A 

, 

±5V 0( Vs 0( ±20V, 3.0 3.0 1.5 20 ;-25°Co(TAo( 125°C 

Cl = 30pF 0.01 0.1 
_25°C 0( TAo( +85°C -55°CO(TA0(25°C 

0.02 0.2 

LM301A TA=25°C RSo( 50Kn 
2.0 7.5 N/A 3 50 N/A 

±5Vo(VSo(±15V, 10 6.0 3.0 70 25°C 0( TAo( 70°C 

Cl = 30pF 0.01 0.3 
0°Co(TA0(70°C O°C 0( TA 0( 25°C 

0.02 0.6 

LM1077, S, 9,10 TA=25°C 0.7 2.0 N/A 1.5 10 N/A 

_55°C 0( TA 0( 125°C 3.0 3.0 15 20 25°C 0( TA 0( 125°C 
0.01 0.1 

_55°CO(TA0(25°C 

0.02 0.2 

IBIAS (nA) 
Input Current 

MIN TVP MAX 

7.0 

10 

7.0 

10 

120 500 

TA = _55°C 
280 1500 

30 75 

100 

25 1500 

TA = OOC 
320 2000 

30 75 

100 

70 250 

300 

30 75 

100 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs =..: 15V unless otherwise specified 

'. 
AVOL (V!MV) 
LARGE SIGNAL 

CMRR (dB) VOLTAGE GAIN 
. PARAMETER VCM(V) Common Mode RIN(MQ) RL;' 2K.I1 

Common Mode Rejection Ratio ,INPUT VOUT± 10V 
DEVICE TEST CONDITIONS Voltage Range RS';;;± 10K.I1 RESISTANCE Vs = ± lSV 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LH2308 TA = 25°C NfA NfA 1.0 VS= ±15 
±5V';;; VS';;; ±ISV 25 

NfA 15 ' 
oOe.;;; TA';;; 70°C ±14 80 

LH230BA TA = 2Soe NfA NfA 1.0 BO 
RL;' 10K.I1 

±SV';;; Vs .;;; ±15V Vs = ±15 

NfA 60 
oOe ';;;TA';;; 70°C ±14 76 

LM10l TA = 25°C NfA NfA 0.3 O.B 50 160 
±5V .;;; Vs .;;; ±20V 

el = 30pF 

-5Soe.;;; TA';;; 12Soe ±12 70 90 NfA 25 

LM101A TA = 25°C NfA NfA 1.5 4 50 160 
±5V';;; VS';;; ±20V, Vs = ±20 RS';;; 50K 
Cl = 30pF 
_55°C';;; TA';;; 125°C ±lS 80 96 NfA 25 

LM201 TA = 25°C NfA NfA 0.1 0.4 20 150 
±5V .;;; VS';;; ±20V, 
Cl = 30pF 

NfA 15 

0°C';;;TA';;;70°C ±12 65 90 

LM201A TA = 25°C N/A NfA 1.5 4 50 160 
±5V';;; VS';;; ±20V, 
Cl = 30pF Vs = =20 RS';;; 50K. 
-25°C';;; T A';;; +B5°C ±IS 80 96 NfA 25 

LM301A TA = 25°C NfA NfA 0.5 2 25 160 
±5V';;;VS';;;±15V, RS';;; SOK 
Cl = 30pF 
oOe .;;; T A';;; 70°C ±12 70 90 NfA 15 

LMlo77.'. 9 ,10 TA = 25°C NfA NfA 1.5 4 50 160 

VS= ±20 
_55°C';;; T A';;; 125°C ±15 80 96 NfA 25 

10 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (VI SUPPLY CURRENT POWER (p.VN) 

DEVICE TEST CONDITIONS RL>2Kn (MA) CONSUMPTION Rs';;; 10Kn 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LH230B TA=25°C N/A O.B N/A N/A 
±5V';;; Vs';;; ±15V Vs = ±15 

RL>10K 
O°C';;; TA';;; 70°C ±13 N/A N/A 80dB 

LH230BA TA = 25°C N/A 0.8 N/A N/A 
±5V';;; Vs';;; ±15V Vs = ±15 

RL>10K 
0°C';;;TA';;;70°C ±13 N/A N/A 96dB 

LM101 TA = 25°C Vs = ±20V 
±5V .;;; Vs .;;; ±20V ±10 ±13 1.B 3.0 72 120 N/A 

Cl = 30pF RL = 10K 
±12 ±14 

TA=+125°C 
i -55°C';;; TA';;; 125°C N/A 1.2 2.5 4B 100 70dB 90dB 
I 

Vs = ±20V 
LM101A TA = 25°C N/A 1.B 3.0 72 120 N/A 

±5V';;; Vs';;; ±20V, RS';;; 10K 
Cl = 30pF ±10 ±13 TA = +125°C 
-5SoC';;; TA';;; 125°C RL>10K 1.2 2.5 4B 100 BOdB 96dB 

±12 ±14 

Vs = ±20V 
LM201 TA = 25°C N/A 1.B 3.0 72 120 N/A 

±5V';;; Vs';;; ±20V, ±10 ±13 
Cl = 30pF RL = 10K 

±12 ±14 N/A N/A 70dB 90dB 

-25°C';;;TA';;;+85°C 

Vs = ±20V 
LM201A TA = 25°C N/A 1.B 3.0 72 120 N/A 

±5V';;; Vs';;; ±20V, 
Cl = 30pF ±10 ±13 
-25°C';;; T A';;; +85°C RL = 10K TA = +125°C RS';;; 50K 

±12 ±14 1.2 2.5 4B 100 BOdB 96dB 

Vs ~ t15V 
LM301A TA = 25°C N/A 1.8 3.0 54 90 N/A 

±5V';;; Vs';;; ±15V, 
Cl = 30pF ±10 ±13 RS';;; 50K 
0°C';;;TA';;;70°C RL = 10K N/A N/A 70dB 96dB 

±12 ±14 

Vs = ±20V 
LM107,.o,9, ,0 TA = 25°C N/A 1,8 3.0 72 120 N/A 

±10 ±13 
-55°C';;; T A';;; 125°C RL=10K TA = +125°C 

±12 ±14 1.2 2.5 48 100 80dB 96dB 

11 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs"= + 15V unless otherwise specified 

PARAMETER Vos (mV) VOSDRIFT 
Offset Voltage IINtC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE' I '. TEST CONDITIONS RS';;10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP' MAX MIN TVP MAX 

LM207"" -.'. TA= 2SOC 0.7 2.0 . N/A I.S 10 N/A 30 75 

- 2SoC';; TA';; 8SoC 3.0 3.0 15 20 25°C';; TA ';;85°C 100 
0.01 0.1 

- 2SoC';; TA';; 25°C 
0.02 0.2 

LM307'·····,· TA= 2Soe RS';;SOKn N/A 3 SO N/A 70 2S0 
2.0 7.S. 

o·e.;; TA';; 70°C 10 6.0 3.0 70 2Soe';;TA';;70oe 300 
am 0.3 

oOe.;; TA';; 2Soe 
0.02 0.6 

LM108' TA= 2Soe 
±SV .;; Vs .;; ±20V 0.7 2.0" N/A 0.05 0.2 N/A 0.8 2.0 
-SS';; TA';; 12SoC 3.0" 3.0 15" 0.4 0.5 2.S 3.0 

LM108A TA = 25°C 
±SV .;; Vs .;; ±20V 0.3 0.5'2 N/A O.OS 0.2 N/A 0.8 2.0 
-SS';;TA';; 12Soe 1.0'2 1.0 S.O" 0.4 0.5 2.S 3.0 

LM208' TA= 25°C 
±SV .;; VS';; ±20V 0.7 2.0" N/A O.OS 0.2 N/A 0.8 2.0 
-25';;TA';;8Soe 3.0" 3.0 IS" 0.4 0.5 2.5 3.0 

LM208A TA = 25°C 
±5V .;; Vs .;; ±20V 0.3 0.S'2 N/A 0.05 0.2 N/A 0.8 2.0 
-25°C';; T A';; 85°C 1.0'2 1.0 5.0'2 0.4 0.5 2.5 3.0 

LM308A TA = 25°C 
±SV.;; VS';; +15V 0.3 0.5 N/A 0.2 0.1 N/A 1.5 7 

O°C .;; T A';; 70°C 0.7S 1.0 5.0'2 1.5 2.0 10 10 

LM124 TA = 2Soe ±2 ±53 N/A ±3 ±30 N/A IIN+ or IIN-4 
V+= 5V 45nA 150nA 

I 

-55';;TA';;125°C' ±73 7 ±100 10 300nA 

LM224 TA'" 25°C ±2 ±73 N/A ±5 ±50 N/A IIN+ orllN-4 
v+ = 5V 45nA 250nA 

-
-25';; TA';; 85°C ±9' 7 ±150 10 500nA 
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ANALOG·OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) VS = +15V unless otherwise specified 

AVOL(V/MV) 

CMRR (dB) 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(V) Common Mode RIN(Mn) RL;;>2KO 
Common Mode Rejectjon Ratio INPUT VOUT± 10V 

DEVICE TEST CONDITIONS Voltage Range RS": 10KO RESISTANCE Vss±15V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP 
LM207"" 9.10 TA=25°C N/A N/A 1.5 4 50 160 

VS= ±20 
-25°C": T A": 85°C ±15 BO 96 N/A 25 

LM307'·····IO TA = 25°C N/A N/A 0.5 2 25 160 

oOe.;; TA';; 70°C 
RS":50K 

±12 70 90 N/A 15 

RL;;>10KO 
LM108' TA = 25°C N/A N/A 30 70 50 300 

±5V .;; VS';; ±20V 
-55';; T A": 125°C ±13.5 85 100 N/A 25 

LM108A TA = 25°C N/A N/A 30 70 BO RL;;>10KO 
±5V .;; Vs .;; ±20V 300 
-55": T A';; 125°C ±13.5 96 110 N/A 40 

LM208' TA = 2Soe N/A N/A 30 70 50 RL;;>10KO 
±SV .;; VS';; ±20V 300 
-25';;TA';;85°e ±13.5 85 1 Of) N/A 25 

LM208A TA = 25°e N/A N/A 30 70 BO RL;;>10KO 
±5V .;; Vs .;; ±20V 300 

_25°e.;; TA .;; 8Soe ±13.S 96 110 N/A 40 

LM308A TA= 2Soe N/A N/A 10 40 80 RL;;>10KO 
±SV .;; Vs .;; +lSV 300 
oOe..: T A';; 700 e ±14 96 110 N/A 60 

LM124 TA = 2Soe V+ = 30V' V+= 15V 
V+= SV 0 V+-1.S 70 85 N/A 50 100 

-55';; TA';; 125°C 0 V+-2 N/A N/A 25 

LM224 TA=25°e V+= 30V' V+= 15 

V+= 5V 0 V±1.5 65 85 N/A 25 100 

-25';;TA';;85°e 0 V+-2 N/A N/A 15 

MAX 

13 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Conl'd) Vs =+ 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (VI SUPPLY CURRENT POWER (pVM 

DEVICE TEST CONDITIONS RL;;'2KU (MAl CONSUMPTION RS";; 10KU 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM2()77,O, 9: \0 TA = 25°C N/A VS=±20V N/A 

1.8 3,0 72 120 
-25°C";; TA";; 85°C ±10 ±13 TA = +125°e 

RL = 10K 1,2 2,5 48 100 BOdS 96dS 
±12 ±14 

LM3077,o,9,IO TA = 25°C N/A Vs = ±15V N/A 

±10 ±13 1,B 3,0 54 90 RS";; 50K 

O°C";; TA";; 700 e 
RL = 10K 

±12 ±14 N/A N/A 70dB 96dS 

LM1087 TA = 25°C N/A 0,3 0.6 N/A N/A 
±5V ..;; Vs ..;; ±20V RL = 10KU TA = +125°C 
-55";; TA";; 125°C ±13 ±14 0,15 0.4 N/A BOdS 96dS 

LM10BA TA= 25°C N/A 0,3 0,6 N/A N/A 
±5V ..;; Vs ..;; ±20V RL = 10KU TA = +125°C N/A 
-55";;TA";;125°C ±13 ±14 0.15 0.4 96dS l1DdS 

LM20B7 TA = 25°C I N/A 0.3 0.6 N/A N/A 
±5V";; Vs";; nov RL = 10KU TA=+125°C 
-25 ";;TA";; B5°C ±13 ±14 0.15 0.4 N/A BOdB 96dB 

. LM20BA TA = 25°C N/A 0.3 0.6 N/A N/A 
±5V";; Vs";; ±20V 
-25°C";; T A";; 85°C RL = 10KU TA=+125°C 

±13 ±14 0.15 0.4 N/A 96dB 110dB 

LM308A TA= 25°C N/A Vs = ±15V 
0.3 O.B 9 24 N/A 

±5V";; Vs";; +15V RL = 10KU 
oOe";;TA";;70°C ±13 ±14 N/A N/A 96dB llDdS 

LM124 TA = 25°C N/A N/A N/A 65 100 
v+ = 5V VOH v+= 30V 

26 
RL;;'10KU 

27 28 
VOL v+= 5V RL = 00 On All Op Amps 

RL";; 10KU O.B 2 N/A N/A 
5 20 

-55";; TA";; 12SoC 

LM224 TA = 25°C N/A N/A N/A 65 100 
V+= 5V VOH V+=30V 

26 
RL;;'10KU 

27 2B 
VOL V+= SV 
RL";; 10KU RL = 00 On All Op Amps 

-25";;TA";;BSoC S 20 0.8 2 N/A N/A 

1.4 



ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER Vas (mV) Vas DRIFT 
Offset Voltage (I1VtC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS RS < 10Kn RS=On Offset Current pAtC Input Current 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM324 TA = 25°C ±2 ±73 N/A ±5 ±50 N/A IIN+ or IIN-4 
V+=5V 45nA 250nA 

O°C < T A < 70°C ±g3 7 ±150 10 500nA 
• R ____ 

MC1456 TA = 25°C 5.0 10 N/A 5.0 10 N/A 15 30 

O°C < TA < 70°C 14 N/A 14 N/A 40 

MC1556 TA=25°C 2.0 4.0 N/A 1.0 2.0 N/A O.B 15 

-55 < TA < 125°C 6.0 N/A 25 < TA < 125°C N/A 30 
3.0 

-55< TA < 25°C 
5.0 

MC1458 TA = 25°C 2.0 6.0 N/A 30 200 N/A 200 500 

O°C < TA < 70°C 7.5 N/A 300 N/A 800 

MC1558 TA = 25°C 1.0 5.0 N/A 30 200 N/A 200 500 

-55<TA< 125°C 6.0 .N/A 500 N/A 1500 

I1 A709 TA = 25°C RS = 5012 
±9 < Vs < ±15 1 5 3.0 50 200 N/A 200nA 500nA 

RS< 10K TA = +125°C 
-55°C<TA <+125°C 6 6.0 20 200 TA = _55°C 

TA = _55°C 0.5 1.5 
N/A 100 500 N/A 

-
I1A709C TA = 25°C 2 7.5 N/A 100 500 N/A 300nA 1500nA 

0°C<TA<70°C 10 N/A 750 N/A N/A 

I1A74o TA=25°C RS< lo0Kn N/A 60pA N/A 

I 
o.lnA 2.0nA 

30 
O°C < T A';; + 70°C 30 N/A 60pA N/A 1.1nA 1.0nA 

1--- -----------_._-- 1----------- ---------
I 

I1A741 TA = 25°C 1.0 5.0 N/A 10 200 I N/A ! BOnA 500nA 
TA = +125°C I Til. = +125°C 

-55°C';; T A';; +125°C 1 G 6.0 N/A 7.0 200 
I 

N/A 30 500 

I TA=-55°C TA = _55°C 
20 500 300 1500 

- --------_ .... _-- . - -_. .. 
I1A741C TA = 25°C 2.0 6.0 N/A 20 200 N/A 80 500 

I o°c .;; T A';; + 70°C 7.5 N/A 300 N/A 800 

IIJIIIIIDI 

I 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

.. AVOL (V/MV) 

FMRR (dB) 
LARGE SIGNAL 
VOLTAGE GAIN 

PARAMETER VCM(V) Common, Mode RIN (MH) RL ;;'2KO 
Common MOde Reje"ti9n Ratio INPUT VOUT ± tOV 

DEVICE TEST CONDITIONS Voltage Range RS';;± 101(11 RESISTANCE VS=±t5V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM324 TA' 25"C V+ = 30Vs 65 85 N/A V+= 15 
V+ = 5V 0 V±1.5 25 100 

O°C';;T A';; 70°C 0 V+-2 N/A N/A 15 

MC1456 TA = 25°C' ±It ±t2 f= 100 Hz f = 20 Hz 70 100 
70 110 3.0 

O°C.;; T A';; 70 0 e N/A N/A N/A 40 

MC1556 TA = 25°C ±t2 ±13 f= 100 Hz f = 20 Hz 100 200 
80 110 5.0 

-55';; TA';; 125°C N/A N/A N/A 40 

MC1458 TA= 25°C ±12 ±13 f= 100Hz f = 20 Hz 20 100 
70 90 0.3 1.0 

O°C.;; TA';; 70°C N/A N/A 

N/A 15 

MC1558 TA = 25°C ±12 ' ±13 f = 100 Hz f = 20 Hz 50 200 
70 90 0.3 1.0 

-55';;TA';; 125°C " N/A N/A N/A 25 

TA = 25°C 
( 

N/A N/A IlA709 
±9';; VS';; ±15 Vs = ±15 N/A 150 400 RL;;' 25KO 

" 

-55°C';; TA .;; +125°C ±8.0 ±10 70 90 40 100 25 45 70 

IlA709C TA = 25°C ±8.0 ±10 65 90 I 
RL;;' 25KO 

50 250 15 ' 45 

I O°C';;TA';;70°C N/A N/A 35 12 

IlA740 TA = 25°C N/A N/A 1.000.000 1,000 

0°C';;TA';;+70°C ±12 80 N/A 500 

IlA741 TA = 25°C N/A N/A 0.3 2.0 50 200 

-55'C';;TA ';;+125°C ±12 ±13 70 90 25 

IlA741C TA = 25°C ±12 ±13 70 90 0.3 2.0 20 200 

0°C';;TA';;+70°C N/A N/A N/A 15 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PSRR 
VOUT SUPPLY VOLTAGE 

PARAMETER OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (V) SUPPLY CURRENT POWER /i.!V/v1 

DEVICE TEST CONDITIONS RL;;> 2KSl (MA) CONSUMPTION .Rs';;10Krl 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TVi' MAX 

LM324 TA=25°C N/A N/A N/A 65 100 
V+=5V VOH V+=30V 

26 
RL;;'10Krl 

27 28 
VOL v+= 5V 

o°c.;; TA';; 70·C 
RL ';;10Krl RL = 00 On All Op Amps 

5 20 0.8 2 N/A N/A 

MC1456 TA = 25°C ±11 ±12 1.3 3.0 40 90 75 200 

O°C.;; TA';; 70°C N/A· N/A N/A 

MC1556 TA= 25°C ±12 ±13 1.0 1.5 30 45 50 100 

'-55';; TA';; 125°C N/A N/A N/A N/A 

MC1458 TA = 25°C RL = 10Krl 2.3 5.6 70 170 30 150 
±12 ±14 

O°C.;; TA';; 70°C RL = 2Krl 
±10 ±13 N/A N/A N/A 

MC1558 TA = 25°C RL'" 10KO 2.3 5.0 70 150 30 150 
RL = 2KO 

-55';; TA ";;125°C ±10 ±13 N/A N/A N/A 

IJA709 TA = 25°C N/A N/A 80 165 N/A 
±9';;VS";;±15 

-55°C";; T A';; +125°C ±10 ±13 N/A N/A 25 150 

RL = 10KO 
±12 ±14 

IJA709C TA = 25°C ±10 ±13 N/A 80 200 25 200 

RL = 10KO 
±12 ±14 

O°C .;; T A';; 70°C N/A N/A N/A N/A 

IJA740 TA = 25°C N/A 4.2 3.0 126 240 N/A 
±10 ±13 

O°C.;; TA';; +70°C RL;;'10KO N/A N/A 70 
±12 ±14 

IJA741 TA= 25°C N/A 1.4 2.8 50 85 .N/A 
TA=+125°C TA = +125°C 

-55°C';; T A';; +125°C ±10 ±13 1.5 2.5 45 75 10 150 
RL;;> 10KO T A = _55°C TA=-55°C 

±12 ±14 2.0 3.3 45 100 

IJA741C TA = 25°C ±10 .'.13 1.4 2.8 50 85 10 150 

RL;;'10KO 
±12 ±14 

0°C';;TA';;+70°C ±10 ±13 N/A N/A NJA 

IRon. 17 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = + 15V unless otherwise specified 

PARAMETER VOS (mV) VOS DRIFT 
Offset Voltage (,NloC) lOS (mA) lOS DRIFT IBIAS (nA) 

DEVICE TEST CONDITIONS RS';; 10Krl RS=On Offset Current pAte Input Current 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

iJ,A747 TA = 2SOC 1.0 S.O N/A 20 200 N/A 80 sao 
TA = +12SoC TA = +12SoC 

-S5°C';;TA';;+125"C. 1.0 6.0 N/A 7.0 200 N/A 30 SOO 
TA = -SSoc TA = -5SoC 

85 500 300 1500 

/lA747C TA = 25°C 6 N/A N/A N/A N/A 

0°C';;TA';;70°C 1.0 7.5 N/A 7.0 300 N/A 30 800 

/lA748 TA = 2SOC 1.0 s.o N/A 20 200 N/A 80 SOO 
2So ';;TA';; 12SoC 2S°.;; TA';; 12SoC 

6.0 N/A 7.0 200 30 500 
-SSo .;; T A';; 125°C -S5° .;; T A';; 25°C N/A _55° ';;TA';; 25°C 

8.S 500 300 1500 

/lA748C TA = 2Soc 2.0 6.0 N/A 20 200 N/A 80 soo 
25°e';;TA';;700e 2SOC .;; T A';; 70°C 

oOe.;; T A';; 700e 7.5 N/A 9.0 300 N/A 40 800 
oOe';;TA';;25°e oOe';;TA';;2soe 

3S 300 130 800 
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ANALOG-OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) Vs = +15V unless otherwise specified 

AVOL (VIMV) 
LARGE SIGNAL 

CMRR (dB) VOLTAGE GAIN 

PARAMETER VCM(V) Common Mode RIN(MS!) RL;;' 2Kn 
Common Mode Rejection Ratio INPUT VOUT ± 10V 

DEVICE TEST CONDITIONS Voltage Range RS';; ± 10Kll RESISTANCE VS=±15V 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

IJ.A747 TA = 25°e N/A NfA 0.3 2.0 50 200 

_55°e.;; TA';; +125"e ±12 ±13 70 90 NfA 25 

IJ.A747e TA = 25°e N/A NfA 0.3 2.0 25 200 

OoC';; T A';; 700 e ±12 ±13 70 90 N/A 15 

IJ.A748 TA = 25°e ±12 ±13 70 90 0.3 2.0 50 200 

-55°';; TA';; 125°e ±12 ±13 70 90 N/A 25 

IJ.A748e TA=25°e ±12 ±13 70 90 0.3 2.0 50 200 

DOe.;; T A';; 70°C ±12 ±13 70 90 N/A 25 

" 9 
C; 
c: 
C; 
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ANALOG·OPERATIONAL AMPLIFIERS 
ELECTRICAL CHARACTERISTICS.,TABLE (Cont'd) VS=+ 15V unle~s otherwise specified 

PSRR 
VOUT SUPPL V VOLTAGE 

PARAMETER, OUTPUT VOLTAGE ICC REJECTION RATION 
SWING (VI 'SUPPl. V CURRENT POWER (p.VNI 

DEVICE TEST CONDITIONS RL;;>2Kn (MAl CONSUMPTION RS"; 10KH 

TEMPERATURE MIN TVP MAX MIN TVP MAX, MIN TVP MAX MIN TVP MAX 

I'A747 TA = 2S"C N/A 1.7 2,8 
, 

50 85 N/A 
±10 ±13 ' TA=+125'C TA = +125'C 

-55'C,( T A"; +125'C RL;;> 10Kn 1.5 2.5 45 75 30 150 
±12 ±i4 TA = -55'C TA=-55'C 

2.0 3.3 60 100 

I'A747C TA = 25'C N/A 1.7 2.8 50 85 N/A 
±10 ±13 

0'C';;;TA';;;70°C RL;;>10Kn 2.0 3.3 60 100 30 150 
±12 ±14 

/LA748 TA = 25'C N/A 1.7 2.8 50 85 30 150 
±10 ±13 25'''; TA';;; 125'C 25' .;;; T A';;; 125'C 

RL;;>10Kn 1.5 2.5 45 75 30 150 
_55' ';;;TA"; 125'C ±12 ±14 _55' ';;;TA';;; 25'C _55' ";TA"; 25'C 

2,0 3.3 60 100 

I'A748C TA=25'C N/A 1,7 2.8 50 85 30 150 
25'''; TA';;; 70'C 25' ,,; T A';;; 70'C 

;:10 ±13 1.6 3.3 48 100 30 150 
o'c.;;; TA"; 70'C RL;;>10Kn 0' ";TA ";25'C 0' ";TA"; 25'C 

±12 ±14 1.8 3.3 54 100 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE T A = O°C to 70°C; V+ =5 V, V- =-5V unless otherwise specified. 

VCM(V) AVOL(V/mV) 
vos (mV)' lOS (pA) IBIAS{J1A)' Cominon Mode Large Signal 

PARAMETER Offset Voltagr Of hot Current I nput Current Voltage Range Voltage Gain 
v+ = 4.75 v+ = 5.25 v+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V-= -5.25 V- =-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 2Soe 6 7.5 1.0 5 7.5 20 ±3 5 
OOe";TA"; 70°C 10 12 40 

NES22 AT 2Soe 6 7.S 1.0 5 7.5 20 ±3 5 
OVER TEMP 10 12 40 

NE526 
oOe 2.0 S.O 0.6 S.O 30.0 35.0 4.2 4.7 
+2Soe 2.0 5.0 0.5 5.0 25.0 35.0 4.2 4.5 N/A 
70°C 2.0 5.0 0.4 5.0 22.0 35.0 4.2 4.4 

oOe -3.2 -3.5 
25°C -3.2 -3.5 
+70oe -3.2 -3.5 

SE526 
_55°C 2.0 5.0 0.6 0.5 30.0 35.0 4.2 4.7 
+25°e 2.0 5.0 0.5 5.0 25.0 35.0 4.2 4.5 N/A 
125°C 2.0 5.0 0.4 5.0 22.0 35.0 4.2 4.4 

_55°C -3.2 -3.5 
25°C -3.2 -3.5 
+125°e -3.2 -3.5 

NE527 Vl+ = 10V, Vl- = -10V 
V2+ = 5V, VIN = OV 

AT 2SoC 6 0.75 2 N/A 5 
OOe";TA 70°C 10 1 4 

SE527 Vl+ = 10V, Vl- = -10V 
V2+ = 5V, VIN = OV 

AT 2Soe 4 0.5 2 N/A 5 
-55°C"; TA"; 125°C 6 1 4 

NE529 Vl+ = 10V, Vl- = -10V 
V2+ = 5V, VIN = OV 

AT 25°C 6 2 5 5 20 N/A 5 
oOe,,; 70°C 10 15 20 

SE529 Vl+ = 10V, V,- = IOV 
V2+ = SV, VIN = OV 

AT 25°C 4 2 3 5 12 N/A 5 

-S5";TA"; 125°C 6 9 36 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd)· T A ;:; O°C to 70°C. V+ ~V •. V- ;:;-5V unless otherwise specified. 

VIDR VOH 

Differential IlL (mA) IIH (PA) VOL (V) HIGH LEVEL 
PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4:75 

v+ = 5.25, V = -5.25 V+ = 5.25, V- = -5.25 v+ = 5.25, V- = -5.25 ILOAD=-l mA 
DEVICE TEST CONDITIONS VIL=O.5V VIN=O.5V I LOAD = 2.0 rnA' VIS = 2.0V 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

NE521 AT 2SOC N/A Strobe S .0.5 2.7 3.4 
DOC';; TA';; 7DoC -2 . .0 5.0 

Common Strobes Common Strobe S 
-4 . .0 1.0.0 

NE522 AT 25°C N/A Strobe .0.5 N/A 
OVER TEMP -2 . .0 5.0 

Common Strobes Common Strobe S 
-4 . .0 1.0.0 

NE526 GATE GATE 
DOC -.0.1 -1.2 -1.6 5 25 .0.3 .0.4 2.8 3.5 
+25°e N/A -D.' -1.4 -1.6 1.0 25 .0.2 .0.4 2.B 3.2 
7DoC -.0.1 -1.2 -1.6 15 25 .0.3 .0.4 2.8 3 . .0 

AMPLIFIER AMPLIFIER 
DOC 0.6 3.5 
25°C .0.5 3.5 
+7Doe .0.4 3.5 

SE526 GATE GATE 
_55°C -D.' -1.2 -1.6 5 25 0.3 .0.4 2.B 3.5 
+25°e N/A -D.' -1.4 ··1.6 10 25 .0.2 .0.4 2.8 3.2 
125°C -0.1 -1.2 -·1.6 15 25 0.3 .0.4 2.B 3.0 

AMPLIFIER AMPLIFIER 
-ssoe .0.6 3.5 
25°C .0.5 3.5 
+125°C 0.4 3.3 

NE527 V,+ = lDV, Vl- = -lDV VSTROBE = 2.7V V2+ = 4.75V 
V2+ = SV. VIN = DV 'SINK = lDmA 

AT 25°C N/A -2 1.0.0 .0.5 2.7 3.3 
DOe';;TA 7Doe 2.0.0 

SES27 V,+ = lDV. V,_·= -'DV VSTROBE = 2.7V V2+ = 4.75V 
V2+ = SV. VIN = DV ISINK = 'OmA 

AT 25°C N/A -2 
5.0 .0.5 2.S 3.3 

-55'C';; T A';; 125°C 2.0.0 

NES29 V,+ = 'DV. V,- = -'DV VSTROBE = 2.7V 
V2+ = 5V. VIN = DV V2+ = 4.75V 

AT 25°C N/A -2 
ISINK = 'OmA 

1.00 .0.5 2.7 3.3 
O°C:e;;; 700 e 2.0.0 

SE529 V,+ = lOV. V,- = lOV VSTROBE = 2.7V 
V2+ = 5V. VIN = DV V2+ = 4.75V 

AT 2S'C N/A -2 5.0 
ISINK = lDmA 

0.5 2.5 3.3 
-S5';; TA';; '25°C 2.00 
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ANALOG·COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

VIL VIH LEAKAGE OUTPUT CURRENT' 

PARAMETER LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (mA) SINK (mA) 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

NE521 AT 25°C N/A N/A N/A N/A N/A 
DoC ';;;TA';;; 70°C 

NE522 AT 25°C N/A N/A N/A Vs = ±4.75V N/A 
OVER TEMP 250l1A 

N/A 

NE526 
DoC 1.0 2.0 
+25°e 0.9 2.0 N/A 1.0 16.0 
700 e 0.8 2.0 

SE526 
_55°e 1.0 2.0 
+25°e 0.9 2.0 N/A 1.0 16.0 
125°e 0.8 2.0 

NE527 Vl+ = 10V, Vl- = -10V V2+ = 4.75V 
V2+ = 5V, VIN = OV 

AT 25°C 0.8 2.0 N/A N/A N/A 
OOe';;;TA 700 e 

SE527 Vl+= 10V, VC=-10V V2+ = 4.75V 
V2+ = 5V, VIN = OV 

AT 25°e 0.8 2.0 N/A NlA N/A 
-55°e';;;TA';;;125°e 

NE529 Vl+ = 10V, Vl- = -10V 
V2+ = 5V, VIN = OV 

AT 25°e 0.8 2.0 N/A N/A N/A 
O°C,;;; 700 e 

SE529 Vl+ = 10V, Vl- = 10V 
V2+ = 5V, VIN = OV 

AT 25°C 0.8 2.0 N/A N/A N/A 
-55';;; TA';;; 125°e 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A= O°Cto 70°C, V+ =5V, V- =-5\/ unless otherwise specified. 

. "" Pd V-(VI v+M lcc-tmAI Icc+(mA) lOS (mA) 
PoWER TA ~ 25"C Short C.ircuit 

PARAMETER CONSUMPTION v+ ~ 5.25V. V- z -5.2V CURRENT 
(mWI TA~20"C 

DEVICE TEST CONDITIONS VOUT~OV 

""teMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

NE521 AT 26 C N/A -4.75 -5.00 -5.26 4.75 5.00 5.25 -15 -28 27 50 VS= ±5.25V 
0"C';;TA';;70"C -40 -100 

NE522 AT 25"C N/A -4.75 -5.00 -5.25 4.75 5.00 5.25 -15 -28 27 50 N/A 

NE526 AMPLIFIER V2+ 
O"C 90 120 5.0 
+26°C 100 120 -5 5 5.0 -'0.0 -70.0 
70"C 110 120 5.0 

SE526 AMPLIFIER V2+ 
-55"C 90 120 5.0 
+25°C 100 120 -5 5 5.0 -10.0 -70.0 
125"C 110 120 5.0 

NE527 V,+ = 10V, V,- = -10V V,+ 0"C';;TA';;70"C 0"C';;TA';;70"C V2+ = 5.25V 
V2+ = 5V, VIN = OV V,- s '0 1,- 1,+ 

AT 25"C N/A -6 -'0 V2+ '0 5.0 -40 -'00 
O"C';;TA 70"C 4.75 5 5.25 12+ 20 

SE527 V,+ = 10V, V,- = -JOY V2+ = 5.25V 
V2+ = 5V, VIN = OV V,- V,+ 1,- 1,+ 

AT 25"C N/A -6 -10 5 10 7.5mA 3.75 -40 -100 
-65"C';;TA ';;125"C V2+ TA='25"C 7.0mA TA=125"C 3.25 

4.5 5 5.5 TA = -55"C 8.5mA TA = -55"C 4.0 
AT 25"C 12+ '6 

-55';;TA';;'25 TA:::!125°C '5 
TA = -55"C 18 

NE529 V,+ = 10V, V,- = -JOY 0"C';;TA';;70"C O·C ';;TA';; 70"C 
V2+ = 5V, VIN = OV V,- V,+ 1,- I,' 

-6 -'0 5 '0 '0 5 -'8 -35 -70 
AT 25"C N/A V2+ 12+ 

0"C';;70"C 4.75 5 5.25 20 

SE529 V,+ = 'OV, V,- = ,OV Vl- Vl+ 11- 1,+ 
V2+ = 5V, VIN = OV -6 -10 5 10 -18 -35 -70 

V2+ 7.5 3.75 
AT 25"C N/A 4.5 5 5.5 TA = 125"C 7.0 TA='26"C 3.25 

-55';; TA ';;125"C TA = -55"C 8.5 TA = -55·C 4.0 
12+ '6 

TA = 126"C 15" 
TA - -55"C 18 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = O°C to 70°C, V+ =5V, V- =-{jV unless otherwise specified. 

VCM(V) AVOL(V/mV) 
Vos(mV)' lOS (IlA) IBIAS(IlA)' Common Mode Large Signal 

pARAMETER Offset Voltage Offset Current I "put Current Voltage Range Voltage Gain 
v+ = 4.75 v+ = 5.25 v+ = 5.25 v+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V-= -5.25 V- =-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LMIIII4 Vs = ±15V RS"; 50K 
AT 25°C 0.7 3.0'3 4.0 10" GOnA loo~A 200 

-55";TA"; 125°C 4.0 20 150nA ±14 

LM211 14 Vs = ±15V RS ";50K 
AT 25°C 0.7 3.0'3 4.0nA 10"nA 60nA lOo\-,'A 200 

-25"; T A " 85°C 4.0 20nA 150nA ±14 

±13 
LMI1914 Vs = ±15V RS";5K 

13 
V+ = 5V, V- = 0 

AT 25°C 0.7 4.0'3 30" 75 150nA 500nA 1 3 10 40 

-55°C"; TA"; 125°C 7 100 1000nA 

±13 
LM21914 Vs = ±15V RS" 5K 

AT 25°C 0.7" 4.0 30" 75 150~}. 500nA 1 3 10 40 

-25°C" T A"; 85°C 7 100 1000nA 

LM139 V+ = 5V Va'" l.4V, VREF" 
1.4V, RS = on liN + or I'N- I:> RL;> 15KlJ 

AT 25°C ±2.0 ±S.O ±30nA ±25nA 25nA 100nA 0 V+_1.S17 200 
-55'; TA"; 125°c 9.0 ±loonA 300nA 0 V+-2.0 

LM239 V+ = 5V Va'" l.4V, VREF= 
I.4V, RS = on liNt or IIN- .h 

RL;>15K1l 
AT 25°C ±2.0 ±5.0 ±S.OnA ±5OnA 25nA 250nA 0 V+-1.5· 1 

200 
-25°C'; T A"; 85°C ±9.0 ±150 400nA 0 V+-2.0 

LM311· 4 Vs = ±15V RS"; 50K 
AT 25°C 2.0'3 7.5 6.0~}. 50nA 100nA 250nA N/A 200 

0°"; TA"; 70°C 10 70nA 300nA ±14 NA 

25 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cor'lt'd) T A = O°C to 70°C. V+=t;V. V-=-5V unless otherwise specified. 

VIDR VOH 
Differential IlL (mA) IIHv..A ) VOL (V) HIGH LEVEL 

PARAMETER Input Volta.go (V) LOW LEVEL HIGH LEVEL LOW LEVE.L V+ = 4.75;-V" = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25, V- = '-5.25 V+ = 5.25, V- = -5.25 ILOAO=-l mA 
DEVICE TEST eONDJTIONS VIL=O.5V VIN =O.5V ILOAo=20mA VIS= 2.0V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN· TYP MAX MIN TYP MAX MIN TYP MAX 

LMllll4 VIN>SmV 

Vs = ±lSV VOUT =3SV VIN<-SmV. 

AT 2SoC N/A -3.0 lOUT = 50mA 
N/A 0.75 1.5 N/A 

-55<O;TA< 125°C V+;;'4.5V. V-= 0 
VIN <-6mV. 
ISINK <8mA 

0.23 0.4 
LM21114 VIN>5mV 

Vs = ±15V VOliT =35V VIN <-5mV. 

AT 25°C N/A -3.0 IOUT= 50mA 
N/A 0.75 1.5 N/A 

-25< TA < 8Soe V+;;'4.5V. V-=O 
VIN<-6mV. 
ISINK<8mA 

0.23 0.4 

LMl1914 

Vs = ±lSV ±5 N/A 
VIN <-5mV. 

AT 25°C lOUT = 2SmA 
N/A 0.75 1.5 N/A 

_55°C < TA <0; 125°C V+>4.SV. V-=O 
VIN<-6mV. 
ISINK<3.2mA 

TA> oOe 
0.23 0.4 

TA <oDe 
0.6 

LM21914 

Vs = ±lSV ±5 
VIN <-5mV. 

AT 25°C 
N/A lOUT = 25mA 

0.75 I.S NIA 

- 2Soe'<o; T A < 8Soe V+ > 4.5V, V-=O 
VIN<O;-6mV. 
ISINK < 3.2mA 

TA>O'C 
0.23 0.4 

TA<O'C 

06 

LM139 V+ = SV 'JIN -:;> 1.0V 
Keep All VIN's>V-

VIN+ = 0, ISink<4mA 
AT 25°C NIA N/A 250 SOO N'A 

-5S<TA< 125°c 36 
700 

LM239 V+= SV Keep All VIN's > V-
VIN-;;'1.0V, VIN+ =0, 
ISINK'; 4mA 

AT 2Soe N/A N/A 250 500 NA 
_25°C < T A < 8Soe 36 

700 

LM311 14 Vs = ±15V VIN < -10mV 
AT 25°C N/A -3.0 NIA lOUT = SOmA NA 

N/A 
0.75 1.5 

0° < TA < 70°C N/A NIA VT? 4.5V. V- = 0, NA 
VIN" -lOmV. 
ISINK<8mA 

0.23 0.4 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = DOC to 70°C. V+ =5V. V- =-5V unless otherwise specified. 

Vll VIH LEAKAGE OUTPUT CURRENT' 
PARAMETER LOW lEVEL HIGH lEVEL CURRENT (nAI SOURCE (mAl SINK (mAl 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LMll1" VIN)o5mV. 
VS=±15V VOUT =35V, 

AT 25°C N/A N/A 0.2 10 N/A N/A 

-55'; TA'; 125°C 10 50 

LM21114 VIN)o5mV. 
Vs = ±15V VOUT=35V 

AT 25°C N/A N/A 0.2 10 N/A N/A 

-25'; T A';; 85°C 10 50 

LM119 14 VIN)o5mV. 

VS=±15V Vour 35V 
AT 25°C N/A N/A 0.2fJ.A 2fJ.A N/A N/A 

-55°C'; TA'; 12SoC lfJ.A 10fJ.A 

LM219" VIN)o5mV. 
Vs = ±ISV Vour 35V 

AT 2SoC N/A N/A 0.2fJ.A 2fJ.A N/A N/A 

- 2SoC'; T A'; 8SoC lfJ.A 10fJ.A 

LM139 V+= 5V VIN+)o 1.0V. 
VIN_ = O. 

VOUT= SV VIN_)o 1.0V. VIN+ = 0 
AT 2SoC N/A N/A O.IfJ.A VO';I.5V 

-5S'; TA'; 12Soc VaUT = 30V N/A 6 16 

lfJ.A 

LM239 VIN+)o 1.0V. 
V+ = SV VIN_=O. VIN_)o 1.0V. VIN+ = 0 

VOUT = SV Va'; 1.5V 

AT 25°C N/A N/A O.1fJ.A N/A 6 16 
-2SoC'; TA ';'8SoC' VOUT= 30V 

lfJ.A 

LM311" Vs = ±ISV VIN)o 10mV 

AT 2Soc N/A N/A VOUT= 3SV N/A N/A 
0.2 SO 

0° .; T A';; 70°C N/A N/A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Confd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

Pd V-IV) V+IV) Icc-ImA) ICC+ ImA) loslmA) 
POWER TA' 25°C Short Circuit 

PARAMETER CONSUMPTION V+ , 5.25V. V- • -5.2V CURRENT 
ImW) TA=ZOoC" 

DEVICE TEST CONDITIONS VOUT=OV 

TEMPERATURE MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

LMlIl'4 Vs = ±15V -15 +15 4.1 5.0 5.1 6.0 N/A 

AT 25°C N/A 

-5S .. TA'" 125°C 

LM21114 VS= ±15V -15 +15 4.1 5.0 5.1 6.0 N/A 

AT 25°C N/A 

-25'" TA '" 85°C 

LM11914 VS' ±15V -15 +15 3 4.5 8 11.5 NlA 
AT 25°C N/A TA', 25°C 

V+, 5V. V-' a 
-55°C'" TA "'125°C 4.3 

LM21914 VS' ±15V 8 11.5 N/A -15 +15 3 4.5 
AT 25°C N/A TA',25°C 

-2S';;TA';;SSoC 
V+, 5V. V-' a 

4.3 

, 
LM139 V+=5V RL =00 On All 

Comparators 

AT 25°C N/A N/A N/A O.B 2.0 N/A N/A 

-55';;TA ';;125°c 

LM239 V+=5V Rl=,ooOnAIl 
Comparators 

AT 2SQC N/A N/A N/A 0.8 2.0 N/A N/A 

-25°C"; TA"; 85°C 

LM311 14 VS' ±15V 
AT 25°C N/A -15 +15 4.1 5.0 5.1 7.5 N/A 

0° ";TA '" 70°C N/A N/A N/A N/A N/A N/A 

•. -



ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70°C, V+ =5V, V- =-5V unless otherwise specified. 

VCM(VI AVOL (V/mVI 
vos (mvl' lOS (I'AI IBIAS<J.tAI' Common Mode Large Signal 

PARAMETER Offset Voltag/' Offset Current Input Current Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 v+ = 5.25 v+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V-= -5.25 V-=-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM319 J4 VS= ±15V RS';;5K 

" AT 2~oe 2.0" B.O BOnA 200nA 0.25 1.0 ±13 B 40 

0°';; TA';; 70°C 10 300nA 1.2 N/A N/'" 

LM339 Va'" l.4V. VREF= 
l.4V. RS = on IIN+ or IIN-'6 RL;"15Kn 

AT 25°C ±2.0 ±5.0 ±5.0nA ±50nA 25nA 250nA a V+_l.517 200 

0'';; TA';; 70°C ±9.0 ±l50"A 400nA 0 V+-2.0 

LM139A V+ = 15V Va'" 1.4V, VREF = 
1,4V, RS = on IIN+ or IIN-'6 RL;"15Kn 

AT 25°C ±1 ±2 ±3nA ±25nA 25nA laOnA a V+-l.517 200 

-55°';; TA';; 125°C ±4 ±100nA 300nA 0 V+ -2.0 

LM229A V+ = 15V Va'" 1.4V, VREF = 
l.4V, Rs = on IIN+ or IIN-'6 RL;"15Kll 

AT 25°C ±1 ±2 ±5nA ±50nA 25nA 250nA 0 V+-l.5" 200 

0°';; TA';; 70°C ±4 ±l50nA 400nA 0 V+ -2.0, 

LM339A V+ = 15V Va'" 1.4V, VREF = 
l.4V. RS" on IIN+ or IIN-" RL = i5K!l 

AT 25°C ±1 ±2 ±5nA ±50nA 25nA 250nA 0 V+_l.517 200 

-25°C';; 85°C ±4 ±150n~ 400nA 0 V+ -2.0 

Me3302 Vee = 15V VREF = 1.2V Vee = 20V RL = 15Kn 

AT 25°C 3.0 20 3.0nA 0.3 0.5 0 26 2.000 3.000 VIV 

-40°C';; T A';; 85°C 
40 1.0 

I'A710 V+ = 12V. V- = -6.0V NOTE 21 NOTE 21 

RS ~ 200ll V- = -7.0V 
AT 25°C 0.6 2.0 0.75 3.0 13 20 N/A 1250 1700 

-55°e';;TA";;;+125°e 3.0 TA = +125°e TA=-55°e ±5.0 1000 

0.25 3.0 27 45 
TA = _55°C 

I.B 7.0 

I'A 710e V+ = 12V. V- = -6.0V NOTE 21 NOTE 21 
RS'; 20011 V- = -7.0V 

AT 25°C 1,6 5.0 16 25 N/A 1000 1500 
oOe.; TA'; +75°e 6,5 7.5 TA = O°C 

25 40 ±5.0 800 

/JA711'o V+ = 12V. V- = -6.0V 
RS'; 200n 
VaUT = l.4V VaUT" l.4V V- = -7.0V 

AT 25°C 1.0 5.0" 0.5 10.0" 25 75 =5.0 750 ;500 

VeM = 0 
1.0 3.5 

-55°C'; T A'; +125c e 6,0" 20" 150 N A 500 
VeM =0 

4.5 6,0 

IBOOIle. 29 

" 9 • c: • 



ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd).T A =O°C to 70°C, V+ =5V, V- =-5V unless otherwise specified. 

VIDR VOH 

Differential IlL (mA) IIH (PA) VOL (V) HIGH LEVEL 
PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25, V- = -5.25 V+ = 5.25, V- = -5.25 ILOAD=-l mA 
DEVICE TEST CONDITIONS VIL = O.5V VIN=O.5V ILOAD=20mA VIS= 2.0V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN' TYP MAX MIN TYP MAX MIN TYP MAX 

LM319'4 Vs = ±lSV ±5 N/A N/A 
VINE;;-IOmV 

N/A 
AT 2~oe IOUT=25mA 

0.75 I.S 

0° E;;TAE;; 70°C 
N/A N/A N/A 

V+;;. 4.SV, V-= OV, 

VIN" -IOV, 
N/A 

ISINK E;; 3.2mA 
0.3 0.4 

LM339 Keep All VIN's;;' V- V'N- ;;'1.0V, VIN+ = a 

ISINK "4mA 
AT 2Soe N/A N/A 2S0 500 N/A 

0° E;; TA E;; 70°C 36 700 N/A 

LM139A V+ = lSV Keep All V,N's;;' V- V'N- = IV, VIN+ = 0 

AT 25°C V+ N/A N/A 
ISINK = 4mA 

2S0 sao N/A 
-5S' E;; TA" 12Soe 700 

LM229A V+ = 15V Keep All VIN's;;' V- VIN- = IV, VIN+ = a 

AT 2soe v+ N/A N/A 
ISINK = 4mA 

2S0 sao N/A 
-2s'e" TA E;; 8soe 700 

LM339A v+ = lSV Keep All VIN'S;;' V- VIN- = IV. VIN+ = a 
ISINK = 4mA 

AT 2soe V+ N/A N/A 2S0 sao N/A 

0° " t A " 70° e 700 

Me3302 Vee = lSV Vee = S -28V 
IS = 2.0mA 

AT 2Soe ±Vee N/A N/A lS0mV N/A 
_40°C E;; TA E;; 8Soe 400mV 

IlA710 V+ = 12V, V- = -6.0V VIN;;' SmV VIN ~ 5mV, 0 ~ lout 
E;;S.OmA 

AT 2Soe N/A N/A N/A N/A N/A 

-ss'e" TA';; +12Soe ±S.O N/A N/A -1.0 -O.S 0 2.S 3.2 4.0 

IlA 710e V+ = 12V. V- = -6.0V VIN;;'SmV VIN > 5mV, 0< lout 

" S.OmA 
N/A N/A N/A 

AT 2Soe N/A N/A N/A -1.0 -O.S 0 2.S 3.2 4.0 

oOe E;; T A" +7S'e 
±S.O N/A 

IlA711'o V+ = 12V. V-'= -6.0V VIN;;'10mV Y,N;> 10mV 

N/A -1.0 -0.5 0 4.5 5.0 
AT 2Soe N/A N/A STROBES LOADED 

VStrobe < 0.3V 10 = SmA 
-1.0 0 2.S 3.S 

-5S'e" T A" +12S'e N/A N/A 
N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = Doe to 70o e, V+ =5V, V- =-5Vunless otherwise specified. 

VIL VIH LEAKAGE OUTPUT CURRENT4 

PARAMETER LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (rnA) SINK (rnA) 

DEVICE TEST CONDITIONS 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM319'4 Vs = ±ISV VIN;;'10mV 
AT 2~oe N/A N/A VOUT= 35mV N/A N/A 

0.2 10 

0° e:;,;TA ~70°C N/A N/A N/A N/A N/A 

LM339 VIN+ ;;'1.0V, VIN = 0, VIN-;;' 1.0V, VIN+ = a 
VOUT= 5V VO';;I.SV 

AT 2S'e N/A N/A O.~A N/A 6 16 

VOUT= 30V 
0°';;; TA';;; 70ce I/JA 

LM139A v+ = ISV VIN+ = IV, VIN- = 0 VIN- ;;'IV, VIN+ = 0 

VOUT= SV VO';;I.SV 
AT 2S'e N/A N/A O.~A N/A 6 16 

-SS°,;;; TA';; 12S'C VOUT= 30V I/JA 

LM229A V+ = Isl1 VIN+ = lV, VIN- = 0 VIN-;;' IV, VIN+ = 0 

VOUT = SV VO';;I.SV 

AT 2S'C N/A N/A O.I/JA N/A 6 16 

0'';; TA';; 70ce VOUT= 30V I/JA 

LM339A V+ = 15V VIN+ = IV, VIN- = 0 VIN-;;'lV, VIN+"O 

VOUT = SV VO';; l.SV 

AT 2S'C N/A N/A O.I/JA N/A 6 16 
-2S';; T A';;; 8Soe VOUT = 30V I/JA 

MC3302 VCC = ISV Vce= SV 
vOUT=High VOL =400mV 

AT 2SoC N/A N/A I/J A N/A 6.0 

_40 0 e.;; T A';;; 8S'e VOL = 800mV 
2.0 

/JA710 V+ = 12V, V- = -6.0V VIN;;' SmV, Vau! = 0 

AT 2SoC N/A N/A N/A N/A 2.0 2.S 

-SS'C';; TA ~ +12S"e N/A N/A N/A N/A TA=+12S'C 
O.S 1.7 

TA = -ssoe 
1.0 2.3 
VIN ~ 5rnV, V out = 0 

/JA 710e V+ - 12V, V- - -6.0V 

N/A N/A N/A N/A 1.6 
AT 2Soe N/A N/A N/A N/A O.S 

O°C~TA~+75°C 

/JA711'" V+ = 12V, V- = -6.0V VIN? 10mV, Vout;> 0 

N/A N/A N/A N/A 0.5 0.8 

AT 2S'e 

_SSC. C ~ T A <;+12S'C N/A N/A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Conl'd) T A "DoC to 70°C, V+ ::5 V, V-.=-5V Unless otherwise specified. 

" Pd Y-IY) Y+IY) Icc-.lmA) ICC+ ImA) lOS (mA) 
POWER TA = 2S"C Short Circuit 

PARAMETER CONSUMPTION y+ = 5:25Y. Y- • -5.2Y CURRENT 
ImW) TA' 2O"C 

DEYICE TEST CONDITIONS . YOUT -oy 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

LM31914 YS = ±lSY N/A -15 +15 3.0 5.0 8 12.5 N/A 
AT 25"C 

Y+= 5Y. Y-=O 
0° ':;TA < 70°C N/A N/A N/A N/A 4.3 N/A 

LM339 RL=-OnAIi 
Comparators 

AT 25°C N/A N/A N/A 0.8 2.0 N/A N/A 

0° <TA <70°C 

LM139A y+= 15Y RL=ooOnAIl 
Comparators 

AT 25°C N/A N/A N/A 0.8 2 N/A N/A 
_55° < TA < 125°C 

LM229A y+= lSY RL =ooOn·AII 
Comparators 

AT 25°C N/A N/A 0.8 2 N/A N/A 

-25 < TA';; 85°C 

LM339A Y+= 15Y RL =ooOn All 
Comparators 

AT 25°C N/A N/A N/A 0.8 2 N/A N/A 
0° <TA <70°C 

MC3302 YCC= 15Y 5V':;YCC':;28Y 

AT 2SoC N/A N/A N/A N/A 0.7 1.5 N/A 
-40°C':; TA':; 8SoC 

IIA710 Y+ = 12Y. V- = -6.0Y 

AT 25°C N/A N/A N/A N/A N/A N/A 
-5SoC<TAoiii;+125°C 90 150 N/A N/A 4.6 7.0 5.2 9.0 N/A 

IIA 710C y+ = 12Y. V- = -6.0V 

N/A 
AT 2SoC 90 150 N/A. N/A N/A N/A N/A 

O°C < TA':; +7S"C 
N/A N/A 4.6 7.0 5.2 9.0 N/A 

IIA711'· Y+ = 12Y. Y- = -S.OV 

130 200 VOUT':;O 
AT2SoC 3.9 8.6 3.9 8.6 N/A 

STROBE 
VStrobe = 100mV 

1.2 2.5 

-SS"C':;TA':;+12SoC N/A N/A N/A N/A N/A N/A 
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ANALOG-COMPARATORS 
ELECTRICAL CHARACTERISTICS TABLE (Cont'd) T A = ooe to 70oe, V+ =5V, V- =-5V unless otherwise specified. 

VCM(V) AVOL (V!mV) 
vos (mV)' lOS (IlA) IBIAS (,uA)' Common Mode Large Signal 

PARAMETER Offset Voltage Offset Current Input Current Voltage Range Voltage Gain 
V+ = 4.75 V+ = 5.25 V+ = 5.25 V+ = 4.75 

DEVICE TEST CONDITIONS V- = -4.75 V- = -5.25 V- =-5.25 V- = -4.75 

TEMPERATURE MIN TYP MAX MIN TVP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA7 11C'o V+ = 12V. V- = -S.OV 
RS';;20on 
VOUT= I.4V VOUT= 1.4V 'V- = -7.0V 

AT 25°C 1.0 7.5" 0.5 15.0 25 100 ±5.0 700 1500 
VCM=O 

5.0 

O°C.;; TA';; +75°C 10.0" 25" 150 N/A 500 
VCM = 0 

6.0 

VIDR VOH 
Differential IlL (rnA) IIH (IlA) VOL (V) HIGH LEVEL 

PARAMETER Input Voltage (V) LOW LEVEL HIGH LEVEL LOW LEVEL V+ = 4.75, V- = -4.75 

V+ = 5.25, V = -5.25 V+ = 5.25. V- = -5.25 V+ = 5.25. V- = -5.25 I LOAD =-1 mA 
DEVICE TEST CONDITIONS VIL = 0.5V VIN = O.SV ILOAD=20mA VIS = 2.OV 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA711C'" V+ = 12V. V- = -S.O~ VIN;;'10mV VIN;;'10mV 

AT 25°C ±S.O N/A N/A -1.0 -0.5 0 4.5 5.0 
STROBES LOADED 

'VStrobe < 0.3V 10= SmA 
-1.0 0 2.5 3.5 

O°C.;; TA';; +75°C N/A N/A N/A N/A N/A 

PARAMETER 

VIL VIH LEAKAGE OUTPUT CURRENT' 
DEVICE TEST CONDITION LOW LEVEL HIGH LEVEL CURRENT (nA) SOURCE (rnA) SINK (rnA) 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA71IC'" V+ = 12V. V- =- VIN;;'IOmV. 
Vout ~ 0 

AT 2SoC N/A N/A N/A N/A 0.5 0.8 

O°C';; TA';; +7S'C N/A N/A N/A N/A N/A 

PARAMETER Pd V- (VI V+(V) ICC- (mA) ICC+ (rnA) 
POWER TA = 25°C 

DEVICE TEST CONDITIONS CONSUMPTION (mW) V+ = 5.25V, V- = -5.2V 

TEMPERATURE MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

IlA71IC'" V+ = 12V. V- = -S.OV 

VOUT';;O 
AT 25°C 130 200 3.9 8.S 3.9 8.S 

O°C.;; T A';; + 75°C N/A N/A N/A N/A N/A 
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D-MOS ABSOLUTE MAXIMUM RATINGS T A = 25°C (unless otherwise noted) (cont'd) 

Parameter 
VDS (V) VSD (V) VDB (V) VSB (V) VGS (V) VGB (V) 

Drain-to-Source Source-to-Drain Drain-to-Substrate Source-to-Substrate Gate-to-Source Gate-to-Substrate 

SD200 +25 N/A N/A N/A N/A ±40 

SD201 +25 N/A N/A N/A N/A -0_3,+10 

SD202 +.20 N/A N/A N/A N/A ±40 

SD203 +20 N/A N/A N/A N/A -0.3,+10 

SD210 +30 +10 +15 +15 ±40 ±40 

SD211 +30 +10 +15 +15 -15,+25 . -0.3,+25 

SD212 +10 +10 +15 +15 ±40 ±40 

SD213 +10 +10 +15 +15 -15,+25 -0.3,+25 

SD214 +20 +20 +25 +25 ±40 ±40 

SD215 +20 +20 +25 +25 -25, +30 -0.3,+30 

SD300 +25 N/A N/A N/A N/A Gate 1 
-0.3, +10 
Gate 2 
-0.3,+15 

8D301 +20 N/A N/A N/A N/A Gate 1 
-0.3, +10 
Gate 2 
-0.3,+15 

SD303 +20 N/A N/A N/A N/A Gate 1 
-0.3,+10 
Gate 2 
-0.3,+15 

SD304 +25 N/A N/A N/A N/A Gate 1 
-0.3,+10 
Gate 2 
-0.3,+15 

SD305 +20 N/A N/A N/A N/A Gate 1 
-0.3, +20 
Gate 2 
-0.3,+20 

SD306 +20 N/A N/A N/A N/A Gate 1 
-0.3, +20 
Gate 2 
-0.3,+20 

SD5000 +20 +20 +25 +25 -25,+25 -0.3, +30 

SD5001 +10 +10 +15 +15 -15,+20 -0.3,+25 

SD5100 +30 +.5 +30 +.5 +20 -0.3,+20 

SD5101 +15 +.5 +15 +.5. +20 -0.3,+20 

SD5200 +30 +.5 +30 +.5 +20 -0.3, +20 

SD6000 +20 N/A N/A N/A N/A Gate 1 
-0.3,+20 
Gate 2 
-0.3,+20 

1; Derate linearly at 5mW/oC 
2. Derate linearly at 2mW/oC 
3. Derate linearly at 2.4mW/oC 
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O-MOS ABSOLUTE MAXIMUM RATINGS T A = 25°C (unless otherwise noted) (cont'd) 

Parameter 
VGO (V) 10 (mA) TA PT I Gate-to-Orain Orain Current Ambient Temperature Range Power Dissipation 

Total of Oevices 1 Individual Transistor2 

@ 250 C Free Air @ 250 C Free Air 
Storage (OC) Operating (OC) Temperature Temperature 

S0200 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0201 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0202 N/A 50 -65to+175 -65 to +125 N/A 300 

S0203 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0210 ±40 50 -65 to +175 -65 to +125 N/A 300 

S0211 -15, +25 50 -65 to +175 -65 to +125 N/A 300 

S0212 ±40 50 -65 to +175 -65 to +125 N/A 300 

S0213 -15,+25 50 -65 to +175 -65 to +125 N/A 300 

S0214 ±40 50 -65 to +175 -65 to +125 N/A 300 

S0215 -25,+30 50 -65 to +175 -65 to +125 N/A 300 

S0300 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0301 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0303 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0304 N/A 50 -65 to +175 -65 to +125 N/A 300 

S0305 N/A 150 -65 to +175 -65 to +125 N/A 300 

S0306 N/A 50 -65 to +175 -65 to +125 N/A 300 

S05000 -25,+25 50 -55 to +150 o to +8S 625 3003 

S05001 -15,+20 50 -55 to +150 o to +85' 625 3003 

S05100 +20 50 -55 to +150 o to +85 625 3003 

S05101 +20 50 -55 to +150 o to +85 625 3003 

S05200 +20 50 -55to+150 o to +85 625 3003 

S06000 N/A 50 -65 to +150 o to +85 625 3003 

l 
1. Derate lineariy at 5mW/oC 
2. Derate linearly at 2mW/oC 
3. Derate linearly at 2.4mW/oC 

35 

" 9 • c: • 



DMOS 
ELECTRICAL CHARACTERISTICS T A = +25°C unless otherwise specified 

BVOB (VI BVSB (VI lOSS (,uA1 
avOS (VI BVSO (VI Orain·T o-Substrate Source·To-Substrate Zero Bias IS.O (Off) (nAI ISO (0111 (nAI IGBS (,uA1 

PARAMETER Drain·To-Source Source·To,Orain VGa =OV VGa= OV Drain Current Orain·To-Source Source·To·Drain Gate 

VGS = OV VGO=VBO=.:.5V Source = Open Drain = Open VOS =+15V V Gs=Vas= -5V VGD=Vao=-5V VGS = ±10V 

10 <ljJA 10= 10nA 10 = 10nA IS=11JpA VGS = OV VOS =+10V VOS = +10V VOS = OV 

Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Ma. Min Typ Ma. Min Typ Ma. 

S0200 25 30 N/A N/A N/A 0.001 1.0 . N/A N/A 0.0001 
S0201 25 30 N/A N/A 1 N/A 0.001 1.0 N/A N/A VGS - +10V 

0.001 1.0 
S0202 20 25 NJA NJA NJA 0.001 1.0 NJA NJA ,0.0001 

S0203 20 25 NJA NJA NJA 0.001 1.0 NJA NJA VGS =+10V 
0.001 1.0 

VGS = Vas = -5V VOa=VSB = liv 
IS= 10nA VGa = ±40V 

S0210 10 25 10 15 . 15 N/A 1 10 1 10 0.0001 
VGS=Vas=OV 
IS = llJpA 
30 35 

S0211 10 25 10 15 15 NJA 1 10 1 10 VGa =+25V 
VGS= Vas = OV 10 
IS = 10jJA 
30 35 

S0212 10 25 10 15 15 N/A 1 10 1 10 0.0001 

S0213 10 25 10 15 15 N/A 1 10 1 10 VGB =+25V 
10 

S0214 20 25 20 25 25 NJA VSO =+20V VDSD =+20V 0.0001 
1 10 1 10 

S0215 20 25 20 25 25 N/A Vos = +20V VSD =+20V VGB = +25V 
1 10 1 10 10 
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DMOS 
ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 

1GB (pA) gfs{mmhos) C(GS+GD+GBjlpF) C(GD+DB) (pF) C(GS+SB) (pF) CT (dB) 
Gate· T o-Substrate VT. (V) Forward Gate Node Drain Node Source Nod. Cross Talk Transconductance 

PARAMETER Drain & Source Threshold Voltage VOS:+·15V, VDS: +10V, VDS = +10V, VDS = +10V, f = 3 KHz 
Open VDS=VGS=VT lo:20mA VGS=VBS=-15V VGS=VBS=-15V VGS=VBS=-15V 

VGB = +30V 10= lIlA 
f= 1 KHz 

f= 1 MHz f= 1 MHz f= 1 MHz VSS"'i4V 

Min Typ Ma. Min Typ Ma. Min Typ Ma. Min TVp Ma. Min Typ Ma. Min Typ Ma. Min Typ 

S0200 N/A 0.1 1.0 2.0 13.0 15.0 
S0201 N/A 0.1 1.0 2.0 13.0 15.0 

SD202 N/A 0.1 1.0 2.0 VGS ""+2.5V 
17.0 20.0 

S0203 N/A 0.1 1.0 2.0 VGS ""+2.5V 
17.0 20.0 

IS = lIlA VD = 10V 
VSB = OV VSB = OV 

S0210 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0211 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0212 N/A 0.1 1.0 2,0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

S0213 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 N/A 

SD214 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 I 3.5 4.0 N/A 

S0215 N/A 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 NtA 

CISS (pF) 
Input 
10 = 20mA 
Vas =+15V, 
f= 1 MHz 

Ma. Min Typ 

2.4 
2.4 

3.0 

3.0 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

Ma. 

3.0 
3.0 

3.6 

3.6 
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OM OS 
ELECTRICAL CHARACTERISTICS (Conl'd) T A = +25°C unless otherwis.e specified 

COSS (pF) CRSS (pF) ros (On) (n) rOSM (On) (n) Gps' (dB) NF' (dB) 

Output Reverse Transfer Orain-To-Source Match Power Gain Noise Figure 

PARAMETER 10=OA 10=OA VGS =+5V 10 = O.lmA VOS=+15V, 10=20 VOS=+15V,10=20mA 

VOS=+15V, VOS =+15V, 10 =O.lmA VSB=O 1= 1 GHz mA VGS =-+4V 
1= 1 MHz 1='1 MHz VGS = +5V VGS =-+4V 1 = 1 GHz 

Min Typ Ma. Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

S0200 1.0 1.2 0.20 0.30 50 70 N/A 8 10 4.5 6.0 

S0201 1.0 1.2 0.20 0_30 50 70 N/A 8 10 5.0 6.5 

S0202 1.0 1.2 0.20 0.30 35 50 N/A VGS =-+2.5V VGS =-+2.5V 
8 10 3.5 4.5 

S0203 1.0 1.2 0.20 0.30 35 50 N/A VGS ::::+2.5V VGS::::+2.5V 
8 10 4.0 5.0 

VOS =+10V 
VGS=VBS=-15V, VSB = OV 
1= 1 MHz 

S0210 N/A 0.3 0.5 50 70 N/A N/A N/A 

VGS = +10V 
30 45 

VGS = +15V 
23 

VGS =+20V 
19 

VGS = +25V 
17 

S0211 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS =+10V 

30 45 
VGS = +15V 

23 
VGS = +20V 

19 

S0212 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS = +10V 

30 45 
VGS = +15V 

23 
VGS =+20V 

19 
VGS =+25V 

17 

S0213 N/A 0.3 0.5 50 70 N/A N/A N/A 

VGS =+IOV 
30 45 

VGS = +15V 
23 

VGS = +20V 
19 

S0214 N/A 0.3 0.5 50 70 N/A N/A N/A 

VGS =+IOV 
30 45 

VGS =+15V 
23 

VGS = +20V 
19 

VGS =+25V 
17 

S0215 N/A 0.3 0.5 50 70 N/A N/A N/A 
VGS= +10V 

30 45 
VGS = +15V 

23 r-c 

VGS = +20V 
19 

VGS = +25V 
17 
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OM OS ELECTRICAL CHARACTERISTICS (Cont'd) T A = +25°C unless otherwise specified 
BVOB (V) BVSB (V) lOSS (PA) 

BVOS (V) o BVSO (V) Orain-T o-Substrate Source-To-Substrate Zero Bias ISO (011) (nA) ISO (011) (nA) 

PARAMETER Drain-Ta-Source Source-la-Drain VGB = OV VGB = OV Drain Current Drain-Ta-Source Source-To-Drain 

VGS = OV VGO=VBO=-5V Source = Open Drain = Open VOS = +15V VGS=VBS= -5V VGO=VBO= -5V 

10 <lilA 10=10nA 10=10nA IS = 10llA VGS = OV VOS = +10V VOS = +10V 

Min Typ Max Min Typ Max Mill Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

VG1S=VG2S=OV 
10 = 5!'A 

50300 25 30 NIA NIA NIA 0_001 1.0 NIA NIA 

50301 20 25 NIA NIA N/A 0.001 1.0 N/A N/A 

50303 20 25 N/A N/A N/A 0.001 1.0 NIA NIA 

S0304 25 30 NIA NIA NIA 0.001 1.0 NIA NIA 

50305 20 30 NIA NIA NIA 0.001 1.0 NIA NIA 

50306 20 25 NIA NIA NIA 0.001 1.0 N/A NIA 

V GS=Vas= -5V 
IS = 10nA VOS =+20V VSO = +20V 

S05000 20 25 20 25 25 NIA 1 10 1 10 

505001 10 25 10 15 15 NIA VOS = +10V VSO = +10V 
1 10 1 10 

I 
S05100 VGB=VBS= OV VGO=VBO= OV 10 = lIlA IS = 100nA NIA VGS = VBS = OV NIA 

IS= lilA 10 = 10nA 30 .5 VOS = +10V 
30 35 .5 I 10 

S05101 VGB=VBS= OV VGO=VBO= OV 10 = lIlA IS= 100nA NIA VGS = VBS = OV NIA 

IS = lIlA 10 = 10nA 15 .5 VOS = +10V 
15 30 .5 1 10 

S05200 VGB=VBS= OV NIA N/A NIA N/A NIA NIA 
IS = 10llA 
30 35 

S06000 VG IS=VG2S=OV N/A NIA N/A 0.001 1.0 NIA NIA 
IS= 51lA 
20 30 

IGBS (PA) 
Gate 

VGS = ±10V 
VOS = OV 

Min Typ Max 

Gate 1 VGlS=+5V 
VG2S=VOS=OV 
Gate 2 VG2S=+10V 
VG1S=VOS=OV 

0_001 0.1 

U.UUl U.l 

0.001 0.1 

0.001 0.1 

0.001 0.1 

0.001 0.1 

VOB=VSB=OV 
VGB = 20V 
VGB = 25V 10 

VGB = +25V 
10 

10 

10 

10 

Gate 1 VG IS=+5V 
VG2S=VOS = OV 
Gate 2 VG2S=+10V 
VG IS=VOS= OV 

0.001 0.1 

39 

" 9 • c: • 



DMOS ELECTRtCAL CHARACTERISTICS (Cont'd) TA = +25°C unless otherwise specified 
1GB (PA) gfslmmhosl C(GS+GO+GB) (pF) C(G[j+OB) (pF) C(GS+SBI (pF) CT (dB) CISS (pF) 

Gate·To·Substrate Forward Gate Node Drain Node Source Node Cross Tark Input VT. (V) Transconductance 
PARAMETER Drain & ·Source Threshold Voltage VoS=+t5V, VOS = +IOV, VOS = +IOV; VOS = +IOV, . ,1=3 KHz 10 = 20m A 

" Open VOS = VGS = VT 
lo-20mA VGS=VBS=-15V VGS=VSS=-15V VGS=VBS=-15V Vos =+15V, t= 1 KHz 

VGB = +30V 10 = II/A vGS"+4V 1 = I MHz 1 = I MHz 1 = I MHz 1= I MHz 

Min "Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max Min Typ Max 

Gate I VG2S=+ I OV 10 = 18mA VGIS ""3.5V, 

VOS= VGIS= VT VGIS""+3.5V VG2S = +IOV 
Gate 2 VGIS=+4V VG2S = +IOV 10= IRmA 

VOS=VG2S=vT 2.0 2.5 

S0300 '"'' u. ,.U L.U o.u 'u.u N/A Nt" Nt" '"'' 

S0301 N/A 0.1 1.0 2.0 8.0 10.0 N/A N/A N/A N/A 2.0 2,5 

S0303 N/A 0.1 1.0 2.0 VGIS'" +2.5V NfA N/A N/A N/A VG1S ""+2.5V 

VG2S = +10V 
13.0 15.0 3.0 3.5 

S0304 N/A 0.1 1.0 2.0 8.0 10.0 N/A N/A N/A N/A 2.5 3.0 

S0305 N/A 0.1 1.0 2.0 VG2S = +IOV N/A N/A N/A N/A Gate 2 
10 = 50mA AC Grounded 

24 27 10 = 50mA 
Conversion 4.0 5.0 

VG1S = VG2S VGIS = VG2S 
10 = 8mA 10 = SmA 

ELO(RMS)=750mV 4.0 5.0 
10 

S0306 N/A 0.1 1.0 2.0 VG2S = +IOV N/A N/A N/A N/A 3.3 ,3.6 
13 15 

S05000 IS = lIlA VOS =+10V, 
VSB = OV VSB = OV 

1 0.1 1.0 2.0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 -107 N/A 

S05001 0.1 1.0 2,0 10 15 2.4 3.5 1.3 1.5 3.5 4.0 -107 NIA 
1 

S05100 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1,5 N/A -107 N/A 

S05101 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 N/A -107 I N/A 

1 

S05200 N/A 0.5 1.0 2.0 10 15 2.4 3.5 1.3 1.5 N/A -107 N/A 

S06000 N/A Gate I VG2S=+10~ 10 = 18mA N/A N/A N/A N/A VG2S = +IOV 
VOS = VG1S = VT VG2S=+IOV 10 = 18mA 
Gate 2 VG IS=+5V 12 15 3.0 3.5 

VOS=VG2S= VT Conversion 
RF AMP 10 = 8mA 

0.1 0.5 1.5 VGlS=VG2S 
Mixer ELO (RMS) = 

0.1 1.0 2.0 750mV 
10 
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DMOS ELECTRICAL CHARACTERISTICS (Cont'd) TA = +25°C unless otherwise specified 
COSS (pF) CRSS (pF) ros (On) (ll) 'OSM (On) (I!) Gps' (dS) NF (dS) 

Output Reverse Transfer, Drain· T o·Source Match Power Gain Noise Figure 

PARAMETER 10 =OA 10 =OA VGS = +5V 10 = O.lmA VOS=+15V, 10=20 VOS=+15V,10=20mA 
VOS=+15V, VOS = +15V, 10=0.lmA VSS = 0 I = I GHz mA VGS '" +4V 
f = I MHz I = I MHl VGS = +5V VGS '" +4V I = I GHz 

Min Typ Ma. Min Typ Max Min Typ Ma. Min Typ Ma. Min Typ Ma. Min Typ Ma. 

VGIS = OV, VGIS = OV, VGlS = +5V, 10 = ISmA VGIS "'+3.5V 

VG2S = +IOV VG2S = +IOV VG2S = +IOV VGIS "'+3.5V, VG2S = +IOV 

1= I MHz I = I MHz VG2S = +IOV 10=ISmA 

1.0 1.2 0.02 90 130 N/A 9.0 13.0 S.O' 9.0 
!= 200 MHz 1= 200 MHz 

S0300 22.0 24.0 3.0 4.0 

0.6 0.8 0.02 90 130 N/A 10.0 14.0 6.0' 7.0 
S0301 1=200MHz 1= 200 MHz 

22.0 25.0 2.0 3.0 

S0303 
0.6 0.02 65 SO N/A VGIS "'+2.5V VGIS'" +2.5V 

10.0 14.0' 5.5' 7.0 

1.0 1.2 0.03 90 130 N/A 1= 500 MHz 1= 500 MHz 
S0304 

13.0 16.0 5.0 6.0 

1.3 1.7 0.03 30 60 N/A Conversion2 N/A 
S0305 

VGIS = VG2S 
10 = SmA, 

Irl = 200 MHz 
14 17 

1.0 1.3 0.03 65 100 N/A VG2S = +IOV 1= 200 MHz 
S0306 1=20QMHz 1.5 2.5 

17 20 
S05000 VOS = +10V, VSS = OV 

VGS=VSS=-15V 50 70 
1= I MHz' VGS = +IOV 

N/A 0.3 0.5 30 45 I 5 N/A N/A 
VGS =+15V 

23 
VGS = +20V 

19 
-S05001 N/A 0.3 0.5 50 70 , 5 N/A N/A 

VGS = +IOV 
30 45 

VGS = +15V 
23 

VGS = +20V 
19 

S05100 N/A 0.3 0.5 50 70 I 5 N/A N/A 
VGS = +10V 

30 45 
VGS = +)5V 

23 
VGS = +20V 

19 
S05101 N/A 0.3 0.5 50 70 I 5 N/A N/A 

VGS = +10V 
30 45 

VGS=+15V 
23 

VGS =+20V 
lQ 

S05200 N/A 0.3 0.5 50 70 I 5 N/A N/A 
VGS = +IOV 

30 45 
VGS = +15V 

23 
VGS = +20V 

19 

S06000 VGIS = OV, VG1S = OV, VGIS = +5V N/A 10 = ISmA VOS =+15V 
VG2S = IOV VG2S = 10V VG2S = +IOV VG2S = +IOV 10 = ISmA 

1.0 1.3 0.025 RFAmp 1= 100 MHz VG2S = +IOV 
65 100 20 25 1= 100 MHz 

Mixer Conversion2 2.5 3.0 
30 60 10 = SmA, 

Irf= 100 MHz 
lLO = S9.3 MHz 
14 19 

41 
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FEATURES 
• 35V I ",sec SLEW RATE AT UNITY 

GAIN 
• PIN FOR PIN REPLACEMENT FOR 

",A709, ,..A748 OR LM101 
• COMPENSATED WITH A SINGLE 

CAPACITOR 
• SAME LOW DRIFT OFFS~ NULL 

CIRCUITRY AS ",A741 
• SMALL SIGNAL BANDWIDTH 1 MHz 
• LARGE SIGNAL BANDWIDTH 500KHz 
• TRUE OP AMP D.C. CHARACTERIS

TICS MAKE THE 531 THE IDEAL AN
SWER TO ALL SLEW RATE LIMITED 
OPERATIONAL AMPLIFIER APPLICA
TIONS 

ABSOLUTE MAXIMUM RATINGS 

SE531-T' NE531-T,V 

PIN CONFIGURATION 
T PACKAGE V PACKAGE 

@,,,:oo, 
OFFSET NULL 0 G) v+ 

INVERTING INPUT ~ + I OUTPUT 

NON·,"",,,,"o ,"'UT~ 0",,, NUU 

0"'" NuuE3' '.'0. coo,. 
INVE~~~~~ % - 1 '1+ 

NON.INVE~~!~~ J + • OUTPUT 

v- 4 • OFFSET NULL 

Supply Voltage ±22V ELECTRICAL CHARACTERISTICS 
I nternal Power Dissipation 

(Note 1) 300mW 
Differential Input Voltage ±15V 
Common Mode Input Voltage 

(Note 2). ±15V 
Voltage Between Offset Null 

and V- ±0.5V 
Operating Temperature Range 

NE531 O·C to + 70·C 
SE531 -55·C to + 125·C 

Storage Temperature 
Range -65·Cto +150·C 

Lead Temperature 
(Solder, 60 sec.) 300·C 

Output Short Circuit Duration 
(Note 3) Indefinite 

NOTES: 
I. Rating applies for case temperatures to 125°C, 

derate linearly at 6.SmW/oC for ambient tem
peratures above + 7SoC. 

2. For supply voltages less than ±15V. the absolute 
maximum Input voltage is equal to the supply 
voltage. 

3. Short circuit may be to ground or either supply. 
Rating applies to + 125C1 C cass temperature or 
+ 7SoC ambient temperature. 

Parameter Test Conditions 

Output Resistance 

Full Power Bandwidth 

Settling Time 10/0 AV=+1, VIN=±10V 

Settling Time .010/0 AV=+1, VIN=±10V 

Large Signal Overshoot AV=+1, VIN=±10V 

Small Signal Overshoot AV=+1, VIN=400mV 

Small Signal Risetime AV=+1, VIN=400mV 

Slew Rate AV=100 

AV=10 

AV=1 (non-inverting) 

AV=1 (Inverting) 

LIMITS 

SE531 NE 531 
Min Typ Max Min Typ Max Units 

75 75 n 

500 500 kHz 

1.5 1.5 ",sec 

2.5 2.5 ",sec 

2 2 0/0 

5 5 0/0 

300 300 nsec 

35 35 V/",s 

35 35 V/",s 

20 30 30 V/",s 

25 35 35 V/",s 

TYPICAL PERFORMANCE CHARACTERISTICS (VS=±15V, TA=+25°C, unless otherwise noted) 
INPUT OFFSET 

CURRENT AS A FUNCTION 
Of' AMBIENT TEMPERATURE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
POWER CONSUMPTION AS A 

FUNCTION OF SUPPLY VOLTAGE 

300 

275 

>SO 

3: 225 
E 

I 200 
z 
Q 175 

i 
~ :: 

'00 
75 

I 

f--f--

/ , 

I V 
/ 

I V 
V 

:/1 
/ 

/ i 

'0 '5 20 

SUPPLY VOLTAGE - tV 

25 

OUTPUT VOLTAGE SWING AS A 
FUNCTION OF SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (cont'd) 
CLOSED LOOP NON-INVERTING 

VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

OPEN LOOP PHASE RESPONSE 
AND VOLTAGE GAIN. AS A 
FUNCTION OF FREQUENCY 
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SE531-T· NE531-T.V 

TYPICAL APPLICATIONS (Cont'd) 
3 POLE ACTIVE LOW PASS FILTER BUTTERWORTH MAXIMALLY FLAT RESPONSE· 

JOK 

'OK 

10K 

'Reference - EON Dec. 15. 1970 
Simplify 3-Pole Active Filter Design 
A. Paul Brokow 
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SCHEMATIC DIAGRAM 

INPUT 

TEST CIRCUITS 
OFFSET NULL CIRCUIT 

46 

OFFSET ADJUST 

INPUT 

fREQUENCY 
COMPENSATION 

TRANSIENT RESPONSE CIRCUIT 

SE531-T· NE531-T.V 

OUTPUT 
II 



FEATURES 
• INTERNALLY FREQUENCY 

COMPENSATED FOR UNITY GAIN 
• LARGE DC VOLTAGE GAIN -(100dB) 
• WIDE BANDWIDTH (UNITY GAIN)-

1MHz (TEMPERATURE 
COMPENSATED) 

• WIDE POWER SUPPLY RANGE 
SINGLE SUPPLY -(3V DC to 30V DC) 
OR DUAL SUPPLlES-

(±1.5V DC to ±15V DC) 
• VERY LOW SUPPLY CURRENT DRAIN 

(400,uA) - ESSENTIALLY 
INDEPENDENT OF SUPPLY VOLTAGE 
(1mW/OP AMP AT +5V DC) 

• LOW INPUT BIASING CURRENT
(45nA DC TEMPERATURE 
COMPENSATED) 

• LOW INPUT OFFSET VOL TAGE
(2mV DC) AND OFFSET CURRENT
(5nA DC) 

• DIFFERENTIAL INPUT VOLTAGE 
RANGE EQUAL TO THE POWER 
SUPPLY VOLTAGE 

• LARGE OUTPUT VOLTAGE -(OV DC 
to V+ -1.5V DC SWING) 

UNIQUE FEATURES 
IN THE LINEAR MODE THE INPUT COM
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY IS 
TEMPERATURE COMPENSATED. 
THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ 32V DC or ±16V DC 
Differential Input Voltage 32V DC 
Input Voltage -0.3V DC to +32V DC 
Power Dissipation 

T Package 680mW 
V Package 625mW 

Output Short-Circuit to GND 
V+ < 15V DC and TA=25°C 

Continuous 
Operating Temperature Range 

NE532 O°C to + 70°C 
SU532 -25°C to +85°C 
SE532 -55°Cto+125°C 

Storage Temperature 
Range -65°C to + 1S0·C 

Lead Temperature 
(Soldering, 10 sec.) 300°C 

SES32-T,V' SUS32-T,V' NE532-T.V 

PIN CONFIGURATION 
T PACKAGE V PACKAGE 

owu,. m' 0) ou,,", A 

INVI~~~I~~ 0 A I • B _ 0 :~:~~:ING 

NON INVERTING 0 '0 NON INVERTING 
INPUT B \V ~ INPUT A 

o""U,,~. u' 
INVERTING J , OUTPUT B 

INPUT A A B 

NON INVERTING.) - • , - 5. INVERTING 

INPuT A INPUT B 

V • ~ ~N~~~NBVERTING 

EQUIVALENT CIRCUIT 

v+O-~----------~~~--~------~-. 

a,.A 10o.A 

Rse 

OUTPUT 

ELECTRICAL CHARACTERISTICS 

LIMITS 
Parameter Test Conditions Units 

Min Jyp Max 

Amplifier-to-Amplifier f-1kHz to 20kHz, TA=25°C -120 dB 

Coupling (Input Referred) 

Output Current Source VIN+=1VDC, VIN-=OVDC' 20 40 mADC 

V+=15VDC. TA=+25°C 

VIN+=+1VDC. VIN-=OVDC. 10 20 mA 

V+=15VDC 

Output Current Sink VIN·-=+1VDC, VIN+=OVDC. 10 20 mADC 

V+=1SVDC. TA=+25°C 

VIN-= + 1VOC, VIN+ =OVDC, 12 SO ,uADC 

TA=+25·C, Vo,=200mVDC 

VIN~=+1VDC' VIN+=OVDC, S 8 mA 

V+ =1SVDC v+ 
Differential Input Voltage See Note 5 
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SE532-T,V· SU532-T,V· NE532-T,V 

TYPICAL PERFORMANCE CURVES 
SUPPLY CURRENT INPUT CURRENT 
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TYPICAL PERFORMANCE CURVES (Cont'd) 

LARGE· SIGNAL FREQUENCY RESPONSE 
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.OBJECTIVE SPECIFICATION 

FEATURES 

• 15V/I'SUNIJY GAIN. SLEW-RATE 

• INTERNAL FREQUENCY 
COMPENSATION 

• LOW INPUT OFFSET VOLTAGE-
2 mV MAXIMUM 

• LOW INPUT BIAS CURRENT-
60nA MAXIMUM 

• SHORT CIRCUIT PROTECTED 

• OFFSET NULL CAPABIUTY· 

• LARGE COMMON MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

PIN CONFIGURATION 
T PACKAGE 

NC 

ELECTRICAL· CHARACTERISTICS 

Parameter·. Test Conditions 
LIMITS 

Units 
Min Typ Max 

Output Short Circuit 
Current 25 mA 

Output Resistance 100 12 

Settling Time To 0.1% 3 I'S 

Slew Rate Unity gain 
non-inverting, 10 15 VII'S 
RL > 10K 

50 9~nD11C9 

v-

V PACKAGE 

INVERTING 2 1 v'" 
~~~~;~O'NC 

NON-INVER~ING 3 6 OUTPUT 

OFFSET 
V- • Ii ADJUST 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage: SE535 

NE535 

Internal Power Dissipation 
(Note 1) 

Differential I nput Voltage 

Input Voltage (Note 2) 

Operating Temperature Range 

±22V 
±18V 

500mW 

±30V 

±15V 

SE535 -55°C to +125°C 
NE535 O°C to + 70°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature (Solder, 60 sec.) 300°C 
Output Short Circuit (Note 3) Indefinite 

NOTES: 

1. Rating applies for case temperatures to 125'C; 
derate linearly at 6.5mW/'C for ambient tem
peratures above 75°C. 

2. For supply voltages less than ±15V, the absolute 
maximum Input voltage is equal to the supply 
voltage. 

3. Short circuit may be to ground or either supply. 
Rating applies to + 125'C case temperature or 
75'C ambient temperature. 



NE536-T· SU536-T 

FEATURES MAXIMUM GUARANTEED 
RATINGS 

PIN CONFIGURATION 

• SpA INPUT BIAS CURRENT 

• INPUT AND OUTPUT PROTECTION 

• OFFSET NULL CAPABILITY 

• INTERNALLY COMPENSATED 

• 6V I p'sec SLEW RATE 

• STANDARD PINOUT 

• 1 MHz UNITY GAIN BANDWIDTH 

TEST CIRCUITS 

VOLTAGE FOLLOWER CIRCUIT 

OFFSET NULL CIRCUIT 

v-

Supply Voltage ±22V 
Differential Input Voltage Range ±30V 
Common Mode Input Voltage Range ±Vs 
Power Dissipation (Note 1) 500mW 
Operating Temperature Range 

SU536T -55°C to +85°C 
NE536T O°C to + 70°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature (Solder, 60 sec.) 300°C 
Output Short Circuit Duration 

(Note 2) Indefinite 
NOTES: 
1. Rating applies for case temperatures to + 25·C; 

derate linearly at 6.5mW/oC for ambient tem
peratures above 75°0. 

2. Short circuit may be to ground or either supply. 
Rating applies to + 125·C case temperature or 
+ 75°0 ambient temperature. 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Differential Capacitance TA=+25°C 

Input Noise (0.1Hz= 
100kHz) Voltage Noise 

Output Impedance 

Gain Bandwidth Product VS=±15V, TA=+25°C, 

A=100 

Full Power Bandwidth VS=±15V, TA=+25°C 

Slew Rate VS=±15V, TA=+25°C, 
Inverter 

A=-W 

Follower VS=±15V, TA=+25°C, 

A=+1 

Power Supply Range 

TYPICAL CHARACTERISTIC· CURVES 

T PACKAGE 

LIMITS 
NE536 SU536 

Min Typ Max Min Typ Max 

6 6 
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100 100 
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FUNCTION OF FREQUENCY 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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LH2101A· LH2201A· LH2301A-A.F 

FEATURES ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
• LOW OFFSET VOLTAGE 

• LOW OFFSET CURRENT 

• GUARANTEED DRIFT 
CHARACTERISTICS 

• OFFSETS GUARANTEED OVER 
ENTIRE COMMON MODE AND 
SUPPLY VOLTAGE RANGES 

• SLEW RATE OF 10V/p8 AS A 
SUMMING AMPLJ"FIER 

BLOCK DIAGRAM 

Supply Voltage +22V 
Power Dissipation 500mW 
Differential Input Voltage ±30V 
Input Voltage (Note 2) , ±15V 
Output Short Circuit Duration Continuous 
Operating Temperature Range 

LH2101A -55°C to 125°C 
LH2201A -25°C to 85°C 
LH2301A O°C to 70°C 

Storage Temperature 
Range -65°C to 150·C 

Lead Temperature 
(Soldering. 10 sec.) 300·C 

NOTES: 
1. For supply voltages Ie •• than ±15V, the absolute 

maximum Input voltage is equal to the supply 
voltage. 

.----:-'"0 V+ 

INV.INPUT 

NON·INV.INPUT' 

INV.INPUT 

NON·INV. INPUT 

BALANCE 
OUTPUT COMPENSATION 
OUTPUT 
BAL/COMPENSATION 

'---"'0 V-

....--"0 BALANCE 

OUTPUT COMPENSATION 
OUTPUT 
BAL/COMPENSATION 

L-----'::O v+ 

TYPICAL APPLICATIONS 

54 

INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 

R' R2 
INPUT o--"IIf\r-_ _'II"""---. 

C, 
30pF 

*MAV BE ZERO OR EQUAL TO PARALLEL COMBINATION 
OF R1 AND R2,.FOR' MINIMUM OFfSET. 

TWO POLE COMPENSATION 

C1'>R~:~2 
Cs" 30pF 
cz", 10C1 

ALTERNATE BALANCING CIRCUIT 

R' 
'OM 

R2 
5.1M 

FEED FORWARD COMPENSATION 

C2 

R' 

R> 
C2'-'

. 211"FO. R2 

fO=3MHz 

&mOOhDS 

SINGLE POLE COMPENSATION 

R2 

C1> R1eS' 
R1 + R2 

Cs""3OpF 



LH2108A· LH2208A· LH2308A 

FEATURES ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
• LOW OFFSET CURRENT 

• LOW OFFSET VOLTAGE 

• LOW OFFSET VOLTAGE 
LH2108A 
LH21 08 

• WIDE INPUT 
VOLTAGE RANGE 

SOpA 

0.7mV 

O.3mV 
0.7mV 

±1SV 

Supply Voltage ±20V 
Power Dissipation 500mW 
Differential Input Current (Note 1) ±10mA 
Input Voltage (Note 2) ± 15V 
Output Short Circuit Duration Continuous 
Operating Temperature Range 

LH2108A/LH2108 -55°C to +125°C 
LH2208A/LH2208 -25°C to +85°C 
LH2308A/LH2308 O°C to + 70°C 

Storage Temperature • WIDE OPERATING 
SUPPLY RANGE ±3V to ±20V Range -65°C to +150°C 

TYPICAL APPLICATIONS 
STANDARD COMPENSATION CIRCUIT 

R2 

VOUT 

C1 <;:'\C~2 
Co =30pF 

Lead Temperature 
(Soldering. 10 sec.) 300°C 

NOTES: 

1. The inputs are shunted with back·to·back diodes 
for overvoltage protection. Therefore, excessive 
current will flow if a differential input voltage In 
excess of 1V Is applied between the inputs un
less some limiting resistance Is used. 

2. For supply voltage less than ±15V. the absolute 
maximum input voltage Is equal to the supply 
voltage. 

BLOCK DIAGRAM 

INV.INPUT 

NON-INV. INPUT 

INV.INPUT 

NON·INV. INPUT 

ALTERNATE FREQUENCY 
COMPENSATION 

R2 

"IMPROVES REJECTION OF POWER SUPPLY NOISE 
BY A FACTOR OF TWO. 

SmnOllCS 

F PACKAGE 

V+ 

OUTPUTCOMP 

OUTPUT 
INPUTCOMP. 

V-

OUTPUT COMPo 
OUTPUT 
COMP.INPUT 
V+ 

FEED FORWARD COMPENSATION 

C2 

R3 
C2=_1_ 

2.FO. R2 
fa = 3 MHz 
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FEATURES . .' . 
• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH UP 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

Output Short Circuit Duration 

Operating Temperature Range 

±22V 
500mW 

±30V 

±15V 
Indefinite 

LM101 -55'C to 125'C 
LM201 O'C to 70'C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec.) 

NOTES: 

-65'C to 150'C 

300'C 

1. Absolute maximum rating holds for all packages. 
The maximum Junction temperature Is 150'C for 
the LM101 and 100'C for the LM201. For opera
tion at elevated temperatures, derate according 
to appropriate thermal resistances given under 
package Information. 

2. For supply voltages les. than ±15V. the absolute 
maximum Input voltage Is. equal to the supply 
voltage. 

56 

PIN CONFIGURATION 
A PACKAGE 

;~F~'iTC~~~~ 3 
INVERTING • '-

INPU,T 

NON"NVE~~~~~ I 

9 PF~SeT NULL 

ORDER PART NOS. 

~~~~::} ~~!~~~ } 

Q PACKAGE 

NC~"NC 
BAL/COMP. 2 _ 9 COMPo 

INPUT *. I v' 

INPUT ~. 1 OUTPUT 

v- , 6 BAl. 

OROER PART NOS. 
LM10,Q/LM20,Q 

TPACKAGE'· 

ORDER PART NOS. 
LM101T/LM201,T 

V PACKAGE 

'ReQ.COM'.'~ OFFSET NULL 1 8 FREa. CONlP. 

'NVE~~;~~ ~ - 7 v+ 

NON· INVERTING 3 , OUTPUT 
INPUT ~ 

v- 4 5 OFFSET NULL 

ORDER PART NO. LM201 V 

EQUIVALENT CIRCUIT 



TYPICAL CHARACTERISTIC CURVES 

INPUT VOLTAGE RANGE VERSUS 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

INPUT VOLTAGE RANGE VERSUS 
SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

;;; 
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20 

-20 , 

OPEN LOOP FREQUENCY 
RESPONSE 

- ~A=2Jc 

'" "'-
VS=±15V-

" ~=3PF '" ~ C,·3OpF 

~ ~ 
~ \ 

\ 
10 100 lK 10K lOOK 1M 10M 

FREQUENCY (Hz) 

LARGE SIGNAL FREQENCY 
RESPONSE 

'6 

'2 

o 
'K 

_\ 

'OK 

TAI=2~,J 
Vs = ±15V 

\ 
C, =3IlpF \ C=3pF 

1\ 1\ 

r--. 
'OOK 'M 

FREQUENCY (Hz) 

TYPICAL APPLICATIONS (Pin numbers shown refer to T or V package only) 

INVERTING AMPLIFIER WlTH 
BALANCING CIRCUIT 

", 
INPUT 0-""""'"" ...... --"10"'""---, 

C, 
3IlpF 

OUTPUT 

-tMay be zero or equal to parallel combination 
01 R, and R. lor minimum ollset. 

LOW DRIFT SAMPLE 
AND HOLD 

Q, 
2N3456 

DUTPUTo-~,..-----...... --, 

INPUT 

Cl 
30pF 

·Polycarbonate Dielectric Capacitor 

10 

-2 

-4 

-6 

-B 

-'0 1('''' 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

f0-

T~=~·C 
VS=tlSV-

r- - -
l\ INPUT I / 

I /9UTPUT 

\ 1/ 
\ r 

-

o 10 ~ ~ 40 ~ 60 ro 60 

TIME blSI 
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage 

LM101A/LM20~A 

LM301A 
Power Dissipation (Note 1) 

Differential Input Voltage 

Input Voltage (Note 2) 

±22V 
±18V 

500mW 

±30V 

±15V 

Output Short Circuit Duration Indefinite 

Operating Temperature Range 
LM101A -55°C to 125°C 
LM201A -25°C to 85°C 
LM301A O°C to 70°C 

Storage Temperature 
Range 

F PACKAGE 

Lead Temperature 
(Soldering, 60 sec.) 300°C FEATURES 

NOTES: 
1. Absolute maximum rating holds for all packages. 

The maximum Junction temperature is 150'C for 
the LM101A and 1OO'C for the LM201A and the 
LM301A. For operation at elevated temperatures. 
derate according to appropriate thermal resl .... 
tances given under package information. 

2. For supply voltages less than ±15V. the absolute 
maximum input voltage Is equal to the supply 
voltage. 

COMPENSATION CIRCUITS 
SINGLE POLE 

COMPENSATION 

R2 

Cl > R~: ~S2 
Cs = 30pF 

NOTE: Pin connections shown are for T Package. 

60 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 
• NO LATCH UP 

TWO POLE 
COMPENSATION 

RI 

R1CS 
CI;. iii+ii2 
cs= 30pF 

C2= lOCI 

R2 

.-. 

LM101A-F,T' LM201A-F.T.V· LM301A-F,T.V 

F .. q.Coml>. 

v.· 

V PACKAGE 

otfM1Nuli ! • Fnoq.C ..... p. '~'.C~·J8 Inv.nlnglnpUt 2 • ,,1, V+ 

Nonl"".<tlng • 
l"pU1 I • 0u1PU1 

V~ 4 . !' Off .. , Null 

FEED FORWARD 
COMPENSATION 

C2 

VOUT 

I50pF I 
C2· 2rloR2 

fo '"'3 MHz 



SCHEMATIC DIAGRAM 

OFFSET NULL 
FREO.COMP. 

LM101A-F,T' LM201A-F,T,V' LM301A-F,T,V 

FREO.COMP. 

r-----------------~r-------_.------~--------------~----------_1------------~~~v+ 

-INPUT 

• INPUT 0.:'----+-------------------1----' 

'------....---'1-"-0 OUTPUT 

RIO 
R14 &5 
7.5K 

OFFSET NULL 0-=--'-.._-----1: 

011 

R7 
80K 

R13 
450 

022 

R2 
020 20K 

R4 R3 R8 
250 10K 650 

4 
v-

NOTE: Pin numbers lor T Package. 
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LM101A-F.T· LM201A-F,T,V· LM301A-F,T,V 

GUARANTEED PERFORMANCE .CHARACTERISTICS 
LM101A/LM201A 
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GUARANTEED PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
I 

" ;; 
" w 

~ 
g 

1 
I 
~ 

~ 
tl 
~ 
~ 

64 

,,. 

,,0 

100 

~ 

f---.. 

80 

• 

50 

40 

VOLTAGE GAIN 

TA = ~5~C --
~ 
~ TAT'e 

, 

..--- TA-12~C-

'. . ... 

10 ,. 20 
SUPPLY VOLTAGE -=f:tI 

INPUT CURt:'ENT 

----~ 30 

20 
--N~ 

-.......... 
'0 

'-...... 
--r--~ET 

I 

_7& -50 -25 25 50 75 100 125 

INPUT NOISE VOLTAGE 

,0-'5 

'" ........ 
t--

10-'6 
10 100 

........ r-

1k 

FREQUENCV· Hz 

TA = 25 C 

-
10k ,00k 

LM101A/LM201A 

{ 
ffi 
~ a 
l:i 
~ 
w 

~ 
" Ii! 

; 

""11. 

LM101A-F,T' LM201A-F,T,V' LM301A-F,T,V 

SUPPLY CURRENT 

2.' ,.-"'r---,---r---,---..,-----, 

2.0 1----+--+7.:T" •..• ~;..---::=,*",,--r--""'I 

--~~~e=-~~~==~ f--- ~ --
,.. I---

1.0 r-

f--- -----.--.- --- ----- . ----

0.' f-----!---+---\---+--+---j 

f--._-+--+--+---+ ---c---

10 ,. 20 

SUPPLYV~LTAGE-iv 

CURRENT LIMITING 

15.0 

""- Vs =1 '15V 

-.......:: r-....--r--
'\ '\ 

1&.0 

TA=125"C TA" 25'C 

5.0 

10 " 20 25 30 

OUTPUT CURRENT-tmA 

INPUT NOISE CURRENT 

10-24 

TA 25"C-

\ 

\ 
1Cr25 

<'1,;'0 

' .. 
........ 

........ 
........ 

r-

10-26 
10 100 10k lOOk 

FREQUENCY - Hz 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

> 
I 

" 2 

~ 
w 

" ;:! 
g. 

66 

'20 

'00 

80 

60 

40 

OPEN LOOP FREQUENCY 
RESPONSE 

TA,I'5C - VS=:t15~_ 

1\ 
C, "'3OpF 
Cz "''300pF 

1(, ~ / 
1\ ~ 

225 

,.0 

'3' 

90 

"TWO'POl.E \ 
20 

-20 

10 

I--

-, 
-4 

-6 

.. 
-10 

'6 

12 

o 
'00k 

:~ 
~ 

10 

~\ 
'\ 
I \ 

I \ 

--

100 1k 10k lOOk 1M 

FREQUENCV - Hz 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

-
I 

~PUT I 

I 
I OUTPUT 

I 
I 

rv TWO POLE 

TA J25,C 

10M 

VS"~15V r--Cl'" 30pf 
C2= 300pf 

10 '20 30 40 50 60 70 80 

Tll\I1E-ps 

LARGE SIGNAL FREQUENCY 
RESPONSE 

T~=~.J 
\ 

VSm.!lSV 

1\ 
f\ 

1\ fEED FORWARD 

\ 

"-
......... ...... -

45 

'M 'OM 

FREQUENCY - Hz 

LM101A/LM201A 

~, , 
'" 2 

~ 
~ 
5 
0 

'Ii , 
2 
;; 

" w 

!i 
~ g 

': 
" ~ 
~ 
" ... 
5 
> 

•• one. 

LM101A-F,T· LM201A-F,T,V· LM301A-F,T,V 

,S 

12 

120 

,00 

80 

60 

40 

20 

-20 

LARGE SIGNAL FREQUENCY 
RESPONSE 

1\ 

\ 
\ 

TW· POLE 

1\ 
:\ 

Vs "'::!:15V "\ ,......!A = 25 C 
Cl =30pF 

10k 

Cz "- 3iOpF ---lOOk 

FREQUENCV Hz 

OPEN LOOP FREQUENCY 
RESPONSE 

r-- r--.... 
"-

'" '\ ~~ 
"\ ""'vI 

PHASE V 
\ 

TA= 25 C 
VS"'±15V '" FEED FORWARD 

CoMPIENSATIO, 

1M 

2'5 

'.0 

135 

90 

45 

10 '00 1k 10k lOOk 'M 10M 100M 

FREQUENCY - Hz 

INVERTER PULSE RESPONSE 

'0 

INPUT OUTPUT - - - -
I 

I 

I 
-2 

I I 
-4 

- - - - -
-s FEED FORWARD-

TA'26~t-vS"("SV -8 

-10 

TIME -,us 

!!! 
~ 
'> 
" I 

~ 
" ill 
::: 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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FEATURES 

• 3mV MAX OFFSET VOLTAGE 
OVER TEMP 

• 100nA MAX INPUT CURRENT 
OVER TEMP 

• 20nA MAX INPUT OFFSET CURRENT 
OVER 'TEMP 

• OFFSETS GUARANTEED OVER 
COMMON MODE RANGE 

• INPUT/OUTPUT SHORT CIRCUIT 
PROTECTED 

EQUIVALENT SCHEMATIC 

R, R2 R3 
5K 20K 10K 

R, 
250 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage LM107 

LM307 

Power Dissipation 

Differential Input Voltage 

Input Voltage 

Output Short Circuit Duration 
Operating Temperature Range 

±22V 
±18V 

500mW 

±30V 

±15V 
Indefinite 

LM107 -55°C to 125°C 
LM20t -25°C to 85°C 
LM307 O°C to 70°C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering. 60 sec.) 

-65°C to 150°C 

300°C 

T PACKAGE 

ORDER PART NOS. 

LM107T iLM207T ILM307T 

V PACKAGE 

INVERT1::82 ~ . : :: 

NON'INVE~~~: 3 + 6 OUTPUT 
INPUT 

V- .. 5 NC 

OADER PART NOS. 
LM107\1ILM207V/LM307V' 

v' 

OUTPUT 

R. 
lK 

v-
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GUARANTEED PERFORMANCE CURVES 
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,TYPICAL PERFORMANCE CURVES (Conl'd) 
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FEATURES 

• MAXIMUM INPUT BIAS CURRENT OF 
3.OnA OVER TEMPERATlIl\E 

• OFFSET CURRENT LESS THAN 400pA 
OVER TEMPERATURE 

• SUPPLY CURRENT ~ONLY 3001'~ 
EVEN IN SATURATION 

• GUARANTEED DRIFT 
CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
lM108/LM208 

Supply Voltage 
Power Dissipation (Note: 1 ) 

±20V 

500mW 

Differential Input Current (Note 2) ±10mA 

Input Voltage (Note 3) ±15V 
Output Short-Circuit Duration Indefinite 

Operating Temperature Range 
LM10B -55°C to 125°C 
LM20B -25°C to B5°C 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec.) 

NOTES: 

-65°C to 150'C 

300°C 

1. The maximum junction temperature of the LM108 
Is 150'C, while that of the LM208 Is 100'C. For 
operating at elevated temperatures, devices In 
the TO-5 package must be derated based on a 
t~ermal reslstahce of 1S0'C/W, Junction to am
bient, or 45'C/W, Junction to case. For the flat 
package"the: derating Is' based on a thermal re
sistance of 18S'C/W when mounted on a U.-inch
thick epoxy glass board With len, O.03-inch-wide, 
2-ounce copper conductor.. The thermal resis
tance of the dual-In-line package is 100'C/W, 
Junction to ambient. 

2. The Inputs are shunted with back-to-back diodes 
for overvoltage protection. Therefore, excessive 
current will flow if a differential i'nput voltage In 
excess of 1V is applied between the inputs un
less some limiting resistance is used. 

3. For supply voltages less than ±1SV, the absolute 
maximum .Input voltage Is c<>q,ual to the supply 
voltage. ' , 
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COMPENSATION CIRCUITS 
STANDARD COMPENSATION 

CIRCUIT 

., .2 
-Y,N 

•• VOUT 

+VIN 

Rl Co 
Cf;;'R1+R2 

Cf Co ·3OpF 

ALTERNATE FREQUENCY 
COMPENSATION 

"' 

IMPROVES REJECTION OF 
POWER SUPPLY NOISE BY 
A fACTOR ~F TEN. 

.2 

VOUT 

LM10B-F,T'LM20B-F,T 

PIN CONFIGURATION 

'Unused pin (no internal connection) to allow for 
input anti-leakage. 

T PACKAGE 

COMP2 

v-



SCHEMATIC DIAGRAM 
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TYPICAL CHARACTERISTICS 
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LM10B-F,T'LM20B-F,T 

TYPICAL CHARACTERISTICS (Cont'd) 
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FEATURES 

• MAXIMUM INPUT BIAS CURRENT OF 
7.0nA 

• OFFSET CURRENT LESS THAN 1.0nA 

• SUPPLY CURRENT OF ONLY 300ILA, 
EVEN IN SATURATIO.N 

• GUARANTEED DRIFT 
CHARACTERISTICS 

• LOW CURRENT ERROR 

ABSOLUTE MAXIMUM· RATINGS 

Supply Voltage 
Power Dissipation (Note 1) 

±18V 
500mW 

Differential Input Current (Note 2) ±10mA 
Input Voltage (Note 3) ±15V 

Output Short Circuit Duration 

Operating Temperature 
Range 

Indefinite 

O·C to 70·C 
Storage Temperature 

Range -65·Cto 150·C 
Lead Temperature 

(Soldering, 60 sec.) 

NOTES: 

300·C 

1. The maximum juncllon lemperalure oi Ihe LM308 
Is 8S'C. For operation al elevaled lemperalures. 
devices in Ihe TOoS package musl be deraled 
based on a thermal resistance of 150°ClW. Junc
tion 10 amblenl, or 4S'C/W, Junction 10 case. 
The Ihermal resistance of the dual-in:llne pacK' 
age Is 100'C/W, junction to ambient: 

2. The inputs are shunted with back-to-back diodes 
for overvoltage prolection. Therefore, excessive 
current will flow If a differential input voltage In 
excess of 1V is applied belween Ihe in puis un
less some limiting reslslance Is .used. 

3. For supply voltages less Ihan ±1SV, lhe absolule 
maximum inpul vollage Is equal 10 Ihe supply 
vollage. 
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COMPENSATION CIRCUITS 

STANDARD COMPENSATION 
CIRCUIT 

RI R2 
-Y,N 

R3 VOUT 

+VIN 

R1 Co 
Cf> iif+Fi2 

Cf Co;~F 

ALTERNATE FREQUENCY 
COMPENSATION 

RI 

IMPROVES REJECTION OF 
POWER SUPPLY NOISE BY 
A FACTOR OF TEN. 

R2 

>,'-4-0 VOUT 

LM308-T.V 

PIN CONFIGURATION 

T·PACKAGE 

COMP2 

V_ 

V PACKAGE 



SCHEMATIC DIAGRAM 
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LM308-T.V 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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FEATURES 

• OFFSET VOLTAGE GUARANTEED 
LESS THAN O.5mV 

• MAXIMUM INPUT BIAS CURRENT OF 
3.0nA OVER TEMPERATURE 

• OFFSET CURRENT LESS THAN 400pA 
OVER TEMPERATURE 

• SUPPLY CURRENT OF ONLY 300!,A, 
EVEN IN SATURATION 

• GUARANTEED 5!'V/"C DRIFT 
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LM10SA-F,T' LM20SA-F.T· LM30SA-F,T 

COMPENSATION CIRCUITS PIN CONFIGURATION 

STANDARD COMPENSATION 
CIRCUIT 

F PACKAGE 

R1 R2 
-VIN 

R3 VOUT 

+VIN 

R1 Co 
Cf ~ R1 + R2 

Cf Co III 30pF 

ALTERNATE FREQUENCY 
COMPENSATION 

• Unused pin (no internal connection) to allow for 
Input anti-I •• kaga. 

T PACKAGE 

CQMP2 
R1 R2 

IMPROVES REJECTION OF 
POWER SUPPL V NOISE BY 
A FACTOR OF TEN. 

y~>---o Vour 

v· 

ABSOLUTE MAXIMUM RATINGS 

LM10SA, LM20SA 

Supply Voltage 

Power Dissipation (Note 1) 
Differential Input Current (Note 2) 

Input Voltage (Note 3) 

Output Short Circuit Duration 

Operating Temperature Range 

±20V 

500mW 

±10mA 
±15V 

Indefinite 

LM10SA -55'C to 125'e 
LM20SA -25'C to 85'e 

Storage Temperature Range -65'e to 150'C 

Lead Temperature (Soldering, 10 sec.) 300'e 

NOTES: 

OUTPUT 

LM30SA 

±18V 

500mW 

±10mA 
±15V 

Indefinite 

o'e to 70'e 

-65'C to 150'C 

300'e 

1. The maximum iunction temperature of the LM10BA Is 150'C, while that of the 
LM208A is 100'C. For'operating at elevated temperatures, devices in the T0-5 
package must be derated based on a thermal ,esistance of 150'C/W, Junction 
to ambient, or 45'C/W, junction to case. For the flat package, the derating is 
based on a thermal resistance of 18S'C/W when mounted on a X.-inch-thick 
epoxy glass board with ten, 0.03-lnch-wide,' 2-ounce copper conductors. The 
thermal resistance of the dual-in-line package is 100DC/W, Junction to 
ambient. 

2. The Inputs are shunted with back-to-back diodes for o,ervoltage protection. 
Therefore, excessive current will flow If a differential Input voltage In excess 
of 1V is applied between the Inputs unless some limiting resistance is used. 

3. For supply voltages less than ±lSV, the absolute maximum input voltage Is 
equal to the supply voltage. 



LM10BA-F,T· LM20BA-F,T· LM30BA-F,T 

SCHEMATIC DIAGRAM 
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FEATURES 

• INTERNALLY FREQUENCY COMPENSATED FOR UNITY GAIN 

• LARGE DC VOLTAGE GAIN-100dB 
• WIDE BANDWIDTH (UNITY GAIN) -1MHz (TEMPERATURE COMPENSATED) 

• WIDE POWER SUPPLY RANGE: SINGLE SUPPLY 3VDC to 30VDC 
OR DUAL SUPPLIES ±1.5V DC to. ±15V DC 

• VERY LOW SUPPLY CURRENT DRAIN (800pA) - ESSENTIALLY INDEPENDENT 
OF SUPPLY VOLTAGE (1mW/op amp at +5VDC) 

• LOW INPUT BIASING CURRENT-45nADC (TEMPERATURE COMPENSATED) 

• LOW INPUT OFFSET VOLTAGE-2mVDC AND OFFSET CURRENT-5nADC 
• DIFFERENTIAL INPUT VOLTAGE RANGE EQUAL TO THE POWER SUPPLY 

VOLTAGE 

• LARGE OUTPUT VOLTAGE-OVDC to V+ -1.5VDC SWING 

UNIQUE FEATURES 
IN THE LINEAR MODE THE INPUT COM
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY IS 
TEMPERATURE COMPENSATED. 
THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, V+ 32V DC or ±16V DC 
Differential Input Voltage 32V DC 

Input Voltage -0.3V DC to + 32V DC 
Power Dissipation (Note 1) 

Molded DIP (LM224A, LM324A) 570mW 
Cavity DIP (LM124F, 

LM224F, and LM324F) 900mW 
Output Short-Circuit to GND 

1 Amplifier (Note 2) Continuous 
V+ < 15V OC and TA =25'C 

Input Current (VIN < -0.3V) 
(Note 3) 50mA 

Operating Temperature Range 

EQUIVALENT CIRCUIT 

LM324 O'C to + 70'C 
LM224 -25'C to +85'C ELECTRICAL CHARACTERISTICS 

PIN CONFIGURATION 
A, F PACKAGE 

OUTPUT 

LM124 -55'Cto+125'C LIMITS 
Storage Temperature 

Range -65'C to + 150'C 
Lead Temperature 

(Soldering, 10 sec.) 300'C 

NOTES: 
1. For operating at high temperatures, the LM324 

must be derated based on a + 125'C maximum 
junction temperature and a thermal resistance of 
175'C/W which applies for the device soldered 
In a printed circuit board, operating in a still air 
ambient. The LM224 and LM124 can be derated 
based on a + 150°C maximum junction tempera
ture. 

2. Short circuits from the output to V + can cause 
excessive heating and eventual destruction. The 
maximum output current is approximately 40 mA 
independent of the magnitude of V +. At values 
of supply voltage in excess of + 15V DC, continu
ous short-circuits can exceed the power dlssipa .. 
tion ratings and cause eventual destruction. 

3. The direction of the input current is out of the 
IC due to the PNP Input stage. This current is 
essentially constant, Independent of the state of 
the output so no loading change exists On the 
Input lines. 
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Parameter 

Amplifier-to-Amplifier 
Coupling 

Output Current Source 

Output Current Sink 

Differential Input Voltage 

Test Conditions 

f=lkHz to 20kHz, TA= +25'C 
(input Referred) 

VIN+ = 1VOC, VIN-=OVOC, 

V+=15VOC' TA=+25'C 

VIN +=+lVDC' VIN-=OVOC 

V+= 15VOC 

VIN-= +1VOC' VIN + =OVOC 

V+=15VOC, TA=+25'C 

VIN-=+1VDC, VIN+=OVOC 

TA=+25'C, Vo=200mVoc 

VIN-= +1VDC' VIN + =OVOC 

V+=15VOC 

See Note 5 

Min Typ Max Units 

-120 dB 

20 40 mAoc 

10 20 mA 

10 20 mADC 

12 ! 50 pADC 

5 8 mA 



TYPICAL PERFORMANCE CURVES 
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LM124-F' LM224-A,F' LM324-A,F 

TYPICAL PERFORMANCE CURVES (Cont'd) 
LARGE SIGNAl- FREQUENCY RESPONSE VOLTAGE FOLLOWER PULSE RESPONSE 
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'FEATURES 

• LOW INPUT BIAS CURRENT-
15nA MAXIMUM 

• LOW INPUT OFFSET CURRENT-
2.0nA MAXIMUM 

• LOW INPUT OFFSET VOLTAGE-
4.0mV MAXIMUM 

• HIGH SLEW RATE-2.5V/ps TYPICAL 

• LARGE POWER BANDWIDTH-
40kHz TYPICAL 

• LOW POWER CONSUMPTION-
45mW MAXIMUM 

• OFFSET VOLTAGE NULL CAPABILITY 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage MC1556 ±22V 
MC1456 ±18V 

Differential Input Voltage ±V 

Common Mode Input Voltage 

Load Current 

Output Short Circuit Duration 

Power Dissipation 

Derate Above T A = 25°C 
Operating Temperature Range 

±V 

20mA 

Indefinite 

680mW 
4.6mWrC 

MC1556 -55°C to +125°C 
MC1456 O°C to + 70°C 

Storage Temperature 
Range -65°C to +150°C 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 
T PACKAGE 

NO 

@' 
OFF'SET NULl. 0 CD v" 

INVE~~~~~ 2 + I V OUT 

NON,'NV""NO ~ am" NV", 
INPUT -.!I 

V-

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Parallel Input 
Capacitance 

Common Mode Input f=20Hz 
Impedance 

Equivalent Input AV=100, RS=10Kn, 
Noise Voltage F=1.0kHz" BW=1.OHz 

Power Bandwidth AV=1, RL=2Kn, THD<5%, 

VOUT=±10V 

Phase Margin 
Gain Margin 
Slew Rate 

Output Impedance f=20Hz 

7 

r-------~----------------~----~--------~~V· 

" ,. 4. 

V,N 

MC1456-T.V·MC1556-T.V 

V PACKAGE 

O'''''NV",~' NO 
INVERTING .. 

INPUt' 2 _ 7 V 

NON·INVERTING 3 6 V 
INPUT + OUT 

v- 4 5 OFFSET NULL 

LIMITS 
MC1456 MC1556 Units 

Min TypMax MinTypMax 

6.0 6.0 pF 

250 250 megn 

45 45 nV/v'Hz 
I 

40 40 kHz 

70 70 degrees 

18 18 dB 
2.5 2.5 V/psec 
1.0 2.5 1.0 2.0 kn 

OFFSET ADJUST CIRCUIT 

v+ 

v-
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TYPICAL PERFORMANCE CHARACTERISTICS 
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POWER DISSIPATION VERSUS 
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PIN CONFIGURATION 
A, F PACKAGE 

FEATURES 

• 2 "OP AMPS" IN SPACE OF ONE 
741 V PACKAGE 

• NO FREQUENCY COMPENSATION 
REQUIRED 

• SHORT CIRCUIT PROTECTION 

• LOW POWER CONSUMPTION 

• LARGE COMMON MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltages MC1558 
MC1458 

Differential Input Voltage 

Common Mode Input Swing 

±22V 
±18V 

±30V 

±15V 

Output Short Circuit Duration Continuous 

Power Dissipation (Note 1) 
T Package-(MO-002-AG) 680mW 
V Package 625mW 

Operating Temperature Range 
MC1558 -55°C to +125°C 
MC1458 O°C to + 75°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature 
(Soldering. 60 sec.) 300°C 

NOTES: 

1. Derate T package linearly at 4.6mW{"C for ambi
ent temperatures above + 25°C. 

2. Derate V package at 5mW,oC above 25°C. 

MC1458-A.F.T.V·MC1558-A.F.T.V 

T PACKAGE V PACKAGE 

OU',",A~' v' 

IN~~:~~N~ • A B ' OUTPUT B 

NON·INveRTING J - + • - 6 INVERTING 
INPUT A INPUT B 

v- • ~ ~NOp~~N~ERTING 

OUTPUT A ® OUTPUT f1 

." ..... ~."," .. INPUT 11.\;;./. ; • _ 6 INPUT B 

G) . 0 
NON INV,~~~':~ 0 ~p~~N:ERTING 

EQUIVALENT CIRCUITS 

The numbers without parenthesis represent the pin numbers for '12 of the dual 
circuit. The numbers in parenthesis represent the pin numbers for the other 
half. 

ELECTRICAL CHARACTERISTICS 
LIMITS 

Units Parameter Test Conditions Typ 

Parallel Input 6.0 pF 
Capacitance 

Common Mode Input f=20Hz 200 Megn 
Impedance 

Equivalent Input AV=100. RS=10Kn. 45 nV/.{;;;"" 

f=1.0kHz. BW=1.0Hz 

Power Bandwidth AV=1. RL =2.0Kn, THD<5%. 14 kHz 

Noise Voltage VOUT=20Vp-p 

Phase Margin 65 degrees 

Gain Margin 11 dB 

Slew Rate 0.8 V/p.s 
Output Impedance f=20Hz 300 ohms 

Channel Separation 120 dB 
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TYPICAL CHARACTERISTIC CURVES r------------------------, 
POWER BANDWIDTH 

(Large Signal Swing Versus Frequency) 
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FEATURES 

• OPEN LOOP VOLTAGE GAIN = 45,000 

• OUTPUT VOLTAGE SWING = ±14V 

• INPUT COMMON MODE 

RANGE = ±10V 

• DIFFERENTIAL INPUT RESISTANCE = 
"A709 250kO 
"A709C 400kO 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 

Output Resistance 25·C 

Transient Response VIN=10mV. RL=2Kfl 
Rise Time 

Overshoot CL < 100pF 

CIRCUIT SCHEMATIC 

", "2 
25k 25k 

INPUT COMPENSATION 

NON·INVERTING INPUT 

INVERTING INPUT 

2.4k 

"A709-A.T· "A709C-A.T 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage ±18V 
Internal Power Dissipation pA709C 250mW A PACKAGE 

(Note 1) pA709 300mW 
Differential Input Voltage ±5.0V 
Input Voltage ±10V 
Open Short Circuit Duration 

(TA=25·C) -25·C 
Storage Temperature 

Range -65·C to +150·C 
Operating Temperature Range 

"A709C O·C to + 75·C 
"A709 -55·Cto +125·C 

Lead Temperature 
(Soldering. 60 sec.) 300·C 

NOTE: 
1. Rating applied lor case temperatures to + 125°C; 

derate linearly at S.6mW,OC lor ambient tem
peratures above + 95°C. 

LIMITS 

,aA709 "A709C Units 

Min Typ Max Min TYP Max 

150 150 fl 

0.3 1.0 0.3 ,as 

10 30 10 30 % 

• INPUT COMPENSA nON 

". ". 'Ok 'Ok 

", 
3k 

", , .. 

T PACKAGE 

v' 

", 
1k OUT1'UT 

"15 
:10k 

OUTPUT COMPENSATION 

"" 'Ok 

"" '5k 

v-
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p.A709-A,T • p.A709C-A,T 

TEST CIRCUIT 

10k 10k 

VOUT 
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FEATURES 

• O.1nA INPUT BIAS CURRENT 

• INPUT AND OUTPUT PROTECTION 

• OFFSET NULL CAPABILITY 

• INTERNALLY COMPENSATED 

• 6V/p.sec SLEW RATE 

• STANDARD PINOUT 

• NO LATCH-UP 

TEST CIRCUITS 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply Voltage +22V 
Differential Input Voltage Range ±30V T PACKAGE 
Common Mode Input Voltage Range ±Vs 
Power Dissipation (Note 1) 500mW 
Operating Temperature NC 

Range O'C to + 70'C 
Storage Temperature 

Range -65'C to + 150'C 
Lead Temperature (Solder, 60 sec.) 300'C 
Output Short Circuit Duration 

(Note 2) Indefinite 
NOTES: 
1. Rating applies for case temperatures to + 2S'C; 

derate linearly at 6.SmW/'C for ambient tem-
peratures above 75°0. 

2. Short circuit may be to ground or either supply. 
Rating applies to + 125'C case temperature or 
+ 7S'C ambient temperature. 

ELECTRICAL CHARACTERISTICS 

I'A740-T 

OFFSET NULL CIRCUIT 
v+ LIMITS 

v-

VOLTAGE FOLLOWER CIRCUIT 

ein 
Cl 

-=-

TYPICAL CHARACTERISTIC CURVES 

OPEN LOOP VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

t\.. 
\. 

i\. 
\. 

."\ 

" 
\. 
~ 

\ 
Ii\. 

o \ 
1 lK 10K lOOK 

FREQUENCY· Hz 

Parameler Test Conditions 
Min Typ 

Output Resistance 75 

Slew Rate 6.0 

Transient Response CL<100pF, RL==2KD, 

VIN==100mV 

Rise Time 300 

Overshoot 10 

OPEN LOOP PHASE RESPONSE AS A 
FUNCTION OF FREQUENCY 

~ 
\ 

\. 
-100 

\. 

-140 

-160 

-1ao 
100 lOOK 1M 10M 

FRECUENCY _ Hz 

,Units 
Max 

D 

V/p.s 

ns 

% 
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I'A740-T 

CIRCUIT SCHEMATIC 
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PIN CONFIGURATION 
A PACKAGE 

FEATURES 
• INTERNAL FREQUENCY 

COMPENSATION 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• EXCELLENT TEMPERATURE 
STABILITY 

• HIGH INPUT VOLTAGE RANGE 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ~741 C 

~741 

±18V 
±22V 

Internal Power Dissipation (Note 1) 500mW 

Differential Input Voltage ±30V 

Input Voltage (Note 2) ±15V 

Voltage between Offset Null 
and V- ±0.5V 

Operating Temperature Range 
~741C O·Cto +70·C 
pA741 -55·C to + 125·C 

Storage Temperature 
Range -65·C to + 150·C 

Lead Temperature (Solder, 60 sec.) 300·C 

Output Short Circuit Duration 
(Note 3) 

NOTES: 

Indefinite 

1. Rating applies for case temperatures to 12SoC; 
derate linearly at 6.5mWjOC for ambient tem
peratures above + 75°C. 

2. For supply Yoltages less than ±15V, the absolute 
maximum input yoltage is equal to the supply 
Yoltage. 

3. Short circuit may be to ground or either supply. 
Rating applies to + 125°C case temperature or 
+ 75DC ambient temperature. 

I'A741-T·pA741C-A,T.1i 

T PACKAGE V PACKAGE 

omOT NU"§j' NC 
INV. INPUT 2 1 v· 

NON·INV. INPUT J + & OUTPUT 

V" • 5 OFFSET NULl.. 

EQUIVALENT CIRCUIT 

~------~----~----~------------~~v+ 

NON·INVERTING 
INPUT 3 

OFFSET NULL 
1 

Ra 
1kQ 

7 
.---r---1( °14 

Rl1 
SOil 

Rg 
25n 

4 

OUTPUT 

L-__ ~~ ____ ~ ____ ~ __ ~ __ ~ __ ~ ______ ~v· 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 
LIMITS 

Typ Units 

Input Capacitance 1.4 pF 

Offset Voltage ±15 mV 
Adjustment Range 

Output Resistance 75 

Transient Response V,N =20mV, RL =2Kr1, 

CL ~ 100pF 

Rise Time 0.3 pS 

Overshoot 5.0 % 

Slew Rate RL> 2Kn 0·5 VII'S 
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TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

OUTPUT SHORT-CIRCUIT CURRENT 
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FEATURES 

• NO FREQUENCY COMPENSATION 
REQUIRED. 

• SHORT-CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON-MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH-UP 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage p.A747 
p.A747C 

Internal Power Dissipation 
Metal Can 
DIP 

Differential Input Voltage 

Input Voltage 

Voltage between Offset Null 
and V-

Storage Temperature 

±22V 
±18V 

500mW 
670mW 

±30V 

±15V 

±0.5V 

Range -65°C to + 155°C 
Operating Temperature Range 

p.A747 -55°C to +125°C 
pA747C O°C to + 70°C 

Lead Temperature 
(Soldering, 60 seconds) 

Output Short Circuit Duration 

96 

300°C 

Indefinite 

p.A747-A,K· p.A747C-A,K 

PIN CONFIGURATION 

A PACKAGE K PACKAGE 

EQUIVALENT CIRCUIT (EACH SIDE) 

INVERTING INPUT 

~------~~-r--~--------~r-----~-oV+ 

OFFSET NUL.L 

ELECTRICAL CHARACTERISTICS 

Parameter Test Conditions 
LIMITS 
Typ 

Units 

Input Capacitance 1.4 pF 

Offset Voltage ±15 mV 
Adjustment Range 

Output Resistance 75 

Transient. Response VIN=20mV, RL=2K{l, 

CL <100pF 

Rise Time 0.3 jJS 

Overshoot 5.0 % 

Slew Rate RL>2K 0.5 V/p.s 

..... 



TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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AS A FUNCTION OF 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

ABSOLUTE MAXIMUM POWER 
DISSIPATION AS A FUNCTION 
OF AMBIENT TEMPERATURE 
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PIN CONFIGURATION 

A PACKAGE 

F~~~si,?-M:ut~ s 

INVe~rJ:~~ 4 -

NON.INVE~J~~~ Ii + 

FEATURES 

• OFFSET 
NULL 

• SHORT CIRCUIT PROTECTION 

• OFFSET VOLTAGE NULL CAPABILITY 

• LARGE COMMON"MODE AND 
DIFFERENTIAL VOLTAGE RANGES 

• LOW POWER CONSUMPTION 

• NO LATCH·UP 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage pA748 
p.A748C 

±22V 
±18V 

TPACKAGE 

v-

TEST CIRCUITS 

VOLTAGE OFFSET NULL CIRCUIT 

~ 
~ 

FREQ. COMPo AI , 
OFFSET NULL 

INVERTING 2 
INPUT 

NON·INVERTING 
INPUT 3 

V PACKAGE 

• FREo. 
COMPo B 

• OUTPUT 

I OFFSET 
NUL\' 

TRANSIENT RESPONSE TEST CIRCUIT 

Internal Power Dissipation (Note 1) 500mW ELECTRICAL CHARACTERISTICS 
Differential Output Voltage ±30V 

Input Voltage (Note 2) ±15V 

Storage Temperature 
Range -65·C to +150·C 

Operating Temperature Range 
p.A748 -55·Cto+125·C 
pA748C O·C to + 70·C 

Lead Temperature 

Output Short Circuit Duration 
(Note 3) 

NOTES: 

300·C 

Indefinite 

1. Rating applies for case temperatures·to +70·C. 

2. For supply voltages less than ±15V. the absolute 
maximum inpul vollage is equal 10 the supply 
voltage. 

3. Short circuil may be to ground or either supply. 
Rating applies to + 70·e ambient temperature. 

100 

Parameter Test Conditions 

Input Capacitance 

Offset Voltage 
Adjustment Range 

Output Resistance 

Transient Response VIN=20mV, RL=2KU, 

CL < 100pF 

Rise Time 

Overshoot C1 =30pF 

Slew Rate RL> 2KO, C1 =20pF 

EQUIVALENT CIRCUIT 

I!!IRIIiGI 

LIMITS 
Typ Units 

1.4 pF 

±15 mV 

75 U 

0.3 ps 

5.0 % 

0.5 VIps 



TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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FEATURES 

• INTERNALLY FREQUENCY 
COMPENSATED FOR UNITY GAIN 

• LARGE DC VOLTAGE GAIN -100 dB 
• WIDE BANDWIDTH (UNITY GAIN)-

1 MHz (TEMPERATURE 
COMPENSATED) 

• WIDE POWER SUPPLY RANGE: 
SINGLE SUPPLY - 3V DC to 30V DC 
OR DUAL SUPPLlES-

±1.5VDC to ±15V DC 
• VERY LOW SUPPLY CURRENT DRAIN 

(aOO/LA) - ESSENTIALLY 
INDEPENDENT OF SUPPLY VOLTAGE 
(1 mWjop amp at +5VDC ) 

• LOW INPUT BIASING CURRENT-

SA534-A,F 

PIN CONFIGURATION 
A, F PACKAGE 

45nA DC (TEMPERATURE EQUIVALENT CIRCUIT 
COMPENSATED) ,-----------------------------------------------------, 

• LOW INPUT OFFSET VOLTAGE-
2mV DC AND OFFSET CURRENT-
5nADC 

• DIFFERENTIAL INPUT VOLTAGE 
RANGE EQUAL TO THE POWER 
SUPPLY VOLTAGE 

• LARGE OUTPUT VOLTAGE - OV DC 
to V+ -1.5VDC SWING 

UNIQUE FEATURES 
IN THE LINEAR MODE THE INPUT COM
MON-MODE VOLTAGE RANGE INCLUDES 
GROUND AND THE OUTPUT VOLTAGE 
CAN ALSO SWING TO GROUND, EVEN 
THOUGH OPERATED FROM ONLY A 
SINGLE POWER SUPPLY VOLTAGE. 
THE UNITY GAIN CROSS FREQUENCY 
IS TEMPERATURE COMPENSATED. 
THE INPUT BIAS CURRENT IS ALSO 
TEMPERATURE COMPENSATED. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, V+ 32VDC or±16VDC 
Differential Input Voltage 32VDC 
Input Voltage -0.3VDC to +32VDC 
Power Dissipation 

Molded DIP 
Cavity DIP 

Output Short Circuit to GND 

570mW 
900mW 

1 Amplifier Continuous 
V+ <15VDC andTA =25°C 

Operating Temperature 
Range -40°C to +85°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature 
(Soldering, 10 sec.) 300°C 

v+o--.------------~~~~------~__, 

RSC 

OUTPUT 

ELECTRICAL CHARACTERISTICS 
LIMITS 

Parameter Test Conditions SA534 Units 
Min Typ Max 

Amplifier-to-Amplifier f=1kHzto 20 kHz, TA=25°C -120 dB 
Coupling (input Referred) 

Output Current Source VIN + = + 1VDC' VIN-=OVDC' 20 40 mADC 

V+=15VDC' TA =25°C 

VIN +=+1VoC' VIN-=OVOC' 10 20 mA 

V+= 15VOC 

Output Current Sink VIN-=+1VOC' VIN+=OVOC' 10 20 mADC 

V+ =15VOC, TA=25°C 

VIN-=+1VOC' VIN+=OVOC' 12 50 /LAOC 

TA= +25°C, Vo=200mVoc 

VIN-=+ 1VOC, VIN+=OVOC. 5 a mA 

V+= 15VOC 

Oifferentiallnput Voltage V+ VOC 
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TYPICAL PERFORMANCE CURVES 
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SAS34-A,F 

TYPICAL PERFORMANCE CURVES (Conl'd) 
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FEATURES 
• LOW INPUT OFFSET VOLTAGE = ±2mV 
• LOW INPUT OFFSET CURRENT = ±3f.LA 
• SINGLE POWER SUPPLY 
• AGC CAPABILITY 
• HIGH FORWARD TRANSADMITTANCE 
• LOW FEEDBACK CAPACITANCE 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V +) 20V 
Differential Input Voltage ±5V 
Current (All Pins) ±15mA 
Storage Temperature -65°C to +150°C 
Operating Tempreature 

SE510A -55°C to +125°C 
NE510A O°C to + 75°C 

Maximum ratings are limiting values above which serviceability 
may be impaired. 

ELECTRICAL CHARACTERISTICS 
(V+ = +12V,.T = 25°C applicable from DC to 10 MHz, 
unless otherwise noted) 

EMITTER CASCODE 
COUPLED CONFIGURATION 

PARAMETER CONFIGURATION VAGC = OV 

In{lut Conductance 
Re(Y11)] 0.7 3.0 

Output Conductance 
[Re(Y22)] 0.01 0.D1 

Input Capacitance 4.5 10 
Output Capicitance 2.5 2.5 
Reverse Transfer 

Capacitance 
Forward 

0.05 0.05 

Transconductance 25 90 

PARAMETERS 
TEST 

CONDITIONS 

Input Offset VoHage +25°C 
O°C to +70°C 
-55°C to +125°C 

Input Offset Current + 25°C 
O°C to + 70"C 
-55°C to +125°C 

Input Bil;lS Current +25°C 
O°C to +70°C 
-55°C to +125°C 

Differential Collector + 25°C 
Current per Differential O°C to +70°C 
Pair -55°C to +125°C 

Differential Current in + 25°C 
the Current Sources O°C to +70°C 

-55°C to + 125°C 
Total Current +25°C 
Common Mode Rejection +25°C 

106 

PIN CONFIGURATION 

A PACKAGE 

CIRCUIT SCHEMATIC 

OUTPUT OUTPUT OUTPUT OUTPUT 
B 

UNITS 

mmho 

mmho 
pF 
pF 

pF 

mmho 

LIMITS 
NE510 SE510 UNITS 

MIN TYP MAX MIN TYP MAX 

0.5 3 0.5 2 mV 
1.0 4 

1.5 3.5 
2.0 6 2.0 3.5 pA 
2.5 9 

2.5 7.5 
8.0 25 8.0 20 pA 

10.0 40 
16.0 40 

Yin =0 45 75 45 62.5 pA 
50 100 

50 100 
30 75 30 62.5 -vA 
35 100 

35 100 
11.0 15.0 11.0 15.0 mA 

60 80 60 80 dB 

SBOOIIIS 



FEATURES 
• LOW INPUT OFFSET VOLTAGE = ±2mV 
• LOW INPUT OFFSET CURRENT = ±3/1-A 
• AGC CAPABILITY 
• HIGH FORWARD TRANSADMITTANCE 
• LOW FEEDBACK CAPACITANCE 
• SINGLE POWER SUPPLY 

STANDARD TEST CIRCUIT 

r5;'- -
I 
I 
L_ 

ALL RESISTORS· ±,% 

'K 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V+) 20V 
Differential Input Voltage ±5V 
Current (All Pins) ±15mA 
Storage Temperature -65°C to +150°C 
Operating Temperature 

SE511B -55°C to +125°C 
NE511B O°C to +75°C 

Maximum ratings are limiting values above which serviceability 
may be impaired. 

PIN CONFIGURATION 

B PACKAGE 

CIRCUIT SCHEMATIC 
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ELECTRICAL CHARACTERISTICS (Standard Test Circuit) 

ACCEPTANCE 
LIMITS 

TEST TEST MIN TYP MAX UNITS 
SYMBOL PARAMETER SUBGROUP CONDITIONS SE511 NE511 SE511 NE511 SE511 NE511 

.:lVin Input Offset Vottage A-3 +25°C 0.5 0.5 2 3 mV 

.:lVln A-4 O°Cto +75°C 1.0 4.0 

.:lVln A-5 -55°C to+125°C 1.5 3.5 

.:llin Input Offset Current A-3 +25°C 2.0 2.0 3.5 6 pA 

.:llin A-4 O°C to +75°C 2.5 9 

.:llin A-5 -55°C to +125°C 2.5 7.5 
lin Input Bias Current A-3 +25°C 8.0 8.0 20 25 pA 
lin A-4 COC to +75°C 10.0 40 
lin A-5 -S5°C to +125°C 16.0 40 
.:llc Differential Collector A-3 +25°C Yin =0; 45 45 62.5 75 pA 
.:llc Current per A-4 O°C to +75°C Ip = 2mA 50 100 
.:llc differential pair A-5 -55°C to +125°C 50 100 
.:lIp Differential Current in A-3 +25°C 30 30 62.5 75 pA 
.:lIp the Current Sources A,4 COC to +75°C 35 100 
.:lIp A-5 -55°C to +125°C 35 100 
Icc Total Current A-2 +25°C 11.0 11.0 15.0 15.0 mA 
CMRR Common Mode A-3 +25°C 60 60 80 80 dB 

G22 
Rejection Ratio 

Output Conductance A-3 +25°C 0.01 0.01 mmho 
Cob Output CapaCitance C-2 +25°C 2.5 2.5 pF 

Cib Input Capacitance C-2 +25°C 10 10 pF 
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DESCRIPTION 
The 515 is a general purpose high-gain 
amplifier with differential input and output. 
It is fabricated within a monolithic silicon 
substrate by planar and epitaxial tech
niques. A pair of compensation points is 
provided to allow frequency compensation 
for stable closed loop operation. 

This device is not internally referenced to 
ground and with proper input bias may be 
operated from a single power supply. 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (V+ to V-) 12V 
Differential Input Voltage (V5 to V7) ±5.0V 
Input Current (15. 17) ±2.0mA 
Output Current (12. 110) ± 30mA 
Storage Temperature -65°C to +150°C 
Operating Temperature O°C to +75°C 
Junction Temperature 150°C 
Maximum ratings are limiting values above which servicea
bility may be impaired. 

EQUIVALENT CIRCUIT 

FEATURES 
• DIFFERENTIAL VOLTAGE GAIN (Open 

Loop) = 4,SOO 
• INPUT OFFSET VOLTAGE = O.SmV 
• INPUT OFFSET VOLTAGE STABILITY 

= S.O V/oC 
• INPUT COMMON MODE RANGE = 

+1.SV, -1.0V 
• COMMON MODE REJECTION RATIO = 

100dB 
• BANDWIDTH (Open Loop) = 1.0 mHz 

PIN CONFIGURATIONS 
A PACKAGE 

ORDER PART NO. NE515A 

K PACKAGE 

Output B 

Compensation 

InpufA 
ORDER PART NOS. SE515K/NE515K 
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SE515 
ELECTRICAL CHARACTERISTICS (Standard Conditions: V7 = OV, V1 = -3.0V; Notes: 4, 5, 6, 7, 8, 9) 

CHARACTERISTICS 
V6=+4.0V V6 = +6.0V 

TYP MIN TYP 

Open Loop Voltage Gain (dc) 2,500 3,5004,500 
1,800 3,000 

Open Loop Voltage Gain (ac) 2,000 2,5003,500 
Input Offset Voltage 0.5 

0.5 
0.5 

Input Bias Current 18 
12 

Differential Input Resistance 2.0 1.0 
4.0 2.0 

Input Common Mode Range ±1.0 

Balanced Output dc Level -0.1 
+0.3 
+0.6 

Output Voltage Swing 4.7 5.7 
4.7 5.7 
4.7 5.7 

High Output Level +2.3 +4.0 
+2.6 +4.3 
+3.0 +4.7 

Low Output Level -2.4 -1.7 
-2.1 -1.4 
-1.7 -1.0 

Output Resistance 100 
Common Mode Rejection Ratio 100 
Power Supply Current 

3.5 

NOTES: 
1. Adjust VS to obtain V2 = V,0. 
2. Output vollage swing = 1 ,3V peak 10 peak, 
3. Output voltage swing is guaranteed by output voltage limit tests. 
4. Voltage and current subscripts refer to pin numbers. 
5. All measurements are referenced to power supply common. Positive current flow 

is defined as into the terminal indicated. 
6. AU specifications herein apply for interchange of voltages and currents at Pins 5 

and 7, 
7. Acceptance Test Sub-Group references apply to minimum and maximum limits 

only, 
8; The SES1Sk has Pins 1,3 and9connecledlothecase, The SES1SQ has Pins3 and 

9 open, 
9. See Signetics SURE Program Bulletin No. 5001 fordefinition of Acceptance Test 

Sub-Groups. Sub-Group A-7 is used for electrical end points for Linear-Products. 
10. Differential Input Resistance is computed from input bias current. 
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0.5 
0.5 
0.5 
25 
16 
1.5 
3.2 
+1.5 
-1.0 
+1.2 
+1.6 
+1.9 
6.3 
6.3 
6.3 
+4.3 
+4.6 
+5.0 
-2.0 
-1.7 
-1.3 
100 
100 

5.5 

MAX 

3.0 
2.0 
3.0 
40 
24 

+1.8 

7.0 
7.0 
7.0 

Units TEMP TEST CONDITIONS 

V/V +25°C Note 2 
V/V +125°C 
V/V +25°C f = 800 kHz 
mV -55°C Note 1 
mV +25°C 
mV +125°C 
p.A -55°C Note 1 
p.A 
kG -55°C Note 10 
kG +25°C 
V +25°C 

V -55°C Note 1 
V +25°C 
V +125°C 
V -55°C Note 3 
V +25°C 
V +125°C 
V -55°C V5 = 10mV 
V +25°C 
V +125°C 
V -55°C V5 = 10mV 
V +25°C 
V +125°C 
0 +25°C Note 1 
dB 
rnA Note 1 
rnA 
rnA 



NE515 
ELECTRICAL CHARACTERISTICS (Standard Conditions: VB = OV, VA = 3.0V; Notes: 4, 5, 6,7, B, 9) 

CHARACTERISTICS 
VF=+4.0V VF = +6.0V 

TYP MIN TYP 

Open Loop Voltage Gain (de) 1,BOO 2,5003,200 
1,350 2,200 

Open Loop Voltage Gain (ac) 1,500 1,700 2,500 

Input Offset Voltage 0.5 
0.5 
0.5 

Input Bias Current lB 
15 

Differential Input Resistance 3.2 1.4 
3.5 1.7 

Input Common Mode Range ±1.0 

Balanced Output dc Level -0.1 
+0.3 
+0.6 

Output Voltage Swing 4.5 5.3 
4.5 5.3 
4.5 5.3 

High Output Level +2.3 +3.9 
+2.5 +4.1 
+2.B +4.3 

Low Output Level -2.2 -1.4 

-2.0 -1.2 
-1.7 -1.0 

Output Resistance 100 

Common Mode Rejection Ratio 100 

Power Supply Current 
3.5 

Letter subscripts refer to pins on circuit schematic. 

NOTES: 
1. Adjust Vc to obtain VG = VH. 
2. Output voltage swing = 1.3V peak to peak. 
3. Output voltage swing is guaranteed by output voltage limit tests. 
4. Voltage and current subscripts refer to pin numbers. 
5. All measurements are referenced by power supply common. Positive current 

flow is defined as into the terminal indicated. 
6. All specifications herein apply for interchange of voltages and currents at Pins B 

and C. 
7. Acceptance Test SulJ..Group references apply to minimum and maximum limits 

only. 
8. The NE515k has Pins 1. 3 and 9 connected to the case. The NE515G has Pins 3 

and 9 open. 
9. See Signetics SURE Program Bulletin No. 5001 fordefinitionof Acceptance Test 

Sub-Groups. Sub-Group A-7 is used for electrical end points for Linear Products. 
10. Differential Input Resistance is computed from input bias current. 

0.5 
0.5 
0.5 
25 
20 
2.3 
2.6 

+1.5 
-1.0 
+1.2 
+1.6 
+1.9 
6.1 
6.1 
6.1 
+4.3 
+4.5 
+4.B 
-l.B 
-1.6 
-1.3 
100 
100 

5.5 

MAX 

4.0 
3.0 
4.0 
40 
31 

+l.B 

7.0 
7.0 
7.0 

IRRIIIDB 

UNITS TEMP TEST CONDITIONS 

V/V +25°C Note 2 

V/V +75°C 
V/V +25°C f = BOO kHz 

mV O°C Note 1 

mV +25°C 
mV +75°C 
p.A O°C Note 1 

/loA +25°C 
kG O°C Note 10 

kG +25°C 
V +25°C 

V O°C Note 1 

V +25°C 
V +75°C 
V O°C Note 3 

V +25°C 
V +75°C 
V O°C Vc = 10mV 
V +25°C 
V +75°C 
V o.°C Vc = 10mV 

V +25°C 
V +75°C 
{} +25°C Note 1 

dB +25°C 
rnA O°C Note 1 

rnA +25°C 
rnA +75°C 
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FEATURES 
• LINE REGULATION GUARANTEED 

OVER INPUT VOLTAGE RANGE OF 8.5 
VOLTS TO AS HIGH AS 50 VOLTS. 

• OUTPUT VOLTAGE CONTINUOUSLY 
ADJUSTABLE FROM 2 VOLTS TO 40 
VOLTS 

• .01%LlNE AND LOAD REGULATION 
• ADJUSTABLE LIMITING OF SHORT CIR

CUIT CURRENT 
• FOLDBACK CURRENT LIMITING WITH 

ONE EXTERNAL RESISTOR 
• REMOTE AND LATCHING SHUTDOWN 
• OUTPUT CURRENT UP TO 1S0mA 

WITHOUT EXTERNAL POWER TRANS
ISTORS 

ABSOLUTE MAXIMUM RATINGS 

Voltage from V+ to V-
Input-Output Voltage 

Differential 
Maximum Output Current 
Current from Vz 
Internal Power 

Dissipation (Note 1) 
Operating Temperature 

PIN CONFIGURATION 
A PACKAGE 

CUR~I~~; 2 13 ~~~~ 
CURRENT 

SENse :3 

INVE~~;~~ 4 

NON-INVERTING 5 
INPUT 

SE550 
50V 

45V 
150mA 
15mA 

800mW 

NE550 
40V 

37V 
150mA 

15mA 

800mW 

Range -55° to +125°C -O°C to 70°C 
Storage Temperature 

-65°C to +150°C Ran~e '-65°C to + 150°C 
Lead emperature 3000C 300°C 
NOTE: 
1. Rating applies for case temperatures to 125°C; derate linearly at 6.5mWrC for ambient temperatures above + 75°C. 

CIRCUIT SCHEMATIC 

112 

INVERTING 
INPUT 

NON
INVERTING 
INPUT 

v+ FREa. COMPo Vc VOUT 

L....4_IiQ--ovz 

r--_-oCL 

•• l1li1 

SESSO-L . NESSO-A, L 

L PACKAGE 

CURRENT 
LIMIT 

v 



SE550-L NE55D-A, L 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise specified) (Notes 1 and 2) 

PARAMETER MIN TYP I MAX I UNITS I TEST CONDITIONS 
NE550 

Line Regulation .08 0.3 %Vout Vin = 8.5 to 40V 
0.35 %Vout 0°C,.;TA,.;70°C, Vin = 1.2 to 40V 

Load Regulation .03 0.2 %Vout IL =lmA to 50mA 
0.4 %Vout 0°C,.;TA,.;70°C, IL = lmA to 50mA 

Ripple Rejection 75 dB f = 50 Hz to 10kHz, CREF = 0 
90 dB f = 50 Hz to 10 kHz, CREF = 5p.F 

Average Temperature Coefficient 
of Output Voltage .002 .015 %rC 0°C,.;TA,.;70°C 

Short Circuit Current Limit 50 60 70 mA RSC = lOn, Vout = 0 
Reference Voltage 1.53 1.63 1.73 V 
Output Noise Voltage 20 p.Vrms BW = 100 Hz fo 10 kHz, CREF = 0 

2.5 p.Vrms BW = 100 Hz to 10 kHz, CREF = 5p.F 
Long Term Stability 0.1 %/1000 hrs. 
Standby Current Drain 1.6 3.0 mA IL = 0, Vin =40V 
Input Voltage Range 8.5 40 V 
Output Voltage Range 2.0 37 V 
Input Output Voltage Differential 3.0 38 V 

SE550 
Line Regulation 0.05 0.1 %Vout Vin = 12 to 40V 

0.2 0.6 %Vout Vin = 8.5 to 50V 
0.25 %Vout -55°C,.;TA,.;+125°C, Vin = 12to.40V 

Load Regulation 0.03 .10 %Vout IL = lmA to 50mA 
.6 %Vout -55°C,.;TA,.;+125°C, 'L =lmAto 50mA 

Ripple Rejection 75 dB F = 50 Hz to 10kHz, CREF = 0 
90 dB F = 50 Hz to 10 kHz, CREF = 5p.F 

Average Temperature Coefficient 
of Output Voltage .002 .012 %rC -55°C,.;TA,.;+125°C 

Short Circuit Limit 50 60 70 mA RSC = lOn, Vout = 0 
Reference Voltage 1.58 1.63 1.68 V 
Output Noise Voltage 20 p.Vrms BW = 100 Hz to 10 kHz, CREF = 0 

2.5 p.Vrms BW = 100 Hz to 10 kHz, CREF = 5p.F 
Long Term Stability 0.1 %/1000 hrs. 
Standby Current Drain 1.3 2.0 mA 'L = 0, Vin = 50V 
Input Voltage Range 8.5 50 V 
Output Voltage Range 2.0 40 V 
Input-Output Voltage Differential 3.0 45 V 

NOTES 

1. Unless otherwise specified, TA == 25°C, Vin = V+ == 12V, V- = OV, Vout = 5V, IL = 1mA, Rsc = O,C1 = 100pF,anddividerimpedanceas seen by error amplifier -

2kH when connected as shown in Figure 1. 
2. The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into account separately when the unit is 

operating under conditions of high or varying dissipation. 

TYPICAL CHARACTERISTIC CURVES 
LOAD REGULATION 
AS A FUNCTION OF 

LOAD CURRENT 

MAXIMUM LOAD CURRENT AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

RELATIVE OUTPUT VOLTAGE 
AS A FUNCTION OF 

LIMITED OUTPUT CURRENT 

RSC'O!l 
VIN'lOV 

VOUT - 5V 
I 

'12SC 

"- i"""'" ~ ::::::.-- +75-r-

K ........ ..;::: ~ oc 

'" l" 

" " -55 ! 
'" 

.. 

,... 

\ 
\ 

, 
"-

0 

~ 

"- ...... r-
" .. 

IVIN - VOUTIIN VOLTS 

•• 011:1 

TA- 25 C 

TA-+l25 C 

VOUy,5V 
VIN=12V 
RSC= lOU 
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TYPICAL CHARACTERISTIC CURVES {CONT'D} 

I! 

~ 
~ 
i A 

~ 

1 
, Z 

114 

RIPPLE REJECTION AS A 
FUNCTION OF INPUT·OUTPUT 

VOLTAGE DIFFERENTIAL 

~ 
"~~ 

~ ~ 

c..Ef.tIIj<~ ['. 
...... 
~ 

REMOTE CONTROL 
CHARACTERISTICS 
AS A FUNCTION OF 

TEMPERATURE 

TEMPERATURE IN ·C 

RIH'LEFREOUINCY 
I:NIH, 

~ 

LOAD TRANSIENT RESPONSE 

Cc ~.,"'" 
CllEf·."" I, 
1/ , 

21 ... A 

, .. 

TIME IN MICROSECONDS 

SENSE VOLTAGE AND SHORT 
CIRCUIT CURRENT LIMIT AS A 
FUNCTION OF TEMPERATURE 

I 
! 

~ 

i 
S 

~ .. , 

1 
!: 1.5 

i 
i3 tA 

> I 1.3 

~ 

, 

I Asc':~::::~"''' 

r---. SENSE1VOulE 

t-t'-.... 
I"-~ 

..... 1'-. 

'" -l-I-f:::: to- RSC"lSI! 

~ """"- -RSlC'20'01 l-I-l-I 

I - ~ ~ . - ~ --.. 
TEMPERATURE IN ·C 

OUTPUT IMPEDANCE 
AS A FUNCTION OF 

FREQUENCY 

YIN • 12V, YOUT- '!iY 
,~ .&11'" .... CC"OOpki 

00". 

I't'vi-' 
~ 

, 
00- , 

----~ f:. ,..... 

FREQUENCY IN Hz 

STANDBY CURRENT 
AS A FUNCTION OF 

INPUT VOLTAGE 

'IovT"YREf 

..... ~ '~·O 

;; ~ t....-' ~ 

" ;2 ~ ~ .us"': 

V / ,/" 

~ 

INPUT VOLTAGE IN VOLTS 

i-"'" 

..... 

.-

~ 
! 

~ 
il 

~ 
~ 
t 
~ 

~ 

SHORT CIRCUIT AND FOLDBACK 
CURRENTS AS A FUNCTION OF 

TEMPERATURE . 

1Ise'!OII 
AfI·lkl1 
C..·Ol,fd 

r---. r-.... 
...... 

~0"jCIRCUIT 

r" l::'b 
l""'-I'- fOLDBACK ...... 

~ , 1"'-0. 
1"-"" 1"00... , 

'" 
TEMPERATURE IN·C 

LINE TRANSIENT RESPONSE 

'" .. n 1,,--

TR"eo .. 

TIME IN MfCROSECONDS 

FOLD BACK CURRENT LIMITED 
OUTPUT VOLTAGE AS A 
FUNCTION OF OUTPUT 

CURRENT 

Y1N"15V 

'" 

~~::~,Cc:''IODpItt 

I 

OUTPUT CURRENT IN mA 



TYPICAL APPLICATIONS 
BASIC POSITIVE VOLTAGE 

REGULATOR 
v" 

REGULATED 
RSC OUTPUT 

R, 

= 2kfl for minimum 
temperature drift 

FIGURE 1 

POSITIVE VOLTAGE REGULATOR 
(External NPN Pass Transistor) 

v,. 

FIGURE 4 

REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 

v· Vc 

REGULATED 
Rsc OUTPUT 

CL ......... -'V""" .... -t. 

550 CS ..... ---... 

R, 

C, 

100pF ~ 

114 8T80, 1/6 8T90, 1/10 8T01B, etc. 

FIGURE 6 

NEGATIVE VOLTAGE REGULATOR 

R1 + R2 
Vout = -VREFX----

V'N 

R1 + R2 

NOTE 1 

2kO for minimum 
= temperature drift 

FIGURE 2 

FOLD BACK CURRENT LIMITED 
REGULATOR 

CF. 

.01/.1F 

VSENSE 
IKNEE = -----

Rse 

Rsc 
REGULATED 
OUTPUT 

R, 

VSENSE - (RFB . lel) 
Rse 

FIGURE 5A 

REMOTE LATCHING SHUTDOWN 
REGULATOR 

8415,8417,2138471,1/38891, 
8T90, 1/28481,8881, 8T90 
NOTE 2 

FIGURE 7 

SE550-L NE550-A, L 

POSITIVE VOLTAGE REGULATOR 
(External PNP Pass Transistor) 

v" 

FIGURE 3 

SECOND ORDER FOLDBACK 
CURRENT LIMITED REGULATOR 

Cz RSC 

.Olp.F 

1---1--.. REGULATED 

R3 fVSENSE " eL Rll IIFB "sc1 

'R.;= VOUT 'sc 'VSENSE IIFB "scl 

OUTPUT 
R4 R1 

leL = 125,uA FIGURE 58 

POSITIVE SWITCHING REGULATOR 

II is 50 tums of # 22 wire wound 
on Ferroxcube. 42129-377 MOO 

FIGURES 
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TYPICAL APPLICATIONS (CONT'D) 

. POSITIVE FLOATING REGULATOR 

v,. 

A, 
CL 

550 50~! 

cs 

FIGURE 9 

NOTES: 

REGULATm 
OU11'UT 

... 

". 

NEGATIVE FLOATING REG4LATOR 

v· 

vzt-------~--~ 
CR,12V 

5110 CL 

cs 

FIGURE 10 

1. To ulilize the SE550L in applicetlons which require Vz. an extemal6.2 volt z..- diode should be connected in serieS with VOUT. 
2. The "Shut-down" gate need only be pulsed to latch the regulator output to zero. R4 may be omitted for active pul~up devices. The "Unlalch" gate must have an open 

collector. 

EQUIVALENT CIRCUIT 

r-----_1~----~----_1~------------------t_--~----------------~v· 

10K 1K ZK 2K 

r-----~Vc 

t----------oVOUT 

'-----~·Vz 

t--------------oCa. 
,---__ .,.. __ ~CL 

cs 

'-----------------O'NV 

...... --+----------------------~_.'NV 

t--t------+---------t------------------------OVREF 

~_4--~ ______________ _4--~----4_------_+----------------____ ~V-
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FEATURES PIN CONFIGURATION 
• POSITIVE OR NEGATIVE SUPPLY OP

ERATION 
• SERIES, SHUNT, SWITCHING OR FLOAT

ING OPERATION 
• .01% LINE AND LOAD REGULATION 
• OUTPUT VOLTAGE ADJUSTABLE FROM 

2 TO 37 VOLTS 
• OUTPUT CURRENT TO 150mA WITHOUT 

EXTERNAL PASS TRANSISTOR 

ABSOLUTE MAXIMUM RATINGS 
Pulse Voltage from 
V+ to V- (50ms) 

Continuous Voltage from 
V+ to V-

Input-Output Voltage 
Differential 

Maximum Output Current 
Current from VREF 
Current from Vz 
Internal Power 

Dissipation (Note 1) 

p.A723 

50V 

40V 

40V 
150mA 
15mA 

800mW 
o~erating Temperature 

ange -55 to +125°C 
Storage Temperature 

Range 
Lead Temperature 

EQUIVALENT CIRCUIT 

-65°C to +150°C 
300°C 

FREQUENCY 
COMPENSATION 

v' 

CURRENT 

vc 

SENSE Vz 

ERROR CUAA£NT 
AMPLIFIER LIMITER 

A PACKAGE 

13 FRI!QUENCV 

COMPENSATION 

ORDER PART NOS. IIA723A/I'A723CA 

ILA723C 

40V 

40V 
150mA 

25mA 

800mW 

o to 70°C 

-65°C to + 150°C 
300°C 

VOUT 

L PACKAGE 

ORDER PART NOS. ~723L/PA723CL 
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ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise specified -Note 1) 

PARAMETER (See deflnnions) TEST CONDITIONS 

Line Regulation (Note 2) Yin = 12V to Yin = 15V 
Vin = 12V to Vin = 40V 

Load Regulation (Note 2) IL = 1mA to IL = 50mA 
Ripple Rejection f = 50 Hz to 10kHz, CREF = 0 

f = 50 Hz to 10 kHz, CREF = 5,..F 
Short Circuit Current Limit Rsc = 10n, Vout = 0 
Reference VOlta~e 
Output Noise Vo tage BW = 100 Hz to 10 kHz, CREF = C 

BW = 100Hz to 10kHz, CREF = 5,..F 
Long Term Stability 
Standby Current Drain IL = 0, Yin = 30V 
Input Voltage Range 
Output Voltage Range 
Input-Output Voltage Differential 
The Following Specifications Apply 

Over the Operating Temperature Ranges 
Line Regulation 
Load Regulation 
Average Temperature Coefficient Yin = 12V to Yin = 15V 

of Output Voltage IL = 1mA to IL = 50mA 

Line Regulation (Note 2) Yin = 12V to Yin - 15V 
Vin = 12V to Yin = 40V 

Load Regulation (Note 2) IL = 1mA to IL = 50mA 
Ripple Rejection f = 50 Hz to 10kHz, CREF = 0 

f = 50 Hz to 10 kHz, CREF = 5,..F 
Short Circuit Current Limit RSC = 10n, V out = 0 
Reference Voltage 
Output Noise Voltage BW = 100 Hz to 10 kHz, CREF = C 

BW = 100Hzt010kHz, CREF =5,..F 
Long Term Stability 
Standby Current Drain 'L = 0, Yin = 30V 
Input Voltage Range 
Output VOlta~ Range 
Input-Output ollage Differential 
The Following Specifications Apply 

Over the Operating Temperature Ranges 
Line Regulation 
Load Regulation 
Average Temperature Coefficient Yin = 12V to Yin = 15V 
of Output Voltage IL = 1mA to IL = 50mA 

NOTES 
1. Unless otherwise specified, TA ~25'C, Vin ~V+ ~Vc~ 12V, V- ~OV, Vout~5V,ll ~ 

1 mA, Asc ~ 0, Cl ~ 1 OOpF, CAEF ~ 0 and divider impedance as seen by error amplifier '" 
1 Oka when connected as shewn In Figure 3. 

2. The load and line regulation specifications are for constant iunction temperature. Temper
ature drift effeCts must be taken into account separately when the unit is operating under 
conditions of high dissipation. 
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MIN TYP MAX 
,..A723C 

0.01 0.1 
0.1 0.5 
0.03 0.2 

74 
86 
65 

6.80 7.15 7.50 
20 

2.5 
0.1 0.1 
2.3 4.0 

9.5 40 
2.0 37 
3.0 38 

0.3 
0.6 

0.003 0.015 
,..A723 

0.01 0.1 
0.02 0.2 
0.03 0.15 

74 
86 
65 

6.95 7.15 7.35 
20 

2.5 
0.1 
2.3 3.5 

9.5 40 
2.0 37 
3.0 38 

0.3 
0.6 

0.002 0.015 

UNITS 

% Vout 
%Vout 
%Vout 
dB 
dB 
mA 
V 
,..Vrms 
,..Vrms 
%/1000 hrs. 
mA 
V 
V 
V 

%Vout 
%Vout 

%/OC 

%Vout 
%Vout 
%Vout 
dB 
dB 
mA 
V 
,..Vrms 
,..Vrms 
0/0/1 000 hrs 
mA 
V 
V 
V 

%Vout 
%Vout 

O/o/DC 



TYPICAL CHARACTERISTIC CURVES 

'.0 

. 

STANDBY CURRENT DRAIN 
AS A FUNCTION OF 

INPUT VOLTAGE 

VO~T"V!EF_ ~ 
'l-O 

TA,,-5S'C 

- TA"O"C 

• 

. 
, 

. 

TA"+2S'C 

~ 
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FUNCTION OF JUNCTION 
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MAXIMUM LOAD CURRENT 
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METAL CAN PACKAGE 

rr INOtEAT j'NK) 

\ 
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...... ,L 

MAXIMUM LOAD CURRENT 
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INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 
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LINE REGULATION AS A 
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, 

LOAD REGULATION 
CHARACTERISTICS WITH 

CURRENT LIMITING 
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TA"25·C -

~ ~ V ,./; TA"70"C 

~ TA "+125"C 
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LOAD REGULATION 
CHARACTERISTICS WITHOUT 

CURRENT LIMITING 

VOUT O +5V 
V'N"+12V-
RSC· a 

~ r-:::: ~ --r-,..; 
....... r-... ...... :;:;; b>< 

~ -:: V k>-, 
_~A·+70C ~ V::: ~ 

------
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V ----
..... ~::~2~C / !----
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OUTPUT IMPEDANCE AS A 
FUNCTION OF FREQUENCY 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
LINE TRANSIENT RESPONSE 

lNPVTVO~TAG! 
II 
II 

OUTPIJTVOlTAGE 

1/ r-- ..... , .... 
. 
.. 

LOAD REGULATION AS A 
FUNCTION OF INPUT-OUTPUT 

VOLTAGE DIFFERENTIAL 

J,N-.l", I I-
f-VOUT-+5V 

, 

, 

~O.3 -, 

r--!'-... 

RSC ~ 0 

Tt::!'~1OIL~!iOmA-f-

r---, --

CURRENT LIMITING 
CHARACTERISTICS 

. 
TA~-125C-

r-- ~:::::g 
TA-O"C 

rT""ic 
r-. !IN-J2V 

Vour-+6V r- Rsc-10\1 . . I I 

r-- t:::::-

OUTPUT CURRENT - mA 

APPLICATIONS 

120 

REMOTE SHUTDOWN REGULATOR WITH 
CURRENT LIMITING (Vout= 2 to 7 Volts) 

v,. 

... 
.----Iv,,£. 

., CL 

es.t-----i 

"3 .. . , "'J--""''''''--Cl LOGIC INPUT 

Vout = [VREF X ~R J 
.. R,t,+ 2, 

FIGURE 1 

..... 

'3 

HIGH VOLTAGE REGULATOR 
(Vout= 7 to 37 Volts) 

v", 

V' Vc 

"REF VOUT 

"OC REGULATED 
0U1PUT 

c:s 

N.I. ", 
.. CONP 

", 
., , .... 

"::' "::' 

[ Al+R2] Vout = VREF XR2 
R3 = Rl RA2 for minimum temperature drift 

At + 2 . 

Rg may be eliminated for minimum component count 

FIGURE 2 



APPLICATIONS (CONT'O) 

., 

.. 

LOW VOLTAGE REGULATOR 
(Vout = 2 to 7 VoltS) 

v,. 

, ..... 

Vout = IVREF x R2 J L R, + R2J 
R3 = ~ for minimum temperature drift 

R, + R2 

FIGURE 3 

NEGATIVE VOLTAGE REGULATOR 

v,. 

vzl-----<~L " 

.. 
cs 

V _~REF R,+Ri], R-R 
out - L-2- x -R-,-]' 3 - 4 

FIGURE 4 

FOLDBACK CURRENT LIMITING REGULATOR 
(Vout = 2 to 7 Volts) 

v,. 

v' 
·st, 

VOUT t---,--"I"""_r-4. AE=T':J.,ED 

Vz .. ~ 
w 

" ., 
~ 
0 .. > ... 
~ 
::0 
0 .. 

C, 

':' 
J'" 

':' 

'KNEE = Gout Ra 
Rae R4 

+ 
VSENSE (R3 + R~ 

Rsc R4 

G R, + R2] 
Vout = L'REF x R2J 

FIGURE 5 

[
SENSE A3 + RJ ISHOAT CKT = --- x ---
Roc R4 

16 

,. 
12 

10 

o 
o 10 

RSC • ... n 
R3 . 5 .. n 
R •• j,6""-

'KNEE 

/ 
/ 

/V 

/ 
I£" 'SHORT eel 

20 30 40 .0 eo 

OUTPUT CURRENT IN mA 

R4 VOUT ISC 

R3 = VSENSE (IKNEE ,ISHORTCKT) 

RSC 
VSENSE 

'SC 
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FEATURES 
• OUTPUT CURRENT IN EXCESS OF 

AMP . 

• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LlMmNG 
• OUTPUT TRANSISTOR SAFE-AREA 

COMPENSATION 
• AVAILABLE IN THE T0-220 AND THE 

T0-3 PACKAGE 
• OUTPUT VOLTAGES OF 5, 6, 8, 12, 15, 18, 

AND 24 VOLTS 

TYPICAL CURVES 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(T0-3,7800) 

100 

50 

~ 2<J 

~ 
INFINITE HEAT SINK 

r-... 1 10 
"""-= ~ ~nl :--..... 

If 5.0 
Nt(OF 10" 

~ ;;;: ~keA,TSIN/( -...... 1\ ffi2.0 
~ -........... ~ \ S 1.0 ....... i\ ~ 
~ 0.5 .. 

0.2 
1,\ 

\ 
0.1 

25 50 75 100 125 160 

AMBIENT TEMPERATURE _ "c 

122 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (5V through 1 BV) 35V 

(24V) 40V 
Internal Power 

Dissipation (Note 1) Internally Limited 
Storage Temperature 

Range -65°C to + 150°C 
Operating Junction 

Temperature Range 
(Note 2) 
7800 -55°C to +150°C 
7800C O°C to + 125°C 

Lead Temperature 
T0-3 Package 
(Soldering, 60 second 
time limit) 300°C 

T0-220 Package 
(Solderin~, 10 second 
time limit) 230°C 

NOTES: 
1. Thermal resistance of the packages (without a heat sink) 

Junction to Case: T0-3 Package 4° c/W; TO·220 Package 
'Z'c/W 
Junction to Ambient: TO-3 Package 35°C/W; T0-220 Pac
kage 50°C/W 

2. Operating Ambient Temperature Range 
7800 -55°C to +125°C 
7800C O"C to +85°C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(T0-3, 7BOOC) 

100 

50 

~ 20 
~ INFINITE HEAT SINK 
~ 

1 10 e--

~ '"'"- ""HH .L. f',. 
~ 5.0 

~"~"8iNI( 

is 
c -- IIlokEAT8/~1( t-... 1\ 

. ~ 2.0 

~ " \ Ii? ......... 
~ 1.0 

.......... ~ I\. w 0.. 
~ 

0.' 
1,\ 

\ 

0.1 
75 .. 25 100 12S 

AMBIENT TEMPERATURE _ "c 
150 

PIN CONFIGURATION 

TO-220 PACKAGE 
PACKAGE OUTLINE U 

~
OUTPUT(2) 

[£11 ~! z--
INPUT (1) 

ORDER INFORMATION 
OUTPUT 

VOLTAGE 
5V 
6V 
8V 

12V 
15V 
18V 
24V 

ORDER 
PART NO. 

7805CU 
7806CU 
7808CU 
7B12CU 
7815CU 
7818CU 
7824CU 

T0-3 PACKAGE 
PACKAGE OUTLINE DA 

COM~ 

~5· 
~'NPUT(1) 

ORDER INFORMATION 
OUTPUT ORDER 

VOLTAGE PART NO. 
5V 
6V 
8V 

12V 
15V 
lBV 
24V 

5V 
6V 
8V 

12V 
15V 
18V 
24V 

7805DA 
7806DA 
7808DA 
7B12DA 
7B15DA 
7818DA 
7824DA 
7805CDA 
7806CDA 
7808CDA 
7812CDA 
7815CDA 
7818CDA 
7824CDA 



ELECTRICAL CHARACTERISTICS lOUT = 500mA, -55°C ,.;TJ,.;150°C (Unless Otherwise Noted) 

PARAMETER UNITS 7805 7805C 7806 780SC 

TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN=10V VIN=10V VIN=IIV VIN=IIV 
4.8 5.0 5.2 4.8 4.0 5.2 5.75 6.0 S.25 5.75 6.0 6.25 

Tj=25°C 8V,,;VIN,.;20V 9V,,;VIN,.;21V 
P,.;15W 4.65 5.35 5.65 6.35 

5mA,.;IOUT,.;1.0A 7V,,;VIN,.;25V 8V,,;VIN,.;25V 
4.75 5.25 5.7 6.3 

LINE mV 7V,,;VIN,.;25V 7V,,;VIN,.;25V 8V,.;VIN,.;25V 8V,.;VIN,.;25V 
REGULATION 3 50 3 100 5 60 5 120 

TJ=25°C 
8V,,;VIN,.;12V 8V,,;VIN,.;12V 9V,,;VIN,.;13V 9V,,;VIN,.;13V 

1 25 1 50 1.5 30 1.5 60 

LOAD mV 
REGULATION 

TJ=25°C 
5mA,.;IOUT,.;1.5A 15 50 15 100 14 60 14 120 

250mA lOUT 750mA 5 25 5 50 4 30 4 60 

ICC mA 4.2 6.0 4.2 8.0 4.3 6.0 4.3 B.O 

with line 8V,,;VIN,.;25V 7V,,;VIN,.;25V 9V,,;VIN,.;25V BV,,;VIN";V 

TJ=25°C 0.8 1.3 O.B . 1.3 

with load 
5mA,.;IOUT,.;1.0A 0.5 0.5 0.5 0.5 

OUTPUT NOISE uV 
VOLTAGE 

TJ=25°C 40 40 45 45 

10Hz,.;f,.; 
100kHz 

VOLTAGE 
DRIFT 20 

mV/1000HR 
20 24 24 

RIPPLE dB 
REJECTION 8V,,;VIN,.;18V BV,,;VIN,.;1BV 9V,,;VIN,.;19V 9V,,;VIN,.;19V 

f=120Hz 
68 78 62 78 65 75 59 75 

DROPOUT V 
VOLTAGE 

TJ=25°C 
IOUT=1.0A 

2.0 2.0 2.0 2.0 

OUTPUT mil 
RESISTANCE 

17 17 19 19 
f=1kHz 

lOS mA 

TJ=25°C 
750 750 550 550 

PEAK OUTPUT A 
CURRENT 

2.2 2.2 2.2 2.2 
TJ=25·C 

VOUT mVloC 
OUTPUT 

TEMPERATURE O"C,.;T ~";15O"C O"C,.;T J,.;125OC O"Cd d,.;15O"C 0"C.;;TJ.;;125OC 
DRIFT - .1 -1.1 - .8 -0.8 

IOUT=5mA 

",1-

7808 

MIN TYP MAX 

VIN=14V 
7.7 8.0 8.3 
11.5V,,;VIN,.;23V 
7.6 8.4 

10.5V,,;VIN,.;25V 
6 80 

11 V,,;VIN,.;17V 
2 40 

12 80 

4 40 

4.3 6.0 

11.5,,;VIN,.;25V 

O.B 

0.5 

52 

32 

11.5V,,;VIN,.;21.5V 
62 72 

2.0 

16 

450 

2.2 

O"C.;;T J.;;15O"C 
-0.8 

123 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

PARAMETER UNITS 780SC 7812 7812C 7815 7815C 

TEST CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX 

VOUT (V) VIN=14V VIN=19V VIN=19V VIN=23V VIN=23V 

7.7 8.0 8.3 11.5 12.0 12.5 11.5 12.0 12.5 14.4 15.0 15.6 14.4 15.0 15.6 

TJ=25°C 10.5V,,;VIN,.;23V 15.5V,,;VIN,.;27V 
18.5V,,;VIN,.;30V 

P,.;15W 14.25 15.75 17.5V,.;ViN ,.;30V 
5mA,.;IOUT,.;1.0A 7.6 8.4 11.4 12.6 14.5V;e;;V1N,.;27V 

11.4 12.6 14.25 15.75 

. LINE mV 10.5V,,;VIN,.;25V 14.5V,,;VIN,.;30V 14.5V,,;VIN;e;;30V 17.5V,,;VIN,.;30V 17.5V,,;VIN,.;30V 
REGULATION 6 160 10 120 10 240 11 150 11 300 

TJ=25°C 11 V,,;VIN,.;17V 16V,,;VIN;e;;22V 16V,,;VIN,.;22V 20V,,;VIN,.;26V 20V,,;VIN,.;26V 

2 80 3 60 3 120 3 75 3 150 

LOAD mV 
REGULATION 

TJ=25°C 
5mA,.;IOUT,.;1.5A 12 160 12 120 12 240 12 150 12 150 

250mA lOUT 750mA 4 80 4 60 4 120 4 75 4 75 

ICC mA 4.3 8.0 4.3 6.0 4.3 8.0 4.4 6.0 4.4 8.0 

with line 10.5V,,;VIN,.;25V 15,,;VIN,.;30V 14.5V,,;VIN,.;30V 18.5V,,;VIN,.;30V 17.5V,,;VIN,.;30V 

TJ=25°C 1.0 0.8 1.0 0.8 1.0 

with load 
5mA,.;IOUT,.;1.0A 0.5 0.5 (}.5 0.5 0.5 

OUTPUT NOISE uV 
VOLTAGE 

TJ=25°C 52 75 75 90 90 
10Hz,.;f,.; 
100kHz 

VOLTAGE 
.. 

DRIFT 
mV /1000HR 32 48 48 60 60 

RIPPLE dB 
REJECTION 11.5V,,;VIN,.;21.5V 15V,,;VIN;e;;25V 15V,,;VIN,.;25V 18.5V,,;VIN,.;28.5V 18.5V,,;VIN,.;26.5V 

56 72 61 71 61 71 60 70 60 70 
f=120Hz 

DROPOUT V 
VOLTAGE 

TJ=25°C 
2.0 2.0 2.0 2.0 2.0 

IOUT=1.0A 

OUTPUT mn 
RESISTANCE 

16 18 16 19 19 
f=lkHz 

lOS mA 

TJ=25°C 
450 350 350 230 230 

PEAK OUTPUT A 
CURRENT 

2.2 2.2 2.2 2.1 2.1 
TJ=25°C 

VOUT mVloC 
OUTPUT 

TEMPERATURE O°C;e;;T J,.;125°C 0°C.e;TJ,.;1500C OOC,.;TJ;e;;125°C 0°C";T~;e;;150°C O°C;e;;T J;e;;125°C 
DRIFT -0.8 -1.0 -1.0 - .0 -1.0 

IOUT=5mA 

124 



ELECTRICAL CHARACTERISTICS (CONT'D) 

PARAMETER UNITS 7818 

TEST CONDITIONS MIN TYP MAX 

VOUT (V) 
V/N=27V 

TJ=25°C 17.3 18.0 18.7 

P,;;;15W 22V,;;;V/N,;;;33V 
5mA,;;;IOUT,;;;1.0A 17.1 18.9 

LINE mV 21V,;;;V/N,;;;33V 
REGULATION 15 180 

TJ=25°C 24V,;;;V/N,;;;30V 
5 90 

LOAD mV 
REGULATION 

TJ=25°C 
5mA,;;;IOUT,;;;1.5A 12 180 

250mA 'OUT 750mA 4 90 

ICC mA 4.5 6.0 

with line 22V,;;;V,N,;;;33V 

TJ=25°C 0.8 

with load 
5mA,;;;IOUT,;;;1.0A 0.5 

OUTPUT NOISE uV 
VOLTAGE 

TJ=25°C 110 
10Hz,;;;!,;;; 
100kHz 

VOLTAGE 
DRIFT 

mV/1000HR 72 

RIPPLE dB 
REJECTION 22V,;;;V,N,;;;32V 

!=120Hz 59 69 

DROPOUT V 
VOLTAGE 

TJ=25°C 
2.0 

'OUT=1.0A 

OUTPUT ma 
RESISTANCE 

22 
!=1kHz 

lOS mA 

TJ=25°C 
200 

PEAK OUTPUT A 
CURRENT 

2.1 
TJ=25°C 

VOUT mV/oC 

OUTPUT 
OOC,;;;TJ,;;;150°C TEMPERATURE 

DRIFT -1.0 

'OUT=5mA 

7818C 7824 

MIN TYP MAX MIN TYP MAX 

V/N=27V V,N=33V 
17.3 18.0 18.7 23.0 24.0 25.0 

21 V,;;;V,N,;;;33V 28V,;;;V,N,;;;38V 
17.1 18.9 22.8 25.2 

21V,;;;V,N,,33V 27V,;;;V,N,;;;38V 
15 360 18 240 

24V,;;;V/N,;;;30V 30V,;;;V,N,;;;36V 
5 180 6 120 

12 360 12 240 

4 180 4 120 

4.5 8.0 4.6 6.0 

21V,;;;V,N,;;;33V 28V,;;;V,N,;;;38V 

1.0 0.8 

0.5 0.5 

110 170 

72 96 

22V,;;;V,N,;;;32V 28V,;;;V,N,;;;38V 
59 69 56 66 

2.0 2.0 

22 28 

200 150 

2.1 2.1 

0°C,;;;TJ,;;;125°C OOC,;;;TJ,;;;150°C 
-1.0 -1.5 

7824C 

MIN TYP MAX 

V,N=33V 
23.0 24.0 25.0 

28V,;;;V,N,;;;38V 
22.8 25.2 

27V,;;;V/N,;;;38V 
18 480 

30V,;;;V/N,;;;36V 
6 240 

12 480 

4 240 

4.6 8.0 

27V,;;;V,N,;;;38V 

1.0 

0.5 

170 

96 

56 66 

2.0 

28 

150 

2.1 

0°C,;;;TJ,;;;125°C 
-1.5 

125 
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TYPICAL CURVES (CONT'D) 
QUIESCENT CURRENT QUIESCENT CURRENT OUTPUT IMPEDANCE 

AS A FUNCTION OF INPUT VOLTAGE AS A FUNCTION OF TEMPERATURE AS A FUNCTION OF FREQUENCY 

4.6 '0' 
V,N ~ lOV 

r-~OUT" 5V 
'OUT = 5O~mA 

VOUT"SV 

'L "'lOrnA 
TJ = 25~C 

V:N11J,oJ 
VOUT " 5V 

T. =25"C 5.0 
4.' CL = O,.,F 

'0' 

--- '.2 
/V -I--l-

V 
:; 

J 

f-- f---
1/ 

V 

W 
,~V..2 

V '0'-:'-\ 

10' 

4.0 

10· 

'.8 ~ 

3.0 '.B 10· 
S 10 15 20 25 30 3. -50 -25 50 75 100 125 150 175 10 100 lkU 10kH lOOk!! 1M 

INPUTVOl.TAGE- VOLTS JUNCTION TEMPERATURE - 'C FREQUENCY - Hz 

SCHEMATIC DIAGRAM 

r---__ ~--------------~----------------~----------~----~------~--__oINPUT 

R4 R18 
100kn 500n 

" °17 

9 °12 R12 
Rll 2OO!> • O.3n 

2 
RS OUTPUT c: 13k!> • 

R20 
0.25 kfl 

AS 
2.7kn 

Dl °11 

Al 
lkn 

R19 
A7 5kn 

500n 

A10 A3 R14 
Sk!> 1 kn 6kn 

3 
COMMON 

127 
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APPLICATIONS 
POSITIVE AND NEGATIVE REGULATOR 

+QUTPUT 

-OUTPUT 

NEGATIVE OUTPUT VOLTAGE CIRCUIT 

~II 
SWITCHING REGULATOR 

V 1~ 

O'N_..-_....-_---,.2N3789.~-___.-----_---' 

4.7S2 

+ 

0.51] 
r 2000pF 

ADJUSTABLE OUTPUT REGULATOR, 70 TO 30 VOLTS 

INPUT OUTPUT 

0.1 pF 

10Kn 

1K12 

128 



APPLICATIONS (CONT'D) 

HIGH CURRENT VOLTAGE REGULATOR 

INPUT 2N3789 

3,on OUTPUT 

FIXED OUTPUT REGULATOR 

INPUT OUTPUT 

NOTES: 
• To specify an output voltage, subslitute voHage value for .. XX .... 
+Although no output capacitor is needed for stability, It does improve transient response. 

+ + Required if nagulator is located an appreciable distance from power supply fiHer. 

CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

+VIN 
2, 

1 Vxx 

Vo 

R, 

R2 

R2 -= Vo= VXX (1 +-) + IQR2 
Rl 

CURRENT REGULATOR 

INPUT 

R, 

OUTPUT 

VOUT 
Output Current = ~ 

HIGH OUTPUT CURRENT, SHORT CIRCUIT .PROTECTED 

INPUT 

±TRACKING VOLTAGE REGULATOR 

+VOUT 

I_ O.1pF 

4.7kn 

4.7kn 

-VIN 2N6'24 

129 

" 9 • c: • 



FEATURES 
• OUTPUT CURRENT UP TO 100mA 
• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMITING 
• AVAILABLE IN JEDEC TO-92 AND LOW 

PROFILE TO-39 PACKAGES 
• OUTPUT VOLTAGES OF 2.6V, SV, 6.2V, 

12V AND 15V 
• OUTPUT VOLTAGE TOLERANCES OF 

±S% (78LOO-AC) AND ±10% (78LOOC) 
OVER THE TEMPERATURE RANGE 

DESIGN CONSIDERATIONS 

~o 

i: 2.0 
I 

Z 
Q 1.0 

~ ii 0.5 
C 
~ 
w 
~ 0.2 

: o. 
~ 

, 
<0.05 

0.(12 

0.0 , 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
TO-39 TYPE PACKAGE 

-INFINITE HEAT SINK 

--+--

~ -r- ....... 
r- .......... 

""" _ NO HEAT SINK 

....... "-",. ;-,.\ 
\' 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

2.6V, 5V and 6.2V 30V 
12Vand 15V 35V 

Internal Power 
Dissipation Internally Limited 

Storage Temperature 
Range 
Metal Can 
(TO-39 Type) -65°C to + 150°C 

Molded TO-92 -55°C to + 150°C 
Operating Junction 

Temperature Range oot to + 1500C 
Lead Temperatures 

Metal Can (Soldering, 
60 s time limit) 300°C 

Molded T0-92 

5.0 

2.0 • I 

~ 1,0 I 0.5 

~ 

~ 0.2 

~ O. 
, 

~O.05 

0.02 

0.0 , 

(Soldering, 10 s 
time limit) 260°C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
T0-92 TYPE PACKAGE 

0.125" LEAD LENGTH 
FROM PC BOARD, 

=- WITH 72'C!W HEAT SINK 

0.125" LEAD LENGTH ~Io... 
FROM PC BOARD, ~ ~ FREE AIR 

1.4" LEAD LENGTH ~ ~ FROM PC BOARD, f--
FREE j'R I f-- , 

• 25 50 75 '00 '26 '60 25 50 75 , .. '25 '50 

AMBIENT TEMPERATURE _ °C AMBIENT TEMPERATURE - ~c 

NOTE: 

PIN CONFIGURATION 
TO·39 TYPE METAL CAN 
PACKAGE OUTLINE DB 

~ 
'N,/':i?~~"ON 

(1) (2) (3) 

ORDER INFORMATION 
OUTPUT 

VOLTAGE 
5V 
5V 

12V 
12V 
15V 
15V 

PART NO. 
78L05A DB 
78L05 DB 
78L 12A DB 
78L 12DB 
78L 15A DB 
78L 15 DB 

JEDEC (T0-92) PACKAGE 
PACKAGE OUTLINE S 

COMMON~ 

OUTPUT¥- ~INPUT 
OUTPUT 

VOLTAGE 
2.6V 
2.6V 

5V 
5V 

6.2V 
6.2V 
12V 
12V 
15V 
15V 

PART NO. 
78L02A S 
78L02 S 
78L05A S 
78L05 S 
78L06A S 
78L06 S 
78L12A S 
78L12 S 
78L15A S 
78L15 S 

Typical thermal resistance of the TO·39 type metal can package without a heat sink is junction to case of 40'C/W and junction to ambient of 140'C/W. Typical thermal 
resistance of the TO·92 package is junction to ambient of 180'C/W wtth .400 inch leads from PC board and 160"'C/W wtth .125 inch lead length. 
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ELECTRICAL CHARACTERISTICS 
lOUT = 40mA, O°C <TJ<+125°C, CIN=0.33JLF"COUT = 0.1JLF (Unless Otherwise Specified) 

CONDITIONS 78L02AC 78L02C 
PARAMETER MIN TYP MAX MIN TYP 

VOUT 
TJ =25°C VIN=9.0V 

2.5 2.6 2.7 2.4 2.6 

1mA""IOUT,,;70mA 
4.75V<i;VIN,,;20V 

2.45 2.75 2.45 
1 mA,,;IOUT,,;40mA 2.35 2.S5 2.35 

LINE TJ =25°C 4.75V,,;VIN,,;20V 
REGULATION 40 100 40 

5V,,;VIN,,;20V 
30 75 30 

LOAD TJ =25°C 
REGULATION 

1mA,,;IOUT,,;100mA 10 50 10 

1 mA,,;IOUT,,;40mA 4.0 25 4.0 

ICC TJ =25°C 3.6 6.0 3.6 

TJ =125°C 5.5 
5V";VIN ,,,,20V 

(with line) 
2.5 

1 mA,,;IOUT""40mA 0.1 

(with load) 

OUTPUT NOISE TJ =25°C 
VOLTAGE 30 30 

1 OHz""f,,;1 OOkHz 

LONG TERM 10 10 
STABILITY 

RIPPLE TJ =25°C 6V,,;VIN,,;16V 
REJECTION f=120Hz 

43 51 42 

DROPOUT TA =25°C 1.7 1.7 
VOLTAGE 

APPLICATIONS 

±TRACKING VOLTAGE REGULATOR 

+VOUT 

r 0.1 J.lF 

4.7k 

4.7 k 

2N6124 

78L05AC 
MAX MIN TVP MAX 

VIN =10V 
2.S 4.S 5.0 5.2 

7V,,;VIN,,;20V 
2.75 4.75 5.25 
2.S5 4.5 5.5 

7V";VIN ,,,,20V 
125 55 150 

SV,,;VIN,,;20V 
100 45 100 

50 11 60 

25 5.0 30 

6.0 3.S 6.0 

5.5 5.5 
SV,,;VIN,,;20V 

(with line) 
2.5 1.5 
0.2 0.1 

40 

12 

SV,,;VIN,,;1SV 
51 41 49 

1.7 

UNITS 

V 

mV 

mV 

mA 

JLV 

mV 

dB 

V 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

~ CONDITIONS 78LOSC 78L06AC 78L06C UNITS 
PARAMETER MIN TYP MAX MIN TYP MAX MIN TYP MAX 

T =25°C VIN"" 10V VIN=12V V 
VOUT J . 

4.6 5.0 5.4 5.95 6.2 6.45 5.7 6.2 6.7 

1 mA""IOUTo;;7OmA 
7Vo;;VINo;;20V S.5V,;;VIN.;;20V 

4.75 5.25 5.90 6.5 5.90 6.5 
1 mA.;;IOUTo;;40mA 4:5 5.5 5.6 6.S 5.6 6.S 

LINE TJ =25°C 7V""VIN';;20V S.5V.;;V IN .;;20V mV 
REGULATION 55 200 65 175 65 200 

8V';;VIN.;;20V 9V,;;VIN.;;20V 
45 150 55 125 55 150 

--
LOAD TJ =25°C mV 

REGULATION 
1 mA,;;;IOUTo;;1 OOmA 11 60 13 SO 13 SO 

1 mAo;;IOUT,;;;40mA 5.0 30 6.0 40 6.0 40 

ICC Tr 25°C 3.S 6.0 3.9 6.0 3.9 6.0 mA 

TJ =125°C 
5.5 5.5 5.5 

S,;;VIN,,"20V 9.0V,;;;VINo;;20V 
(with line) 

1.5 1.5 1.5 
1 mA,;;;IOUTo;;40mA 0.2 0.1 0.2 

(with load) 

OUTPUT NOISE Tr 25°C 
VOLTAGE 1 OHz,;;;f,;;; 1 OOkHz 40 50 ·50 /LV 

LONG TERM 
STABILITY 12 14 14 mV 

RIPPLE TJ =25'C SV,;;VIN,;;;1SV 10Vo;;VIN.;;20V 
REJECTION dB 

f=120Hz 40 49 40 46 39 46 

DROPOUT TA =25°C 1.7 1.7 1.7 V 

VOLTAGE 

APPLICATIONS (CONT'D) 

NEGATIVE OUTPUT VOLTAGE CIRCUIT 

-OUTPUT 

~II 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

~ CONDITIONS 7BL12AC 7BL12C 
PARAMETER MIN TYP MAX MIN TYP 

VOUT 
TJ =25°C VIN=19V 

11.5 12 12.5 11.1 12 

1 mA""IOUT",,70mA 
14.5V""VIN",,27V 

11.4 12.6 10.8 
1 mA""IOUT",,40mA 11.4 12.6 10.8 

LINE TJ=25°C 14.5V""VIN",,27V 
REGULATION 120 250 120 

16V""VIN",,27V 
100 200 100 

LOAD TJ =25°C 
REGULATION 

1 mA""IOUT",,1OOmA 20 100 20 
1 mA""IOUT",,40mA 10 50 10 

ICC TJ =25°C 4.2 6.5 4.2 

TJ =125°C 6.0 
16V""VIN",,27V 

1 mA""IOUT",,40mA (with line) 

(with load) 1.5 
0.1 

OUTPUT NOISE TJ =25°C 
VOLTAGE 80 80 

10Hz""f",,100kHz 

LONG TERM 24 24 
STABILITY 

RIPPLE TJ =25°C 15V""VIN",,23V 
REJECTION f=120Hz 37 42 36 42 

DROPOUT TA =25°C 1.7 1.7 
VOLTAGE 

•• II1II1 

7BL15AC 78L15C 
MAX MIN TYP MAX MIN TYP 

VIN=23V 
12.9 14.4 15 15.6 13.8 15 

17.5V""VIN""30V 
13.2 14.25 15.75 13.5 
13.2 14.25 15.75 13.5 

17.5V""VIN",,30V 
250 130 300 130 

20V""VIN",,30V 
200 110 250 110 

100 25 150 25 
50 12 75 12 

6.5 4.4 6.5 4.4 
6.0 6.0 

20V""VIN",,30V 
(with line) 

1.5 1.5 
0.2 0.1 

90 90 

30 30 

18.5V""VIN""28.5V 
34 39 33 39 

1.7 1.7 

MAX 
) 

16.2 

16.5 
16.5 

300 

250 

150 
75 

6.5 
6.0 

1.5 
0.2 

UNITS 

V 

mV 

mV 

mA 

/LV 

mV 

dB 

V 
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TYPICAL PERFORMANCE CURVES 
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JUNCTION TEMPERATURE - ~c 

LINE TRANSIENT 
RESPONSE 

INPUT VOLTAGE 
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DROPOUT CHARACTERISTICS 
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2.0 

3 

2 

, 

0 

, 
V1H = lOV 

I-vOUT =5V 

2 i I 
10 

" I 
J 

4.0 5.0 

INPUTVQLTAGE - v 

LOAD TRANSIENT 
RESPONSE 

LOA~ CUJRE.) 

OUTPUT VOLTAGE 

20 

DEVIATION 

30 

TIME-IB 

40 

7sLJ6 

'.0 10 

78J05-

50 BII 



TYPICAL PERFORMANCE CURVES (CONT'D) APPLICATIONS 

RIPPLE REJECTION 
AS A FUNCTION OF 

FREQUENCY 

10' '--T"'T"TT~-''''''TT''"'''''-'"'T'Tr-"'T"""T''"TT1r-1 
I-H-++-+-l+t+-+-++++-++ 78L(lS 

2D 

1k 10k , ... 
FREQUENCY - Hz 

NOTE: Other j.tA78LOO Series Devices have similar curves. 

FIXED OUTPUT REGULATOR 

INPUT 

NOTES: 
• TO SPECIFY AN OUTPUT VOLTAGE, SUBSTITUTE 

VOLTAGE FOR "XX" . 
•• ALTHOUGH NO OUTPUT CAPACITOR IS NEEDED FOR 

STABILITY, IT DOES IMPROVE TRANSIENT RE
SPONSE. 

'" REQUIRED IF REGULATOR IS LOCATED AN APPRECI
ABLE DISTANCE FROM POWER SUPPLY FILTER. 

HIGH OUTPUT CURRENT, 
SHORT CIRCUIT PROTECTED 

OUTPUT 

c •• 
2 

O.1iJF 

INPUT RSC 2N6124 
o---~--~r-~r-~, ~--------~ 

30 

0.7 
RSC'

ISC 

HIGH C!JRRENT VOLTAGE REGULATOR 

QI 

INPoU_T ____ ~----~m612r4--------------------------------, 
-----.101 

RI OUTPUT 

30 

FOR IREG "=' 23mA 

IREG=!!! 1Q1=~IREG 
RI 

POSITIVE AND NEGATIVE REGULATOR 

tOUTPUT 

-OUTPUT 
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HIGH DISSIPATION APPLICATIONS 

VOUT 

C2 

When it is necessary to operate a ~78LOO regulator with a large input
output differential voltage, the addition of series resistor R1 will extend the 
output current range of the device by sharing the total power dissipation 
between R1 and the regulator. 
R1 may be caluclated from 

R1 = VIN(MIN) - V OUT -2.0V 
IL(MAX) + 10 

where 10 is the regulator quiescent current. 
Regulator power dissipation at maximum input voltage and maximum 
load current is now 
PO(MAX) = (V1 - VOUT) IL(MAX) + V1 10 
where 
V1 = VIN(MAX) - (IL(MAX) + 10) R1 
The presence of R1 will affect load regulation according to the equation: 

load regulation = load regulation 
(at constant VIN) (at constant V1) 

+ (line regulation, mV per V) x 
(R1) x (~IL). 

THERMAL CONSIDERATIONS 
The TO-92 molded package is capable of unusually high power dissipa
tion due to the lead frame design. However, its thermal capabilities are 
generally overlooked because of a lack of understanding of the thermal 
paths from the semiconductor junction to ambient temperature. While 
thermal resistance is normally specified for the device mounted 1 cm 
above an infinite heat sink, very little has .. been mentioned ofthe options 
available to improve on the conservatively rated thermal capability. 
An explanation of the thermal paths of the TO-92 and comparison of the 
thermal equivalent circuit of the T0-39 metal package with that of the 
TO-92 will allow the desi9ner to determine the thermal stress he is 
applying in any given application. . 

THE METAL CAN THERMAL MODEL 
In the TO-39 case, where the die is attached directly to the base of a metal 
package, the thermal equivalent circuit is often represented simply as a 
series connection ofthe junction-to-case thermal resistance, 8JC, and the 
case-to-ambient thermal resistance, 8CA' as shown in Figure 1. 
In this model, the current source represents the thermal energy source; 
T J is the junction temperature, assuming a constant surface temperature 
across the die; (JJC is the junction-to-case thermal resistance, measured 
at a point on the case directly beneath the die location; 8eA is the thermal 
resistance from the case to the ultimate heat sink, ambient temperature, 
as represented by the battery. The heat flow is analogous to electrical 
current, and temperature to voltage. The total thermal resistance from 
junction to ambient is then: 

8JA = 8JC + 8CA 
The maximum power diss\pation is a function ofthe maximum permissible 
junction temperature (which is a function of the package materials and 
construction) and the total thermal resistance from the junction to ambient 
temperature. Junction temperature is assumed to be the limiting factor. 

As an example, consider a 15V regulator with a supply voltage of 30 ±5V, T J(MAX) - T A 
required to supply a maximum load current of 30mA. 10 is 4.3mA, and Thus: maximum power dissipation PO = 8 + 8 
minimum load current is to be 10mA. JC CA 

25 - 15 - 2 8 
R1 = --. =2400 

30 + 4.3 34.3 

V1 = 35 - (30 + 4.3) .24 = 35 - 8.2 = 26.8V 

Po (MAX) = (26.8 - 15) 30 + 26.8 (4.3) 
= 354 + 115 
= 470mW, which will permit operation up 

to 70"C in most applications. 

RI VI 
VINo-~W __ ':"'-...!.I VOUT 

25-35V 240 

Line regulation of this circuit is typically .110mV for an input range of 
25-35V at a constant load current, i.e. t1 mVIV. 

Load regulation = constant V1 load regulation (typically 10mV, 10-
30mA IL) 
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+(11mV/v) x 0.24 x 20mA (typically 53mV) 

= 63mV for a load current change of 20 mA at a 
constant VIN of 30V. 

Since 8JA = 8JC + 8 CA 

Then 
_ TJ(MAX) - T A 

(JJA - PO 

Or 

Therefore, using the VBE method of junction temperature sensing, and 
attaching a thermocouple to the case at the location specified, the relative 
values of 8JC and 8,CA can readily be determined. 

The thermal ratings olthe metal can package are normally presented with 
the case attached to an infinite heat sink at still air ambient temperature. 
This causes 8CA to go to zero resulting in 8JC representing the total (JJA· 
The infinite heat sink is an unrealizable condition in the practical world, but 
serves to project a goal. 



THE T0-92 PACKAGE 
The T0-92 package thermal paths are considerably more complex than 
those of the T0-39 metal can package. In addition to the path through the 
molding compound to ambient temperature, there is another path through 
the leads in parallel with the case path, to ambient temperature, as shown 
in Figure 2. 
The total thermal resistance in this model is then: 

Where: I:IJC = 

(I:IJC + I:ICA) (I:IJL + I:lLA) 
I:IJA = -I:IJC + I:ICA + I:IJL I:lLA (3) 

thermal resistance of the case between the regulator die 
and a point on the case directly above the die location. 
thermal resistance between the case and air at ambient 
temperature. 
thermal resistance from transistor die through the col
lector lead to a point 1116" below the regulator case. 
total thermal resistance of the collector-base-emitter 
leads to ambient temperature. 

As one can see from Figure 1, the metal can package generally does not 
have the lead cooling path because of the high thermal resistances 
resulting from the construction of the header, case and leads. Normally, 
this material is kovar. Now, I:IJCand I:IJL are within the package and not 
variable by the user. However, I:ICA and I:lLA are outside the package and 
can be effectively used to control the total thermal resisiance and, there
fore, junction temperature. 
Replacing I:IJA of equation (1) with I:IJA of equation (3) gives: 

I:IJA = (I:IJC + 9CA) (I:IJL a I:lLA) = TJ - TA 
I:IJC + I:ICA + I:IJL + I:lLA Po 

(4) 

The maximum T J allowed in equation (4) is 150°C. The maximum power 
dissipation is determined by. the net total thermal resistance I:IJA, the 
parallel equivalent networks of the case series path and lead series path, 
divided into the difference of the maximum junction temperature, 150°C, 
and ambient temperature generally specified as 25°C. In the case of the 
78LXX, the maximum dissipation of a .4 inch condition is: 

Po = 150- 25 '()JA = 1800c/W 
()JA 

Po = 0.7W 

If lead length is reduced to .125 inch ()JA becomes 1600C, and PD(MAX) 
= 0.78W. 

TA 

'------illl--~----' 

tPE (WATTS) 

THERMAL EQUIVALENT CIRCUIT TO·39 PACKAGE 
(DIE ATTACHED TO METAL PACKAGE BASE) 

Figure 1 

t PE (WATTS) 

TO·92 THERMAL EQUIVALENT CIRCUIT 
Figure 2 

METHODS OF HEAT SINKING 
With two external thermal resistances in each leg of a parallel network 
available to the circuit designer as variables, he can choose the method of 
heat sinking most applicable to his particular situation. To demonstrate, 
consider the effect of placing a small 72°C/W flag type heat sink, such as 
the Staver F1-70-2, on the 78LXX molded case. The heat sink effectively 
replaces the ()CA (Figure 2) and the new thermal resistance, I:IJA' is: 

()JA = 145°C/W (assuming .125 inch lead length) 

The net change of 15°C/W increases the allowable power dissipation to 
0.86W with an inserted cost of 1-2 cents. A still further decrease in I:IJA 
could be achieved by using a sink raied at 46°C/W, such as the Staver 
FS-7 A. Also, if the case sinking does not provide an adequate reduction in 
total ()JA, the other external thermal resistance, I:lLA, may be reduced by 
shortening the lead length from package base to mounting medium. 
However, one point must be kept in mind. The lead thermal path includes 
a thermal resistance, ()SA, from the leads at the mounting point to am
bient, that is, the mounting medium, I:lLA is then equal to ()LS + I:ISA. The 
new model is shown in Figure 3. 

TJ 

°Jl 
°JC 

°lS tPE (WATTS) 

°CA 
°SA 

T0-92 THERMAL EQUIVALENT CIRCUIT 
(LEAD AT OTHER THAN AMBIENT TEMPERATURE) 

Figure 3 

In the case of a socket, I:ISA could be as high as 2700C/W, thus causing a 
net increase in ()JA and a consequent decrease in the maximum dissipa
tion capability. Shortening the lead length may return the net ()JA to the 
original value, but lead sinking would not be accomplished. 

In those cases where the regulator is inserted into a copper clad printed 
circuit board, it is advantageous to have a maximum area of copper at the 
entry pOints of the leads. While it would be desirable to rigorously define 
the effect of PC board copper, the Jeal world variables are too great to 
allow anything more than a few general observations. 

The best analogy for PC board copper is to compare it with parallel 
resistors. Beyond some point, additional resistors are not significantly 
effective; beyond some point, additional copper area is not effective. 
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EQUIVALENT CIRCUIT 

R13 
20k 

010 

R14 
4k 

015 

R16 R17 
300 100 

R1 
1k 

R2 
10k 

R3 
1k 

R4 
2k 

R11 
500 

R12 
200 

R10 
2 

12) 
OUTPUT 

R6 
1k TO 14k 

RB R7 
4k 1.4k 

13) 
L-________ ~----~--------~------~----~~------------__ ~------------~----------~COMMON 

138 



FEATURES 
• OUTPUT CURRENT UP TO 500MA 
• NO EXTERNAL COMPONENTS 
• INTERNAL THERMAL OVERLOAD PRO

TECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMmNG 
• OUTPUT TRANSISTOR SAFE-AREA 

COMPENSATION 
• AVAILABLE IN THE TO-220 AND THE 

To-39 PACKAGE 
• OUTPUT VOLTAGES OF 5, 6, 8, 12, 15, 20 

AND 24 VOLTS 

TYPICAL CURVES 
MAXIMUM AVERAGE POWER 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 

(T0-39, 78MOOC) 

I.' 

O'~~""rE~ 
r~"'· 

'~l,r~ ~ 
• I. J .1:::% f\ t--e.I1eArSl~/( ~ 

" 

. , . 
~ ; , 
I . 
§ os 

~ OA 

\ ,..... '\ \ 
~ 0.3 

. r\ 
" AMBIENT TEMPERATURE - C 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

(5V through 15V) 35V 
Internal Power 

Dissipation (20V. 24V) 40V 
(Note 1) Internally Limited 

Storage Tempearture Range 
TO-39 -65°C to + 150°C 
TD-220 -55°C to +125°C 

Operating Junction 
Temperature Range 
(Note 2) 
78MOO -55°C to + 150°C 
78MOOC O°C to + 125°C 

Lead Temperature 
TO-39 Package 
(Soldering. 60 second 
time limit) 300"C 

TO-220 Package 
(Soldering. 10 second 
time limit) 230°(; 

NOTES: 
I. Thermal resistance of the packages (without a heat sink) 

Junction to Case: TO·220 Package 2'C/W T0-39 Pac· 
kage 20'C/W 
Junction to Ambient: TO·220 Package 5O'C/W T0-39 
Package 170'C/W 

2. Operating Ambient Temperature Range 
-55'C to + 125'C 

O'C to +85'C 

MAXIMUM AVERAGE POWER 
DISSIPATION AS A FUNCTION OF 

AMBIENT TEMPERATURE 
(T0-39, 78MOO) 

I"""" 

r---

l-

. .. 
" 

1'0... 
~"~t 
I~ ..,... .l 

~~ "'011"4'0' 
~~ 

t- ~! E~." f' t---.,.... 
...... 

AMBIENT TEMPERATURE - 'c 

1\ 
1\ , \ 

r'\ ~ 

PIN CONFIGURATION 
TO-220 PACKAGE 

PACKAGE OUTLINE U 

§I ~I! 7-" ~
OUTPUT(21 

INPUT{1) 

ORDER INFORMATION 

OUTPUT ORDER 
VOLTAGE PART NO. 

5V 78M05CU 
6V 78M06CU 
8V 78M08CU 

12V 78M12CU 
15V 78M15CU 
20V 78M20CU 
24V 78M24CU 

TO-39 TYPE METAL CAN 
PACKAGE OUTLINE DB 

'NMO' OUTPUT 0 
(;) 

OUTPUT 
VOLTAGE 

5V 
6V 
8V 

12V 
15V 
20V 
24V 

5V 
6V 
8V 

12V 
15V 
20V 
24V 

COMMON 

ORDER 
PART NO. 

78M05DB 
78M06DB 
78M08DB 
78M12DB 
78M15DB 
78M20DB 
78M24DB 
78M05CDB 
78M06CDB 
78M08CDB 
78M12CDB 
78M15CDB 
78M20CDB 
78M24CDB 
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ELECTRICAL CHARACTERISTICS lout = 200mA. -'SSOC .,;Tj.,;150"C (7BMOO). 
"' 0°C.,;TJ.,;125°C (7BMOOC). ' 

CIN=0.33,..F. COUT=0.1,..F.(Unless Otherwise Specified) 

PARAMETER UNITS 78MOS 78MOSe 78M06 78M06C ' 78M08· 
TEST CONDITIONS, MIN TYP MAX MIN TYP MAX MIN TYP MAX ~IN ,TYP MAX MIN " TYP MAX 

VOUT (V) VIN=10V VIN=IIV VIN",14V 

TJ';25°C 4.B 5.0 5.2 4.B 5.0 5.2 5.75 6.0 ,6.25 5.75 6.0 6.25 7.7 B.O 8.3 

5mA.,;IOUT",200mA BVi;;;VIN.,;20V 7V,,;VIN,,;;25V 9V,,;VIN.,;21V B.O V,,;VIN.,;25V 11.5V,,;VIN.,;23V 
4.7 5.3 4.75 5.25 5.7 6.3 5.7 6.3 7.6 8.4 

LINE mV 7V.,;VIN.,;25V BV,,;VIN.,;25V 10.5V,,;VIN.,;25V 
REGULATION 

3 50 3 100 5 60 5 100 6 60 

TJ=25°C BV,;;VIN.,;20V BV,,;;VIN.,;25V 9V,,;;VIN.,;20V 9V,,;;VIN.,;25V 11V,,;;VIN,,;;20V 

1 25 1 50 1.5 30 1.5 50 2 30 

LOAD 'mV 
REGULATION 

TJ=25°C 
20 60 25 5mA...,IOUT,,;;500mA 20 50 20 100 20 120 BO 

5mA,,;;IOUT.,;200mA 10 25 10 50 10 30 10 60 10 40 

ICC mA 4.5 6.0 4.5 6,0 4.5 6.0 4.5 B.O 4.6 6.0 

Tr25°C 
BV",;;VIN,,;;25V 9V,,;VIN.,;25V 11.5,,;;VIN ,,;;25V 

O.B 0.8 O.B O.B O.B 

5mA,,;;IOUT,,;;200mA 0.5 0.5 0.5 0.5 0.5 

OUTPUT NOISE ,..V 
VOLTAGE 

TA=25°C 
10Hz,,;;f,,;; 40 40 45 45 52 
100kHz 

VOLTAGE mV 20 20 24 24 32 
DRIFT 

RIPPLE dB BV.,;VIN.,;1BV 9V,,;VIN,,;;19V 11.5V,,;;VIN ,,;;21.5V 
REJECTION 

f=120Hz 6B BO 62 BO 59 BO 59 BO 56 BO 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 2.0 2.0 

TJ=25°C 

lOS mA 

TJ =25°C 
VIN=35V 300 300 270 270 250 

PEAK OUTPUT mA 
CURRENT 

TJ=25°C 700 700 700 700 700 

VOUT mVioC 

OUTPUT 
TEMPERATURE 

DRIFT -1.0 -1.0 -0.5 -0.5 -0.5 
IOUT=5mA 
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ELECTRICAL CHARACTERISTICS (CONT'D) 

PARAMETER UNITS 78M08C 78M12 78M12C 
TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN = 14V VIN=19V 

TJ=25°C 7.7 8.0 8.3 11.5 12.0 12.5 11.5 12.0 12.5 

5mA,;;;IOUT,;;;200mA 10.5V,;;;VIN,;;;23V 15.5V,;;;VIN,;;;27V 14.5V,;;;VIN,;;;27V 
7.6 8.4 11.4 12.6 11.4 12.6 

LINE mV 10.5,;;;VIN,;;;25V 14.5V,;;;VIN,;;;30V 
REGULATION 

6 100 8 60 8 100 

TJ=25°C 
11 V,;;; V IN,;;;25V 16V,;;;VIN,;;;25V 16V,;;;VIN,;;;30V 

2 50 2 30 2 50 

LOAD mV 
REGULATION 

TJ=25°C 
25 160 25 120 25 240 5mA,;;;IOUT,;;;500mA 

5mA,;;;IOUT,;;;200mA 10 80 10 60 10 120 

ICC mA 4.6 8.0 4.8 6.0 4.8 8.0 

TJ =25°C 
10.5V,;;;VIN,;;;25V 15,;;;VIN,;;;30V 14.5V,;;;VIN,.;;30V 

0.8 0.8 0.8 

5mA,;;;IOUT,;;;200mA 0.5 0.5 0.5 

OUTPUT NOISE /LV 
VOLTAGE 

TA=25°C 
10Hz,;;;!,;;; 52 75 75 
100kHz 

VOLTAGE mV 32 48 48 
DRIFT 

RIPPLE OB 11.5,,;;VIN ,;;;21.5V 15V,;;;VIN,;;;25V 
REJECTION 

!=120Hz 56 80 55 80 55 80 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 

TJ =25°C 

lOS mA 

TJ =25°C 
VIN =35V 250 240 240 

PEAK OUTPUT mA 
CURRENT 

TJ =25°C 700 700 700 

VOUT mVlOC 

OUTPUT 
TEMPERATURE 

DRIFT -0.5 -1.0 -1.0 

IOUT=5mA 

78M15 78M15C 
MIN TYP MAX MIN TYP MAX 

VIN=23V 

14.4 15.0 15.6 14.4 15.0 15.6 
18.5V,;;;VIN,;;;30V 17.5V,;;;VIN,;;;30V 

14.25 15.75 14.25 15.75 

17.5V,;;;VIN,;;;30V 
10 60 10 100 

20V,;;;VIN,;;;30V 
3 30 3 50 

25 150 25 150 
10 75 10 75 

4.8 6.0 4.8 8.0 
18.5V,;;;VIN ,;;;30V 17.5V,;;;V IN,;;;30V 

0.8 0.8 

0.5 0.5 

90 90 

60 60 

18.5V,.;;VIN,.;;28.5V 

54 70 54 70 

2.0 2.0 

240 240 

700 700 

-1.0 -1.0 
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PARAMETER UNITS 
78M20 78M20C 78M24 78M24C 

TEST CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOUT (V) VIN=29V VIN=33V 

TJ=2SoC 19.2 20 20.S 19.2 20 20.S 23.0 24.0 2S.0 23.0 24.0 2S.0 

SmA..;IOUT..;200mA 24V,,;VIN..;3SV 23V..;VIN..;3SV 2SV..;VIN..;3SV 27V,,;VIN..;38V 
19 21 19 21 22.S 2S.2 22.S 2S.2 

LINE mV 23V..;VIN.,;;3SV 27V..;VIN..;3SV 
REGULATION 

10 60 10 100 10 40 10 100 

TJ =2S°c' 24V,,;VIN..;3SV 30V,,;VIN..;36V 30V,,;VIN..;38V 
1S 30 S SO S 30 S SO 

LOAD mV 
REGULATION 

TJ=2SoC 
30 200 400 30 240 30 4S0 SmA..;IOUT..;SOOmA 30 

SmA..;IOUT..;200mA 10 100 10 200 10 120 10 240 

ICC mA 4.9 6.0 4.9 6.S S 6.0 S 7 

TJ =2SoC 
24V..;VIN..;3SV 23V..;VIN..;3SV 2SV..;VIN..;3SV 27V..;VIN ..;3SV 

O.S 0.8 0.8 O.S 

SmA..;IOUT..;200mA O.S O.S O.S O.S 

OUTPUT NOISE /LV 
VOLTAGE 

TA=2S"C 
110 110 170 170 10Hz.,;;!..; 

100kHz 

VOLTAGE mV 80 SO 96 96 
DRIFT 

RIPPLE dB 24V,,;VIN.,;;34V 2SV,,;VIN..;3SV 
REJECTION 

f=120Hz S3 70 S3 70 SO 70 SO 70 

DROPOUT V 
VOLTAGE 2.0 2.0 2.0 2.0 

TJ =2SoC 

105 mA 

TJ =2SoC 240 240 240 240 
VIN =3SV 

PEAK OUTPUT mA 
CURRENT 

TJ =2SoC 700 700 700 700 

VOUT mVloC 

OUTPUT 
TEMPERATURE 

DRIFT -1.1 -1.1 -1.2 -1.2 
10UT=SmA 
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TYPICAL CURVES (CONT'D) 

'.7 

QUIESCENT CURRENT 
AS A FUNCTION OF 

TEMPERATURE 

VIN-1OV 
"'our" 5V 
IOUT-200mA 

... 
I ......1"-

Il I'\.. 

·50 -25 0 2S 50 7S lOll 

AMI»ENT TEMPERA"TURE -' C 

18M05 

, 
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TYPICAL CURVES (CONT'D) 
MAXIMUM AVERAGE POWER 

DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERAMENT 

(To-220, 78MOOC) 

IN .NIT HEAT SINK 

~ ~ '., 
J~O,l:,S I" ...... 

r--.~~~ ........ , 

"- 1\ \ 
I'\. \ 

\ 

\ 
AMBIENT TEMPERATURE _·C 

RIPPLE REJECTION 
AS A FUNCTION OF FREQUENCY 
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FREQUENCY _ Hz 

LOAD TRANSIENT 
RESPONSE 

"N .,,,,, _-1-1 +'~-l-H-+--j 
Vour: 6V . I. J 

--I--

, 1-----1--- '-----irV,+---+---i-+---+--+--l-l---i 

I--t-- --

> 

... 

... 

. 

DROPOUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

..... ~ '~ -..... ~ _'0 .. .... -... 
'" ::::: t:::--. ~~~ 

'<!U;."' .... ...... 

1'--0. ,J .. J -r-'1--
DROPOUT CONDInDNS 

AVr'"jOFV, 
-75 -50 -25 0 Z6 _50 75 ,OIl 

JUNCTION TEMPERATURE _·C 

OUTPUT VOLTAGE 
AS A FUNCTION OF 

JUNCTION TEMPERATURE 

y,1AIIJ ,..!.'2 
1-~0UT-12V 

10 T"SmA 

r: b 

'" ....... ~ 11.98 

il 

11.88 

-75 

~ 

........ 

........ 

Z6 50 7S '00 12& 150 176 

JUNCTION TEMPERATURE _·C 

LINE TRANSIENT 
RESPONSE 

_UI!--Tr ZS' C 

~r~~~~7-r-r~~~+-r-~ 
, 

l(gODhil 

PEAK OUTPUT CURRENT 
AS A FUNCTION OF INPUT/OUTPUT 

DIFFERENTIAL VOLTAGE 

~ 

~ 
~ 
g 

I 

, . 

~, 

l 
I' .... 

~I'oo.. 
I- ...... > 

r": ~>~ .... C 

~~ "-
I'" ~'JC i""l " 1j~(', ~ ...... 

C-.., 
f::::: [""11 ... I" 

I ...... ~ ~ 
I I"'l\l Ih.. 

10 .. 30 

' .. UT.ollTPUTDIFFERENTIAL - v 

DROPOUT CHARACTERISTICS· 

.. 

.. 
'4 

2.' 

~. 

. 

Your'" iV 
TJ .. we 

IOUr·40~ 
'OUT"' ~ 
//. I"- 'OUT"'00mA 

:1 II 
" II 

1 A' 
'.0 

QUIESCENT CURRENT 
AS A FUNCTION 

OF INPUT VOLTAGE 

YOUT· SV 
-IL -:miliA 

TJ "'moe 

/ 

r 

INPUT VOLTAGE -VOLTS 

Nr-

,,-
/ 
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APPLICATIONS 
POSITIVE AND NEGATIVE REGULATOR 

+OUTPUT 

-OUTPUT 

NEGATIVE OUTPUT VOLTAGE CIRCUIT 

:JII 
ADJUSTABLE OUTPUT REGULATOR, 7 TO 30 VOLTS 

INPUT OUTPUT 

O.33pF 0.1 ~F 

1--~10KI> 
11m 

HIGH CURRENT VOLTAGE REGULATOR 

INPUT 2N3789 
o---~--~ r-----------------------, 

61> OUTPUT 

.9 
R1 = IREG 

lOUT 
fJ Q1;;. IREG 

•• 1iBI 
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APPLICATIONS (CONT'D) 

TEST CIRCUITS 

1--+--------0 VOUT 

270pF 

LOAD REGULATION TEST CIRCUIT 

INPUT OUTPUT 

NOTES: 
• To specify an output vo~age. substKute voHage value for "XX". 

+ Although no output capacitor is needed for stabiHty. it does improve transient response . . 
+ + Required if regulator is located an appreciable distance from power supply fitter. 

CIRCUIT FOR INCREASING OUTPUT VOLTAGE 

+VIN I Vxx 

Vo 

A1 

A2 

-: 

A2 I A 
Va ~ VXX (1 + Al) + Q 2 

CURRENT REGULATOR 

INPUT 

A1 

OUTPUT 

Ou1put Curren1 ~ VOUT 
At 
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DC PARAMETER TEST CIRCUIT 

±TRACKING VOLTAGE REGULATOR 

4.7kn 

4.7 kn 

2N6124 



FEATURES 
• OUTPUT CURRENTS IN EXCESS OF 1 

amp 
• INTERNAL THERMAL OVERLOAD PRO

TECTION 
• INTERNAL CURRENT LIMITING 
• NO EXTERNAL COMPONENTS RE

QUIRED 

EQUIVALENT CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 35V 
Power Dissipation Internally Limited 
Operating Junction 

Temperature Range 
LM109 
LM309 

Storage Temperature 
Range 

Lead Temperature 
(Soldering. 10 sec) 

JNPUTo--r----r-----r-----~-----t_-__, 

a,. 
R" 
2ko 

R,. 
0.3n 

OUTPUT 

a" 
0, 
alV 

L--~_~--+_--~~-+_ ___ +__~--~~GND 

DB PACKAGE 

0, INPUT 

GROUND 0 CD OUTPUT 

CRDe R PART NOS. LM109DB/LM209DB /LM309DB 

DA PACKAGE 

~T 
CASE IS CONNECTED TO GROUND. 

ORDER PART N.O. LM109DA/LM2090A/LM309DA 
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ELECTRICAL CHARACTERISTICS (Note 1) 

PARAMETER CONDITIONS 

MIN 

Output Voltage Tj = 25°C 4.7 
Line Regulation Tj = 25°C 

7V,,;VIN,.;25V 
Load Regulation Tj = 25°C 

T0-5 5mA,.;IOUT,.;0.5A 
T0-3 5mA,.;IOUT,.;1.5A 

Output Voltage BV,,;VIN,.;20V 
5mA,.;IOUT,.;lmax 
P<Pmax 4.6 

Quiescent Current 7V,,;VIN,.;25V 
Quiescent Current Change BV,,;VIN,.;25V 

5mA,.;IOUT,.;lmax 
Output Noise Voltage TA = 25°C 

1 OHz,.;f,.; 1 00 kHz 
Long Term Stability 
Thermal Resistance 

Junction to Case (Note 2) 
TO·5 
TO·3 

NOTES: 
1. Unless otherwise specified. these specifications apply for -55"C '" Ti '" 150"C for the LMI 09 or 

O"OE;Tj <i125"C for the LM309.VIN ~ 10Vand lOUT ~ O.IA for the T0-5 package or lOUT ~ 
O.5A for the TO·3 pacakge. For the T0-5 package. Imax ~ O.2A and Pmax ~ 2.0W. For the 
T0-3 package. lmax ~ 1.0A and Pmax ~ 2OW. 

2. W~hout a heat sink. the thermal "'sistance of the T0-5 package is about 150"CJW. while that of 
the T0-3 package is approximately 35"CJW. With a hest sink. the effective thermal resistance 
can only approach the values specified. depending on the efficiency of the sink. 

TYPICAL APPLICATIONS 

LM109 .. 

TYP MAX 

5.05 5.3 

4 50 

20 50 
50 100 

5.4 
5.2 10 

0.5 
O.B 

40 
10 

15 
3 

FIXED 5V REGULATOR ADJUSTABLE OUTPUT REGULATOR 

INPUT 

NOTES: 
"Required n regulator is located an appreciable distance from 

power supply fi~er. 
t Although no output capacitor is needed for stability. it does 

improve transient response. 

PRECISION VOLTAGE REGULATOR 

NOTES: 
"'Regulation better than 0.01 % load, line and temperature. can 

be obtained. 
tDetermines zener current. May be adjusted to minimize ther

mal drift. 
*SoHd tantalum. 
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INPUT OUTPUT 

. ... 

LM309 
UNITS 

MIN TYP MAX 

4.B 5.05 5.2 V 

4 50 mV 

20 50 mV 
50 100 mV 

4.75 5.25 V 
5.2 10 mA 

0.5 mA 
O.B mA 

40 /LV 
20 mV 

15 °ClW 
3 °ClW 

CURRENT REGULATOR 

INPUT 

.,' 
'---~-O OUTPUT 

NOTES: 
"Oetermlnes output current. 



TYPICAL CHARACTERISTIC CURVES 

50 

20 

~ 

I '0 
z 
o 
;:: 
:t 5 

~ 
o 

i 2 

MAXIMUM .AVERAGE 
POWER DISSIPATION 
LM109/LM209 (T0-3) 

INfiNITE HEAT SINK 

~, '" o "'e~18/~ 
K ..... ,. 

~E .~ "'-

"'-... 
r-........ 

0.5 
25 50 75 '00 '25 

0 

AMBIENT TEMPERATURE - ·C 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (TO-S) 

INFINITE HEAT SINK 

~.Ij \ D"t;. 

.J .I ~$I"'" ~~~ 1"20, 1\ 81"'1( 

"' \ 
t-... \. \ 

" \ 

\ 
\ 

\ 
'50 

50 

20 

~ 
'0 

!!. 5 
11/ 
is 

'" 
~ 2 

MAXIMUM AVERAGE 
POWER DISSIPATION 

LM309 (TO-3) 

INFINITE HEAT SINK 

.. ~'" ~ 
~~~ }1SJ4r 

_ SI"'I( 

'190..>8 

I "" \ 

~ \ 4"'81", 

~ 
r--..... \\ 

0.5 
25 50 7. ,00 125 

AMBIENT TEMPERATURE - ~C 

OUTPUT IMPEDANCE 

'0 
, 

V,N ' 'OV:: 
TA 25"C 

'00 / 

/ / 

/ ::::::::::::= 'L - 20mA 

= IL - 600mA 

'50 

, \ \ 
O. 25 50 75 '00 125 '50 

'10-2 
'00 I_ 'M 

.. 

AMBIENT TEMPERATURE -- ~C 

PEAK OUTPUT CURRENT 
DB PACKAGE (T0-5) 

VOUT" 4.5V 

0"L---~'0--~'"~--2~0--~25~--~--J~-

INPUT VOLTAGE -- V 

'0 

'00 

!!l 
80 

I 
z 
0 
;:: 

60 

~ 
'" .. 
~ 
'" 40 

20 
'0 

1k 'Ok 
FREQUENCY -- Hz 

RIPPLE REJECTION 

'00 ,. 'Ok ,00k 'M 
FREQUENCY - Hz 

;0: 

I 
~ 
:; 

,0 

MAXIMUM AVERAGE 
POWER DISSIPATION 
LM109lLM209 (TO-S) 

INFINITE HEAT SINK 

~ ~/E'DI \. i 1.0 

is 
r- .......... "'" .!~$I'" 

i 

O. , 
25 

2." 

2.0 

'.5 

'.0 

0." 

0 
·75 

......::...::.t;~~ ......... '" 20, 
-!:.."''' "-

......... '\ 

\ 
50 75 '00 '25 

AMBIENT TEMPERATURE .- "C 

PEAK OUTPUT CURRENT 
DAPACKAGE (TO-3) 

INPUT VOLTAGE - V 

DROPOUT VOLTAGE 

\ 
\ 

\ 
'50 

.... ·25 25 50 75 100 125 150 

JUNCTION TEMPERATURE - "c 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
DROPOUT VOLTAGE 

2~r----r----'-----r----r----' 

6. 1 

> 
I 5.0 

w 

i 
I ~9 

6.0 

lu 

I 
~ 
~ 6.0 

a 

,.6 5 

150 

JUNCTION TEMPERATURE - "c 

OUTPUT VOLTAGE 

VIN - 10V 
Il .. 20mA 

-~ r-.... 
....... 

~ 

'5 100 125 

JUNCTION TEMPERATURE - "c 

QUIESCENT CURRENT 

I.L" rmA 

, .. le 
I .-:: 

-;::::. ~ ::;-,- ,. ... $"C 

I I 

~ r' !25~ l"-I -= 
r ~ - Ti =! ... e 
...-I-" J 

10 15 20 25 

INPUT VOLTAGE - V 

DROPOUT CHARACTERISTIC 

6.5 r---"'---~---r-----'r---T"""--' 

TO-3 
IL = fA 

INPUT VOLTAGE - V 

OUTPUT NOISE VOLTAGE 

1.0 

Tj .. 25~C 

tL "' 0 

i"'-, 

1 

1 0.0 ,0 1. 100 10k 

FREQUENCY - Hz 

LM109lLM209lLM309 

OUTPUT VOLTAGE 

6. 1 
Y,N • 10V 

,-. IL .. 20mA 

~ 
~ 

~ 
1\ 

, .. 
-75 -50 -25 25 50 75 100 126 150 

JUNCTION TEMPERATURE _ ·c 

QUIESCENT CURRENT 

6.0 

Y~N • ;0\1 

v t:: I. 

" I-- ~ / r;.... 
I hl~~~ 

0.;;) 

~ 
~ .... 

,.S 
_7 5 .... 25 - 26 50 75 100 126 160 

JUNCTION TEMPERATURE _ ·C 



FEATURES 
• OUTPUT CURRENT IN EXCESS OF 1A 
• INTERNAL THERMAL OVERLOAD PRO

TECTION 
• NO EXTERNAL COMPONENTS RE

QUIRED 
• OUTPUT TRANSISTOR SAFE AREA 

PROTECTION 
• INTERNAL SHORT CIRCUIT CURRENT 

LIMIT 
• AVAILABLE IN PLASTIC To-220 AND 

METAL TO-a PACKAGES 

EQUIVALENT SCHEMATIC 

RI 
301e 

NOTE: ALL RESISTOR VALUES ARE IN OHMS. 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage 

(VO = 5V through 18V) 
(VO = 24V) 

Internal Power 
Dissipation (Note 1) 

Operating Temperature 
Range 

Maximum Junction 
Temperature 

35V 
40V 

Internally Limited 

o·e to 70"e 

150·e 
150·e 

TO-3 Package 
TO-220 Package 

Storage Temperature 
Range -65·e to + 150·e 

Lead Temperature 
To-3 Package 
(Soldering, 10 sec) 

TO-220 Package 
(Soldering, 10 sec) 

NOTE: 

300·e 

230·e 

1. Thermal resistance without a heat sink for junction to case 
temperature Is 4°ClW for the T0-3 package and 6°ClW for 
the TQ..220 package. Thermal resistance for case to am
bient temperature is 35"ClW for the T0-3 package and 
50"ClW for the TO-220 package. 

RI5 
2k 

016 

RI6 
.3 

2 

RI7 

RIB 
2.4k 

GND 3 

INPUT 

OUTPUT 

TYPICAL CIRCUIT 

.Inl 

PIN CONFIGURATION 

U PACKAGE 
To-220 

~"~". Ground 

0 

Input 

ORDER NUMBERS: 
LM340U5 LM340U15 
LM340U6 LM340U18 
LM340U8 LM340U24 
LM340U12 

DA PACKAGE 
TOoS 

outPutA.~ Ground 

, .. "~J 
ORDER NUMBERS: 

LM340DA5 LM340DA15 
LM340DA6 LM340DA18 
LM340DA8 LM340DA24 

VOLTAGE RANGE 
LM340-5 5V LM340-15 15V " LM340-6 6V LM340-18 18V 
LM340-8 8V LM34Q-24 24V 
LM340-12 12V 9 

I • 
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ElECTRICAl.CHAI:lACTERISTICS 'OUT·=500mA, 0°C5T,4.570oG.(Unless ~herwise Noted) 

TEST LM34D-S ,LM34D-6 LM340·8 
PARAMETER' CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

VOUT TJ=25°C V,N=10V V,N=IIV V,N=14V .V 
4.8 5 5.2 5.75 6 6.25 7.7 8 8.3 

PD=.:;15W 7V,:;V,N.:;20V BV,:;V,N.:;21V 10.5V,:;V,N;;;;23V 
5mA.;;IOUT.:;1.0A 4.75 5.25 5.7 6.3' 7.6 "-' BA 

LINE Tr25°C 7V':;VIN.:;25V 8V.:;V,N.:;25V to.5V,:;VIN.:;25V mV 
REGULATION 'OUT=100mA 50 60 80 

'OUT=500mA 100 120 160 

LOAD T~=25°C ' mV 
REGULATION 5mA.:;IOuf':;1'·5A 100 120 160 

ICC TJ=25°C 4.2 10 4.2 10 4.2 10 mA 
7V.:;v,N.:;25V 8V,:;V,N.:;25V 10.5V,:;V,N.:;25V 

1.3 1.3 1 
5mA.:;IOUT.:;1.5A .5 .5 .5 

OUTPUT NOISE TA=25°C 
VOLTAGE 1 OHz.:;f.:;l OOkHz 40 45 52 p.V 

VOLTAGE DRIFT mV/l000 Hrs. 20 24 32 mV 

RIPPLE 'OUT=20mA 60 57 55 dB REJECTION f=120Hz 

DROPOUT TJ=25°C 
2 2 2 V VOLTAGE 'OUT=1.0A 

TEST LM34D-12 LM34D-1 5 LM34D-18 LM34D-24 
PARAMETER CONDITIONS MIN TVP MAX MIN TVP MAX MIN TVP MAX MIN TVP MAX UNITS 

VOUT TJ=25°C V,N=19V V,N=23V VIN=27V V,N=33V V 
11.5 12- 12.5 1404 15 15.6 17.3 18 18.7 23 24 25 

PD=.:;15W 14.5V,:;VIN.:;27V 17;5V':;V'N .:;30V 21V':;V,N.:;33V 27V,:;V,N.:;38V 
5mA.:;IOUT.:;1.0A 11.4 12.6 14.25 15.75 17.1 18.9 22.8 25.2 

LINE TJ=25°C 14.5V,:;V,N.:;30V 17.5V,:;V,N.:;30V 21V,:;V,N.:;33V 27V,:;V,N.:;38V mV 
REGULATION 'OUT=l00mA 120 150 180 240 

'OUT=500mA 240 300 360 480 

LOAD TJ=25°C 240 300 360 480 mV 
REGULATION 5mA.:;IOUT.:;1.5A 

ICC TJ=2SOC 4.2 10 4.2 10 4.2 10 4.2 10 mA 
14.5V,:;VIN.:;30V 17.5V,:;V,N.:;30V 21V,:;V,N.:;33V 27V,:;V,N.:;3BV 

1 1 1 1 
5mA.:;IOUT.:;1.5A 

.4 .5 .5 .5 

OUTPUT NOISE TA=25°C 
VOLTAGE 10Hz.:;f.:;100kHz 75 90 110 170 p.V 

VOLTAGE DRIFT mVll000 Hrs. 48 60 72 96 mV 

RIPPLE 'our=20mA 52 50 48 44 dB 
REJECTION f=120Hz 

DROPOUT TJ=25°C 2 2 2 2 V 
VOLTAGE IOUT=1.0A 
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TYPICAL PERFORMANCE CHARACTERISTICS 

RIPPLE REJECTION 

2D~V~'N~·~,~W~~;-HH~r-~ytHffl~r+tt 
llV1N"'3Vp.p 

VOUT " 5V +-+-H-fflHt--t-+ttttfft--H-ttt/ffl 
'OUY- SOOmA 
T.I=25°C 

'00l< 
~~O~~~~'~OO~~~~,~.~-L~~,~~~~~ 

FREQUENCY (Hz) 

OUTPUT VOLTAGE 
(NORMALIZED TO 1V AT 25°C TJ) 

1.01 • VIN - Vour" IV 
'OUT "' 20mA 

1.005 

! 
z 
0 

i 
Q 

! 

/"" ........... 

V '" .... 

.... • 

30 

20 

I. 

L 

2S 

TO·220 

I--

.5 

. 3. 
" 

50 7. 100 

JUNCTION TEMPERATURE fOCI 

MAXIMUM AVERAGE 
POWER DISSIPATION 

125 160 

'Nfl9=:-
WITH 10"C/W HEAT SINK 
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~ATSINK-
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30 .. eo ,. 
AMBIENT TEMPERATURE (OCI 

~ 

RIPPLE REJECTION 

ror-----,------,------,-----~fT.,~~~H~.--' 
lIV1N "'3Vp•p 

~----~-----i------~----~~~~~A 

60 

• 

• 
'0 

• 
PART-VIN • 

40 LM340-OS10V 
LM340-0611V 
LM340-0814V 
1.M340-1219V 
1-M340-1523V 
LM340-1BZ1V 
LM340-2433V 

30 
0 '0 '5 m 

OUTPUT VOLTAGE IV) 

QUIESCENT CURRENT 
AS A FUNCTION OF INPUT VOLTAGE 

Your = 5V 
I--IL = 20mA 

TJ "'25"C 

-~ -~ -...... 

4.0 V 

I • '5 2D 25 30 35 

INPUT VOL. TAGE (VI 

PEAK OUTPUT CURRENT 

2"~----.lo::----I-c:---+----+-----+----I 

~ a 1.51--t-l::----+--...,.,d-"""--+-----t_--_i 

~ 
o '1-t--t-----+~~-r--~~~::-t_--_i 

INPUT .oUTPUT DIFfERENTIAL IV) .. , .. 

DROPOUT VOLTAGE 

.5r_-+----Ir_-+--r_--+--f 

JUNCTION TEMPERATURE (OCI 

QUIESCENT CURRENT 
AS A FUNCTION OF TEMPERATURE 

... 
L'N ],w I 

!--VOUy=5V 
lOUT =600rrtA 

4.4 
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'" r--I--V 
4 •• 
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3.' 
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30 
T<>3 

20 

,. 
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TYPICAL PERFORMANCE 
CHARACTERISTICS 

! 
I 

OUTPUT I~P~DANCE 

'0 
YIN"'OV 
VOUT"'SV 
·OUT"'SOOmA -
TA "'25"C 

§ 

~ r CoUT;~ 

~ ~ ., 
0 

/ CooT'" 111F 

.1 
TANTALUM 

~ .. 

. 0' 
'0 '00 1k " .. '00k ,M 

FREQUENCY tHzJ 

FIXED OUTPUT REGULATOR 

OUTPUT 

'REOUIRED IF THE REGULATOR IS LOCATED FAR 
FROM THE POWER SUPPLV FILTER. 

"ALTHOUGH NO OUTPUT CAPACITOR IS NEEDED 
FOR STABILlTV. IT ODES HELP TRANSIENT RE· 
SPONSE. (IF NEEDED USE O.'.F. CERAMIC. DISC.) 

HIGH CURRENT VOLTAGE REGULATOR 

INPUT 0--.,--,\ 

·SOLID TANTALUM 

~;:::===:;=-'_05Y. lOA ~ OUTPUT 

TA = 2S'C 

C, 
D.1"f 

@VIN 'OV, OA<IL<10A 

LOAD REGULATION = 2mV 
@IL = lOA, 9V<VIN<12V 

LINE REGULATION = 20mV 

154 

TYPICAL APPLICATIONS 
ELECTRONIC SHUTDOWN CIRCUIT 

VIN =2OVo-...,----------.,--" VOUT 
15VAT ,AMP 

I 

C2' J.. 
O.22,lF T 

:f~ 
Ivo 

'REQUIRED IF THE REGULATOR IS LOCATED FAR FROM THE POWER SUPPLY FILTER. 
"HEAT SINK Ql AND THE LM340. 

ADJUSTABLE OUTPUT REGULATOR CURRENT REGULATOR 

INPUT OUTPUT INPUT 

R' 
'----4--00UTPUT 

VOUT = SV + (16.7mA + 10lR2 

V2·3 
I.OUT =""R1 + 10 

AIO = I.SmA OVER LINE AND LOAD CHANGES AIO = I.SmA OVER UNE AND LOAD CHANGES 

15V AMP REGULATOR WITH SHORT CIRCUIT CURRENT LIMIT 

R' 
I .! I 0.25 

1;>-":"'p""--:Joy'OW'lv-...,--.::;.' r'---"-_-'-_r-.:..o:~~~5V 

R2 

'! I ~ . -
·SOLIDTANTALUM 

NOTES: 

C2' ,"". 
SlNOLE 

POINTGND 

1. CURRENT SHARING BETWEEN THE LM340 AND 01 ALLOWS THE EXTENSION OF SHORT 
CIRCUIT CURRENT LIMIT. SAFE OPERATING AREA PROTECTION. ANO (ASSUMING 0111 
HEAT SINK HAS FOUR OR MORE TIMES THE CAPAcrrv OF THE LM340 HEAT SINK) 
THERMAL SHUTDOWN PROTECTION.· 

2. ISHORT CI RCUIT IS APPROXIMATELV 5.5 AMP. 
3. lOUT MAX AT VOUT ' 15V IS APPROXIMATELV 9.5 AMP • 

.. _. 



FEATURES 
• 100mA OUTPUT CURRENT PER SEC· 

TION 
• EDGE·TRIGGERED (NO COUPLING 

CAPACITOR) 
• OUTPUT INDEPENDENT OF TRIGGER 

CONDITIONS 
• WIDE SUPPLY VOLTAGE RANGE 4.SV 

TO 16V 
• TIMER INTERVALS FROM MICRO· 

SECONDS TO HOURS 

ELECTRICAL CHARACTERISTICS 

APPLICATIONS 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 
PRECISION TIMING 
INDUSTRIAL CONTROLS 
QUAD ONE·SHOT 

T A = 25°e. Vee = +5V to + 15V (Unless Otherwise Noted). 

PARAMETER TEST CONDITIONS 

Supply Voltage 
Supply Current VCC = 5V, RL = 00 

VCC = 15V, RL = 00 

Timing Accuracy R = 2k to 100k 
C = 1~F 

Initial Accuracy 
Drift With Temperature 
Drift With Supply Voltage 
Match Between Sections 

Trigger Voltage 
Trigger Current 

Logical "1" 
Logical "0" 

Threshold Voltage 
Threshold Leakage 
Output Voltage (553) IL = 10mA 

IL = 100mA 
Output Voltage (554) IL = 10mA Vee =15V 

IL = 100mA Vec =15V 
Output Leakage 
Propagation Delay 
Risetime of Output IL = 100mA 
Falltime of Output IL = 100mA 

MIN 

4.5 

0.8 

13 
12.5 

PIN CONFIGURATION 
BA, F PACKAGE 

LIMITS 

TYP MAX 

16 
18 27 
22 32 

1 4 
150 

0.03 0.1 
0.2 0.5 
1.6 2.4 

10 100 
50 100 
0.63 

10 100 
0.1 0.2 
1.0 1.5 

14 
13.5 
10 100 

1.0 
100 
100 

UNIT 

V 
mA 
mA 

% 
ppm/DC 
%N 
% 
V 

nA 
~A 
xVCC 
nA 
V 
V 
V 
V 
nA 
~s 
ns 
ns 
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TYPICAL APPLICATIONS 

156 

MONOSTABLE OPERATION ASTABLE OPERATiON 
(OSCILLATOR) . (ONE SHOT) 

TRIGGER 

TRIGGER 

T=RC 

Vec 

R 

VARIABLE FREQUENCY OSCILLATOR WITH FIXED DUTY CYCLE 

Vce 

OUTPUT 

LONG-TIME DELAY 

INCREASE ! FREOUENCY 

VCCO-~---'----------~r---'-----------1---~-----------1---' 

T 

R, RL R, RL 

T T 

r C
' ~CI 

TRIGGER-U 

OUTPUT 'r''l ...... ___________ _ 
OUTPUT 2 1&....-_-
OUTPUT 3 

'. TOELAV 

OUTPUT 4 

TOELAY -3 (R,C, ' 
TOUT = R2C2 

R2 

T 

~C2 

RL 

OUTPUT 

OUTPUT 4 



TYPICAL APPLICATIONS (CONT'D) 

TRIGGER TR 

TRIGGER 

TWO HOUR TIMER 

VCCO-~--~----------~~--,-----------~--~----------~---, 

T 

R RL R RL 

T T T 

I C I C 

TR TR 

TRIGGER~ 
~1'~::::::~T:-~4~IR~CI~-~2~H~R~S':::::::!i.1 

OUTPUTJ L 
SEQUENTIAL TIMER WITH 

VOLTAGE CONTROLLED CYCLE TIME 
(50:1 RANGE) 

R 

I C 

RL 

VCCO-_.------1---------~----_.--------~------~------_1------~ 

OUTPUT 

t-------.... --o OUTPUT 4 

TRIGGERlJ 

OUTPUTJ " 

OUTPUT 2 

OUTPUT 3 

t-----ADJ. UP TO 50:' RANGE .1 

OUTPUT4 ______________ r::L 
NOTE: ',. '2' '3' '4 REMAIN PROPORTIONAL OVER ENTIRE ADJ. RANGE. 
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FEATURES 
• TIMING FROM MICROSECONDS 

THROUGH HOURS 
• OPERATES IN BOTH ASTABLE AND 

MONOSTABLE MODES 
• ADJUSTABLE DUTY CYCLE 
• HIGH CURRENT OUTPUT CAN SOURCE 

OR SINK 200mA 
• OUTPUT CAN DRIVE TTL 
• TEMPERATURE STABILITY OF 0.005% 

PERoC 
• NORMALLY ON AND NORMALLY OFF 

OUTPUT 

APPLICATIONS 
PRECISION TIMING 
PULSE GENERATION 
SEQUENTIAL TIMING 
TIME DELAY GENERATION 
PULSE WIDTH MODULATION 
PULSE POSITION MODULATION 
MISSING PULSE DETECTOR 

EQUIVALENT CIRCUIT 

158 

", " . 
• o--+----I--r 

TRIGGER 

PIN CONFIGURATION 

FPACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

SE555 
NE555 

Power Dissipation 
Operating Temperature 

Range 
NE555 
SE555 

Storage Temperature 
Range 

lead Temperature 
(Soldering, 60 seconds) 

F. , 

+18V 
+16V 

600mW 

ooe to +70oe 
-55°e to + 125°e 

-65°e to + 1500e 

+30Qoe 

.--

SE555-F, T, V·NE555-F, T, V 

T PACKAGE 

RESET 

V PACKAGE 

GROUNDo' Vee 
TRLGGER .2 7 DLSCHARGE 

OUTPUT 3 . 6 THRESHOLD 

RESET 4 5 CONTROL 
VOLTAGE 



ELECTRICAL CHARACTERISTICS TA = 25°C VCC = +5V to +15 unless otherwise specified . 
TEST CONDITIONS 

SE 555 NE555 
PARAMETER 

MIN TYP MAX MIN TYP 

Supply Voltage 4.5 18 4.5 
Supply Current VCC=5V RL = 00 3 5 3 

VCC = 15V RL = cc 10 12 10 
Low State. N()te 1 

Timing Error (Monostable) RA = 2Kfl to 100 Kfl 
Initial Accuracy C = 0.1p.F Note 2 0.5 2 1 
Drift with Temperature 30 100 50 
Drift with Supply Voltage 0.05 0.2 0.1 

Timing Error (Astable) RA. RB = 2Kfl to 100 KO 
Initial Accuracy C = 0.1p.F Note 2 
Drift with Temperature 1.5 2.25 
Drift with Supply 90 150 

Voltage 0.15 0.3 
Threshold Voltage 213 213 
Trigger Voltage vce = 15V 4.8 5 5.2 5 

VCC = 5V 1.45 1.67 1.9 1.67 
Trigger Current 2.0 2.0 
Reset Voltage (Note 4) 0.4 0.7 1.0 0.4 0.7 
Reset Current 0.1 0.1 
Threshold Current Note 3 0.1 .25 0.1 
Control Voltage Level VCC = 15V 9.6 10 10.4 9 10 

vee = 5V 2.9 3.33 3.8 2.6 3.33 
Output Voltage (low) Vec = 15V 

ISINK = 10mA 0.1 0.15 0.1 
ISINK = 50mA 0.4 0.5 0.4 
ISINK = 100mA 2.0 2.2 2.0 
ISINK = 200mA 2.5 2.5 
Vec = 5V 
ISINK = 8mA 0.1 0.25 
ISINK = 5mA .25 

Output Voltage (High) 
ISOURCE = 200mA 12.5 12.5 
Vee = 15V 
ISOUReE = 100mA 
VCC = 15V 13.0 13.3 12.75 13.3 
VCC = 5V 3.0 3.3 2.75 3.3 

Rise Time of Output 100 100 
Fall Time of Output 100 100 
Discharge Leakage Current 20 100 20 

NOTES 
1. Supply Current when output high typically 1 rnA less. 
2. Tested at vee ~ 5V and vee ~ 15V 

3. This will determine the maximum value of RA + RBF for 15V operation, the max total A = 20 megohm. and for 5V operation. the max. total R = 6.8 megohm. 
4. Specified with trigger input high. 

111l1li1 

MAX 

16 
6 

15 

1.0 

.25 
11 

4 

.25 

.75 
2.5 

.35 

100 

UNITS 

V 
mA 
mA 

% 
ppm/DC 
%Nolt 

% 
ppm;oC 
%/volt 
xvec 

V 
V 

p.A 
V 

mA 
p.A 
V 
V 

V 
V 
V 

V 

V 
V 

nsec 
nsec 
NA 
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TYPICAL CHARACTERISTICS 

.. 
1 
I 

5 
>0 

160 

260 

225 

200 

176 

160 

125 

o 

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 

.,..-~v 

V V FE ........ V V -V 
~ v~ 

;:::::::: 

l.-:::: ~+'lSC. 

~ P 

o 0.1 0.2 0.3 D .• 

lOWEST VOLTAGE LEVEL Of TRIGGER PULSE - XVcc 

10.0 

'.0 

•. 0 

4.0 

~ 
2.0 

o 
5.0 

,. 

1 .• 

0.1 

0.01 
1.0 

SUPPLY CURRENT 
vs SUPPLY VOLTAGE 

+J~ 
~ 

V 

~ +iAJ: 
~ 

~ ~ 
po' 

10.0 

SUPPLY VOLTAGE -Wilts 

LOW OUTPUT VOLTAGE 
vs OUTPUT 

SINK CURRENT 

~ 

Vcc"SV 

.~I j, ~ 

~ ~k ~f 
, 

~ 
V ~ 

2.0 6.0 10 20 .. 
'SINK -mA 

~ 

15.0 

100 

BLOCK DIAGRAM 

2.0 

1 .• 

1 .• 

1.' 

• ~ 12 

~ 
~ 1.0 0 

> 

>1j 
O. 

0.' 

D •• 

0.2 

o 

10 

1.0 

1 
I 

§ 
> 

0.1 

0.01 

... 111. 

..-

HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 

·Le ""V 

!25O C ..-I---" r"" 

/ 
11250 c +--~ I""'" -+-r-

5V" Vee" 15V 

1.0 2.0 5.0 10 20 .. 100 

1.0 

ISOURCE-mA 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vee = tOV 

"5e~ 

+2"~~ .p-
I '~12.·e 

+25°C 0 

+125~C ~ ~ 
~ jjjii~·c 

2.0 •. 0 10 20 .. 100 

'SINK -mA 



TYPICAL CHARACTERISTICS (CONT'D) 

10 

1.0 

~ 
I ... 
" 0 

> 

0.1 

0.01 

1.015 

1.010 

1.005 

l~OO 

0.995 

0.990 

0.985 

P' 

1.0 

--

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

VCC "15V 

-5~'C J 
'A 

/. 
.......::: ~ 

+25~~ ~'C 
+l25°C k::~ 

10 100 

'SINK - mA 

DELAY TIME 
vs TEMPERATURE 

r-- r-- -t--t-- t--

-50 -25 +25 +50 +75 +100 +125 

TEMPERATURE --' °c 

1.01 5 

! 
1.01 0 , 

\ 
\ 

1.00 5 

1.00 0 

0,99 5 

0.99 0 

0.98 5 

\ 
\ 

DELAY TIME vs 
SUPPLY VOLTAGE 

~ ~ ~ ~ 
I'-"' ..-

10 15 

SUPPLY VOLTAGE -volts 

PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 

~~ 

20 

50r---t---+---t---t-~r--i---i---i 

0.1 0.2 0.3 0.4 

LOWEST VOLTAGE lEVEL OF THIGGER PULSE - X Vee 
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FEATl,JRES 
• TIMING FROM MICROSECONDS TO 

HOURS 
• REPLACES TWO 555 TIMERS 
• OPERATES IN BOTH ASTABLE, 
. MONOSTABLE, TIME DELAY MODES 
• HIGH OUTPUT CURRENT 
• ADJUSTABLE DUTY CYCLE 
• TTL COMPATIBLE 
• TEMPERATURE STABILITY OF 0.005% 

PERoC 

ABSOLUTE MAXIMUM RATIONS 
Supply Voltage 

SE556 +18V 
NE556 +16V 

Power Dissipation 600mW 
Operating Temperature 

APPLICATIONS 
PRECISION TIMING 
SEQUENTIAL TIMING 
PULSE SHAPING 
PULSE GENERATOR 
MISSING PULSE DETECTOR 
TONE BURST GENERATOR 
PULSE WIDTH MODULATION 
TIME DELAY GENERATOR 
FREQUENCY DIVISION 
INDUSTRIAL CONTROLS 
PULSE POSITION MODULATION 
APPLIANCE TIMING 
TRAFFIC LIGHT CONTROL 
TOUCH TONE ENCODER 

PIN CONFIGURATION 
A PACKAGE 

Range 
NE556 
SE556 
SE556C 

_55~~~O+~~~g BLOCK DIAGRAM 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 60 sec) 

162 

-55°C to + 125°C 

-65°C to + 1500C 

+300°C 

.--------r---------, Vee 

DISCHARGE 1---------, 

THRESHOLD 

CONTROL VOLTAGE 

RESET I--lf----. 

OUTPUT I--l---' 

TRIGGER 

.----------1 DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

.---+-1 RESET 

'---_+-I OUTPUT 

TRIGGER 

GROUND '--_______ '--______ ~ 

EQUIVALENT CIRCUIT (SHOWN FOR ONE CIRCUIT ONLY) 

" 10K 

.... 

'. ,. 'u 
UK 



ELECTRICAL CHARACTERISTICS TA = 25°C. VCC = +5V to +15 unless otherwise specified 

SESS6 NESS6 
PARAMETER TEST CONDITIONS 

MIN TYP MAx MIN TYP 

Supply Voltage 
VCC=5V RL=oo 

4.5 18 4.5 
Supply Current 6 10 6 

VCC= 15V RL =00 20 24 20 
Low State. Note 1 

Timing Error (Monostable) RA=2KO to 100KO 
Initial Accuracy C=0.1/LF Note 2 0.5 1.5 0.7S 
Drift with Temperature 30 100 50 
Drift with Supply 

0.1 Voltage 0.05 0.2 
Timing Error (Astable) RA.RB=2KOt0100KO 

Initial Accuracy C= 0.1/LF Note 2 1.5 2.25 

Drift with Temperature 90 150 
Drift with Supply 

Voltage 0.15 0.3 
Threshold Voltage 213 213 
Threshold Current Note 3 30 250 30 
Trigger Voltage VCC= 15V 4.8 5 5.2 5 

VCC= SV 1.45 1.67 1.9 1.67 

Trigger Current 2.0 2.0 
Reset Voltage (Note 5) 0.4 0.7 1.0 0.4 0.7 
Reset Current 0.1 0.1 
Control Voltage Level VCC = 15V 9.6 10 10.4 9.0 10 

VCC = 5V 2.9 3.33 3.8 2.6 3.33 
Output Voltage (low) VCC = 1SV 

ISINK = 10mA 0.1 0.15 0.1 
ISINK = SOmA 0.4 0.5 0.4 
ISINK = 100mA 2.0 2.25 2.0 
ISINK = 200mA 2.S 2.5 
VCC = 5V 
ISINK = 8mA 0.1 0.25 
ISINK = 5mA .25 

Output Voltage (high) 
ISOURCE = 200mA 12.5 12.5 
VCC = 15V 
ISOURCE = 100mA 
VCC = 15V 13.0 13.3 12.75 13.3 
VCC = 5V 3.0 3.3 2.75 3.3 

Rise Time of Output 100 100 
Fall Time of Output 100 100 
Discharge Leakage Current 20 100 20 
Matching Characteristics 

(Note 4) 
0.1 Initial Timing Accuracy 0.05 0.1 

Timing Drift with 
±10 Temperature ±10 

Drift with Supply 
0.2 Voltage 0.1 0.2 

NOTES: 
1. Supply current when output is high is typically 1.0me less. 
2. Tested at vee = 5V and vee = 15V. 
3. This will detennine the maximum value of RA + RS for 15Voperation, the maximum total R = 20 meg-ohms, and for 5V operation, the max. total R = 6.B meg·ohm. 

4. Matching characteristics refer to the difference between performance characteristics of each timer section. 
5. Specified with trigger input high. 

IIJlnllil1 

MAX 

16 
12 
30 

250 

1.0 

11 
4 

.25 

.75 
2.75 

.35 

100 

0.2 

0.5 

UNITS 

V 
rnA 
mA 

% 
ppmfOC 

"!o/volt 

% 
ppmf°C 

%lVolt 
XVCC 

nA 
V 
V 

!LA 
V 

rnA 
V 
V 

V 
V 
V 

V 

V 
V 

nsec 
nsec 
nA 

% 

ppmf°C 

"!oNolt 
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TYPICAL CHARACTERISTICS 

164 

j 
I 
t-
:J 
0 

> 
I 

>8 

J! 
~ 
I 

>~ 

260 

225 

.200 

115 

150 

125 

• 

2 .• 

I .• 

1 .• 

1.' 

1.2 

I.. 

•.. 
... 
... 
•. 2 

• 

. MINIMUM PULSE WIDTH 
, REQUIRED FOR. TRIGGERING 

...... 
p/ 

·v V 
V ~ ..,./ V ..-

V 
~ .--:~ ~+,\2~C 

r;::::: 
--=::: 

~ F"""'"" 

• ..1 •. 2 •. 3 

LOWEST VOLTAGE LEVEL OF TRIGGER PUL.SE.- XVCC 

HIGH OUTPUT VOLTAGE DROP 
vs OUTPUT SOURCE CURRENT 
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,./ 

!25"C -I- ...... 

/ 
l125~C f--~ 

........ ----
5V" vFc 00; 15V 

1.0 2.0 5.0 10 2. 50 100 

I. 

I .• 

•• 1 

0.01 

'SOURCE - mA 

LOW OUTPUT VOLTAGE 
vs OUTPUT SINK CURRENT 

Vee'" 10V' 
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P' 
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TYPICAL CHARACTERISTICS (CONT'D) 
DELAY TIME vs 

SUPPLY VOLTAGE 

1.015 

1.010 , 
\ , 

1.0Q!; 

\ 
\ - --

1.000 \. -~ I'--V 

0.995 

0.990 

0 .... 
0 5 10 15 

SUPPLY VOLTAGE - voln 

PROPAGATION DELAY 
vs VOLTAGE LEVEL 
OF TRIGGER PULSE 

300 

250 

~ 200 

V V ~ ~ 150 
_55°C 

O'C :::: ~ ~ ~ ~ ........: 100 

~ V I--" 
~ 

50 

0 
0 0.1 0.2 0.3 

LOWEST VOLTAGE LEVELOF TRIGGER PULSE - X Vee 

1,015 

1.01D 
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1.000 

0.995 
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0 .... 
20 
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DELAY TIME 
vs TEMPERATURE 

-- r---r---b - r--- :----
-50 -25 0 '25 '50 '75 "00 -1-125 

TEMPERATURE _ °C 

165 

" 9 c c: c 



f:EATURES ABSOLUTE MAXIMUM RATINGS 
• ADJUSTABLE GAIN AND IMPEDANCE Voltage Applied VG,H,E,C +8.0V 

CHARACTERISTICS Voltage Applied VB ±3.0V 
• UNITY GAIN FREQUENCY -150 MHz 
• NOISE FIGURE - 5.0dB 

Voltage Applied VK,D +4.0V 

• POWER DISSIPATION - 20mW 
Current Rating IF,J ±30mA 
Storage Temperature -65° to + 1500C 
Operating Temperature 

NE501 O°C to + 700C 

CIRCUIT SCHEMATIC 
SE501 -55°C to + 125°C 

~----~----~~------1--oV+ 
E 

B.4k 1.5k 

INPUT 1 O-...... ---Il 
o 

6.1k 

FEEDBACK 5.71< 
ADJUST o-..... ---t--"'IV'v-..... 
INPUT 2 o--------i 

8 

GROUND o-------~ 
A 

NOTE: 

105n 

Component values are typical. 

1.1k 

+-------+-oJ OUTPUT 1 

1,1k BUFFER 
OUTPUT 

F 

+--------+-0 OUTPUT 2 
H 

'.7k 740n 

L-------+-QGOUTPUT3 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

Voltage Gain 1= 50 kHz; Notes 1, 2, 6 
Bandwidth (-3dB) Notes 1, 2,6 
Unity Gain Frequency AVo = OdB; Notes 2,6 
Voltage Gain Stability I = 50 kHz; T = OOC; Notes 2, 6 

I = 50 kHz; T = + 700C; Notes 2,6 
1= 50 kHz; T = -50°C; Notes 2,6 
1= 50 kHz; T = +125°C; Notes 2,6 

Output Voltage Notes 1, 2, 6, 9 
Input Impedance Notes 1, 6; 1= 50 kHz; VJ = VK 
Output Impedance Notes 1, 2; I = 50 kHz; VD =AC ground 
Output Impedance Notes 1, 5; I = 50 kHz; VD = AC ground 
Power Dissipation 
Power Dissipation VK = VJ 
Pulse Response 

Delay Time l Notes 2,6,7 
Rise Time Notes 2,6,7 

Noise Figure I = 100 kHz; BW = 100 Hz; Zs = 5000 
Ic = 100 kHz, BW = 100 Hz; Zs = 5000 
VJ = VK 

MIN 

22.5 
11 

100 
-1.0 

0.71 
470 

(Notes: 3; 4. 5 8) Standard Conditions: VE ~ +6.0 V. VA ~ OV. VG ~ VB, T ~ +25·C (exospt as noted) 

NOTES: . 

NE501 
TYP 

24 

150 

1.0 

12 
25 

12 
5.0 

CONFIGURATION 
A PACKAGE 

FEEDBACK 
ADJUST 

INPUT 1 :2 

OUTPUT 3 & 

MAX MIN 

26.5 23 
14 

100 

+0.6 
-1.0 

0.71 
1200 540 

18 
65 
24 
60 

15 
20 

8.0 

13 BUFFER 
INPUT 

12 BUFFER 
OUTPUT 

8 OUTPUT 2 

K PACKAGE 
INPUT 1 

SE501 
UNITS 

TYP MAX 

24 26 dB 
MHz 

150 MHz 
dB 
dB 
dB 

+0.6 dB 
.1.0 VRMS 

1100 0 
12 18 0 
25 50 0 

21 mW 
53 mW 

15 ns 
12 16 ns 

dB 
5.0 7.0 dB 

1. VariatlonB in this parameter depsnd on optional a~emate connections as indicated in aacom- 6. Loed Resistance ~ 600n. capsc~ively coupled. 
panying curves. 7. Delsy lime is defined as Ihe lime interval between the 50% points of eD and eF. Rise time ~ 

2. Measured at Pin F. with Pins J and K connected. 20% to 80% points of eF. Input Pulse Characteristics: Amplitude ~ 25mV; PW ~ 100 ns. 
3. Pins not specifically referenosd ar~ le~ electricallr opsn. All vo~ge. are refel'enced to Pin A. 8. See Signelics SURE Program Bulletin No. 5001 for deflnilion of Acosptance test SuboGroups. 

Letter subscripts denote pins on CIrCUlI schematIC. Sub-Group A-7 is used for the electrical end points for Linear Products. 
~: ::~:~~fl~~ is defined as Into the terminal referenced. 9. Total harmonic distortion less than 5% at eo ~ 0.71 VRMS: 
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FEATURES 
• 120 MHz BANDWIDTH 
• ADJUSTABLE GAINS FROM 0 TO 400 
• ADJUSTABLE PASS BAND 
• NO FREQUENCY COMPENSATION RE· 

QUIRED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ±8V 
Differential Input 

Voltage 
Common Mode 

Input Voltage 
Output Current 
Operating Temperature 

Range 
SE592K 
NE592K 

Storage Temperature 
Range 

±5V 

±6V 
10mA 

-55°C to +125°C 
O°C to+ 70°C 

-65°C to + 150°C 

TEST CIRCUITS (T A = 25°C unless otherwise specified) 

O.2"F 

O.2"F 

51.0 510: 

EQUIVALENT CIRCUIT 

PIN CONFIGURATION 
A PACKAGE 

INPUT 2 1 

G2B GAIN 12 G2A GAIN 

SELECT SEl.ECT 

G'B GAIN 4 " G1A GAIN 

SELECT SELECT 

OUTPUT 2 7 

NOTE: 

INPUT 2 

G 2 8 GAIN 

SELECT 

K PACKAGE 

G 2A GAIN SELECT 

v-

Pin 5 connected to case. 

8 OUTPUT: 1 

Thermal Resistance (8 J-A I Junction to Ambient for each 
package): 

A Package O.16"C1mW 
K Package O.145'ClmW 

Power Dissipation 500mW 

r-----~~------~--------._----~~--------~~------~--~+v 

2.4K 2.4K 10K 

t-----~r-------~~------~--r_------+-~~~~~----~--~OU~UTI 

7K 
INPUT 1 

OUTPUT 2 

50 50 

G28 

300 400 400 

~-----+--~--~~----------+---------------~~--~~--~-v 

1(glonOI 167 

" 9 c c: c 



ELECTRICAL CHARACTERISTICS Standard Conditions (TA =+25°C, Vs = ±6V, VCM=O unless otherwise specified) 

PARAMETER TEST CONDITIONS 

Differential Voltage Gain 
Gain 1 Note 1 

RL = 2KO, VOUT = 3V pop 
Gain 2 Note 2 

Bandwidth 
Gain 1 Note 1 
Gain 2 Note 2 

Rise Time 
Gain 1 Note 1 

VOUT = lV pop 
Gain 2 Note 2 

Propagation Delay 
Gain 1 Note 1 

VOUT = lVi-p 
Gain 2 Note 2 

Input Resistance 
Gain 1 Note 1 
Gain 2 Note 2 

Input Capacitance Gain 2, Note 2 
Input Offset Current 
Input Bias Current 
Input Noise Voltage BW 1 kHz to 10 kHz 
Input Voltage Range 
Common Mode Rejection Ratio 

VCM ±lV,F < 100 kHz Gain 2 
Gain 2 VCM ±lV,F = 5 MHz 

SU8PlY Voltage Rejection Ratio 
ain 2 AVS = ±0.5V 

Output Offset Voltage 
Gain 3 RL = "', Note 3 

Output Common Mode Voltage RL = '" 
Output Voltage Swing RL = 2K 
Output Resistance 
Power Supply Current RL = '" 

Recommended Operating Supply Voltages (Vs = ±6.0V) 
NOTES: 
1. Gain select pins G1A and G1B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 

TYPICAL CHARACTERISTICS 

NE 592 

MIN TYP MAX 

250 400 600 

80 100 120 

40 
90 

10.5 

4.5 12 

7.5 

6.0 10 

4.0 
10 30 

2.0 
0.4 5.0 
9.0 30 

12 
±1.0 

60 86 
60 

50 70 

0.35 0.75 
2.4 2.9 3.4 
3.0 4.0 

20 
18 24 

PHASE SHIFT AS A PHASE SHIFT AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 

0 
0 1",- GAIN 2 ~ VS=±8V 

Vs =J:6V ~ TA"26OC 

" TA = 26°C -5. 

~ 
-5 

e m-1OO Of. "" ~ " 
'" ~ " '" -,. m 

"-
0-160 

I I 

~ t: 

'" 
t: 

iii iii-200 
-'5 \ ~ " ~ 

iE "- iE-250 

\\ .... 
-300 

\\ 45 -350 • , 2 3 • 5 • 7 • 9 ,. , ,. '00 IODD 

FREQUENCY - MHz fREQUENCY - MHz 
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SE 592 

MIN TYP MAX 
UNITS 

300 400 500 

90 100 110 

40 MHz 
90 MHz 

10.5 ns 

4.5 10 ns 

7.5 ns 

6.0 10 ns 

4.0 KO 
20 30 KO 

2.0 pF 
0.4 3.0 !LA 
9.0 20 !LA 

12 /LVrms 
±1.0 V 

60 86 dB 
60 dB 

50 70 dB 

0.35 0.75 V 
2.4 2.9 3.4 V 
3.0 4.0 

20 0 
18 24 rnA 

VOLTAGE GAIN AS A 
FUNCTION OF FREQUENCY 

60 
VS • t8V 
TA = 250C .. 

GAIN' 
RL ., 1KO 

~ 40 , 
GAIN 2 

30 

20 ~ 
j\ I. 

\\ • 
1 , ,. '00 '000 

FREQUeNCY - MHz 



COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 

100 

!8 90 

80 
o 
~ 70 
rr: 

il 80 

~50 
g 40 

'" '!P 

ie 20 
10 

-

r..... 

GAIN 2 
Vs =±8V 
TA = 25°C 

I'-.... 
I ....... 

'r--. 
...... 

o 
10k lOOk 1M 10M 100M 

70 

60 

w 50 

" >= ,. 
40 

ffi 
i!; 
:rl 30 
rr: 
w 
> 
ii: 20 
0 
ffi 
> 
0 10 

o 

1.10 

1.06 

.1.08 

0.94 

0.92 

0.90 

FREOUENCY - Hz 

DIFFERENTIAL OVERDRIVE 
RECOVERY TIME 

Vs'" ±6V 

t- TA =2SoC 

/V 
GAIN2 

/ 
/ 

V 
/ 

/ 
./ - -

o 20 40 60 80 100 120 140 160 180 200 

.,. 

DIFFERENTIAL INPUT VOLTAGE - mV 

VOLTAGE GAIN AS A 
FUNCTION OF 

TEMPERATURE 

Vs '" t6V 

."-.. 

'" -r--.: ~ 
~ .......... GAIN, t--"- ~ r-

~"V~+,_ 
"-

r--

~ 
o W 20 30 40 ~ ~ ro 

TEMPERATURE - Dc 

>'6. 

1 

C> 
Z 

~ 
w 
C> 

~ g 
.... 
" ~ 
" 0 

> 

w 
C> 

~ 
0 
> 
.... 
" ~ 
" 0 

'" ~ 
z 
:;: 
C> 
w 

~ 
~ 
> 
0 

1: 
iii 
w 
~ 
C> 
Z 
;; 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF FREQUENCY 

1.0 

6.0 

5.0 

4.0 

3.0 

2.0 

1.0 

o 

1.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

~O.2 

-<>.4 

Vs -l8V 

TA = 25°C 

RL = lkU 

I 1'\ ! 
-

\ 
\ 

1 10 50 100 500 1000 

FREQUENCV - MHz 

PULSE RESPONSE AS A 
FUNCTION OF 

SUPPLY VOLTAGE 

GAINZ 

1 I. TA -25"C 
_Rl -lkn 

VS "18V 

If( Vs ±6V 

~ Vs =±3V 

/ 
/11 

-' 
-15 -10 -5 5 10 15 20 26 30 35 

so 

50 

40 

30 

20 

10 

-10 
1 

TIME - ns 

GAIN VS FREQUENCY 
AS A FUNCTION OF 

TEMPERATURE 

Vs=±SV 

RL = lkn 

GAIN 2 

\ ~ 
\~ TA =-55°C 

\' III 
TA = 25°C 

T~J,~,C 
5 10 ~ 100 500 1000 

FREQUENCV - MHz 

IIOIIIDII 

1.6 

1.4 

1.2 

> 1,0 
I 

w 
~ 0.8 

0 0.6 
> .... 
~ 0.4 

o 0.2 

-0.2 

-0.4 

PULSE RESPONSE 

Vs - :t6V 
TA ·2SOC-
RL = lK 

I / '" 
7f ~ " Cf i 
V 

j) 

-15 -10 -5 0 10 15 20 25 30 35 

> 
I 

~ .. 
~ 
5 

1.6 

1.4 

1.2 

1.0 

0.8 

0.8 

0.4 

0.2 

-<>.2 

-<>.4 

TIME - ns 

PULSE RESPONSE AS A 
FUNCTION OF 

TEMPERATURE 

GAIN 2 
_. VS'" 16V 

RL = lkU 

TA O"Cf.; 

11 
TA =25°C 

1 
r!TA "'.7O"C 

J 
J 

-15 -10 -6 10 15 20 26 30 35 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 '--

0.8 ./ 

0.7 c---

V 
0.6 

0.5 

0.' 
3 

TIME - ns 

VOLTAGE GAIN AS A 
FUNCTION OF 

SUPPLY VOLTAGE 

TA = 26°C 

~ 

/"" 

~ -I---- / G~\otoY 
7' ,/ 

_ .. Jv' 
ri1 
/' 

SUPPLY VOLTAGE - tV 
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TYPICAL CHARACTERISTICS (Cont'd) 

oo 

!fl 50 

I 
z 
:( 

40 

" w 

" 30 

~ g 
fil 

20 

c 
ill 10 
~ 

" z 
0 OJ 

GAIN VS FREQUENCY 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

GAIN 2 

TA -25°C 

1-+++1-+-++++-+-1 RL = lku 

VS .. :t8V 

Vs· ±6V 

-10 

" E 

I 
l-

i!i 
a: 
a: 
::> 
u 
> 
t 
iil 

>'t 

I 
" Z 

~ 
~ 
~ 
0 > 
I-
::> 
~ 
::> 
0 
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1 5 10 50 100 500 1000 

21 

FREQUENCY - MHz 

SUPPLY CURRENT 
AS A FUNCTION 

OF TEMPERATURE 

Vs = fev 

20 

19 

I. 
1/ 

17 

18 

15 

,. 
-60 -20 20 80 

TEMPERATURE _ °c 
100 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

7.0 

8.0 

5.0 

4.0 

3.0 

2.0 

1.0 

0 
10 50 100 

I 
J 

/ 

500 1. 

LOAD RESISTANCE -, II 

140 

5k 1~ 

~ 
I 

~ 
I;; 
ili 
a: 
I-

~ 

28 

24 

20 

18 

12 

VOLTAGE GAIN 
ADJUST CIRCUIT . 

61U 511"1 Radj 1kn lkU 

SUPPLY CURRENT 
AS A FUNCTION 

OF SUPPLY VOLTAGE 

/ 
/ 

v 
/ 

/ 

./ 
3 

70 

• 
SUPPLY VOL rAGE - tV 

INPUT RESISTANCT 
AS A FUNCTION OF 

TEMPERATURE 

GAIN 2 

oo Vs··av-

l/ .. 
V 

./ 40 

./ 
V 

30 

V 
./ 20 

V L 10 

0 
-80 -20 0 20 oo 100 140 

TEMPERATURE _ ·C 

VOLTAGE GAIN 
AS A FUNCTION OF 

RADJ (FIGURE 3) 

1000 ,...---r--,---r--....----,---, 

t 
I 

w 

" 
~ 
l!l 
0 z 
I-
::> 

~ 

t~~~*~*~tVS .. ±8V 
f .. 100kHz 
TA .. 2sDc 

100 1--t--'-.......... --"<r--1r---1-FIGURE 3 

" 
101--+--+--~~~-4---1-~ 

.01 L-_l-_l-_..L-_..L--'--'-_-' 
1 10 100 lK 10K lOOK lMn 

RADJ- n 

OUTPUT VOLTAGE AND 
CURRENT SWING AS 

A FUNCTION OF 
SUPPLY VOLTAGE 

oL-..L--L---'-_L-..L-~--'--:':--'--: 
3.0 4.0 5.0 6.0 7.0 B.O 

100 

90 

oo 

70 

oo 

50 

40 

30 

20 

10 

0 

SUPPLY VOLTAGE - tV 

INPUT NOISE VOLTAGE 
AS A FUNCTION OF 

SOURCE RESISTANCE 

GAIN 2 

H-H+-+-t+tI-+-HH+-+Vs "6V -
TA"'26°C 

H-H+-+-t+tI-+-HH+--I BW' 10 MHz 

v 

I 10 100 I. IIlk 

SOURCE RESISTANCE - Q 



TYPICAL CHARACTERISTICS (Cont'd) 
VOLTAGE GAIN AS A 

'!i 
I 

Z 
;; 
" ~ 
~ 
0 
> 

FUNCTION OF FREQUENCY 
(ALL GAIN SELECT PINS OPEN) 

Vs = tev 
40 TA = 250C 

30 

20 

10 

-10 

-20 

-3D 

-40 .....---
-50 

.01 

V 
.1 

GAIN 3 

h 
/ 

V 
/ 

10 

FREQUENCY - MHz 

\ 
\ 

100 1000 

TYPICAL APPLICATIONS 
FILTER NETWORKS 

'1 

VO (,) 1.4 x ,04 -6 

~ Z(s)+2re 

1.4 x 104 

Z{s) + 32 

BASIC CONFIGURATION 

ZNETWORK 
FILTER VO (5) TRANSFER 
TYPE v 1 (s) FUNCTION 

R L 
1.4X,04 [_'_] 

~ LOW PASS 
L $+ R/L 

--
R C 

'.4 X ,04 [_'_] o---wv----j I----<> HIGH PASS 
R s+ 1/AC 

R L C 
1.4X 104 [ S J ~f-o BAND PASS 

l $2 + R/l s + TIle 

L 

~ BAND REJECT 
1.4X 104 [ 52 + TILe ~ 

A 52 + TILC + siR 

NOTE: 
In the networks above, the R value used is assumed 
to include 2 reo or approximately 32 OHMS. 

DISC/TAPE PHASE MODULATED READBACK SYSTEMS DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 

+6 

AMPLITUDE, '-'0 mV-p-p I 
FREQUENCY, '-4 MHz I 47 pFd 

I -6 

I -=-
READ HEAD DIFFERENTIATOR/AMPLIFIER 

+5 

ZERO CROSSING DETECTOR 

l~nl!llDG 

+6 

FOR FREQUENCY F, «1/2" (32) C 

vo'" 1.4 x 10'C .2l!L 
dT 
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FEATURES 
• 120 MHz BANDWIDTH 
• 250kO INPUT RESISTANCE 
• SELECTABLE GAINS OF 10,100 and 400 
• NO FREQUENCY COMPENSATION RE
· QUIRED 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Differential Input A, I PACK ... AGE 

Voltage ±SV 
Common Mode Input 

Voltage ±6V ,NPUT 2 , 

VCC ±8V 

Output Current 10mA 
Junction Temperature +1S0°C 
Storage Temperature 

Range -6SoC to + 1S0°C 
Operation Temperature Range 

/LA733C 
/LA733 

O°C to +7SoC 
-S5°C to +125°C 

G2B GAIN 

SELECT 

G1 B GAIN 4 

SELECT 

OUTPUT 2 7 

G2A GAIN 

SEL.ECT 

11 a1A GAIN 

SELECT 

8 OUTPUT 1 

TEST CIRCUITS (T A = 2SOC unless otherwise specified) 
O.RDER PART NOS. 

IJ,A733AI pA7331{ 

51n 51n 

CIRCUIT SCHEMATIC 

172 

INPUT 1 

GAIN 
SELECT 

{
Gi. 

G2A 

"1 
2.4ku 

"2 
2.4kU 

R4 R6 
590n 590.\! 

51n 51n 

INPUT 2 

G'B} GAIN 
SELECT 

G2B 

", 
10k!! 

O.2pF 

O.2pF 

j.lA733CA! ",A733CI 

K PACKAGE 

G2A GAIN SELECT 

NOTE: Pin 5 connected to case. 

ORDER PART NOS. 

p,A733K/IJA733CI< 

Thermal Resistance (6J-A. Junction 
to Ambienl for each package): 
A Package 0.16°C/mW 
I Package 0.10°C/mW 
K Package 0.14SoC/mW 

Power Dissipation SOOmW 

+-------+~ OUTPUT 1 

",. 
401)" 

OUTPU:r 2 

~------~~-----+-----~---__ ~~v 



ELECTRICAL CHARACTERISTICS 
Standard Conditions (TA = +25°C, Vs = ±V, VCM = 0 unless otherwise specified) 

PARAMETERS TEST CONDITIONS 
/LA733C 

MIN TYP 

Differential Voltage Gain 
Gain 1 Note 1 250 400 
Gain 2 RI = 2k!1, Vout = 3V p_p Note 2 80 100 
Gain 3 Note 3 8.0 10 

Bandwidth 
Gain 1 Note 1 40 
Gain 2 Note 2 90 
Gain 3 Note 3 120 

Rise Time 
Gain 1 Note 1 10.5 
Gain 2 Vout = 1V p_p Note 2 4.5 
Gain 3 Note 3 2.5 

Propagation Delay 
Gain 1 Note 1 7.5 
Gain 2 Vout = IV p_p Note 2 6.0 
Gain 3 Note 3 3.6 

Input Resistance 
Gain 1 Note 1 4.0 
Gain 2 Note 2 10 30 
Gain 3 Note 3 250 

Input Capacitance Gain 2 Note 2 2.0 
Input Offset Current 0.4 
Input Bias Current 9.0 
Input Noise Voltage BW = 1 k Hz to 10 MHz 12 
Input Voltage Range ±1.0 
Common Mode 
Rejection Ratio 

Gain 2 VCM = ±V,f.,100 kHz 60 86 
Gain 2 VCM = ±IV, F = 5 MHz 60 

Supply Voltage 
Rejection Ratio 

Gain 2 /WS = ±0.5 V 50 70 
Output Offset Voltage 

Gain 1 RL = 00 Note 1 0.6 
Gain 2 and 3 Notes 2,3 0.35 

Output Common Mode RL = 00 2.4 2.9 
Voltage 
Output VOlta~e Swing RL = 2k 3.0 4.0 
Output Sink urrent 2.5 3.6 
Output Resistance 20 
Power Supply Current RL = 00 18 

Recommended Operating Supply Voltages (VS = ±6.0 V) 

NOTES: 
1. Gain select pins G 1 A and G 1 B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 

/LA733 

MAX MIN TYP 

600 300 400 
120 90 100 

12 9.0 10 

40 
90 

120 

10.5 
12 4.5 

2.5 

7.5 
10 6.0 

3.6 

4.0 
20 30 

250 
2.0 

5.0 0.4 
30 9.0 

12 
±1.0 

60 86 
60 

50 70 

1.5 0.6 
1.5 0.35 
3.4 2.4 2.9 

3.0 4.0 
2.5 3.6 

20 
24 18 

MAX 

500 
110 

11 

10 

10 

3.0 
20 

1.5 
1.0 
3.4 

24 

UNITS 

MHz 
MHz 
MHz 

ns 
ns 
ns 

ns 
ns 
ns 

k!1 
k!1 
k!1 
pF 
/LA 
/LA 

/LVrms 
V 

dB 
dB 

dB 

V 
V 
V 

mA 
!1 

mA 
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TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
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FEATURES 
• 12 ns MAXIMUM GUARANTEED PROP

AGATION DELAY 
• 20 p.A MAXIMUM INPUT BIAS CURRENT 
• TTL COMPATIBLE STROBES AND OUT

PUTS 
• LARGE COMMON MODE INPUT VOL T

AGE RANGE 
• OPERATES FROM STANDARD SUPPLY 

VOLTAGES 

APPLICATIONS 
• MOS MEMORY SENSE AMP 
• AID CONVERSION 
• HIGH SPEED LINE RECEIVER 

ELECTRICAL CHARACTERISTICS T.A =25°C, RL = 2800, CL = 15pF 

Limits 
Parameter From To 

Input Output Min Typ Max 
Input Resistance 4 
Input Capacitance 3 6 
Large Signal Switching Speed 

Propagation Delay 
tpLH (0)1 Amp Output 8 12 
tpHL (0)1 Amp Output 6 9 
tpLH (S)2 Strobe Output 4.5 6 
tpHL (S)2 Strobe Output 3.0 4.5 
Maximum Operating Frequency 40 55 

Small Si~nal Switching 
Charac eristics 
Propagation Delay 
tpLH (0)3 Amp Output 12 18 
tpHL (0)3 Amp Output 10 15 

NOTES: 

Unit 

KO 
pF 

ns 

ns 

ns 

ns 
MHz 

ns 

ns 

1. Response time meas!Jred from 0 volt point of ± 1 00 mV p-p 10MHz square wave to the 1.5V point of the output. 
2. Response time measured from 1.5V point of input to 1.SV point of tha output. 
3. Response time measured from the start of a 100mv input step with 5 mv over drive to the 1.5v point of the output. 

SCHEMATIC DIAGRAM 

120----+----, 

" 

PIN CONFIGURATION 
A,F PACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage (V+) +7 Volts 
Negative Supply 

Voltage (V-) -7 Volts 
Differential input 

voltage ±6 Volts 
Common mode 

input voltage ±5 Volts 
Strobe/Gate 

input voltage +5.25 Volts 
Power Dissipation 600 mw 
Operating Temperature 

Range O°C to 70°C 
Storage temperature range -65°C to + 150°C 
Lead temperature 

(Soldering 60 seconds) + 300°C 

"25 

v+o-____ ~--~~------------~------------~----------------------~----_4------------J 
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TYPICAL PERFORMANCE CHARACTERISTICS 
RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT'D) 
INPUT BIAS CURRENT VS. AMBIENT TEMPERATURE INPUT OFFSET CURRENT VS. AMBIENT TEMPERATURE 
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FEATURES APPLICATIONS 
• 15 ns MAXIMUM GUARANTEED PROP- • MOS MEMORY SENSE AMP 

AGATION DELAY . • AID CONVERSION . 
• 20 /LA MAXIMUM INPUT BIAS CURRENT • HIGH SPEED LIN!; RECEIVER 
• TTL COMPATIBLE STROBES AND OUT

PUTS 
• OPEN COLLECTOR OUTPUT FOR 
"WlRE-OR'D" APPLICATIONS 

• LARGE COMMON MODE INPUT VOL T~ 
AGE RANGE 

• OPERATES FROM STANDARD SUPPLY 
VOLTAGES 

ELECTRICAL CHARACTERISTICS TA=25°C, RL =280n, CL =15pF 

Limits 
PARAMETER 

FROM TO 
INPUT OUTPUT MIN TYP MAX 

Input Resistance 4 
Input Capacitance 3 6 
Large Signal Switching Speed 

Propagation Delay 
tPLH (0)1 Amp Output 10 15 
tPHL (0)1 Amp Output 8 12 
tPHL (S)2 Strobe Output 6 10 
tPHL (S)2 Strobe Output 5 B 

Maximum Operating Frequency 25 35 
Small Signal Switching 

Characteristics 
Propagation 
tPLH (0)3 Amp Output 17 25 
tPHL (0)3 Amp Output 11 17 

NOTES: 
1. Response time measured from OV of±100 mV p.p 10MHz square wave to the 1.5V point of the output. 
2. Response time measured. from 1.SV point of Input to 1.SV point of the output. 

UNITS 

Kn 
pF 

ns 
ns 
ns 
ns 

MHz 

ns 
ns 

3. Response time measured from the start of a 100rnv Input step with 5mv over drive to the 1.5v point of the output. 

SCHEMATIC DIAGRAM 

13~------~~~--------~~~-+----~----; 

12 o-------+-----~ 

11 
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PIN CONFIGURATION 
A, FPACKAGE 

ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage (V+) +7 Volts 
Negative Supply 

Voltage (V-) -7 Volts 
Differential input 

voltage ±6 Volts 
Common mode 

input voltage ±5 Volts 
Strobe/Gate 

input voltage +5.25 Volts 
Power Dissipation 600 mw 
Operating Temperature 

Range O°C to 700C 
Storage temperature 
range -65°C to + 1500C 

Lead temperature 
(Soldering 60 seconds) +3000C 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
INPUT OFFSET CURRENT VS AMBIENT 
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SE526-A, K· NE526-A, K 

FEATURES ABSOLUTE MAXIMUM RATINGS CONFIGURATION 
• PROPAGATION DELAY 30n& 
• INPUT COMMON MODE RANGE +4.5V 

-3.5V 

Supply Voltage +7.0V A PACKAGE 
Gate Input Voltage +6.0V 

• DIFFERENTIAL OVERDRIVE 
RECOVERY 20n& 

• OUTPUT COMPATIBLE WITH 
STANDARD LOGIC FORMS 

• OPERATES FROM STANDARD 
±5V SUPPLIES 

Differential Input 
Voltage +5.0V 

Common Mode 
Input Voltage +5.0V 

Gate Output Current + 1 00 mA 
Storage Temperature -65°C to +150°C 
Operating Temperature 

SE526 -55°C to +125~C 
NE526 O°C to + 75°C 

Absolute Maximum Ratings are limiting values above which 
serviceablity may be impaired. 

ELECTRICAL CHARACTERISTICS T A = 25°C 

LIMITS 
PARAMETER 

MIN TYP 
BVi Gate Input Latch Voltage 

Rating 
Switching Times 1 

Ton Gate Turn-on Delay 15 
Toff Gate Turn-off Delay 15 
Propagation Delay 

tpLH 40 
tpHL 30 

tdm Differential Overload 30 
Recovery2 

NOTES: 
1. Load capacitance includes test fixture and probe capacitance. 
2. Differential input voltage = 500mV for this test. 

EQUIVALENT CIRCUIT 

50flIl 
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1'1"' 
ein{-) t-...J 

I 
-l-. I 
,,~ I 
4'" I 

4'" 4m I 
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I 
I 

I 

243<1 

NOTES: 
COMPONENT VALUES ARE TYPICAL 
'ISOLATION DIODES 

1K 1K 

60flIl 20IKl 6OOf! 

UNIT 
MAX 
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17 ns 
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42 ns 
40 ns 
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FEATURES 
• 15 nsec PROPAGATION DELAY 
• COMPLEMENTARY OUTPUT GATES 
• TTL OR, ECl COMPATIBLE OUTPUTS 
• WIDE COMMON MODE AND DIFFEREN

TIAL VOLTAGE RANGE 

APPLICATIONS 
AID CONVERSION 
ECl TO TTL INTERFACE 
TTL TO ECl INTERFACE 
MEMORY SENSING 
OPTICAL DATA COUPLING 

ABSOLUTE MAXIMUM RATINGS· 
Positive Supply Voltage (V1 +) + 15 volts 
Negative Supply Voltage (V1 -) -15 volts 
Gate Supply Voltage (V2+) , +7 volts 
Output Voltage + 15 volts 
Differential Input Voltage ± 5 volts 
Input Common Mode Voltage ±6 volts 
Power Dissipation600mW 
Operating Temperature Range 

NE527 O°C to + 70°C 
SE527 -55°C to +125°C 

Storage Temperature 
Range -65°C to + 150°C 

Lead Temperature 
(Soldering, 60 seconds) +300°C 

ELECTRICAL CHARACTERISTICS (T A + 25°C) 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

Input Impedance f = 1kHz 500 Kn 
Transient Response Vin=50mVoverdrive 

Propagation Delay 
Time 

tpLH 16 26 ns 
. tpHL 14 24 ns 
Delay between Output 

A and B 
2 5 ns 

Strobe Delay Time 
ton Turn-on time 6 ns 
toff Turn-off time 6 ns 

Parameters are guaranteed over the temperature range unless otherwise noted. 

EQUIVALENT CIRCUIT 

SE527-A,K· NE527-A,K 

PIN CONFIGURATION 

A PACKAGE 

K PACKAGE 

v,· 

OUTPUT B 

BLOCK DIAGRAM 

OUTPUT A 
INPUT A 

INPUT B 
OUTPUT B 

...--or_---ot--..... ------+-ST-R-08t'E-A--r__--<t------1-<lV,' 

184 



SE527-A, K· NE527-A, K 

APPLICATIONS 
One ofthe main features of the device is that supply voltages (V1 + , V1 - ) need not be balanced, as indicated in the following diagrams. For 
proper operation, however, negative supply (V1-) should always be at least six volts more negative than the ground terminal (pin 6). Input 
Common Mode range should be limited to values of two volts less than the supply voltages (V1 + and V1-) up to a maximum of ±6 volts as 
supply voltages are increased. 

It is also important to noie that Output A is in phase with Input A and Output B is in phase with Input B. 

TYPICAL APPLICATIONS 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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FEATURES ABSOLUTE MAXIMUM RATINGS 
• 10 nsec PROPAGATION DELAY 
• COMPLEMENTARY OUTPUT GATES 
• TTL OR ECl COMPATIBLE OUTPUTS 
• WIDE COMMON MODE AND DIFFEREN

TIAL VOLTAGE RANGE 

APPLICATIONS 
AID CONVERSION 
ECl TO TTL INTERFACE 
TTL TO ECl INTERFACE 
MEMORY SENSING 
OPTICAL DATA COUPLING 

Positive Supply 
Voltage (Vl+) 

Negative Supply 
Voltage (Vl -) 

Gate Supply 
Voltage (V2+) 

Output Voltage 
Differential Input 
Voltage 

Input Common 
Mode Voltage 

Power Dissipation 
Operating Temperature 

Range 
NE 529 
SE 529 

Storage Temperature 
Range 

Lead Temperature 
(Soldering 60 seconds) 

ELECTRICAL CHARACTERISTICS T A = 25°C 

PARAMETER TEST CONDITIONS 
liMITS 

MIN TYPMAX 
UNIT 

Input Impedance F = 1kHz 10 KG 
Transient Response Vin = 50mV 

overdrive 
Propagation Delay Time 
tpLH 12 22 ns 
tPHL 10 20 ns 

Delay between Output 2 5 ns 
A and B 

Strobe Delay Time 
ton Turn-on Time 6 ns 
toff Turn-off Time 6 ns 

Parameters are guaranteed over the temperature range unless otherwise noted. 

EQUIVALENT CIRCUIT 

+15 volts 

-15 volts 

+7 volts 
+15 volts 

±5 volts 

±6 volts 
600mW 

O°C to +70°C 
-55°C to +125°C 

-65°C to +150°C 

+300°C 

SE529-A,K . NE529-A,K 

PIN CONFIGURATION 
A PACKAGE 

K PACKAGE 

v,· 

OUTPUT B 

BLOCK DIAGRAM 

OUTPUT A 

INPUT A 

INPUT B 
OUTPUT B 

~~ __ ~~ __ ~ __________ -+_~_"O~.~E_A __ ~~~~ ______ ~--OV.2· 

INPUT A 

v,-
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SE527-A,K . NE529-A, K 

APPLICATIONS 
One of the main features of the device is that supply voltages (V1 +, V1-) need not be balanced, as indicated in the folloWing 
diagrams. For proper operation, however, negative supply (V1-) should always be at least five volts more negative than the 
ground terminal (pin 6). Input Common Mode range should be limited to values of two volts iess than the su'PplY voltag~s'(V1 + 
and V1-) up to a maximum of ±6 volts as supply voltages are increased. .' , 

It is also important to note that Output A is in phase with Input A and Output B is in phase with Input B. 

TYPICAL APPLICATIONS 
PHOTODIODE DETECTOR 
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TYPICAL PERFORMANCE CURVES (CONT'D) 
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SUPPLY VOLTAGE (V,+, V,-l- VOLTS 

r---
i--

OUTPUT PROPAGATION DELAYS 

',ao 
mV 

-100 
mV 

v,l~lov.l'-'-lL_ 
-OUrLTA 

V2+"'5.0V 

, 

V 
OUTPUTS ',," 

INPUT A 

.011 •• 

SE529-A, K . NE529-A, K 

RESPONSE TIME FOR 
VARIOUS INPUT OVERDRIVES 

v,. -tOV, v,-., -lOV 
VTa5.OV 

r-OUJUTA ., , 
~\~ ~ 

OVERDRIVE 
~ D ~L . " 

\~l (" 1\ 

"" c"" 
,,," 

OVERDRIVE 

1NPr B 
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FEATURES PIN CONFIGURATION 
• OPERATES FROM SINGLE 5V SUPPLY F PACKAGE 
• MAXIMUM INPUT CURRENT: 150nA 
• MAXIMUM OFFSET CURRENT: 20nA 
• DIFFERENTIAL INPUt VOLTAGE 

RANGE:±30V 
• POWER CONSUMPTION: 135mW AT 

±15V 
• HIGH SENSITIVITY - 200V/mV 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative Supply 

Voltage 50V 

BALANcel 

STROBE 

Ground to Negative Supply 
Voltage 30V 

±30V 
±15V 

500mW 
10 sec 

ORDER NOS. LM11H or LM211H 

Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 
Output Short Circuit Duration 
Operating Temperature Range 

LM111 -55°C to 125°C 
LM211 -25°C to 85°C 

Storage Temperature Range -65° to 150"C 
Lead Temperature 

(Soldering, 10 sec) 300°C 

190 

CIRCUIT SCHEMATIC 

BALANCE/ 
STROBE BALANCE 

LM111-F,T -LM211-F,T 

T PACKAGE 

v' 

v-

ORDER NOS. LM1110 or LM2110 

ELECTRICAL 
CHARACTERISTICS (TA =25°C 

LIMITS 

PARAMETER MIN TYPMAX UNIT 

Response Time 200 ns 

The response time specified is for a 1 OOmV input step with SmV 
overdrive. 

'" ". 

"" 4 



FEATURES 
• WIDE OPERATING SUPPLY RANGE -

±1SV TO A SINGLE +SV . 
• LOW INPUT CURRENTS - 6nA 
• HIGH SENSITIVITY -10JLV 
• WIDE DIFFERENTIAL INPUT RANGE -

±30V 
• HIGH OUTPUT DRIVE - SOmA, SOV 

ELECTRICAL 
CHARACTERISTICS (tA = 2S0C) 

PARAMETER LIMITS UNIT 
MIN TYP MAX 

Response 
Time 200 ns 

The response time specified is for a 100mV 
input step with 5mV overdrive 

AUXILIARY CIRCUITS 
OFFSET BALANCING 

4,12 

3,11 

R2 
3k 

DRIVING GROUND-REFERRED LOAD 

INPUTS 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage (V+-V-) 36V 
Output to Negative Supply Voltage 
(VOUT-V-

Ground to Negative Supply 
Voltage (GNO-V-) 

Differential Input Voltage 
Input Voltage (Note 1) 
Power Dissipation 

(Note 2) 
Output Short Circuit 

Duration 
Operating Temperature 

Range 
LH2111 
LH2211 
LH2311 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec) 

STROBING 

50V 
30V 

±30V 
±15V 

500mW 

10 sec 

-S5°C to 125°C 
-25°C to 85°C 

O°C to 70°C 

-65°C to 150°C 

15,8 

TTL 
STROBE 

3000C 

COMPARATOR AND SOLENOID DRIVER 

01 
lN4001 

o-..... .I(] __ -_O~~TPUT 

PIN CONFIGURATION 
F PACKAGE 

INCREASING INPUT STAGE CURRENTS 

9 4, 3 
3,11 + 7'; t3=' 

15,8 

4,12 -

Increases Typical 
Common mode slew 

from 7.0VI S to 161 S 

USING CLAMP DIODES 
TO IMPROVE RESPONSES 

01 D2 

TTL 
OUTPUT 

STROBING OFF BOTH INPUT AND OUTPUT STAGE:; TTL INTERFACE WITH HIGH LEVEL LOGIC 

ANALOG 
INPUT 

FROM D-A NETWORK 

"TYPICAL INPUT CURRENT IS 50j<A WITH INPUTS STROBED OFF. 

Rl 
240k 

Cl 

~~--+----<...o V* + 5V 

TO TTL LOGIC 
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FEATURES ,. 
• OPERATES FROM SINGLE 5V SUPPLY 
• MAXIMUM INPUT CURRENT: 250 nA 
• MAXIMUM OFFSET CURRENT: 50 nA 
• DIFFERENTIAL INPUT VOLTAGE 

RANGE:±30V 
• POWER CONSUMPTION: 135 mW AT 

±15V 
• HIGH SENSITIVITY - 200, VlmV 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage . 36V 
Output to Negative Supply 

Voltage 40V 
Ground to Negative Supply 
Vo~age 30V 

Differential Input Voltage ±30V 
Input Voltage (Note 1) ±15V 
Power Dissipation 500 mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range O°C to 700C 
Storage Temperature Range -65°C to 150°C 
Lead Temperature 
. (Soldering, 10 sec), 300°C 

ELECTRICAL. 
CHARACTERISTICS 
TA = 25°C 

LIMITS 
PARAMETER 

MIN TYP MAX 

Response Time· 200 

UNIT 

ns 

The response time specified is for a 1 OOmV input step with SmV 
overdrive. 

CIRCUIT SCHEMATIC 

BALANCEI 
STROBE BALANCE 

192 

PIN CONFIGURATION 
.AF PACKAGE 

.-

." '''' 

'" "" 

8ALAN~1 

STRoa'e 

OUTPUT 

'13 
4 

TPACKAGE 

v+ 

V PACKAGE 

GND8'v' INPUT 2 7 OUTPUT 

INPUT 3 . . 6 BAL/STROBE 

v- 4 5 BALANCE 

TYPICAL APPLICATIONS 
ZERO CROSSING DETECTOR 

DRIVING MOS LOGIC 

INPUT 

V-=-IDV 

V+ "'5V 

TOMOS 
LOGIC 

DETECTOR FOR MAGNETIC 
TRANSDUCER 

r-----~r---~--~V+ 5V 

RI 
4.SK 

MAGNETIC 
PICKUP 

R3 
2K 

>"'-4-0 ~~PUT 



TYPICAL APPLICATIONS (CONT'D) 

TTL INTERFACE WITH HIGH LEVEL LOGIC 

Rl 
240K 

R3 
82K 

INPUT' o--"IM-..... -..-+-"I 

CIt 

R5 
lK 

"'Values shown are for a 0 to 30V logic swing, and a 15V threshold. 

y+=5V 

TO TTL 
LOGIC 

t May be added to control speed and reduce susceptability to noise spikes. 
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FEATURES PIN CONFIGURATION 
• TWO INDEPENDENT COMPARATORS 
• OPERATESFROMASINGLE5VSUPPLY F PACKAGE 
• TYPICALLY 80ns RESPONSE TIME AT 

±15V 
• MINIMUM FAN-OUT OF 3 (EACH SIDE) 
• MAXIMUM INPUT CURRENT OF 1JLA 

OVER TEMPERATURE 
• INPUTS AND OUTPUTS CAN BE ISO

LATED FROM SYSTEM GROUND 
• HIGH COMMON MODE SLEW RATE 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 
Output to Negative 

Supply Voltage 
Ground to Negative 

Supply Voltage 
Ground to Positive 

Supply Voltage 
Differential 

Input Voltage 
Input Voltage 
Power Dissipation 
Output Short 

Circuit Duration 
Operating Temperature 

Range 
LMl19 
LM219 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec) 

CIRCUIT SCHEMATIC 

INPUTS { 

-

36V 

36V 

25V 

18V 

±5V 
±15V 

500mW 

10 sec 

-55°C to 125°C 
- 25°C to 85°C 

022 

RS 3k 

R23 
4k 

021 

TO OTHER 
HALF 

R2S 800 R24 250 
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C1 
l8pF 

Rl0 
170 

R8 2k 

Rg 18k 

R22 R20 
R18 1.9k 60 3.6k 

.. _. 

K PACKAGE 

v+ 

v-

ELECTRICAL 
. CHARACTERISTICS 
TA = 25°C, Vs = ±15V 

PARAMETER 
LIMITS 

MINj TYP I MAX 
Response Time 1 801 

UNIT 

ns 

The response time specified is for a 1 OOrnV input step with 5mV 
overdrive. 

OUTPUT 

R17 3 

v- GND 



FEATURES PIN CONFIGURATION 
• TWO INDEPENDENT COMPARATORS 
• OPERATESFROMASINGLE5VSUPPLY A,F PACKAGE 
• TYPICALLY 80ns RESPONSE TIME AT 

±15V 
• MINIMUM FAN-OUT OF 2 (EACH SIDE) 
• MAXIMUM INPUT CURRENT OF 1/LA 
• INPUTS AND OUTPUTS CAN BE ISO-

LATED FROM SYSTEM GROUND 
• HIGH COMMON MODE SLEW RATE 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage 36V 
Output to Negative Supply 

Voltage 36V 
Ground to Negative Supply 

VoHage 25V 
Ground to Positive Supply 

Voltage 18V 
Differential Input Voltage ±5V 
Input Voltage (Note 1) ±15V 
Power Dissipation 500mW 
Output Short Circuit Duration 10 sec 
Operating Temperature Range 

LM319 O°C to 70"C 
Storage Temperature 

Range -65°C to 150°C 
Lead Temperature 
(Soldering, 10 sec) 300°C 

NOTE: 
1. For supply voltages less than ±15V,the absolute 

maximum input voltage Is equal to the supply 
voltage. 

ELECTRICAL 
CHARACTERISTICS 
TA = 25°C, Vs = ±15V 

PARAMETER 
LIMITS 

MIN I TYP IMAX 
Response Time I 80 I 

UNIT 

ns 

The response time specified is for a 100mV Input step wIth 
5mV overdrive. 

CIRCUIT SCHEMATIC 

-3 

-, .'" 
-s 

NC 

NC , 

Gnd 1 , 

+Input 1 , 

-Input 1 . 
Output 2 ' 

t--t-----t:.. .. 

a" :::J----+--' 

-,. -u 

_" 

13 NC 

12 Output 1 

10 -Input 2 

9 +lnput2 

Gnd2 

A" 
3 

K PACKAGE 

TYPICAL APPLICATIONS 

RELAY DRIVER 

5V 28V 

" 
30V 

WINDOW DETECTOR 

.--~-<l5V 

500 

VOUT ~ 5V FOR VLT<VIN<VUT 
VOUT ~ 0 FOR VIN<VLT OR VIN >VUT 
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TYPICAL APPLICATIONS (Cont'd) 

196 

WIDE RANGE VARIABLE OSCILLATOR 

r-________ ~----__ ----~--_+-.·S1900+ 

lk 

+6V 

7.6M 

3k 500 

1.2V 

lN914 

I~~--IQ-i--H~ SQUARE WAVE OUTPUT 
1kHz to 1MHz 

+-______________ 1-+ ____ + ____ TRIANGLE WAVE OUTPUT 

IN914 

-5V 

FREQUENTLY AD.RJST 
MUST BE BUFFERED 
FOR RL< 100 

.. ., .. 



FEATURES 
• WIDE SINGLE SUPPLY VOLTAGE 

RANGE 2 VDC TO 36 VDC OR DUAL 
SUPPLIES ±1 VDC TO ±18 VDC 

• VERY LOW SUPPLY CURRENT DRAIN 
(O.8mA) INDEPENDENT OF SUPPLY 
VOLTAGE (1mW/COMPARATOR AT +5 
VDC) 

• LOW INPUT BIASING CURRENT - 35nA 
• LOW INPUT OFFSET CURRENT - 3nA 

OFFSET VOLTAGE - 3mV 
• INPUT COMMON-MODE VOLTAGE 

RANGE INCLUDES GROUND 
• DIFFERENTIAL INPUT VOLTAGE RANGE 

EQUAL TO THE POWER SUPPL Y VOLT
AGE 

• LOW OUTPUT SATURAtiON VOLTAGE 
1mV AT 5p.A, 70mV AT 1mA 

• OUTPUT VOLTAGE COMPATIBLE WITH 
TTL (FANOUT OF 2), DTL, ECL, MOS AND 
CMOS LOGIC SYSTEMS 

ELECTRICAL CHARACTERISTICS 
VRL = 5VDC, RL = 5.1KO, V + - 5V 

PARAMETER TEST CONDITIONS 

Large Signal VIN = J"TL Logic Swing, 
Response Time VREF = +l.4VDC 

Response Timel TA = 25°C 

NOTE 1: 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION 
Supply voltage 36Vdc or±18Vdc A, F PACKAGE 
Differential 

input voltage 36Vdc 
Input voltage -0.3Vdc to +36Vdc 
Power dissipation 

Molded DIP 
(LM 139A, LM 239A, 
LM 339A 570mW 

CERDIP 
(LM 139F, LM 239F, 
LM 339F) 900 mW 

Output short -
Circuit to ground Continuous 

Input current 
(Vin ,,;-0.3Vdc) 50 mA 
Operating temperature 

range . 
LM339 O°C to + 70°C 
LM239 -25°C to +85°C 
LM139 -55°C to +125°C 

Storage temperature 
range -65°C to + 150°C 

Lead temperature 
(Soldering 10 sec) 300°C 

SCHEMATIC DIAGRAM 
LIMITS 

MIN TYP MAX 
UNIT 

300 ns 

1.3 ,..s 

+INPUT 
The response time specified is for a 100rnV input step with 5mV overdrive. For larger 
overdrive signals 300n8 can be obtained, see typical performance c;:haracteristics 
section. -INPUTo----+--+--=---' 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT 

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 

, .. 

... 
1 
I 
Ii •• 

i 
> toe 
ii 
I 

'- .. 

T" ....... C -+--- 80 

....... --- ~ - IC 

...----t::""~ 
/" -

V - T"-+ie .. 
, 

TA"+1WC ...-
" 

AL. .... 

10 20 30 .. 
y+ - SUPPLY VOLTAGE - VDC 

IVIN'C.! .• v~l_ 
RINICMI-10kil 

T,,--&i°e 

TA-ere 

1l 
2.'.0 

i 
~ 
~ 0.1 

~ 

I ou1 { 11 
jTURATION VII 
~1 

TA =.,26°0 ~ 
~ ~=-55.C 

-
TA-I26OC 1,T,.-t'lS'C 

T,,- .. We 

, 
~ ~ I' 

/~ A TA =+25OC 

.01 

:% '/ '00' 
10 ZCI 30 

y+ - Suwt.VVOLTAGE - Voc 10 - OUTPUT SINK CURRENT (mAl 

Ia-a=a 

'00 
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TYPICAL PERFORMANCE CHARACTERISTICS (CONT'D) 

198 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES

NEGATIVE TRANSITION 

-3 

100mV 

1 

.s 

.mJ.pLE"L~H-, , , 
.." 

.-~ V 1.1K 
IN .-

VOUT 

1.' 
TIME-.-

TA-i-e t--

2.' 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES
POSITIVE TRANSITION 

INPUT OVERQRIVE- '00 mV 

f I 
I 

20mV S.V , 
J 1 1_ 

1 

J . .1?J:. ,. -
VOUT 

- t-- TA~r·C t-- • . 
" TIME-,..c 

TWO-DECADE HIGH-FREQUENCY VCO 

'Vc 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

l00kn 

>Okn 

SDkI! 

v· 

.JlJ" 
OUTPUT 1 

'-_________ -+--<:OUTPM 

LIMIT COMPARATOR 

V+(12VOC) 

LAMP 

TYPICAL APPLICATIONS 
VISIBLE VOLTAGE INDICATOR 

+5VOC 

350 

TTL TO MOS LOGIC CONVERTER 

CRYSTAL CONTROLLED OSCILLATOR 

200kH 2.0kU 
30kH 



FEATURES 
• WIDE SINGLE SUPPLY VOLTAGE 

RANGE 2 VDC TO 36 VDC OR DUAL 

SUPPLIES ±1 VDC TO ±18 VDC 
• VERY LOW SUPPLY CURRENT DRAIN 

(O.8mA)-INDEPENDENT OF SUPPLY 
VOLTAGE (2mW/COMPARATOR AT +5 
VDc) 

• LOW INPUT BIASING CURRENT - 35nA 
• LOW INPUT OFFSET CURRENT- 3.0nA 

AND MAXIMUM OFFSET VOLTAGE -
2mV 

• INPUT COMMON-MODE VOLTAGE 
RANGE INCLUDES GROUND 

• DIFFERENTIAL INPUT VOLTAGE RANGE 
EQUAL TO THE POWER SUPPLY VOLT
AGE 

• LOW OUTPUT SATURATION VOLTAGE 
- 1mV AT 5p.A, 70mV AT 1mA 

• OUTPUT VOLTAGE COMPATIBLE WITH 
TTL, DTL, ECL, MOS AND CMOS LOGIC 
SYSTEMS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage V+ 36VDC or ±18 VDC 
Differential 

Input Voltage 
Input Voltage 
Power Dissipation 

Molded DIP 

36 VDC 
-0.3 VDC to +36 VDC 

(LM 139AA, LM 239AA, 
LM 339AA) CERDIP 
(LM 139AF, LM 239AF, 
LM 339AF) 

Output Short-Circuit 
toGND 

Operating Temperature 
Range 
LM339A 
LM239A 
LM139A 

Storage Temperature 
Range 

Lead Temperature 
(Soldering, 10 sec) 

570mW 

900 mW 

Continuous 

O°C to +70°C 
-25°C to +85°C 

-55°C to +125°C 

300°C 

PIN CONFIGURATION 
A, F PACKAGE 

SCHEMATIC DIAGRAM 

ELECTRICAL CHARACTERISTICS 
VRL = 5V, RL = 5.1KH, V .j 5V 

LIMITS 
PARAMETER TEST CONDITIONS MIN TYP MAX 

Large Signal VIN = TTL Logic Swing, 300 
Response Time VREF = +1.4VDC 

Response Time1 TA = 25°C 1.3 p's 

NOTE 1: 

The response time specified is for a 100mV input step with 5mV overdrive. For larger 
overdrive signals 300n5 can be obtained, see typical performance characteristics 
section. 

v+ 

UNIT +INPUT 

ns -INPUTo------1f----1f--=---' 

1i!JIDliBl 

OUTPUT 
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FEATURES 
• WIDE .oPERATING TEMPERATURE 

RANGE - -40 T.o +85°C 
• TTL C.oMPATiBLE 
• INPUT COMM.oN-M.oDE V.oLTAGE 

RANGE INCLUDES GR.oUND 
• DIFFERENTIAL INPUT V.oLTAGE = 
. ±VCC 
• SINGLE SUPPLY V.oLTAGERANGE -

+2 T.o +28 VDC 
• LOW CURRENT DRAIN 
• .oUTPUTS CAN BE C.oNNECTED T.o 

GIVE THE IMPLIED AND FUNCTl.oN 

MAXIMUM RATINGS TA = +25°C (Unless Otherwise Noted). 

RATING SYMB.oL VALUE UNIT 

Power supply range VCC +2.0 to +28 Vdc 
Output supply current 1 10 20 mA 
Differential input voltage VIDR ±VCC Vdc 
Common-mode input voltage 

range2 VICR -0.3 to+VCC Vdc 
Power dissipation (package 

limitation) PD 625 mW 
Derate above TA = +25°C 5.0 mWrC 

Operating temperature range TA -40 to +85 °c 
Storage temperature range Tstg -65 to +150 °c 

NOTES: 
1. Requires an external resistor, AL. ~o limit current below maximum rating. 
2. If either (+) or (-) inputs of any comparator go more than several tenths of a volt below ground, 

a parasitic transistor turns "on" cB:using high input current and possible faulty outputs. 

SCHEMATIC DIAGRAM 

PIN CONFIGURATION 

A PACKAGE 

ELECTRICAL CHARACTERISTICS (RL = 15K!}) 

LIMITS 
PARAMETER 

MIN TYP MAX 
gm Transconductance 2 
CMRR Common-mode Rejection 60 
. Ratio 
Propagation Delay Time 

tpLH 2 
tpHL 2 

tSR- Slew Rate 200 
t SR+ Slew Rate 50 

----

::1 
r-t::t-r----r---;==t=t==~=t==t=+===t=+:g~ OUTPUTS 

200 

UNIT 

mhos 
dB 

JLs 
JLS 

VlJLs 
VlJLs 



MC3302-A 

TYPICAL CHARACTERISTICS vee = +15 Vdc, TA = +25°e (each compactor) Unless Otherwise Noted. 

1.00 

0.60 

0.40 

-40 

INPUT OFFSET VOLTAGE 

~ 

~~ 
~ ..... 

~ 

SLOPE CAN BE EITHER POLARITY 

TA - AMBIENT TEMPERATURE- C 

" 

0.20 
-40 

OFFSET BIAS CURRENT. 

l' 
t'\ , 

...... 

SLOPE CAN BE EITHER POLARITY ":-- I-

lA-AMBIENT TEMPERATURE- C 

~-------------------------------------

INPUT BIAS CURRENT 

..-f-"'''' 
TAR_40~ 1-"'''-

I-"'I-"'i"" 

TA ~ +25 C ~~ -I--
1-1-I-~, -~ 
r-

Vcc-Voc 
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ABSOLUTE MAXIMUM RATINGS FEATURES 
• FAST RESPONSE - 40 ns 
• HIGH SENSITIVITY -1.7V1mv 

Positive Supply Voltage + 14.0V 
Negative Supply Voltage -7.0V 
Peak Output Current 10mA 
Differential Input Voltage ±5:0V 
Input Voltage ±7.0V 

• LOW OFFSET VOLTAGE TEMPERA· 
TURE COEFFICIENT - 3.5/LV/oC 

Internal Power Dissipation • HIGH INPUT VOLTAGE RANGE - ±5.0V 
(Note 4) 
TO·99 300mW LOGIC DIAGRAM 
T0-91 200mW 

Operating Temperature Range 
/LA 710 - 55°C to + 125°C 
/LA710C O°C to +75°C 

Storage Temperature Range -65°C to + 150°C 
Lead Temperature 

(Soldering, 60 sec) 3000C 
Maximum Ratings are limiting values above which serviceabil· 
ily may be impaired. . 

ELECTRICAL CHARACTERISTICS /LA710 -55°CdA",,+125°C 
/LA710C 0°C""TA",,+75°C 

LIMITS 
PARAMETER TEST CONDITIONS /LA71 0 /LA710C 

MIN TVP MAX MIN TVP MAX 
Output Resistance 200 200 
Response Time1 40 40 
VOS Drift RS = 50n, 

TA = +25°C to +125°C 3.5 10 
RS = 50n, 
T A = +25°e to -55°C 2.7 10 
RS = 50n, 
TA = ooe to +75°e 5 20 

lOS Drift TA = +25°C to +125°e 5 25 
T A = +25°e to -55°C 15 75 
TA = +25°e to +75°e 15 50 
TA = +25°e to ooe 24 100 

CMRR Common-mode 
Rejection Ratio RS",,200n 80 100 70 98 

NOTE1:The response time specified is measured with a 100mV input step and a SmV overdrive. 

CIRCUIT SCHEMATIC 

202 

UNIT 

n 
ns 

/LV/oe 

/LV/oe 

/LVre 
nAloe 
nAloe 
jLAloC 
jLAloe 

dB 

/LA71D-A,T ·/L71OC·A,T 

PIN CONFIGURATION 
A PACKAGE 

NON·INVEATING 

INPUT 

INPUT 

T PACKAGE 



ABSOLUTE MAXIMUM RATINGS 
Positive Supply 

Voltage 
Negative Supply 

Voltage 
Peak Output 

Current 
Differential 

Input Voltage 
Internal Power 

Dissipation (Note 4) 
TO-99 

Operating Temperature 
Range 
pA711 
pA711C 

Storage Temperature 
Range 

Lead Temperature 

+14.0V 

-7.0V 

50mA 

±5.0V 

300mW 

-55"C 10 + 125"C 
O"C 10 + 75"C 

-65"C 10 + 15O"C 

(Soldering. 60 sec) 300" 
Maximumratingsarefimilingvalues_which~ 
may be impaired. 

CIRCUIT SCHEMATIC 

NON .... NvEFmNG IM'UT "o---+---' 

FEATURES 
• FAST RESPONSE - 40ns 
• HIGH SENSITIVITY -1.SV/mV 
• LOW OFFSET VOLTAGE TEMPERA

TURE COEFFICIENT - 5p.VrC 
• HIGH INPUT VOLTAGE RANGE-±5.0V 

LOGIC DIAGRAM 

INV.INPUT 

-..!NV. IM'lIT 

1IIIV.INPUT2 

__ .INPIIT2 

OUTPUT 

p.A711 p.A711-A,K· p.A711C-A,K 

PIN CONFIGURATION 
A PACKAGE 

KPACKAGE 
v, 

ELECTRICAL 
CHARACTERISTICS 
Vstrobe = 100mV 

UMITS 
PARAMETER 

TYP MAX 

Response Time 1 40 
Strobe Release Time 12 
Output Resistance 200 
Strobe Current 1.2 2.5 
Vas Drift 5 

UNIT 

n5 
n5 
{l 

mA 
p.VloC 

_1: The rasponse lina specified is for a l00mV 
input step. with a 5mV overdrive. 
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FEATURES 
• Ion-Implanted for greater control and 
reliability 
• Wide dynamic range 
• Positive. bias only 
• High gain through UHF range - 10dB at 
1GHz 
• Low noise through UHF range: 

SD200 - 4.5dB 
SD201 - 5.0dB 

• Low input capacitance - 2.4pF 
• Low feedback capacitance - 0.20pF 
• High draln-to-source voltage - +30V 
• High forward transconductance -
15,OOOumhos 

CHARACTERISTIC CURVES 
DRAIN CURRENT VS 

DRAIN-TO-SOURCE VOLTAGE 

~r-~-+----~--~~--~----1 

0 

204 

" 
DRAIN:ro-souftCE VOLTS (Vos! 

POWER GAIN VS 
DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 

I \ A."ENTT'.P. (TA" ""C FREQUENCY III ~ 1GHz 
DRAIN·TO-SOURCE VOLTSIVosJ ~ +16 

}: ~ 
UG 

Y 
,...- MAG 

I~ 

DRAIN MILLIAPERES (lD~ 

20 " 

--
1 

.. 

COMMON SOURCE 
BIAS SCHEME 

+V05 = 0 +20 Volts 
+VG5 = 0 +4 Volts 
+105 = 0 +20mA 

DIODE PROTECTION ON SD201 ONLY. 

10 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 
COMMON SOURCE CONFIGURATION 
AMBIENT TEMP. (TAl" 26"C 

FREQUENCY If I m lkH~ 
DRAIN·TO.soURCE VOLTS ("os'''' +15 --.-

. 
• 

\ 

I 
/ 

/ 
/ 

V-

I 

15 

DRAIN MILLIAMPER.ES liD' 

NOISE FIGURE AND 
AVAILABLE GAIN VS 

DRAIN CURRENT 

"" /' / 
I 
/ 

, 
AG 

, 

, 
., . 

1 I COMMON SOURCE CONfIGURATION 

:::~~T~~S:;:::~~~;S{~:~;12::~5 - 1 
• 

FAEOUENlr til,. 11lHz 

.aDlIDS 

I o 

" 

PIN CONFIGURATION 
DE PACKAGE 

Source 

Drain 

Substrate 
and C~se 

Gate 

·DIODE PROTECTION ON SD201 ONLY. 

DRAIN CURR~NT VS 
GATE-TO-SOURCE VOLTAGE 

.. 
COMMON SOURCE CONFIGURATlON 

/ AMBIENT TEMP. (TA,=-2S"C 
DRAIN·TQ.SOURCE VOLTS "+15 

30 

V 
0 / 

/ 
10 

V 
0 ., ., 

GATE·lO·SOURCE VOLTS (VOSI 

OPTIMUM NOISE FIGURE AND 
AVAILABLE GAIN VS FREQUENCY 

1O~--~-,------,------,-------, 

'" COMMON SOURCE CONFIGUAATION 
'\ AMBIENT TEMP. (TA' ~ 25"C 

f------1'I'<-,,- ,DRAIN.lO.SOURCE VOLTS lVOS' "+16 

I ,DRAIN MILLIAMPERES (10) ~+2D 

-
FREQUENCY IOHzl 



CHARACTERISTIC CURVES (Continued) 

,$111 

. . 

--
" 

I"-
r--~ 

S11 

I--
I--~ 

r--... 
l"-

i'. .... 811 

'" 

S21 

<$:21 

I" I--r--
"-

$21', 

FREQUENCY IGHz) 

"-

" 

"s" PARAMETERS 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE (TA) = 25°C 
DRAIN MILLIAMPERES (10) = 20 
DRAIN-TO-SOURCE VOLTS (VDS) = +15 

r--. 

, 

, 

- "'" , 

· 

· 

, 

, 

· . 

1GHz NOISE FIGURE AND POWER GAIN TEST FIXTURE 

-.( 'f 1 " ~-L,---1 " ~'3--=1 Lei 
I 

hf-.l~il l ~~ 1 L:! ~SHIELD 

S12 

........ 
<812 ~ -

I--
1S,2! V 

.....- ...... 

FREQUeNCY !GItzJ 

S22 

--'--~ ~ --'-- -- t--t--r-
<8n t--I--I--

FREQUENCY 10Hz! 

)_. 
~ r--

r-"~ 
___ LIj_ "'. ko/- -0 V", 

I--"~ I--"~ 
Vos ., , .. 

C, 

OIALECTRIC IS 1/16" TEFLON· FIBERGLASS (3111·11:6(188·111 
ALL MICROSTRIPWIDTH _ O.175d 

L,-O.4S" c,-CZ- C3"o.a·1Opf 
Lz:l.52" JoIwIson5201 
L3-o.B4" ~·,.2OpF 
l4-1.36" -... ... , 
LS ~5118" RFC m 10 TURNS 26 AWG 114" DIA. 
Le- 11S" l000pFBYPASS 

l' CORYFT4-01·2 
LAUNCHERS - 0SM248-2 

.,} 
NOTE: SHIELD AND" TUNABLE CAItACITORS ON GROUND PLANE SIDE Of AMPLIFIER. 
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FEATURES 
• Ion-implanted for greater control and 
reliability 
• Wide dynamic range 
• Positive bias only 
• High gain through UHF range - 10dB at 
1.5GHz 
• Low noise through UHF range - 3.2dB at 
1.ooHz 
• Low input capacitance - 3.0pF 
• Low feedback capacitance - 0.20pF 
• High drain-to-source voltage - +25V 
• High forward transconductance -
20,000umhos 

CHARACTERISTIC CURVES 
DRAIN CURRENT VS 

DRAIN-TO-SOURCE VOLTAGE 

"r---~-r--r-----__ ~ ______ ' 
I \ COMMON SOURCE CONFIGURATION .. L \ AMB1ENTTEMPERATUREITA)~2S"C 

3& I- G.ATE.TO-SOURCE_~r-1~ ____ +-____ --1 
I VOLTSiVGSI \, I 

30 +30~.. ./ ~tSSIPATION -
~ ~' ",< {3OOmW1 

P / " I ~ f--II'---f-_-----1-=--=-:':.-'-'~'k;;::..;:--.------_-I 
~ "I-+----:>-==t==='----~_+_-'~-
~ (/ 

+2.0-

DRAlN-TO-sQURCEVOLTS(Vosl 

POWER GAIN VS FREQUENCY 

I N 

" L _.L v----< ____ -':-____ "-____ L......l-1..J
2

.
0 

0 

FREQUENCY 'G~l 

206 

COMMON SOURCE 
BIAS SCHEME 

+VOS = 0 +20 Volts 
+VGS = 0 +4 Volts 
+IOS = 0 +20mA 

"DIODE PROTECTION ON SD 203 ONLY. 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENTTEMI'ERATURE IT AI ~ 25 C 
FREQUENCY (II ~ 1kHz 
DRAlI'II·TO-$OUflCE VOLTSlVOS' ~+15V 

>/~ 
V-

I 
I 
I 

DRAIN MILLIAMPERES 1101 

-

1.0GHz NOISE FIGURE AND 
AVAILABLE GAIN VS 

DRAIN CURRENT 

\ I ~ 
~ • f--p-'l..~--l-----+------I------1" ~ ~ 

I "'-~----~--~--4---__ J -~ 
~ 

CRAIN MILLIAMPERES (101 

IRIOI.I 

PIN CONFIGURATION 
PACKAGE 

Source 

Drain 

Substrate 
and Case 

Gate 

"DIODE PROTECTION ON SD203 ONLY. 

, 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

COMMON SOURCE CONFIGURATION 

~:::~~~~:~:~~~lrq~:z.."+~5V 

7 
/ 

7 

GATE-To.souRCE VOLTS !Vas! 

1.5GHz POWER GAIN VS 
DRAIN CURRENT 

COMMON SOURCE CONfIGURATION 

~:::~~~:s~u"~~:~r·~~n.,!;),: ~~5V 

-~ V 
/ MAG 

'~/ 
V 

'I~ . 
, 

ORAIN MILLIAMPERES (101 



CHARACTERISTIC CURVES (Continued) 

1.8GHz POWER GAIN VS 
DRAIN CURRENT 

" , 
COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE CT AI" 25'C 
ORAlN.TO-SOURCE YOlTSCVosl-+15V 

" ~ 
r--------- ~ 

" 
~ § 

v/ , 
~ 

~-
~ ~ -- . 

:;/~ - . - , . , 
" " " QRAlNMILLIAMPERESUoI 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMPERATURE (TA) = 25°C 

S11 
, .. " 

~"'" 
I 

'" ~ I ... 
~ 

,," 
I I'\. I 
I "'- "" ... 60" 

I '" 1 1S'1J <s .. 
I "'- "l ... 
I ts .. '\, 

.. 
I "'- I ., 120' 

I '\ I 

. ""J ,,,. . • A ... .., , .. , .. 
FREOUENCY (GH.) 

S21 
2.' 

i"'-- I 
1 ~ I ,,.. 
i"\ ~ JStll_ i+-1 "" -............ ,,.. 

"- I 
1 is:z,I'·0 
I '" 

<s" 

1 
'0" , 

~ f-J 
I i 40" 

I I 

i . .. . . .. ... '" U , .. 
FREQUENCV (GHz! 

"S" PARAMETERS 

DRAIN MILLIAMPERES (ID) = 20 
DRAIN-TO-SOURCE VOLTS (VDS) =+15 

S12 
0.10 

I J1 
: [71 '" 

'.08 
/ I !s121 I 

I V I 
0.01 

7 
90" 

I i 
1$121 

1"'- V ) 
LS'2 

.... 
1/ '" I: - " '( "'" LS'2 I .... F I I 
I 

I . ,. . . . .. . .. .., U 2.' 

FREQUENCV (6Hz) 

S22 

L' 1 
. 

I-

~ -I---~ i 
'.S " 

I ~ I 

I " I .. 
~ 

20 

I 1 ,.", 
I "-

a" 
is,, I ... 

I "" 
I " 

I ""-I .. , 
I 

40 

1 
1 1 . " . . ..• . . ,., '.S , .. 

FREQUENCY (6Hz) 
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1GHz NOISE FIGURE AND POWER GAIN TEST FIXTURE 

1 " ~=--'1--~ " ~C3~ c' l 
rr---,i 

:6------, DIALECTRIC IS 1/16" TEFLON-FIBERGLASS (3M
K6098-11) 
ALL MICROSTRIP WIDTH ~ 0.175" 

L1 ~ 0.48" 
L2 ~1.52" 
L3 ~ 0.84" 
L4 ~ 1.36" 
L5 ~ 5/16" 
L6 ~1/8" 

C1 ~ C2 ~ C3 ~ 0.8-10pF 
Johanson 5201 

C4 ~ 1.20pF 
Johanson 5501 

RFC ~ 10 TURNS 26 AWG 1<," DIA. 
1000pF BYPASS 
CORY FT4-01-2 
LAUNCHER5-0SM248-2 

NOTE: SHIELD AND 4 TUNABLE CAPACITORS ON GROUND PLANE SIDE OF AMPLIFIER. 
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FEATURES 
• LOW FEEDBACK CAPACITANCE - 0.30pF 
• LOW DRAIN NODE CAPACITANCE - 1.3pF 
• LOW GATE NODE CAPACITANCE - 2.4pF 
• LOW FEEDTHROUGH AND FEEDBACK TRANS

SIENTS 

APPLICATIONS 
SWITCH DRIVER 
ANALOG SWITCH 
MULTIPLEXERS 
DIGITAL SWITCH 
SAMPLE AND HOLD 
CHOPPERS • ION-IMPLANTED FOR GREATER RELIABILITY 

• EXCELLENT ISOLATION FROM INPUT TO OUT
PUT - 120dB 

A-TO-D CONVERTERS 
D-TO-A CONVERTERS 

• 35V DRAIN-TO-SOURCE VOLTAGE FOR SD210/211 

CHARACTERISTIC CURVES 

DRAIN CURRENT VS 
DRAIN-TO-SOURCE VOLTAGE 

, , 

/ 
1/ 
1/ 

I; 

v\+s COMMON SOURCE CONFIGURATION 

\, """'j'M'''A'T' 
~i~r"""vo"SlV~' 

" 

DISSIPATION 13DOml / ', ......... 
................... 

., 

., 

DRAIN·TO·SOURCE VOLTS IVOS) 

THRESHOLD VOLTAGE VS 
SOURCE-TO-SUBSTRATE VOLTAGE 

•.. 

~ g 

"f t.' 
~ t.' ~ g 
~ 
~ 
" 

- -----S0214, S0215 ONLY 

/' 
ABOVE('5V 

I 
II DRAIN CURRENT "D)" LA 

AMBIENT TEMPERATUFIE "25"C -
VOS-VGS 

SOURCE·lO·SUBSTRATE VOLTAGE (Vsal, VOLTS 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

COMMON SOURCE CONFIGURATION 
AMBIENT TEMP. {TA,)-25 C 

14 FREOUENCYII)_lkHz 
DRAIN TO SOURCE VOLTS(VOSI- +15 

/ 
. / 
,j 

-------

"L-____ -L ____ ~ ______ ~ ____ _J 

DRAIN MilLIAMPERES (101 

DRAIN-TO-SOURCE RESISTANCE 
VS TEMPERATURE 

- f--~JAINc~flREJuD,.lo.,mAI I I--I--
SOtRCE'j,SUSrRATt VOLTS (Vsal- 0 

l!7' 
./ 

GATE·lO-SOURCE VOLTS (Vos' V 
V 

V V V-
I.-- V V V ~ 

I-- l- i::::: 
20~ -I-- --I-- I--: Ir,-

l'SOZ14,SD21S0NLV 

o 
70 50 -30 -10 +10 +30 +50 +70 +90 +110 +130 

AMBIENT TEMPERATURE (TAl, 'C 

.00,1:1 

PIN CONFIGURATION 

~ 
~ 
~ 
0 
g 
9 

~ 
" 

DE PACKAGE 

Source 

Drain 

Substrate 
and Case 

Gate 

"Diode protection on SD21112131215 only. 

'.0 

... 
t.' 

t.' 

o. 

0.' 

0.' 

0> 

DRAIN CURRENT VS 
GATE-TO-SOURCE VOLTAGE 

COMMON SOURCE CONFIGURATION / AMBIENT TEMP. IT AI B 26 C 
ORAIN·TO·SOURCE VOLTS ~ +15 

, , 

II 
V 

GATE.TO.SOURCE VOLTS \Vmv 

II 
/ 

THRESHOLD VOLTAGE 
VS TEMPERATURE 

DRLNCu!REN)Uo)J~ I 1_ 
SOURCE·TO-8UBSTRATE VOLTS IVsa)" 0 

GATE CONNECTED TO DRAIN 
IVGS"vos! -

""" r--... ....... r--... 
""' 

10 +10 +30 +50 +70 +90 

AMBIENT TEMPERATURE IT AI, QC 
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CHARACTERISTIC CURVES (Continued) 

DRAIN-TO-SOURCE RESISTANCE VS 
GATE-TO-SOURCE VOLTAGE 

DRAIN CURRENT VS 
GAT!!!~TO-SOURCE VOLTAGE 

DISTORTION VS 
GATE-TO-SOURCE VOLTAGE 

200 

---< ~ SOU!CE.n!SU~RATE 
I VOL"!"SIVsa' 

0 I I I 

180 

-. 11" DRA~NCU~RENT1ID'''~lmA I 
I -15 

AMBIENT TEMPERATURE IT AI - 26"C 

I -" 

~~ 
S0214.SD211i!NLY 

~ ~ 
~ ~ ..... -

o 
o 

l -2 -5 

o ./ '//. 
o 

I I I 
: SOURCE·ro-sueSTRATE 
i'VOLTSlVse' 

~802I'4,SD215a'r.LY -
~-10 
7,-16 

-25 

AMBIENT TEMPERATURE-
ITA) = 2S"C I 

I GATE CONNECTED TO DRAIN 
I (VOS·VOS) 

~ 
~ 

I 
I 
;; 

FREQUENCY" 1kHz 
I----+\-'\-- OUTPUT SIGNAL = 1 VOLT {RMS) 

seE DISTORTION TEST CIRCUIT 

g 0.01 I---+-~>.q----I----l 
6 

GATE·TO-SOURCE VOLTAGE (Vasl. VOLTS GATE.TO-SOURCE VOLTAGE (VGS), VOL 19 GATE·TO·SQURCE VOLTAGE (Vasl, VOLTS 

SWITCHING CHARACTERISTICS 

td (ON) (ns) tr (ns) tOFF (ns) 

VOO RL TYP MAX TYP MAX TYP MAX 

5 680 0.6 1.0 0.7 1.0 9.0 * 

10 680 0.7 0.8 9.0 

15 1k 0.9 1.0 14.0 

'tOFF is dependent on RL and CL and does not depend on the 
device characteristics. 

TYPICAL WAVEFORMS 

VIN 

ANALOG 
OUTPUT 

:5:.----n----n 
"'1--
I 

H:L1_~ h7\-ri ~-r 
10 _'iL~ DLVJ \jj--

SWITCHING WAVEFORMS 

ov 

+VDD----' 

VOUT 

'oFF 

210 

CAPACITANCE MODEL 

CGD 

GATE IG) 0 

r -1f- -J ' 0 DRAIN (D) 
I I 
r ::;:: cos 

I C I'''' ,~ 0 SUBSTRATE (a) 

lGa~, r-l(--- .J TCsa 

L -1(- - - SOURCE (S) 

cGS 

DISTORTION TEST CIRCUIT 

G 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

TEST CIRCUIT 

TO SCOPE +VOD. 

510 RL 

VOUT TO 
SCOPE 

V'N I~ 
51 

":::-

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

INPUT PULSE SAMPLING SCOPE 
td, tF 1ns tr 360ps 
PULSE WIDTH = 100ns RIN = 1M 
REP RATE = 1MHz CIN = 2.0pF 



D-MOS DRIVER/SWITCH APPLICATION 

I 

I "OV ~
+15V I J ANALOG OUTPUT 

r---+5 ,. I 
~ I GO 

CONTROL 
SIGNAL 

o 15V I I!i= B ANALOG INPUT 

V,N o-Z~:fc~~:J-EA"""""1r-"I_-'ljF sit s "OV 

" 

DRIVER 
502101211 

~ 'r- I L ___ _ 

L_____ I 

I 
I 

-'5V I 
RB" OPTIONAL CURRENT LIMITING RESISTOR 

AB" 
SWITCH 
50214/215 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

211 

" 9 • c • 



GENERAL FEATURES 
• Lower cross-modulation and wider dynamic range than bipolar or 'single gate FETs 
• Reverse AGe capability 
• Linear mixing capability 
• Diode protected gates 
• High forward transconductance - gfs = 10,000umhos 
• Ion-implanted 
• Positive bias only 

PARAMETER SD 300 SD301 SD 303 SD304 

High Gain Through UHF Range 13 14 14 
High Gain Through VI;iF Range 16 
Low Noise Through UHF Range 8 6 5.5 
Low Noise Through VHF Range 5 
Low Input Capacitance 2.0 2.0 3.0 2.5 
Low Feedback Capacitance 0.02 0.02 0.02 0.03 
Low Output Capacitance 1.0 0.6 0.6 1.0 

TEST FIXTURE (1 GHz) (Used With 8D300, 301, 303) 

GATE 2 

~G2S C3 

Ll .~~~====~~~====~~ 
" '7 r 

~SHIELD 
L2 

RFC, 
C2 

DIELECTRIC IS 1/16"· TEFLON·FIBERGLASS (3M·K6098·111· 
ALL MICROSTRIP WIDTH' 0.115 INCH. 

L, = 0.42 INCH 

L2 = 1.88 INCHES 

L3 ' 0.64 INCH 

'-4 = 1.52 INCHES 

L5 = 0.30 INCH 

(:, • 0.8·10pF JOHANSON 5201 

C2 - C4 = 1.20pF JOHANSON 5501 

Ca = O.4-6.OpF JOHANSON 4842 

RFC, • 0.22pH 

RFC2=Ia"H 

UNIT 

dBat1GHz 
dB at 500MHz 
dBat 1GHz 
dB at 500MHz 
pF 
pF 
pF 

NOTE: SHIELD AND ALL PASSIVE COMPONENTS ON GROUND PLANE SIDE OF AMPLI FIER. 

l000pF BYPASSES ARE: 

212 

DRAIN: CORY FT4-01-2 

GATE 2: AMERICAN TECHNICAL 
CERAMICS ATC100B 
(CHIP CAPACITORI 

LAUNCHERS ARE OSM24l1-2 

.... 

PIN CONFIGURATION 
PACKAGE 

DUAL 
GATE CASCODE BIAS SCHEME 

+Vos = 0- +20 Volts 
+VG1S = 0 - +4 Volts 
+VG2S = 0 -> +10 Volts 
+IOS = 0-> +20mA 



CHARACTERISTIC CURVES 

50300,301 
POWER GAIN VS FREQUENCY 

...l ~-HJ~ . 
AMBIENT TEMP. (T At ~ 25u C I 

[" 
DRAIN MILLIAMPERES flO) .. 18 ~, 
DRAIN_TO_SOURCE VOL T5 NDS) .. +15 

V V 

I 
I V 

V I 

./ 
/' I 

I 

: 
FREQUENCV /GHd 

POWER GAIN VS 
DRAIN CURRENT 

V 
,,-
V 

'"',-,,.....---r---"T"---,----, 
AMBIENT TEMP. tTAI"2S'C 

FREQUENCY (fl"'GH~ 
DRAlN.T().$OURCE VOLTS lVas''' +15 

DRAIN MILLIAMPERES liD' 

50300,301,304 
DRAIN CURRENT VS 

DRAIN-TO-SOURCE VOLTAGE 

// 
AMBIENT TEMP. (TA'= ZS"C 
GATE NO. 2·TO-SQURCE VOLTAGE 
IVG2S' ~ +10 VOLTS 

r/-l--+---+---+--';:;::""" t-----i 

.~~==~===±====~==~='="':±==:d 
• 20 2S 30 

ORAIN-TO-80URCE VOLTS 1VOSI 

NOISE FIGURE AND AVAILABLE 
GAIN VS DRAIN CURRENT 

· , ~:B"NTT'.""AI-2S'C .J FRENQUENCV If I .. lGHZ 
4 QRAIN-TO-SQURCEVOLTS(VOSI-+1S-

· \~ 
· \ t'--- S0300 · SD3OO, S0301 

· / · fAa 
· I · . 
50304 

I 

DRAIN MILLIAMPERES (IOJ 

POWER GAIN VS 
DRAIN CURRENT 

I-- MAG 

/ 

'03" 

, 

, 

, 
'" 

,4 

I MAG - • .LMUM AVAILAL GAl~ _ 

l/ 
k>1 - UNCONDITIONALLY STABLE 

iii 10 
~ . ~ 

\ 

" 
~ 8 . 
~ 
~ . 

k 

AMBIENT TEMPERATURE (TAl- 25"e 
FREQUENCY If) ... 500MHz -
DRAIN.TOjURCE VOLTS IIDS1- +15V . . 

I 

o 15 20 

DRAIN MILLIAMPERES (10' 

1kHz FORWARD 
TRANSCONDUCTANCEVS 

DRAIN CURRENT 

AMBIENT TEMP. (TAI=26"C 
DRAIN-TO-SOURCE 
VOLTS 1Vasl= +15 
FREQUENCY-1 KHZ 

GATE NO. 2-TO

SOURCE VOlTS IVozsl 

DRAIN MILLIAMPERES nDI 

-... -

· 
9 

· 
7 

6 

5 

· 
3 

, 
, 

~ 18 . 
~ . 
~ " 

NOISE FIGURE AND 
AVAILABLE GAIN VS 

FREQUENCY 

AMBIEJTEM~lA)~60CT T 
DRAIN·lO·SOURCE VOLTS !VDS' = +15- 2 
DRAIN MILLIAMPERj 1101 .. 18 

, 
"- V , 
AG 

" soloo/ ./ , 
"- V SDlOY 

'"' 
, 

V ./ 
..,/' ......... V" -.. :::S' 

S0301 8 
",,-

~ . 
4 

, 

FREQUENCY IGHZ) 

POWER GAIN VS FREQUENCY 

I /""- T 
I \k I 

~i / \ I 

~ \ I 

1---~ ~ '" ~------

/ I 
I 

/ I 

AMBI ENT TEMPERATURE IT AI .. 25"C 

- DRAIN MILLIAMPERES liD) ,:,'8 

DRA1N-TO.soURCE VOLTS IVos!- +15V 

a., .. .. 
FREOUENCY IGHt) 

DRAIN CURRENT VS 

I 

I 

I 

I 

~ 

a 
U 

GATE NO.1-TO-SOURCE VOLTAGE 

AMBIENT TEMP. IlA)=25"C 

DRAIN TO SOURCE 

VOLTS 1Vosl= +15 

.L-__ ~ __ ~ ____ ~~~ __ ~ __ ~ . 
GATE NO. 1-TO-SOURCE VOLTS (VOIs! 
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CHARACTERISTIC CURVES (Continued) 

SO 300, 301, 304 
DRAIN CURRENT VS 

GATE NO. 2-TO-SOURCE VOLTAGE 

GATE NO. 2-TO-SOURCE VOLTS IVG2S1 

50303 

1> 

i 
~ 
~ 
;; 
Z 

~ 

" 

15 

" 

DRAIN CURRENT VERSUS 
DRAIN-TO-SOURCE VOLTAGE 

\ AMBIENT TEMP. IT AI" 26"'C 

\ GATE NO.2· T()..SOURCE 

\ 
VOLTS{VGzslm+'j 

\ 
D,ssIPAT1N L +2.~ '" (3OOmW) 

I ' ... 
'" 

/ GATE NO. HO.soURCE 
VOLTS IVG1S' 

oL-__ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~ 

o 15 

DRAIN·TO-SOURCE VOLTS NOS' 

1kHz FORWARD TRANSCONDUCTANCE 
VERSUS DRAIN CURRENT 

214 

" r-------~----~------~------~ AMBIENTTEMf' (TAl "25"C 
DRAIN. TO-SOURCE 
VOLTS 1Vosl" +15 
FREQUENCY" lKHI 

DRAIN MILLIAMPERES 1101 

20 

, 

... 

AUTOMATIC GAIN CONTROL 
RANGE AT 500MHz 

AMBIENT TeMP. 1T Al c2f1'c V 
r-0flAIN-TO-SOURCE 

VOLTSIVosl=+15 

/ 
/ 

GATE NO.1 TO-
SOURCE VOL T8 (VGIS'" +4 

II 

II 

II 

GAT!: NO. 2-TO-SOURCE VOLTS N02S1 

" 

DRAIN CURRENT VERSUS 
GATE NO.l-TO-SOURCE VOLTAGE 

" i 
~ 
;; 
z 

~ 

o 

30 

AMBIENT TEMP. ITA) .. 26"C /+7.5 
DRAIN.TO-SOURCE /.. VOLTSIVOSI=+15 

+10.0 

h 
1/ 

GATE NO. 2-TQ.SOURCE 

o 

VOLTSfVG2sl 

! /' 
.,-

+Ui 

j/ 

GATE NO. HO-SOURCE VDLTS(Vo1l;l 

POWER GAIN 
VERSUS FREQUENCY 

N I 
MSO I 

AM8IENTTEMPITAI"25"C ~ 
DRAIN MILLIAMPERES (11)1 '" 18 H., DRAIN·TI).SOURCE VOLTS1VosI =+15 

" I MAG 
I " , 

-

I k'"' 1./ 

.,.-
V I 

/"'" I 

I 
I 

0.4 0.6 
FREQUENCY (GHz) 

•• II1II1 

DRAIN CURRENT VERSUS 
GATE NO. 2-TO-SOURCE VOLTAGE 

" 
30 

.. 

10 

AM81ENT TEMP IT AI ~ 26·e 
ORA.N·TD-SOURCE 
VOL.TS IVes) " +15 

.--.;:;-

7 GATE NO. 1-TO-SOURCE 
VOUSIVG1S) 

I ~ .,. 

II +2.0 

1/ 
F +1.5 

GATE NO. 2·TO-SOURCE VOLTS IVG2S1 

POWER GAIN VERSUS 
DRAIN CURRENT 

.. ~--~--~----~------~------~ AMBIENT TEMP IT AI" 25"c 
FREQUENCY III" 1 GH", 
DRAIN·TO·SOURCE VOLTS (Vcsl- +15 

"r---~.-t------i----=:~===M=AG~~ 
UG 
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CHARACTERISTIC CURVES (Continued) 
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CHARACTERISTIC CURVES (Continued) 

S0303 

'.0 

O~ 

&" 0.6 

0.' 

., 

'.0 

, .. 
,." 
, .. 

15211 
,., 

'.0 

O£ 

0.6 

0.' 

0.' 

216 

C"'"-- ........ 

"-
................. 

IS"I 

~ r----. r--..... 
-....... 

i'... 
~ 

LSl1 

'" 

S PARAMeTERS 

AMBIENT TEMP. (TA) = 25°C 
.DRAIN MILLIAMPERES (ID) = 18 
DRAIN-TO-SOURCE VOLTS (VDS) = +15 

.. .011 

.010 

.009 

.... 
.......... 

.007 

-&0' 

.006 

r'\ 

" 
.004 

.003 

.002 / 
V -, ... .00' 

-r-.... / 
" IS, 

I\. 
V 

V \ 
1/ LS,~ 

/ !l 
/ \ 

o 0.1 0.2 0.3 0.4 0.& 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3. OA 0.5 0.6 0.7 0.8 0.9 1.0 
FREQUENCV (Gl-Izl FREQUENCY IGHd 

'.0 

, ... I'-- 15221 

0.' 
......... 

....... 1'-. ~ 
_821 .,.1 0." 

, ... 
" I'-... 

<S22 ........ 
......... 

~ 
~ 

I'" --... 15211 

0.' "- r---. .......... 
~ 
.(S" ...... ~ 

0.2 

.. 

, ... 

60" LS'2 

rI 

rI 

.. 0" 

-5r1 

-,Or! 

o 0.1 0.2 D.3 OA 0.5 0.8 0.7 0.8 0.9 1.0 
FREQUENCY (GHz) 

o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

FREQUENCY IGHzI 



CHARACTERISTIC CURVES (Continued) 
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FEATURES 
• Positive bias only 
• low gate voltage 
• .Enhancement mode operation 
• Wide AGC range - SOdB at 200M Hz 
• Zener diode gate protection 
• Ion implanted for greater reliability 
• High conversion gain - 17dB at 200M Hz with VG1S = VG2S for biasing simplicity 
• Excellent isolation from gate no. 1 (RF) to gate no. 2 (lO) - 20dB at 200MHz 
• low input capacitance - 4.0pF 
• low feedback capacitance - O.03pF 
• Excellent cross modulation performance and low noise operation 
• High transconductance - 27mmhos 

CHARACTERISTIC CURVES 
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CHARACTERISTIC CURVES (Continued) 
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CHARACTERISTIC CURVES (Continued) 
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FEATURES 
• Positive bias only 
• Low gate voltage 
• Enhancement mode operation 
• Wide AGC range - SOdB at 200MHz 
• Zener diode gate protection 
• Ion implanted for greater reliability 
• High power gain without neutralization - 20dB at 200MHz 
• Low noise figure - 1.SdB at 200M Hz 
• Low input and output capacitance - 3.3pF and 1.0pF constant 
with AGC 
• Low feedback capacitance - O.03pF 
• Superior cross modulation performance 
• High transconductance - 1Smmhos 
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CHARACTERISTIC CURVES (Continued) 
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CHARACTERISTIC CURVES (Continued) 
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TEST PROCEDURE FOR CROSS MODULATION 
DISTORTION MEASUREMENTS 
1. Modulation on Generator #2 is set at 100kHz, 30% AM 

BLOCK DIAGRAM OF CROSS MODULATION TEST modulation (sidebands down 15.6dB) with an output signal 
frequency equal to 196MHz. 

2. Generator #2 is set at approximately -15dbm, 200MHz. 

3. While observing the test circuit output spectrum, adjus.t the 
signal level of the interfering frequency so that the sidebands 
on the desired frequency are 46dB down from the carrier. 
This corresponds to 1 % cross modulation. 

4. Turn off Generator #1 and turn off the modulation on 
Generator #2. 

5. Using the RF voltmeter, measure the amplitude of the 
interfering signal at the test point. 
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FEATURES 
• Low Input capadtance - 2.4pF 
• Low feedback capac:itanc:e-O.3pF 
• Low output capacitance-1.3pF 
• :t1OV analog signal range -
• Low propagation delay tlme-,.600ps 
• Low on resistance-300 
• Low feeclthrough and feedback transients 
• Ion implanted for greater'rellability 
• High channeHo-channel isoIatlon-
107cIB . 
• Transient prolecHon for gates 

S05000 APPLICATIONS 
Analog switching (up to very high frequen
cies) 

Audio routing 

Choppers 

Crosspoint switches 

Sample and hold 

S05100 APPLICATIONS 
Multiplexing 

Current summing 

S05200 APPLICATIONS 
Switch drivers 

fUNCTIONAL AND SCHEMATIC DIAGRAMS 
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THEORY OF OPERATION 
The SO 5000 series consists of four SPST switches with analog 
signal capability of up to±10 volts for the S05000 and up to±5 
volts for the S05001. Each switch·of the array is a P-MOS N
channel field-effect transistor of the enhancement-mode type; 
that is, the device is normally ott when gate-to-source voltage 
(V GS) is zero volts. When V GS exceeds the threshold voltage VT 
the FETswitch starts to turn on. With VGS in excess of+10volts, a 
low resistance path (typically 300) exists between input and 
output of the switch. Figure 1 below shows the normal mode of 
operation of a single switch of the array for±5 volt analog signal 
processing. Note that the source is recommended for the input 
since feedback or reverse transfer capacitance is lower when 
drain is used as the output. In this case, the switch is driven by±10 
vo./ts for which the S05200 could be used as discussed later. 

+5 

INPUT 
-5 

+10 

GATE 

-10 

+6 

OUTPUT 
-5 

FIGURE 1 

,"'-!--t--+--oD OUTPUT 
1- (±5Vl 

When analog signals are routed from one point to another the 
important factor are isolation, cross-talk between switches, 
feedthrough and feedback transients, insertion loss and speed of 
operation. The S05000 series offers superior performance in all 
these areas. 

Isolation. ON resistance is typically 300 and OFF resistance is 
typically 10'00, which means the OFFto ON resistance ratio is in 
excess of 109• Isolation from output to input from 3kHz analog 
Signals is -107dB. 

Feedback and feedthrough transients. These are kept to a 
minimum because of the very low feedback and feedthrough 
capacitances. This means that "glitch less" or "clean" signals 
appear at the output. 

Insertion loss. This depends upon the source and load imped
ances involved. As an example for 6000 source impedance the 
insertion loss for voice signal (1 V RMS at 3kHz) is less than 0.3dB. 
This indicates that the S05000 series would make good telephone 
cross-point switches. 

Speed. Because of the low ON resistance and low input 
capacitance the S05000 switches turn on at sub-nano-second 

speeds. They are also capable of handling very high frequency 
analog signals and still maintain excellent isolation (2Q-30dB at 
1GHz). 

The S05200 is intended as a driver for the S050OO15OO1 but is 
capable of driving any system which requires ±15 volts. Four 
drivers are in each package and Figure 2 shows how a single 
driver is biased for±15 volts. Two external resistors R1, R2 and a 
zener diode 01 are required per driver. The input is 5V open 
collector TTL. 

FIGURE 2 
+15V 

" }' 
15V ZENER ±15V 

01 

biJ 
~ 

16V 

The S05100 series is four channel multiplexers. the S051 00 has 
0-30 volts input voltage capability and the S05101 has 0-15 volts 
input voltage capability. Each circuit has a common source. The 
signals at the source are limited to±200mV and therefore these 
circuits are used where switching is performed at the virtual 
ground point of an op amp. In this case, no external driver is 
required nor are any additional power supplies required. Because 
the ON resistance of both the S05000 and S05001 is very low 
(300 typ) and matched within 50,the need lor a compensating 
FET is minimized and in some cases eliminated. The parts can be 
driven directly from TTL, either +5 volts or +15 volts open 
collector. 

ANALOG SWITCH/DRIVER APPLICATION 
The S05200 operates as an inverting switch capable of driving 30 
volts maximum. This wide range capability with high speed fulfills 
most analog switching applications. Figure 3 demonstrates how 
the S05200 drives the S05000 in a typical analog switching 
application. 

ANALOG MULTIPLEXER APPLICATION 
The S05100 series is easy to use as shown in Figure 4. Oriver 
circuitry can be TTL or ifvery low RON is required (190 typ), then 
TTL open collector logic can drive the S05100 up to +20 volts. The 
common source is kept at or near ground and each drain will 
withstand +30 volts with isolation typically 120dB. 

If a compensation transistor is required in series with R2, then the 
maximum mismatch error for R1 = R2 = 10kO would be: 

R2 +650 
Error = =.05% 

R1+700 

Without the compensation transistor the error would be: 

R2 
error = - .7% 

R1 +700 
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FIGURE 3 

Dl 

16V 

15V 

R8 !OPTIONAL CURRENT 
LIMITING RESISTOR) 

+4.75VJLJLr DIGITAL . 
INPUT 

+O.8V 

+10V 

ANALOG AAAAAftA"""""AA""""A" 
INPUT IVVVVVVVVVVVVVVVVVVV\ 

10V 

+lDV 

ANALOG AAAA_ .. ------"AAA __ ~AAA_ 
OUTPUT IVVVr--VVVr---VVV, 

10V 

FIGURE 4. 
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OUTPUT 

SWITCHING CHARACTERISTICS 

tel (ON) (ns) tr (ns) tOFF (ns) 

VOO RL TYP MAX TYP MAX TYP MAX 

5 680 0.6 1.0 0.7 1.0 9.0 * 

10 680 0.7 0.8 9.0 

15 1k 0.9 1.0 14.0 

*tOFF is dependent on RL and CL and does not depend on the 
device characteristics. 

SWITCHING WAVEFORMS 

90% 

OV 

+Voo----, 

·VOUT 

TEST CIRCUIT 

TO SCOPE +VOD 

Y,N o-----for--.---4-----t1 b-1 
51 

~":" 

INPUT PULSE 

t,.. t, < 1nl 
PULSE WIDTH'" 100 ns 

REP RATE'" 1 MHz 

tOFF 

SAMPLING SCOPE 

tr < 350 ps 

R,N· 1 Ml! 
CIN '" 2.0 pF 



CHARACTERISTIC CURVES 

MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

DRAIN-TO-SOURCE RESISTANCE VS 
SOURCE-TO-SUBSTRATE AND 
GATE-TO-SOURCE VOLTAGE 

1,000 1SO 

'''' 

-". 
-,,0 
-,00 

.......... 

r--. 
...... 

.. .. 
TEMPERATURE ("CI 

SOURCE-TO-DRAIN LEAKAGE 
CURRENT VS TEMPERATURE 

GATE.To.5IJRSTRATE VOLTAGE VGS" OV 

SOURCE·TO-DRAIN VOLTAGE VSO-fOV ---+--
~ GATE.TO.DRAI~ VOLTAGE (VGD) ~ OV 

GATE-T().DRAIN JOL lAGE (VGal 1 .. _5V ........ --
------

--~ -
CROSSTALK VS FREQUENCY 

:,,", 
....., 

V IN ;0 1V (RMS) 

'" i'.. 

'" "-
'" "-

-,. 
'DO 

FREOUeNCY [HJ') 

P 106 

I 

. 
o 

\1 l'{ 
SOURCJTO'SU8STRAtE (VSS' vols -o.J I 

-'-\. -" 

\ -" 
'\ ORAIN·Ta·SOURCE CURRENT" 6mA 

~ 
AMBIENT TEMPERATURE IT Al - 25"C 

I~ 
.....;;: 
~ -

GATE·TO-SOURCE VOLTACIE (Vas) VOLTS 

DRAIN-TO-SOURCE LEAKAGE 
CURRENT VS TEMPERATURE 

SOURce:ro.sUBSTRATE VOL lAGE VSB - ov 

GATE·T()'SOURCE VOLTAGE Vas"gv 

DRAIN·TO-SOURCE VOLTAGE Vos" lOV 

AMBIENT TEMPERATURE (TAl 'c 

GATE LEAKAGE CURRENT 
VS TEMPERATURE 

DRAIN·TO-SOURCE VOLTAGE Vas" 0 

$OURCE.TO·$UBSTRATE VOLTAGE Vse" 0 

GATE·TO-SOURCE. V~LTAGE VGS· -lOY 

AMBIENT TEMPERATURE (T A!·C 

1(g101l:1 

----

DRAIN-TO-SOURCE RESISTANCE 
VS TEMPERATURE 

~ 70 

I : 

o 
• 

VG~'''''''' -- ...... 
VGS ~ lOV ----~ -:.----1---

AMBIENT TEMPERATURE (TAl ~c 

SOURCE-TO-SUBSTRATE LEAKAGE 
CURRENT VS TEMPERATURE 

'''''' ,..---,---,---.,..--,---r---, 
SOURCE·lO·SUBSTRATE VOLTAGE VSB = -5V 

GATE-TO-SOURCE VOLTAGE VOS = -5V 
DRAIN OPEN 

." '-_-'-_..,....'-_....L. __ '-~....L._-' 

" .. 
AMBIENT TEMPERATURE iT AI °C 

227 

" 9 c 
c: c 



SD6000-V 

GENERAL FEATURES PIN CONFIGURATION 
• Positive bias only 
• Low gate voltages 
• Enhancement modeoperatilrn 
• Zener diode gate protection 
• Ion implanted for greater reliability 

FEATURES (RF AMP Section) 
• High power gain without neutralizatlon-25dB at 100MHz 
• Low noise figure-2.5dB at 100MHz 
• Low input and output capacitances constant with AGC-
3.0pF and 1.0pF 
• Low feedback capacitance-O.025pF 
• Superior cross modulation performance 
• High transconductance-15mmhos 
• Wide AGC-range-50dB at 100MHz 

FEATURES (Mixer Section) 
• Highconversiongain-17dB at100MHzwithVG1S =VG2Sfor 
biasing simplicity 
• Excellent isolation from gate no. 1 (RF) to gate no. 2 (LO) 
• Low input capacitance-4.0pF 
• Low feedback capacitance-O.03pF 
• Excellent cross· modulation performance and low noise 
operation 
• High conversion transconductance at low drain currents-
10mmhos 

CHARACTERISTIC CURVES 

Gate No.2 
Mixer 

Gate No.1 
Mixer 

Gate No.2 
RF Amp 

Gate No.1 
RF Amp 

RF AMP SECTION 

DRAIN CURRENT VS DRAIN CURRENT VS 
DRAIN-TO-SOURCE VOLTAGE GATE NO. 1-TO-SOURCE VOLTAGE 

AMBIENT TEMP !T AI-:z5"C 

\ GATE NO. 2·TO-SOUA E 
VOLTS (VG2S)-T10 \ 

, 
r +2.5 " DISSIPATION 

(3WmWi 

I '" ...... 
I r-+2.0 

GATE NO. 1·TO-SOURCE 
VOLTSIVG1SI 

.,. 

" os 30 

DRAIN.TO-SQURCE VOLTS (Vesl 

1kHz FORWARD TRANSCONDUCTANCE 
VS DRAIN CURRENT 

228 

AMBIENT TEMP. IT AI ~ H'C 

DRAIN·TO-SOURCE 
VOLTSIVOSI,,+15 

FREQUENCY = 1kHz 

DRAIN MILLIAMPERES (la' 

AMBIENT TEMP. IT AI- 21i"C '%V DRAIN·To-SOURCE 
VOLTS (Vas!" ... 16 ... 

+10.0 

h 
I 

GATE NO. 2·TO-SOURCE 
VOLTSIVGZsi 

J V ---... 
v 

GATE NO. HO-SOURCE VOLTS (VOlS' 

POWER GAIN VS 
DRAIN CURRENT 

-

~~~~~~~------~r---~ AMBIENT TEMP. IT AI- 2!r'c 
DRAIN·lo-SOURCE VOLTS (Vos! = +12 

36 GATE NO. 2·TOoSOVRCE VOLTS 'VG~" +10-l-----I 

.b-----~----_+----~~--~ 

/ 
20 / 

" I 
10 

oL-____ -L ______ ~ ____ -L ___ ~ 

o 10 " 
DRAIN MILL,lAMPERES {lol 

V PACKAGE 

Drain Mixer 

SO'uree Mixer 

Drain RF Amp 

Source RF Amp, 

Substrate 

DRAIN CURRENT VS 
GATE NO. 2-TO-SOURCE VOLTAGE 

AMBIENT TEMP. IT AI" 25°C 
DRAIN.TO-sotlRCE 

30 
VOlTS lVos''' +16 

~ 

/' GATE NO. l-TO-$OURCE 
VOLTS (V01SI 

/ V- +2.5 

II +2.0 

1/ 
o 
y- +1.5 

o 15 

GATE NO. 2:TO.SOURCE VOLTS IVG2S' 

NOISE FIGURE AND AVAILABLE 
GAIN VS DRAIN CURRENT 

1\ 
" t--- NF 

AG 

0 

of 
[7 AMBIENT TEMP. IT AI" 25'C 

DRAIN·TO-SOURCE VOLTS (VDS'" .,6 
GATE NO. 2·TQ·SOURCE VOLTS (VG2sl- +10 
FREQUeNCY (f," l00MH~ 

0 
10 

DRAIN MILLIAMPERES (lD' 



CHARACTERISTIC CURVES (Continued) 

AUTOMATIC GAIN CONTROL RANGE 
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GATE NO. 2-TO-SOURCE VOL T5 tVG2S' = +10 

50 

FREQIUENCI If) ., 'jMHz I 
I I 

.0 
GATE NO. 2·TO-SOURCE VOLTS (VG2S' 

S11 VS FREQUENCY 

... 
•.. ........ 1'-... IS .. I --........ 
.B 10" 

0.7 

0 .• 

........ 
~ '" ......... 

, .. 
is .. 1 .5 LS" 

......... ... 30" . ~ 
•. , AMBIENT TEMP. IT AI" 25"C 

DRAIN-TO-SOURCE VOLTS Nos' = +is 
... 

... GATE NO. 2·TO-SOURCE VOLTS IVG2SI"' +10 

DRAIIN MILilAMPjRES (It' = 'i 
I "'. 

FREQUENCY MHz If) 

S21 VS FREQUENCY 

, .• 
..• 
..• "\ 's,. 

t--t--

"- r-

lao" 

'60· 

... 

.. , I~ I-... 
.... 
.,... 

Is,'/ '.0 100" 1S21 

... ... 
•. B ... 
... 40" 

AMBIENT TEMP. (TAl = 25Y C 

.. , DRAIN-TO-SOURCE VOLTS (YOS) = +15 

GATE NO. 2·TO-SOURCE VOLTS (VG2S'" +10 
20" 

DRAIN MILLIAMPERES (la' = 18 
0·· 

~ .. 00 M m m ~ ~ ~ m 
FREOUENCY MH~ ffl 

... 
..• 
... 
•. 7 

•. B 

~ 0.5 
~ 

!L 0.4 

•. 3 

0.' 

•.. 

0.010 

0.009 

..... 
0.007 

0.006 

S11 AND S22 VS 
GATE NO. 2-TO-SOURCE VOLTAGE 

~111 
1S:z,j 

LS" 

r- -I-
LS .. 

AMBIENT TEMP. IT AI = 25"C 

DRAIN· TO·SOURCE VOLTS (Vosl .. +15 

DRAIN MILLIAMPERES 1101 = 18 

FRErUENY tfl '"I'ODMHi 
I I 

•• 
GATE NO. 2·TO-SOURCE VOLTS IVG2&! 

S12 VS FREQUENCY 

AMBIENT TEMP. (TAl =Z5"C 

DRAIN·TO·SQURCE VOLTS (Vesl = +15 

GATE NO. 2·TO..soURCE VOLTS (VG2SI .. +10 

DRAIN MILLIAMPERES tlOI'" 18 

.. 

.. 

.. 
~ 

10" ::: 

12" 
If 

14" 

16" 

~'. 

1ao" 

.60· 

140" 

120" 

SOBOOO-V 

IS,,1 
0.005 

LS12 / LS" .00· 
/ 

.// 
0.004 

0.003 

so· 

.•. 
IS"I /' 

0.002 .... 
/ 

• 
~ 

0.00 
~ .. 

./ • • 

IS221 

o ro ~ 00 M m m ~ m ~ ~ 

FREQUENCY MHz (fI 

S22 VS FREQUENCY 

. .. •.. 

•.. 
•. S 

•. 7 

..B 

... 

.., 
•. 3 

.., 

... 

I-r- IS,. -r-.... LS" 

1"'-

" 1,,\ 
"\ 

1,,\ 

AMBIENT TEMP. (TAl = 25"C 

ORAIN·TO-SOURCE VOLTS (VOS' =~15 

GATE NO. 2·TO-SOURCE VOLTS (VGZS' = +10 

DRAIN MILLIAMPERES (lo) = 1a 

~ ~ .. 00 m m ~ ~ ~ m 
FREQUENCY MHz (f) 

, .. 
•.. 
B·· 

0' 

... 
12" 

14" 

.•. 
la" 

, .. 

I,S22 

229 

" 9 a: c: a: 



SD6000-V 

CHARACTERISTIC CURVES (Continued) 

MIXER SECTION 

DRAIN CURRENT VS DRAIN CURRENT VS 
GATE NO.1-TO-SOURCE VOLTAGE GATE NO. 2-TO-SOURCE VOLTAGE 

GATE NO.1 FORWARD 
TRANSCONDUCTANCEVS 
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S06000-V 

CHARACTERISTIC CURVES 

MIXER SECTION 

S21 VS FREQUENCY ~2 VS FREQUENCY 
1.0 

180" 0.' 

160" 0 •• 

140" 0.7 

120~ 0.' 

100" 1·$21 15221 0.5 
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0.1 18" 
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RF AMP SECTION TEST CIRCUIT MIXER SECTION TEST CIRCUIT 

24 +12V 

.--..... --..... >--... -'II'VIi-.()>12V 

RF IN 
Z=50n 

L I·L2 5 TURN #18 WIRE 3/16" DIA. AIR CORE 
TAPPED AT I TURN 

CI·C2 NPO, ERIE NO. 538·011A·2-8 

RFOUT 
Z=50n 

20pF 

RF 
100MHz 
Z=50n 

FM TUNER USING S06000 ELECTRICAL DATA 

PARAMETER 

Supply Voltage 

Supply Current 

Frequency Range 

Bandwidth 

Input Impedance 

Output Impedance 

I F Output Frequency 

Oscillator Stability w/respect to Supply Voltage 

Oscillator Stability w/respect to Temperature 

Power Gain 

Noise Figure 

24 

IF OUT f '0.7MHZ 
Z"50n 

T1 

r-l -= .005 

VGG2o----. 

180k 

LO .005 
89.3MHz o----f 
Z·50n .005 I "'8=-__ --' 

~1:~:t 
-= ~VGGI 

J.005 

TEST CONDITIONS 

AGC voltage +10V 

RF Amp (-3dB) 
Mixer (-3dB) 

88MHz to 108MHz 

@ l00MHz 

CAMBION CORE =533-3652-003 
CARBONYLJ CORE. 
PRIMARY COIL 30 TURNS =26 WIRE 
SECONOARY COIL 2 TURNS =26 WIRE 

L 1 5 TURNS =18 WIRE, 3/16" OIA. AIR CORE 
TAP 1 TURN FROM GROUND SIDE 

Cl NPO, ERIE NO. 538·011A·2·8 

TVP 

+12V 

25mA 

88MHz to 108MHz 

2.5MHz 
300kHz 

75n 

50n 

10.7MHz 

40kHz/volt 

1OkHz/oC 

30dB Min 

3.OdB Max 
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FM TUNER USING S06000 

+12V 

AGC INPUT 
O-IOV RI 

I 
-:1 -: -: 

I 
I 

~C4 
R3 

1/2506000 

II / 

IC9 
R4 

TICIFOUT 11' 10.7MHz 

II 
II 

/ / RIG 1_ CI7 

I I _ I 
L ______________ L _________________ J 

PARTS LIST 
1. Transistors Description Type 

2N4126 Q1 PNP Silicon 
2. Integrated Circuits 

U1 Dual D-MOS FET SD6000V 
3. Resistors (All carbon resistors in ohms ±10% tolerance.) 

Value 
~ ~k 

R2 68k 
R3 200k 
R4 150k 
R5 39k 
R6 82k 
R7 120 
R8 6800 
R9 13k 
R10 3k 
4. CapaCitors 

C1 
C2 
C3,4,5,6,8 
9,11, 12, 17 

Value 
5-20pF 
20pF 
.005 

Type 
3 Gang Tuning Capacitor 

±5% NPO 
+80% - 20% Ceramic 

C7 
C10 
C13 
C14 
C15 
C16 

10pF 
56pF 
2-8pF 
12pF 
10pF 
10pF 

5. Miscellaneous Components 
T1 IF Transformer 

L1 RF Input Coil 

L2 RF Output Coil 

L3 Oscillator Coil 

L4 

232 .1111 .. 

±5% NPO 
± 5% MICA or Ceramic 
Trimmer 

±5% NPO 
±5%NPO 

. ±5% NPO 

Cambion 533-3652-003 
Jcore Prim. ~T #26 

Sec. 2T #26 
4 turns #18 on 3/16" 
dia. Air core - Tap 1 
Turn from ground side. 
4 turns #18 on 3/16" 
dia. air core. 
4 turns #18 on 3/16" 
dia. air core center-tapped. 
33"h RF choke 



FEATURES 
• INTERNAL CURRENT LIMITING 
• LOW STANDBY CURRENT 
• HIGH OUTPUT CURRENT CAPABILITY 
• WIDE POWER BANDWIDTH 
• LOW DISTORTION 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

Operating Temperature Range 

Storage Temperature Range 
Output Short Circuit Duration 

(Not exceeding maximum dissipation.) 

SCHEMATIC DIAGRAM 

±27 Volts SE540 
±22 Volts NE540 

-55ce to + 125ce SE540 
oce to + 70"e NE540 

-65ce to +150"e 
Indefinite 

PIN CONFIGURATION 
L PACKAGE 

v' 

.---r---T-------~----~----------------r_~r_~--4_r_~~------~__o10 

L---~ __________ ~ ____ ~ ______ ~ ________ ~ ______ _L __ ~ __ ~ ____ ~L_~6 

TEST CIRCUITS 

OFFSET VOLTAGE MEASUREMENT 

111111l 

"' 

+y 

-y 
12000PF 

100 

OUTPUT BIAS CONTROL 

+V 

.y R,=IK 

BIAS CONTROL FOR
OUTPUT TRANSISTORS 

233 
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ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise specified) 

TEST SE540 NE540 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNIT 

Operating 
Temperature Range -55 +125 0 +70 °C 
Operati~ 
Supply oltage ±5 ±25 ±5 ±20 Volts 
Quiescent Current 13 20 13 20 mA 
Input 
Offset Voltage 5 7 7 10 mV 
~ut 

set Current 0.3 0.7 0.5 1 pA 
Input 
Bias Current 1.5 3 2 5 p.A 
Input Impedance 40 dB Gain 20 20 kO 
Current Gain 80 100 70 90 dB 
Gain Variation Over 
Temperature Range 40 dB Gain ±0.1 ±0.1 dB 
Frequency Response 40 dB Gain ±1 dB 500 100 kHz 

Distortion 
40 dB Gain Output 3 dB 
below maximum 0.25 O.S O.S 1.0 % 
RL = 6000 
RL = 2KO 0.06 0.06 

Equivalent Input RS = 6000 
Noise Voltage ,SO Hz to SOO kHz 10 10 p.V 
Power Supply 

80 Rejection Ratio 40 dB Gain SO 90 60 dB 
Common Mode 
Rejection Ratio 110 90 dB 
Output 
Drive Current ±120 ±1S0 ±SO ±100 mA 
Slew Rate Vs = ±20V 200 200 V/p.S 

VOUT =±1SV 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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NEGATIVE VOLTAGE REGULATORS 
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TYPICAL APPLICATIONS 

10K 
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+Vee 
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R, 
,on R. 
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+----V-O-L-TA-G-E-G-A-,N-·--~~~O:~~ 

1_ 50pF 1_ O.l#o!F R7 + RS r'OO,l.lF' 
AV=R8 

CURRENT LIMITING -

70 Watts 

850mV 
R, .. R6~ Ipeak 

POWER LIMITING 
R2 = R5~56n 

Vee 
R3" RcCo::imA 

", 
R .09U1 

2 ,." 
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35 WATT AMPLIFIER 

P.C. BOARD LAYOUT (BOTTOM VIEW) 
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PARTS LAYOUT (TOP VIEW) 
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FEATURES 
• LOW NOISE-.7,..V TOTAL INPUT NOISE 
• HIGH GAIN-104dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 24V 
• POWER SUPPLY REJECTION 110dB 
• LARGE OUTPUT VOLTAGE SWING (VCC -2V pop) 
• WIDE BANDWIDTH 15MHz UNITY GAIN 
• POWER BANDWIDTH 100kHz (15V pop) 
• INTERNALLY COMPENSATED (STABLE AT 10dB) 
• SHORT CIRCUIT PROTECTED 
• HIGH SLEW RATE 5V1,..s 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature RanQe 
Lead Temperature (Soldering, 60 sec) 

EQUIVALENT CIRCUIT 

,-----
R3 

01 

Z1 

Vee 

+24V 
500my,! 

O°C to +70°C 
-65°C to +1500C 

+ 300°C 

PIN CONFIGURATION 
V PACKAGE 

.IN(1'O··,N(2. 
-IN (1) 2 7 -IN (2) 

GND 3 Ii Vee 

"-" '" . . "-" '" 

------, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'-----,......-;-0 14.51 

I 
I 
I 

_____ ..l... ____ -1 
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ELECTRICAL CHARACTERISTICS TA = +25°C, vcc = 14V (Unless Otherwise Noted) 

LIMITS 
PARAMETER TEST CONDITIONS UNITS 

MIN TYP MAX 

Supply Voltage 9 24 V 
Supply Current VCC = 9 to 18V, Ri.. = 00 9 12 mA 
Voltage Gain Open Loop 160,000 V/V 
Input Resistance 

Positive Input 10Q( 0 
Negative Input 20Q( 0 

Input Current 
Negative Input .5. ,..A 

Output Resistance Open Loop 150 0 
Output Current Source 8 14 mA 

Sink (Linear Operation) 2 3 mA 
Output Voltage Swing VCC -2.5 Vec - 2 V 
Small Signal Bandwidth 15 MHz 
Slew Rate 5 VI,..s 
Power Bandwidth 15V pop 100 kHz 
Maximum Input Voltage Linear Operation 300 mVrms 
Supply Rejection Ratio f = 60, 120Hz 100 dB 

f = 1kHz 110 dB 
Channel Separation f = 1kHz 70 dB 
Total Harmonic Distortion 75dB Gain, f = 1kHz .1 % 
Total Equivalent Input 

Noise RS = 6000, 100-10,000 Hz .7 1.2 ,..Vrms 
Noise Figure RS = 50kO, 10-10,000 Hz 1.2 dB 

RS = 20kO, 10-10,OOOHz 1.2 dB 
RS = 10kO, 10-10,OOOHz 1.5 dB 
RS = 5kO, 10-10,000 Hz. 2.4 dB 

TYPICAL APPLICATIONS 

TYPICAL TAPE PLAYBACK AMPLIFIER R1AA MAGNETIC PHONO PREAMP 

~O--_-<>OUT 
1800pF 

6800p' 

TWO-POLE FAST TURN-ON NAB TAPE PREAMP AUDIO MIXER 

(4,5) 

120pF 

II .... 
, 

No--if-~J 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (Continued) 
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GAIN AND PHASE RESPONSE 
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FEATURES 
• 450mA LOAD CURRENT CAPABILITY WITHOUT EXTERNAL 

POWER TRANSISTORS 
• BIDIRECTIONAL BRIDGE OUTPUT WITH SINGLE POWER 

SUPPLY 
• LOW STANDBY POWER DRAIN 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation (TA = +25°C) 
Output Current (T A = +25°C) 

EQUIVALENT CIRCUIT 

R2 R4 
4.7k 4.7k 

6V 
830mw 
450 mA 

PIN CONFIGURATION 

K PACKAGE 
Ground 

Timi.ng Cap 

L-____ ~----------~--------~--------~------------~------______ ~----~o 

NOTE: ALL RESISTOR VALUES ARE SHOWN IN OHMS. 
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ELECTRICAL CHARACTERISTICS TA = + 25°C, V+ = 4.8V Unless Otherwise Noted 

PARAMETER TEST CONDITIONS 

Supply VoHage 
Idle Current 
Input Bias Current 
Input Impedance Pin 4 or Pin 6 to Ground 
Output Voltage Vs = 4.8V, RL =- 350. 
Output Current Vs = 6.0V, RL = 11.50. 

Vs = 4.8V, RL = 11.50. 
Vs = 3.6V, RL = 11.50. 

Output Impedance 
Power Dissipat.ion Quiescent, RL = 00 

RL = 11.50. 

BLOCK DIAGRAM AND TYPICAL CONNECTION 

V+ 

CI 

!iF 
INPUT PULSE 
, .6ma ± O.5ms 

NE543 SERVO DRIVER CONNECTION 

Rg 

lOOk 

The servo driver receives a nominal 1.5mS pulse from the receiver
decoder. The length of the input pulse is compared with an internally 
generated pulse. If the pulse durations differ by more than an allowed 
amount (the dead band), a pulse derived from the difference is stretched 
and applied to the output stage. If the input pulse is shorter, the motor is 
driven so as to reduce the value of R3 and, hence, the internal pulse width. 
If the input pulse is longer, the motor is driven the other way so that R3, 
increases and the internal pulse is lengthened. In this way, the control 
surface pOSition can be made to follow the input pulse. The servo output 
moves over 100 degrees for pulses between 1 and 2 mS. The pulses 
occur at 16mS intervals. 

246 

MIN 

3.6 

1.9 
3.30 
340 
270 
185 
4.0 

lOOk 

TYP . MAX; UNITS 

4.8 6.0 V 
8.0 10.0 mA 
24 50 pA 
2.4 2.8 ko. 

3.75 V 
385 mA 
280 mA 
200 mA 
4.8 5.4 ohms 
39 48 mW 

350 mW 

V+ 

RS- I 47k 

Rd-I cs- I 

33 4.7~ 



The internal pulse generator pulse width is determined by C2 and R2 in 
series with R3. Capacitor C4 decouples the pulse generator from the 
supply. 
Deadband is controlled by Rd-1 and Rd-2. The 33 ohm resistor sets 
deadband at about 4-5 microseconds (that is, the circuit will not drive the 
motor until the input pulse is 4 to 5 microseconds different from the 
internally generated pulse). 
Resistors RS-1 and RS-2 determine the amount of pulse stretching. 
Capactiors CS-1 and CS-2 are the pulse stretching capacitors. The value 

TYPICAL APPLICATION 

is not critical, but if changed RS-1 and RS-2 will have to be changed 
proportionately. 
Resistors RS and R9 are feedback resistors which prevent overshoot by 
adjusting the closed-loop damping. 
Capacitor C1 is the input coupling capacitor. Resistor R1 can be any value 
in the range shown, but noise immunity is improved if it is at the low end of 
the range. Capacitor C3 bypasses the power supply at the device. 

r---------~----~------------------~~--~--~------_.__ov+ 

4.3k 

51< 

.IN457 

68k 
NE555 
TIMER 

47k 

4.71Jf I 

10k 

3 

10 

NE543 
SERVO DRIVER 

~----~----4-------~~~~ ____________ ~, I 

TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS (Continued) 
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FEATURES 
• LOW NOISE 
• BUILD IN AGC CIRCUIT 
• SEPARATELY ACCESSABLE AMPLIFIERS 
• MIXER·OSCILLATOR STAGE WITH INTERNAL FEEDBACK 
• HIGH SELECTIVITY 
• HIGH IMAGE REJECTION 

BLOCK DIAGRAM 

I 
I 
I 
I 
I 
I 
I , ________ .J 

IF OUT 

AM RADIO CIRCUIT SCHEMATIC 

RF 
'BYPASS 11 

AGC 
CAPACITOR 10 

MIX 
AF INPUT 

OUTPUT 13 1 

S46A 

PIN CONFIGURATION 
A PACKAGE 

MIXER INPUT 1 14 MIXER OUTPUT 

OSCILLATOR 2 13 RF OUTPUT 

SUPPLY 3 

MixeR 
DECOUPLER 

DETECTOR 
INPUT 

IF OUTPUT 6 

IF INPUT 7 

" RF DECOUPLE 

10 AGe FILTER 

9 GROUND 1 

8 GROUND 2 

ABSOLUTE MAXIMUM RATINGS 
VCC Supply Voltage Pins 3, 13,14 at Pin 6 16V 
DC Supply Voltage (V +) . 40V 
DC Supply Current 3SmA 
Internal Power Dissipation (Note 1) 7S0mW 
Lead Temperature 300"C 
Operating Temperature Range -40"C to +8S·C 
Storage Temperature Range -65·C to +1S0·C 

~~~~ applies for temperatures up to 55'C. Derate linearly at 6.67mW/'C above 55'C. 

MIX 
OUTPUT D4 ,. IfOUTflUT 

• 
R17 

t---.... [:.Q1O 

R16 

AGC 
DRIVE !io--4--~----==~~---t"_-~~--4----""'~ 

SWno'.9 249 
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ELECTRICAL CHARACTERISTICS (TA=25°C at VCC=11.0V) 

CHARACTERISTIC SYMBOL TEST CONDITIONS 
LIMITS 

UNITS 
M!N TYP MAX 

DC Voltage: 
Supply Voltage +VCC 9.0 15.0 
Mixer balance VOS (Vl-V4) 1.0 10 mV 

Zener voltage V3 5.5 6.0 7.0 V 

At Terminal 5 
AGC voltage V5 0.1 0.25 0.4 V 

Pin 7 voltage V7 0.55 0.70 0.80 V 

Pin 12 voltage V12 0.6 0.71 0.8 V 

Pin 13 voltage V13 4.0 V 

DC Current: 
Supply current ICC 15 18 22 mA 

Oscillator 
current 12 1.0 mA 
Zener current 13 12 14 16 mA 
IF current 16 3.5 4.3 6 mA 

RF current 113 4.0 5 mA 

Mixer current 114 0.17 0.38 mA 

Static: 
I.F. breakdown Vs Apply 5 volls to Pin 6 only. 400 500 600 pA 
& linearity VCC=O volts. Measure IPin 6 

I.F. breakdown V6 Apply 25 volls to Pin 6 only. 2.0 2.5 3.0 mA 
& linearity VCC=O volls. Measure IPin 6. 

Note: Linearity @ 25V should be within 
5% of linearity @ 5V. 

Performance Characteristics in Circuit of Figure 3 

Saturation Per sensitivity test interrupting input 500 mV 
signal measure output voltage. 

Sensitivity Input Signal to Dummy Antenna at fiN = 2.5 5 /LV 
1 MHz, 30% AM Modulation at fMOD= 
400 Hz, for 11 mV output at VO. 

Signal-to-Noise SIN Ratio of Output at Vo with Modulation 34 40 dB 
Ratio ON and then OFF, Input Signal = lOO/LV, 

30% AM Modulation at fMOD = 400 Hz. 

Overload Input Signal set at 1 MHz, 90% AM Modu- 100 155 250 mV 
Distortion lation, Distortion at Vo must be .. 10% 

Dynamic Characteristics for Indicated Stages in Circuit of Figure 3 

PARALLEL CAPACITANCE PARALLEL RESISTANCE TRANSCONDUCTANCE 
STAGE 

INPUT OUTPUT INPUT OUTPUT AT 1 MHz CARRIER 
pF pF {} {} p.mhos 

RF Amplifier 20 6 670 2 x 106 min 150,000 @ 1 MHz 

IF Amplifier 35 3.5 850 104 100,000 @ 262.5 kHz 

Mixer 4 2 2000 2 x 106 min 10,000 
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TYPICAL CHARACTERISTICS 

IF OUTPUT LINEARITY 

3.0 

v 
, 2.5 

2.0 

.;' 
1.5 

~ 
1.0 

.;'.;' 

1/ V 
0.' 

10 15 25 30 

VOLTAGE. PIN6 (VOLTS) 

SENSITIVITY VS. SUPPLY VOLTAGE 

20 

18 

18 

" 
12 

10 

1\ 1\ 
t--~~ ~~~ 
t--

.... ~ ~ .. ,.~ ~~ ~ t:---
10 11 12 13 14 15 

VeeIVOLTS) 

SIGNAL TO NOISE VS. 
SUPPLY VOLTAGE 

.. 
""- 1f", .. 3.lo 

~ 1f""tlo.iiO -
RIr"~ I-~ :::: t--

35 

30 

10 " 12 13 M 15 

Vee (VOLTS) 

NOTE: Rx is external resistor between pins 3 and V supply. 

.. .. 
32 

28 

20 

" 

10 

12 

10 

ICC VS. SUPPLY VOLTAGE 

/ 
V ./ 

~. V V ./ 
"~ V ",-L"~ 9'! 

/. V":~~ ~ ..-
...--:/ :.,...-c...--:: ~ ~,. 

~ ~ ? 
;;.--

10 12 13 14 15 

Vee (VOLTS) 

THIRD HARMONIC DISTORTION 
VS. SUPPLY VOLTAGE 

",,,410,'00 

~\ - -\\ r-- RIl=430. S1O 

r.::: Rx"330 

10 11 12 13 15 

Vee (VOLTS) 

THIRD HARMONIC DISTORTION 
VERSUS OUTPUT POWER 

iA' 2.to I 
REFER TO FIG. 4 

-r-~ 
10~ l00mw 1. 

OUTPUT IN WATTS RMS 

lOw 
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TYPICAL CHARACTERISTICS (Cont'd) 

IF CURRENT VERSUS SUPPLY VOLTAGE 

T •• '25oJ 

,/ 
V 

,$1" ..,' 
,/V" 

,.,..1" 

/' 

".. 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

SUPPLY VOLTAGE (VOL TSI 

ICC VERSUS VCC 
22 

20 

/ ,. 
TA"'25° ,. 

" ,V 
<7 

/ 
12 

I. 
V 

/ 
V 

V 
V 

o , 2 3 4 5 6 7 8 9 10 11 12 13 14 

SUPP~YVQLTAOE (Veel 

AGC CURVE 

J..U .. .k 
AMMOD-3O'I6 
TA-ze"c 

II 

/ 

f-f' 

", ,0' ,,,. ,0' 

RfSIONALINl'UT (p:VI 

NOTE: Ax Is external resistor between pins 3 and V supply. 
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PIN 3 VOLTAGE VERSUS SUPPLY VOLTAGE 

I. 

! 
~ -10 

8 

Sl!llllnes 

TA J, .. ! 

V 
,/ 

~ .. ' 
V 

,/ 

,/ 

o 1 2 3 4 5 6 1 8 9 10 11 '2 13 14 

/ 

SUPPLY VOLTAGE (Veel 

OVERLOAD RESPONSE 
DISTORTION VERSUS RF INPUT 

T1J.! 11 
fMOO = 400 Hr I I 

AM MODULATION = 90% 

I 
I 

V 
i-" .-

10 100 

Rf SIGNAL INPUT (mY) 

SIGNAL TO NOISE RATIO 

/' , 1O'lI. MOOULArONI 

I { J 
I 

~ f m -400Hz 

~ Vo~6t1D'ITIV 

~ T ... ,:,W 
:I 
! 

:\ 
NO MODULATION 

I II I 
,0' ,,,. 

RF SIGNAL INPUT ,,0\. TAGE lIN) 

1000 

,0' 



TYPICAL APPLICATIONS 

AM RADIO (CapacHor Tuned) 

,----,-------------------, 
\ ~ 
\ -----1 
\ I 
\ I 
\ I ~ 
\ I 1F2 

\ r -------1 
\ 
\ 
\ 
\ 
\ input 

12V 

3 B+ 
2 

13 

1 

13 

NE546 

RFCOIL 

4 

5 

1st. IF COIL 

B+_+-...... --, 4 

14 _-+--+--e( 

I 
I 
I 

14 I 
I 
L_ 

7V 

Rx 3300 

VARIABLE CAPACITOR (Air Varlcon) 
ANT & RF 13 p~ - 190 pF 
OSC 12 pF - 80 pF 

ANTENNA COIL 
10 mm cP < 120 mm Ferrit~ Antenna 

3 -
1:"'2 44 Turns 
2-3 81 Turns 
4-5 STums 

OSCCOIL 

4 

~ 
~ 
J 

2nd IF COIL 

4 B+_-+-...... -..., 

6_+":""+--'( 

FIGURE 1 

I 
I 

220Kn 

1-3 95 Tums 
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TYPICAL APPLICATIONS (Cont'd) 

1st. IF TRANSFORMER 

1ST IF TRANS 

,. 
NE546 -+-----1 

B' 

254 

1-2 223 Turns 
1-3 360 Turns 
4-5 8 Turnl 
7-8 10 Turns 
6-8 350 Turns 
00 - 56 

10 )( 10 mm Core 

AM CAR RADIO (Slug Tuned) 

IF. r--------, 
I I 22Ok!l 

I ~--~~I~~~~~~ 
I I 

I 
L_ _____ .J 

2ND IF TRANS 

3 

6 2 
NE546 

" 
I 

FIGURE 2 

~220f.lf 

2nd. IF TRANSFORMER 

" " 'OOpF 

1-2 67 Turns 
1-3 350 Turns 
4-5 8 Turns 
1-8 40 Turns 
6-8 350 Turns 
"0=56 

10Xl0mmCore 

• 

• 

B' 

1 
6 

J : '00 
pF 

7 

6 

TO AUDIO 
AMPLIFIER 

TO DIODE 

-



SCHEMATIC DIAGRAM 

C17 
5.1~F 

RF 
AMPL. 

TUNING 

C4 

200pF 

TRANSFORMER 

First IF: 
Primary 
Secondary 

Second IF: 
Primary 
Secondary 

Antenna: 
Primary 

Secondary 

Coils 

SYMBOL 

T2 

T3 

T1 

L1 
L2 
L2 

AM RADIO RECEIVER USING NE546 

R4 

150Kn 

VOLUME CO.,:.:NT.::.R:::OL=--__ 

TO AUDIO 
AMPLIFIER 

R2 

11m 

20KO 

Ir' - - - - - -, ~~E-""" DETECTOR 

I IDI 

I I 

I 
..J 

C14 
O.0047~F 

330n ~---+-------.+12V 
TO FilTER 

FREQUENCY 

262.5 kHz 

262.5 kHz 

1 MHz 

C131 
O.D47pF -= 

-27pF CAPACITOR IN SERIES WITH INPUT GENERATOR 
REPRESENTS A DUMMY "WINDSHIELO"·TYPE ANTENNA 

FIGURE 3 

INDUCTANCE CAPACITANCE 
,uh= (=) pF (=) 

2840 130 
2840 130 

2840 130 
2840 130 

195 (C1)-130 

I C1• 
2tiOp' 

Q 
(=) 

60 
60 

60 
60 

65 

CHOKE 

TOTAL TURNS TO 
TAP TURNS RATIO 

none 
30:1 

or 13:1 

8.5:1 
8.5:1 

Adjusted to an impedance of 750 with primary resonant at 1 MHz. Coupling should be as tight as practical. 
Wire should be wound around end of coil away from tuning core. 

7.9 MHz 6 50 
1 MHz 55 50 
1.262 MHz 41 40 
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SCHEMATIC DIAGRAM 

COMPLETE AM RADIO WITH AUDIO DRIVER AND OUTPUT STAGE 

l·3 

"6 

Power = 5 Watts RMS 

256 

1ST. IF ... , 
~MFD 

FIGURE 4 

.--

..-----....... -----....... --<1 +11V 

OFF 

oc-~~~~~=c~. 
MODULE OJ! PWR. 
CURRENT I 260 MFD ~:1.0 VDC 

.... 
LOAD4Jl 
ORsn 



FEATURES 
• FM DEMODULATION WITHOUT TUNED CIRCUITS 
• NARROW BANDPASS - TO± 14% ADJUSTABLE 
• TRACKING RANGE 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENVIRON-

MENT 
• WIDE TRACKING RANGE ±15% 
• HIGH LINEARITY -1% DISTORTION MAX 
• FREQUENCY MULTIPLICATION AND DIVISION 
• THROUGH HARMONIC LOCKING 

APPLICATIONS 
TONE DECODERS 
FM IF STRIPS 
TELEMETRY DECODERS 
DATA SYNCHRONIZERS 
SIGNAL RECONSTITUTION 
SIGNAL GENERATORS 
MODEMS 
TRACKING FILTERS 
SCA RECEIVERS 
FSK RECEIVERS 
WIDE BAND HIGH LINEARITY DETECTORS 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Input Voltage 
Storage Temperature 
Operatin9 Temperature 
Power Dissipalion 
Limiting values above which serviceability may be Impaired 

26V 
1V Rms 

-6°C to 150°C 
OOC to 700C 

300mw 

PIN CONFIGURATION 

RANGE CONTROL 1 

BLOCK DIAGRAM 

vco 
FINE TUNE 
CONTROL 

B PACKAGE 

I" '---'15 L.OWPASSLOQPFIL.TER 

14 LOW PASS LOOP FILTER 

13 FM/RF INPUT #2 

12 FM/RF INPUT #1 

11 OFFSET ADJUSTMENT 

0=----' ~~De·EMPHAStS TERMINAL 

LOW PASS OFFseT 
FILTER CON'TfIOL 

10 IAUDIO BAND SHAPING) 

DEMODULATED FM OUTPUT 
Ii (AN OPEN EMitTER") 
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GENERAL ELECTRICAL CHARACTERISTICS 
(15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless 
Otherwise Specified T A = 25°C) 

CHARACTERISTICS 
LIMITS 

TEST CONDITIONS 
MIN TVP MAX UNITS 

Lowest Practical Operating Frequency 0.1 Hz 
Maximum Operating Frequency 15 30 MHz 
Supply Current 7 9 11 Ma 
Minimum Input Signal for Lock 100 ",V 
Dtnamic Range 60 dB 
V 0 Temp Coefficieni* ± 0.06 ±0.12 %rC Measured at 2 MHz, with both inputs 
VCO Supply Voltage Regulation ± 0.3 ±2 %N I AC grounded Input Resistance 2 KO Measured at 2 MHz 
Input Capacitance 4 Pf 
Input DC Level +4 V 
Output DC Level +12 +14 +16 V 
Available Output Swing 4 ~~p AM Rejection* 30 40 
De-emphasis Resistance 8 KO Measured at Pin 9 

See Figure 1 

"ACC Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For FM Applications, Figure 2) (15KO Pin 9 to GND, Input Pin 12 or 13,AC 
Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless Otherwise Specified TA = 25°C) 

CHARACTERISTICS 
LIMITS 

TEST CONDITIONS 
MIN TVP MAX UNITS 

10.7 MHz Operation Deviation 75 kHz Source Impedance = 500 

Detection Threshold 120 300 ",V 
Demodulated Output Amplitude 30 60 mV Yin = 1 mv Rms Modulation Frequency 1 kHz 
Dlstortion* 

S+N . 3 1 %T.H.D . Yin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

4.5 MHz Operation Deviation = 25 kHz, Source Impedance = 500 

Detection Threshold 120 300 ",V 
Demodulation Output Amplitude 30 60 mV Vin = 1 mv Rms Modulation Frequency 1 kHz 
Distortion S+ N 0.3 1.0 %T.H.D Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio N 35 dB Yin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation .1F/fo = 5% Input = 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 1 5 mV 
Demodulated Output 0.2 0.5 Vrms Yin = 5 mv Rms 
Distortion S+ N 0.8 %T.H.D Vin = 5 mv Rms 
Signal to Noise Ratio N 50 dB Yin = 5 mv Rms 

'ACC Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For Tracking Filter, Figure 3) (15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC 
Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless Otherwise Specified TA = 25°C) 

CHARACTERISTICS 
LIMITS 

MIN TVP MAX UNITS 

Tracking Range ±5 ±15 % of fa Yin = 5 mv Rms 
Minimum Signal to Sustain Lock 0.8 mvRms Input 2 MHz - See Characteristic Curves 

O°C to 70°C 
Input 2 MHz Measured with high impedance 

VCO Output Impedance 1 kO Probe with less than 10 Pf Capacitance 
VCO Output Swing 0.4 0.6 Vp_p input 2 MHz with ± 100 kHz Side Band 
VCO Output DC Level +6.5 V Separation and 3 kHz Low Pass Filter 
Side Band Suppression 35 dB input 1 mv Peak for Carrier Each Side Band 

C1 = 0.01 ",F R1 = 0 
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TYPICAL TEST CIRCUITS 

AM REJECTION 

+Vcc= llV 

ITUl 
11n1n1 

FM DEMODULATION 

FM/RF 
r----------------o°INPUT' 

.lr---f-O 

CD = DE· EMPHASIS 

veo 
OUTPUT 

~ Bypass Capacitor 
= Coupling Capacitors 
== Low Pass Filter Capacitors 
= Frequency Determining Capacitor 
= De-emphasis time constant 
~ (CD) (8kO) 

FIGURE 2 

DEMODULATED 
OUTPUT 

,5kn 

V, 

G, ~ FM Generator wnh te ~ to = 4 MHz 
at ~ 40 kHz 
tmod ~ 1 kHz 

G2 == Audio Generator with fA = 400 Hz 
M, ~ Balanced Modulator Carrier Supplied by G" Am 

modulation provided by 62. 
A, ~ 500 attenuator pad wnh signal level into pin 12 Q(ljusted to 1 mV rms. 
F, ~ 1 kHz Bandpass filter, a ~ 20 
F2 ~ 400 Hz Bandpass titter wnh a ~ 50, with 1 kHz trap. 

AMR ~~in dB 

V1 and V2 are rms voltmeter readings. 

FIGURE 1 

TRACKING FILTER 

.... -4-__ :~~:~gL~~ 

Veo 
1IV 

JCD" 'OOpF 

~~~~~~~~~ 
,8 15 14 ,3 12 11 10 9 

., 

= Coupling Capacitors 
= Bypass Capacitor 
= Low Pass Filter Capacitor 
= veo Frequency Set Capacitor 

FIGURE 3 
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TYPICAL CHARACTERISTIC CURVES 

260 

MINIMUM INPUT SIGNAL AMPLITUDE 
NECESSARY TO MAINTAIN LOCK AS A 

FUNCTION OF TEMPERATURE WITH t signal 
= t0250C = 2.0 MHz 

10 

\ 
, 

1\ 

,.. • 

1/ 
!tJI 

51 

1\ 1/ 

1020~4050eo70 

TEIllPERATURE-c 

THERMAL DRIFT OF VCO FREE RUNNING 
FREQUENCY (to) 

TEMPERATURE -c 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF FINE 

TUNING CIRCUIT 

.5O 

o • 

/ 

J 

./ 
./ 

1/ 
V 

2.. 4"" W IlIA 10_ 
F. TUNING CURRENT INTO PIN 6 

BIJIDlllII 

AM REJECTION AS A FUNCTION OF INPUT 
SIGNAL LEVEL to = 10 MHz 

100 

r- -. '" '20LOGI!!!nFORrf,·~", 
REJECTtON YouT FOR 30"4 MOO AM 

'I •• 

r-
~ 

; ao 

I .. ......... 
I'.. 
~ 

-"" 
20 

• .1mY 'aV 1C\MV 
INPUTSIGtW. AMPUTUllf fIN 

TYPICAL TRACKING RANGE AS A FUNCTION 
OF INPUT SIGNAL 

30 

5 

5 

.V 
0.1 

Ip==~=NT 

1 -l 
1 J 

i Ip'-Z50pA 

1 1 ~ 
f -1' .~. 

l 1 

L Ip=+250,..A 

/ 1 1 

1 --.l 
1 1 

10 

IIF!.IT SIGNAL At.f'IJTUDE (toiVRMsl 
'00 

CHANGE OF FREE RUNNING OSCILLATOR 
FREQUENCY AS A FUNCTION OF RANGE 

CONTROL CURRENT 

.~ 

'" .12 

+1 • 

" ." 
i +4 

~ ., 
is 0 

~ -2 
~ -4 

-6 -. 
-'0 
-12 

-" 

" [' 

-(l4mA -QZmA 0 O.2rIIA O.4mA O.6mA O.8mA 

CURRan AT RAIGE CONTROL PIN 7 



TYPICAL CHARACTERISTIC CURVES (Cont'd) 

FREE RUNNING OSCILLATOR FREQUENCY 
AS A FUNCTION OF VCO TIMING CAPACITANCE 

... 
"-

"-
'\ 

I"-
'\ 

I'\. 
'\ ,., 

10 

, 
1)1 10' ta4 lOS 1)1 107 10' 

FEQUED - Hz 

EXTERNAL CONTROLS 
1. Loop Low Pass Filter (Pins 14 and 1S) 

The equivalent circuit for the loop low-pass filter can be represented 
as: 

+~+ 

~
AA ..Lc, 

v'. v. 
A, 

- -
where RA (SK 0) is the effective resistance seen looking into Pin 14 
or Pin 15. 
The corresponding filter transfer characteristics are: 

V2(8) = (8) _ 1 + S R1 C1 
V1 1 + 8 (R1 + RA) C1 

where 8 is the complex frequency variable. 
2. Loop Gain (Threshold) Control . 

The overall Phase Locked Loop gain can be reduced by connecting a 
feedback resistor, RF, across the low-pass filter terminals, Pins 14 
and 15. This causes the loop gain and the detection sensitivity to 
decrease by a factor a (a<1) 
where: 

RF 
a= 2 RA + RF 

Reduction of loop gain may be desirable at high input signal levels (Vin 
> 30 mV) and at high frequencies (fo >5 ~Hz) where excessively high 
loop gain may cause instability. 

3. Tracking Range Control (Pin 7) 
Any bias current, Ip, injected into the tracking range control, reduces 
the tracking range of the PLL by decreasing the output of the limiter. 
The variation ofthe tracking range and the centerfrequency, as a func
tion of Ip, are shown in the characteristic curves with Ip defined posi
tive going into the tracking range control terminal. This terminal is 
normally at a DC level of +O.S Volts and presents an impedance of 
SOOO. 

NORMALIZED TRACKING RANGE AS A FUNCTION OF RANGE 
CONTROL CURRENT 

, 
." 

" 2 

, 
"-

• I"\, 

o. , 
o 
-OAIIIA -0'2mA 0 +Q.2mA +O.4mA +o'6mA +01llnA 

RANGE CONTROl CURRENT 

4. External Fine Tuning (Pin 6) 
Any bias curreRt injected into the fine tuning terminal increases the 
frequency of oscillation, fo, as shown in the characteristic curves. This 
current is defined Positive into the fine tuning terminal. This terminal is 
at a typical DC level of + 1.3 Volts and has a dynamic impedance of 
1000 to ground. 

S. Offset Adjustment (pin 11) 
Application of a bias voltage to the offset adjustment terminal modifies 
the current in the output amplifier settin~ the DC level at the output. The 
effect on the loop is to modify the relationship between the VCO free 
running frequency and the lock range, allowing the VCO free running 
frequency to be positioned at different points throughout the lock 
range. 
Nominally this terminal is at +4V DC and has an input impedance of 
3KO. The offset adjustment is optional. The characteristics specified 
correspond to operation of the circuit with this terminal open circuited. 

6. De-emphaSis Filter (Pin 10) 
The de-emphasis terminal is normally used when the PLL is used to 
demodulate Frequency Modulated Audio signals. In this application, a 
capacitor from this terminal to ground provides the required de
emphasis. For other applications, this terminal may be used for band 
shaping the output signal. The 3 dB bandwidth ofthe output amplifier in 
the system block diagram (see Figure 2) is related to the de-emphasis 
capacitor, CD, as: 

f3db = 2 Ra CD 

where RD is the 8000 ohm resistance seen looking into the de
emphasis terminal. 
When the PLL system is utilized for signal conditioning, and the loop 
error voltage is not utilized, de-emphasis terminal should be AC 
grounded. 
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FEATURES 
• FM DEMODULATION WITHOUT TUNED CIRCUITS 
• SYNCHRONOUS AM DETECTION 
• NARROW BAND PASS TO ±1% 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENVIRON· 

MENT 
• ADJUSTABLE TRACKING RANGE 
• WIDE TRACKING RANGE ±1S% 
• HIGH LINEARITY· 1% DISTORTION MAX 
• FREQUENCY MULTIPLICATION AND DIVISION THROUGH HAR· 

MONIC LOCKING 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Input Voltage 
Storage Temperature 
Operatin\l Temperature 
Power Dissipation 
Limiting values above which serviceability may be Impaired 

APPLICATIONS 
TONE DECODERS 
AM·FM·IF·STRIPS 
TELEMETRY DECODERS 
DATA SYNCHRONIZERS 
SIGNAL RECONSTITUTION 
SIGNAL GENERATORS 
MODEMS 
TRACKING FILTERS 
SCA RECEIVERS 
FSK RECEIVERS 
WIDE BAND HIGH LINEARITY DETECTORS 
SYNCHRONOUS DETECTORS 
AM RECEIVER . 

262 

26V 
1VRMS 

-65°C to 150°C 
O°C to 70°C 

300mW 

PIN CONFIGURATION 
B PACKAGE 

DEMODULATED 
AM OUTPUT 1 

veo TIMING 
CAPACITOR ·2 

AM INPUT 4 

veo OUTPUT 5 

FINE TUNING I 

RANGE CONTROL 7 

BLOCK DIAGRAM 

15 LOW PASS LOOP FILTER 

14 LOW PASS LOOP FILTER 

13 fM/RF INPUT #2 

12 FM/Rf INPUT #1 

11 OFFSET ADJUSTMENT 

DE·EMPHASIS TERMINAL 
10 (AUDIO BANDSHAPINGI 

DEMODULATED FM OUTPUT 
9 (AN OPEN EMITTERl 



GENERAL ELECTRICAL CHARACTERISTICS 
(15KO Pin 9 to GND,lnput Pin 12 or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless 
Otherwise Specified T A - 25°C) -

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TYP MAX UNITS 

Lowest Practical Operating Frequency 0.1 Hz 
MHz Maximum Operating Frequency 15 30 

Supply Current 8 10 12 Ma 
Minimum Input Signal for Lock 100 /LV 
Dynamic Range 60 dB 
VCO Temp Coefficienl* ± 0.06 ±0.12 %rC Measured at 2 MHz, with both inputs AC grounded 
VCO Supply Voltage Regulation ± 0.3 ±2 %/V Measured at 2 MHz 
Input Resistance 2 kO 
Input Capacitance 4 ef 
Input DC Level +4 
Output DC Level ±12 +14 +16 V 
Available Output Swing 4 Vp-p Measured at Pin 9 
AM Rejection* 30 40 dB See Figure 3 
De-emphasis Resistance 8 kO 

• ACC Test Sub Group C. 

ELECTRICAL CHARACTERISTICS (For Tracking Filter, Figure 3) (15KO Pin 9 to GND, Input Pin 12 or Pin 13 AC 
Ground Unused Input, Optional Controls Not Connected, V + = 18V Unless Otherwise Specified T A = 25°C) 

LIMITS 
CHARACTERISTICS TEST CONDITIONS 

MIN TYP MAX UNITS 

Tracking Range ±5 ±20 % offo Vin = 5 mv Rms 
Minimum Signal to Sustain Lock 0.8 mvRms Input 2 MHz -See Characteristic Curves 

O°C to 70°C 
VCO Output Impedance 1 kO 
VCO Output Swing 0.4 0.6 Vp_p Input 2 MHz Measured with high impedance 

Probe with less than 10 Pf Capacitance 

VCO Output DC Level +6.5 V Input 2 MHz with ± 100 kHz Side Band 

Side Band Suppression 35 dB Separation and 3 kHz Low Pass Filter 
Input 1 mv Peak for Carrier Each Side Band 
C1 = 0.01 /LF Rl = 0 

ELECTRICAL CHARACTERISTICS (For FM Applications, Figure 2) (15KO Pin 9 to GND. Input Pin 12 or 13. AC 
Ground Unused Input, Optional Controls Not Connected, V+ = 18V Unless Otherwise Specified TA = 25°C) 

CHARACTERISTICS 

10.7 MHz Operation 

Detection Threshold 
Demodulated Output Amplitude 
Distoriion* S + N 
Signal to Noise Ratio --N-

4.5 MHz Operation 

Detection Threshold 
Demodulation Output Amplitude 
Distortion 
Signal to Noise Ratio St N 

LIMITS 
TEST CONDITIONS 

MIN TYP MAX UNITS 

Deviation 75 kHz Source Impedance = 500.::.........-________________ -1 

120 300 /LV 
30 60 mV 

.3 1 %T.H.D. 
35 dB 

Deviation = 25 kHz, Source Impedance = 500 

120 300 /LV 
30 60 mV 

0.3 1.0 %T.H.D 
35 dB 

Vin = 1 mv Rms Modulation Frequency 1 kHz 
Vin = 1 mv Rms Modulation Frequency 1 kHz 
Vin = 1 mv Rms Modulation Frequency 1 kHz 

Vin = 1 mv Rms Modulation Frequency 1 kHz 
Vin = 1 mv Rms Modulation Frequency 1 kHz 
Vin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation aFlro = 5% Input = 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 
Demodulated Output 
Distortion 
Signal to Noise Ratio St N 

• ACC Test Sub Group C. 

0.2 
1 5 mV 
0.5 Vrms 
0.8 %T.H.D 

50 dB 

Vin = 5 mv Rms 
Vin = 5 mv Rms 
Vin = 5 mv Rms 
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ELECTRICAL CHARACTERISTICS (For AM Synchronous Detector, Figure 4) (151<0 Pin9to GND,Input Pin 12 
or Pin 13 AC Ground Unused Input, Optional Controls Not Connected, V + = laV Unless Otherwise Specified T A = 25°C) 

CHARACTERISTICS 
MIN 

. Input Impedance 
Output Imcfedance 
Output D Level +10 
AM Conversion Gain 3 
Out of Band Rejection 
Distortion 

TYPICAL TEST CIRCUITS 

264 

TEST CIRCUIT FOR TRACKING FILTER 

~ Coupling Capacitor. 
~ Bypass Capacitor 
~ Low Pass Filter Capacitor 
~ VCO Frequency Sal capacitOr 

FIGURE 1 

TEST CIRCUIT FOR AM REJECTION 

"'Vee " 1av 

~ FM Generator wHh Ic ~ 10 ~ 4 MHz 
A(~ 40 kHz. Imod ~ , kHz 

~ Audio Generator With IA ~ 400 kHz 
Balancad Modulator Carrier Supplied by G,. 
Am modulation proVidad by G2 

= 500 aHenuator pad wHh signal level into pin '2 
adjusted to , mV rms. 

= , kHz Bandpass fitter, a = 20 
= 400 Hz Bandpass filter with a = 50. wtth 

, kHz trap. 

= .!1.. in db V, and V2 ara rms voftmeter readings. 

V2 

FIGURE 3 

v, 

v, 

LIMITS 

TYP MAX 

3 
a 

+14 +17 
12 
30 

1 

liJRlliDI 

UNITS 
TEST CONDmONS 

kO 
kG 
V 
dB See Definition of Terms 
dB See Definition of Tenns 
%T.H.D 

TEST CIRCUIT FOR FM DEMODULAnON 

~ Bypass Capacitor 
~ Coupling Capacitors 
~ Low Pass Filter Capacitors 
~ Frequency Oatermlning capacitors 
~ AM Post Detection Filler 

FIGURE 2 

TEST CIRCUIT FOR AM SYNCHRONOUS 
DETECTOR 

DEMODUlATED 
OUlI'UT 

CB ~ Bypass Capacitor 

Cc ~ Coupling Capacitor 

Ry, Cy, = RY2Cy2 = 2!w 
Ox ~ AM Post Detection Fitter 

FIGURE 4 



TYPICAL CHARACTERISTIC CURVES 
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BLOCK DIAGRAM 

FREE RUNNING OSCILLATOR FREQUENCY 
AS A FUNCTION OF veo TIMING CAPACITANCE 
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'" I'. 
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1)2 101 Il" ~ 1)1 Xl' '101 

FREOUENCY - Hz 

EXTERNAL CONTROLS 
1. Loop Low Pass Filter (Pins 14 and 15) 

The equivalent circuit for the loop low-pass filter can be represented 
as: 

+0 ~ I 0+ 

~.Cly. 
H, 

- -
where RA (6KO) Is the effective resistance seen looking into Pin 14 
or Pin 15. 
The corresponding filter transfer characteristics are: 

~2 (5) = F (5) = 1 + 5 R1 C1 
1 1 + 5 (R1 + RA) C1 

where 5 is the complex frequency variable. 
2_ Loop Gain (Threshold) Control 

The overall Phase Lock of loop gain can be reduced by connecting a 
feedback resistor, RF, across the low-pass filter terminals, Pins 14 
and 15. This causes the loop gain and the detection sensitivity to 
decrease by a factor (a<1), where 

a=~ 
2RA + RF 

Reduction oHoop gain may be desirable at high input signal levels (Vin 
>30 mV) and at high frequencies (to > 5MHz) where excessively 
high PLL loop gain may cause instability within the loop. 

3_ Tracking Range Control (Pin 7) 
Any bias current, I p, injected into the tracking range control, reduces 
the tracking range of the PLL by decreasing the output of the limiter. 
The variation of the tracking range and the center frequency, as a 
function of Ip, are shown in the characteristic curves with Ip defined 
positive going into the tracking range control terminal. This terminal is 
normally at a DC level of +0.6 Volts and presents an impedance of 
6000. 

4. External Fine Tuning (Pin 6) 
Any bias current injected into the fine tuning terminal increases the 
frequency of oscillation, fo, as shown in the characteristic curves. 
This current is defined Positive into the fine tuning terminal. This 
terminal is at a typical DC level of + 1.3 Volts and has a dynamic 
impedance of 1000 to ground. 
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NORMALIZED TRACKING RANGE AS A 
FUNCTION OF .RANGE CONTROL CURRENT 
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RANGE CONTIKl. ClIIRENf 

5. Offset Adjustment (Pin 11) 
Application of a bias voltage to the offset adjustment terminal modifies 
the current in the output amplifier setting the DC level at the output. The 
effect on the loop is to modify the relationship between the VCO free 
running frequency and the lock range, allowing the VCO free running 
frequency to be positioned at different pOints throughout the lock 
range. 
Nominally this terminal is at +4V DC and has an input impedance of 
3kO. The offset adjustment is optional. The characteristics specified 
correspond to operation of the circuit with this terminal open circuited. 

6_ De-emphaSis Filter (Pin 10) 
The de-emphasis terminal is normally used when the PLL is used to 
demodulate Frequency Modulated Audio signals. In this application, a 
capaCitor from this terminal to ground provides the required de
emphasis. For other applications, this terminal may be used for band 
shaping the output signal. The 3 dB bandwidth ofthe output amplifier in 
the system block diagram (see Figure 2) is related to the de-emphasis 
capacitor, CD, as: 

f3dB = 21TRD CD 

where RD is the 8000 ohm resistance seen looking into the de
emphasis terminal. 
When the PLL system is for signal conditioning, and the loop error 
voltage is not utilized, de-emphasis terminal should be AC grounded. 

7. AM Post-Detection FllterJPin 1) 
The capaCitor Cx connecte between Pin 1 and ground serves as a 
low-pass filter for synchronous AM detection with a transfer charac
teristic, F2(5), given as: 

F2(5) = -"1-+-=5=Rx-=C-x -

where Rx = 8kO is the resistance seen looking into Pin #1. 



FEATURES 
• FREQUENCY MULTIPLICATION AND DIVISION 
• SIGNAL CONDITIONING AND SIDE-BAND SUPPRESSION 
• FM DEMODULATION WITHOUT TUNED CIRCUITS 
• NARROW BANDPASS - TO ±1% 
• ADJUSTABLE TRACKING RANGE - TO ±1S% 
• EXACT FREQUENCY DUPLICATION IN HIGH NOISE ENVI· 

RONMENT 
• HIGH LINEARITY -1% DISTORTION MAXIMUM AT 1% DE· 

VIATION 

APPLICATIONS 
FREQUENCY SYNTHESIZERS 
DA.TA SYNCHRONIZERS 
SIGNAL CONDITIONING 
TRACKING FILTERS 
TELEMETRY DECODERS 
MODEMS 
FM IF STRIPS AND DEMODULATORS 
TONE DECODERS 
FSK RECEIVERS 
WIDEBAND HIGH LINEARITY FM DEMODULATORS 

ABSOLUTE MAXIMUM RATINGS 
(Limiting values above which serviceability may be impaired) 

Maximum Operating Voltage 30V 
Input Voltage 3V rms 
Storage Temperature -65°C to 1500C 
Operating Temperature O°C to 70°C 
Power Dissipation 300mW 

PIN CONFIGURATION 

B PACKAGE 

veo Output #1 3 

veo Output #2 4 

veo Timing Cap. 5 

veo Timing Cap. 6 

Range Control 7 

Negative Supply 8 _ 
(ONO) v 

BLOCK DIAGRAM 

IRnnl 

15 Phase Compo 
Input #2 

14 Low-Pass Filter 

13 Low-Pass Filter 

12 RF Input #2 

11 RF Input #1 

De-emphasis 
10 (Audio 

Bandshaping) 

9 FM OutPut 
(an open emitter) 
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GENERAL ELECTRICAL CHARACTERISTICS 
(15,000 ohms pin 9 to ground, 12,000 ohms pins 3 and 4 to ground, pins 2 and 15to pin 1 through 1,000 ohms, inputlo pin 11 or 
12 with unused input at AC ground, range control not connected and V +. = 18 volts unless otherwise specified. T A = 25°C.) 

LIMITS 
TEST CONDITIONS CHARACTERISTICS UNITS 

MIN TYP MAX 

Lowest Practical Operating Frequency 0.1 Hz 
Maximum Operating Frequency 15 30 MHz 
Supply Current 10 12 14 mA 
Minimum Input Signal for Lock 200 /LV 
Dynamic Range 80 dB 
VCO Temp Coefficient* ± 0.06 ±0.15 %/OC Measured at 2 MHz 
VCO Supply Voltage Regulation ± 0.3 ±2 "IoN Measured at 2 MHz 
Input Resistance 2 KO 
Input CapaCitance 4 pf 
Input DC Level +2 +4 +6 V 
Output DC Level ±12 +14 +16 V 
Available Outrut Swing 4 Vp-p Measured at Pin 9 
AM Rejection 30 40 dB See Definition of Terms 
De-emphasis Resistance 8 KO 
Bias Reference +8 V 

'Ace Test Sub Group e. 
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ELECTRICAL CHARACTERISTICS FOR FM APPLICATIONS (15,000 ohms pin 9 to ground, input to pin 11 
or pin 12, AC ground unused input, range control not connected and V + = 18 volts. T A = 25°C) 

CHARACTERISTICS 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP MAX 

10.7 MHz Operation Deviation 75 kHz Source Impedance = son 

Detection Threshold 200 500 JJ.V Vin = 1 mv Rms Modulation Frequency 1 kHz Demodulated Output Amplitude 30 70 mVrms 
Distortion* 0.5 %T.H.D. Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio S ~ N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

4.5 MHz Operation Deviation = 25 kHz, Source Impedance = son 

Detection Threshold 200 500 JJ.V Vin = 1 mv Rms Modulation Frequency 1 kHz Demodulated Output Amplitude 30 60 mVrms 
Distortion 0.5 %T.H.D Vin = 1 mv Rms Modulation Frequency 1 kHz 
Signal to Noise Ratio S~ N 35 dB Vin = 1 mv Rms Modulation Frequency 1 kHz 

Wide Deviation ~F/fo = 5% Input = 4.5 MHz Deviation = 225 kHz a 1 kHz Modulation Rate 

Detection Threshold 1 5 mV Vin = 5 mv Rms Demodulated Output 1 V rms 
Distortion 0.3 0.8 %T.H.D Vin = 5 mv Rms 
Signal to Noise Ratio S~ N 50 dB Vin = 5 mv Rms 

ELECTRICAL CHARACTERISTICS FOA SIGNAL CONDITIONER AND FREQUENCY SYNTHESIS 
APPLICATIONS (Input to pin 11 or pin 12, AC ground unused input, range control not connected, V+ = 18 volts. TA = 25°C) 

CHARACTERISTIC LIMITS 
MIN TYP 

Tracking Range ±5 ±1S 
Input Resistance 2 
Input Capacitance 4 
In8ut DC Level 4 
V 0 Output Impedance 1.3 
VCO Output Swing 3 4.5 
VCO Output DC Level 12 
VCO SignaVNoise Ratio 60 

TEST CIRCUIT 

TEST CIRCUIT FOR FM DEMODULATION 

0.1 

MAX 
UNITS TEST CONDITIONS 

2.5 

% offo 200 mV pop square wave input 
kn 

eF 

kn 
V pop 
V 
db Inputs at AC ground 

TEST CIRCUIT FOR SIGNAL CONDITIONER 
AND FREQUENCY SYNTHESIS APPLICATIONS 

12' 

CB = Bypass CapaCitor 

Cc = Coupling Capacitor 

C1 = Low Pass Filer Capacitor 

Co = Frequency Capacnor Set 

Note: Fanout to divide by N counter is one. 

FIGURE 1 FIGURE 2 
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TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 

562 PHASE LOCKED LOOP 
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562 APPLICATIONS INFORMATION 
1 •. BIAS REFERENCE 

Pin 1 of the 562 is an internally regulated bias reference voltage supply 
which should be used as a source of bias current for the phase com
parator input terminals, Pins 2 and 15. Biasing may be achieved as shown 
in Figure 3. 

15 1 2 

T-
FIGURE 3 

2. PHASE COMPARATOR LOOP INPUTS 
Of the Signetics high frequency phase locked loops, the 562 is unique in 
that the loop is open between the veo and the phase comparator. Once 
biasing of the comparator is accomplished, as described in Bias Refer
ence above, loop closure can be accomplished by capacitive coupling 
between either one or both inputs of the phase comparator and the veo 
output. A divider or counter may be enclosed in the loop at this point for 
frequency synthesis applications or a flip-flop may be used to ensure that 
the output waveform has a 50% duty cycle. If large signal SWings, greater 
than 2 volts, are to be applied to the phase comparator inputs, a 1000 ohm 
current limiting buffer resistor should be used in series with the coupling 
capacitors. 

3. VCO OUTPUT 
Square wave veo outputs of both polarities (O"e and 180"e) buffered by 
an amplifier are available at pins 3 and 4. For proper operation of the 
buffer amplifier, pins 3 and 4 must be returned to ground (or the negative 
supply) through resistors, typically 12,000 ohms. The value of these 
resistors may be reduced provided that total power dissipated in the 562 
does not exceed 300 milliwatts or the total average current in each emitter 
does not exceed 4 mAo The output amplitude is typically 4.5 volts peak 
referenced at + 12 volts with respect to pin 8. 

4. VCO TUNING 
Setting the free-running frequencY ofthe veo is accomplished easily with 
one timing capaCitor connected bfltween pins 5 and 6. For the 562 Phase 
Locked Loop, fine tuning of the free-running frequencY may be ac
complished in either or both of two ways. The first method uses a trimmer 
capaCitor connected in parallel with the veo timing capaCitor. This is the 
simplest technique and requires the smallest number of extra compo
nents but at the lower frequencies may be difficult to implement. The 
second technique incorporates two resistors and a voltage source. The 
resistors are connected between each of the timing capaCitor terminals 
and a voltage source as shown in Figure 4. 

R 

:~ 
~fVA 

FIGURE 4 

The percent change in the VCOfree-running frequencY, fo, asa function 
of the voltage applied to point (A) is shown in the curves of Figure 5. Note 
that with this fine tuning technique, it.is possible to 'increase the veo 
free-running frequeney to a value greater than possible with just a trimmer 
capaCitor alone. A formula for the approximation of the veo frequencY as 
a function ofthe voltage at point (A), the resistance values and the starting 
frequency, is given belOW: 

f = fo [1- VA -:-6.4J 
1300R 

The recommended resistance range of R is 20,000. to 60,000 ohms. 

40 

30 

-40 
o 

FIGURE 5 
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5. LOOP GAIN CHARACTERISTICS 

,. 

The overall open loop gain of the 562 PLL can be expressed as: 
KO = K1K2 

where: 
KO = total open loop gain 
K1 = phase comparator and amplifier conversion gain 
K2 = veo conversion gain 

The veo conversion gain, K2, is the change of veo frequency per unit of 
error voltage. In this particular design, it is numerically equal to the veo 
frequency, i.e., . 

K2 = fo Hz/Volt 
or 

K2 = 21Tfo radians/Volt-second 
The phase comparator and amplifier conversion gain, K 1, is proportional 
to input signal amplitude for low input levels, Vs ... 40mV rms, and is 
constant and equal to about 1.5 volts/radian for higher input amplitudes. 
Therefore, K1 can be approximated as: 

.04 Vs 

where 
Vs = input signal in mV rms . 
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562 APPLICATIONS INFORMATION (Cont'd.) 

6. SIGNAL INPUT 
The input structure is basically differential and may be used in this 
manner. Biasing is supplied to the input terminals from an internal regu
lated supply so signal inputs must be capacitively coupled. In most 
applications where the input is single-ended, the unused input should be 
bypassed to ground. 

7. DEMODULATED OUTPUT 
Pin 9 is a low impedance output terminal for the loop error voltage. it is at 
this point that the demodulated FM output is obtained. When used, it must 
be biased by a resistor to ground (or negative supply), and the resistor 
value may be adjusted downward provided that the output current does 
not exceed 5mA or the dissipation in the 562 does not exceed the 
absolute maximum ratings. When not used, pin 9 may be left open. 

S. DE·EMPHASIS FILTER 
The de-emphasis terminal, pin 10, is normally required when the PLL is 
used to demodulate Frequency Modulated Audio signals. In this applica
tion, a capacitor from this terminal to ground provides the required de
emphasis. For other applications it may be used to shape the output 
response. The 3 dB bandwidth of the output amplifier is related to the 
de-emphasis capacitor, CO, as: 

f 1 
3dB = --:2=-'T(-R=O---::C"-D-

where RD is 8000 ohms. 

When the PLL systl;!m is utilized for applications not requiring the use of 
the output amplifier, pin 10 should be by-passed to ground. 

9. TRACKING RANGE CONTROL (Pin 7) 
Any bias current, Ip, injected into the tracking range control, reduces the 
tracking range of the PLl by decreasing the output of the limiter. The 
variation of the tracking range and the center frequency, as a function of 
Ip, are shown in the characteristic curves with Ip defined positive going 
into the tracking range control terminal. This terminal is normally at a DC 
level of +0.6 voits and presents an impedance of 600n. 

10. LOW PASS FILTER 
In most applications, a loop low-pass filter should be connected between 
pins 13 and 14 and ground. It is used to set the loop response time, 
contrOlling the capture range and the rejection of out of band information. 
I=our filter configurations and their transfer functions are shown in Figures 
6 through 9. For VCO operating grequencies below 5 MHz, configurations 
shown in Figures 6 and 7 may be used. At higher frequencies, configura
tions shown in Figures 8 and 9 should be used to ensure loop stability. R is 
the impedance seen looking into the low pass filter terminals, Pins 13 and 
14; and, in the 562, is nominally 6000 ohms. 

L'~r-v-JL2 1.SR, e, 
F(sl '" 1 ~ S(2R+R,,1 C, 

C, Rx 

FIGURE 6 

FIGURES FIGURE 9 

11. LOOP GAIN (Threshold) CONTROL 
The overall Phase locked loop gain can be reduced by connecting a 
resistor, RF, across the low-pass fiiter terminals, pins 13 and 14. This 
causes the loop gain and the detection sensitivity to decrease by a factor 
01, where: RF 

01 
12,000 + RF 

Reduction of loop gain may be desirable at operating frequencies greater 
than 5 MHz because, at these frequencies, high loop gain may cause 
instability. 
12. STATIC LOOP PHASE-ERROR 
When the Pll is in lock, the VCO outputs have a nominal ±90°C phase 
shift with respect to the input signal. Due to internal offsets, this nominal 
angle at perfect lock condition may shift a few degrees, typically ±5°C or 
less. 
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FEATURES 
• EXTREME STABILITY OF CENTER FREQUENCY (200ppmfOC typ) 
• WIDERANGEOFOPERATINGVOLTAGE(±5to±12VOLTS)WITH 

VERY SMALL FREQUENCY DRIFT (100ppml% typ) 
• VERY'HIGH LINEARITY OF DEMODULATED OUTPUT (0.2% typ) 
• CENTER FREQUENCY PROGRAMMING BY MEANS OF A RE

SISTOR, CAPACITOR, VOLTAGE OR CURRENT 
• rtL AND DTL COMPATIBLE SQUARE-WAVE OUTPUT; LOOP 

CAN BE OPENED TO INSERT DIGITAL FREQUENCY DIVIDER 
• HIGHLY LINEAR TRIANGLE WAVE OUTPUT 
• REFERENCE OUTPUT FOR CONNECTioN OF COMPARATOR IN 

FREQUENCY DISCRIMINATOR 
• BANDPASS, ADJUSTABLE FROM <±1% to >±60% 
• FREQUENCY ADJUSTABLE OVER 10 TO 1 RANGE WITH SAME 

CAPACITOR 

APPLICATIONS 
FREQUENCY SHIFT KEYING 
MODEMS 
TELEMETRY RECEIVERS 
TONE DECODERS 
SCA RECEIVERS 
WIDEBAND FM DISCRIMINATORS 
DATA SYNCHRONIZERS 
TRACKING FILTERS 
SIGNAL RESTORATION 
FREQUENCY MULTIPLICATION & DIVISION 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Storage Temperature 
Power Dissipation 
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26V· 
-65°C to 150°C 

300mW 

PIN CONFIGURATION 

A,FPACKAGE 

veo OUTPUT ... 

PHASE COMf!ARATOA veo INPUT & 

REFERENCE OUTPUT 6 9 EXTERNAL.. C FOR veo 

DEMODULATED OUTPUT 7 II EXTERNAL R FOR veo 

K PACKAGE 

v

INPUT 

v' 

EXTERNAL C FOR veo 

EXTER~AL R FOR veo 
DEMODULATED 
OUTPU.T 

PHAse COMPARATOR veo INPUT 

BLOCK DIAGRAM 

INPUT 

v' 

c, 

t-"NI~r--t~-oDEMOD. OUTPUT 

1-'="--lH."..---o REF. OUTPUT 



ELECTRICAL CHARACTERISTICS (T A = 25°C, VCC = ±6 Volts unless otherwise noted) 

SE565 NE565 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP 

SUPPLY REQUIREMENTS 
Supply Voltage ±5 ±12 ±5 
Supply Current 8 12.5 8 

INPUT CHARACTERISTICS 
Input Impedance -4V;,;V2, V3,.;+IV 7 10 5 10 
Input Level Required fO = 50 kHz 

for Tracking ± 1 0% frequency deviation 10 1 10 1 
VCO CHARACTERISTICS 

Center Frequency 
Maximum Value C1 = 2.7 pF 300 500 500 
Distribution Distribution taken about 

fO '" 50 kHz -10 0 +10 -30 0 
Rl = 5.0k, Cl = 1200 pF 

Drift with Temperature fO = 50 kHz +75 +100 +525 +200 
Drift with Supply Voltage fO = 50 kHz 

VCC = ±6 to ±7 Volts 0.1 1.0 0.2 
Triangle Wave 
Output Voltage Level 1:9 0 1.9 0 
Amplitude 2.4 3 2.4 
Linearity 0.2 0.5 

Square Wave 
Logical "1" Output fO = 50 kHz 

Voltage VCC = ±6 Volts +4.9 +5.2 +4.9 +5.2 
Logical "0" Output fO = 50 kHz 
Voltage VCC =±6 Volts -0.2 +0.2 -0.2 

Duly Cycle fo = 50 kHz 45 50 55 40 50 
Rise Time 20 100 20 
Fall Time 50 200 50 
Output Current (sink) 0.6 1 0.6 1 
Output Current (source) 5 10 5 10 

DEMODULATED OUTPUT 
CHARACTERISTICS 

Output Voltage Level (pin 7) VCC = ±6 Volts 4.25 4.5 4.75 4.0 4.5 
Maximum Voltage Swing (pin 7) 2 2 
Output Voltage Swing ± 1 0% frequency deviation 250 300 200 300 
Total Harmonic Distortion 0.2 0.75 0.2 
Output Impedance 3.6 3.6 
Offset Voltage [V6-V7] TA = 25°C 30 100 50 
vs Temperature (drift) 50 100 
AM Rejection 30 40 40 

NOTES: 
1. 80th input terminals (pins 2 and 3) must receive identical de bias. This bias may range from 0 volts to -4 volts. 
2. The external resistance for frequency adjustment (R1) must have a value between 2kU and 20kO. larger values minimize initial warmup drift. 
3. Output voltage swings negative as input frequency increases. 
4. Output not buffered. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

POWER SUPPLY CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 
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DESIGN FORMULAS 
Free-running frequency of VCO fo = 4~~2C1 in Hz 

. 8fo 
Lock-range fL = ± -- in Hz 

Vcc 

1{2;fl 
Capture-range fC '" ± ~ "~-T-

where T = (3.6 x 103) x C2 

TYPICAL APPLICATIONS 
FM DEMODULATION 
The 565 Phase Locked Loop is a general purpose circuit designed for 
highly-linear· FM demodulation. During lock, the average dc level of the 
phase comparator output signal is directly proportional to the frequency of 
the input signal. As the input frequency shifts, it is this output signal which 
causes the VCO to shift its frequency to match that of the input. Con
sequently, the linearily of the phase comparator output with frequency is 
determined by the voltage-to-frequency transfer function of the VCO. 
Because of its unique and highly linear VCO, the 565 PLL can lock to and 
track an input signal over a very wide range (typically ±60%) with very 
high linearity (typically, within 0.5%). 
A typical connection diagram is shown in Figure 1. The VCO free-running 
frequency is given approximately by 
f = 1.2 
o ~ and should be adjusted to be at the center of the input 

Signal frequency range. Cl can be any value, but Rl should be within the 
range of 2000 to 20,000 ohms with an optimum value on the order of 4000 
ohms. The source can be direct coupled if the dc resistances seen from 
pins 2 and 3 are equal and there is no dc voltage difference between the 
pins. A short between pins 4 and 5 connects the VCO to the phase 
comparator. Pin 6 provides a dc reference voltage that is close to the dc 
potential of the demodulated output (pin 7). Thus, if a resistance (R2 in 
Figure 1) is connected between pins 6 and 7, the gain of the output stage 
can be reduced with little change in the dc voltage level at the output. This 
allows the lock range to be decreased with little change in the free-running 
frequency. In this manner the lock range can be decreased from ±60% of 
fo to approximately ±20% of fo (at ±6V). 

A small capacitor (typically 0.001 /LF) should be connected between pins 
7 and 8 to eliminate possible oscillation in the control current source. 
A single-pole loop filter is formed by the capacitor C2, connected between 
pin 7 and positive supply, and an internal resistance of approximately 
3600 ohms. 

"'--T---t--<>+V 

0.001 C, 

OEMODULATED 
OUTPUT 
REFERENCE 

J1J OUTPUT 

FIGURE 1 

FREQUENCY SHIFT KEYING (FSK) 
FSK refers to data transmission by means of carrier which is shifted 
between two preset frequencies. This frequency shift is usually ac
complished by driving a VCO with the binary data signal so that the two 
resulting frequencies correspond to the "0" and "I" states (commonly 
called space and mark) of the binary data signal. 
A simple scheme using the 565 to receive FSK signals of 1070 Hz and 
1270 Hz is shown in Figure 2. As the Signal appears at the input, the loop 
locks to the input frequency and tracks it between the two frequencies with 
a corresponding dc shift at the output. 
The loop filter capacitor C2 is chosen smaller than usual to eliminate 
overshoot on the output pulse, and a three-stage RC ladder filter is used 
to remove the carrier component from the output. The band edge of the 
ladder filter is chosen to be approximately half way between the maximum 
keying rate (in this case 300 baud or 150 Hz) and twice the input fre
quency (approximately 2200 Hz). The output signal can now be made 
logic compatible by connecting a voltage comparator between the output 
and pin 6 of the loop. The free-running frequency is adjusted with Rl so as 
to result in a slightly-positive voltage at the output at fin = 1070 Hz. 
The input connection is typical for cases where a dc voltage is present at 
the source and therefore a direct connection is not desirable. Both input 
terminals are returned to ground with identical resistors (in this case, the 
values are chosen to effect a 600-ohm input impedance). 

+5V 

~15 0.02 0.02 0.02 

+12V 
10k 10k 10k .IL 

5748 

30K 

-5V 

FIGURE 2 

FREQUENCY MULTIPLICATION 
There are two methods by which frequency multiplication can be 

achieved using the 565: 
1. Locking to a harmonic of the input signal. 
2. Inclusion of a digital frequency divider or counter in the loop between 

the VCO and phase comparator. 
The first method is the simplest, and can be achieved by setting the 
free-running frequency of the veo to a multiple of the input frequency. A 
limitation of this scheme is that the lock range decreases as successively 
higher and weaker harmonics are used for locking. If the input frequency 
is to be constant with litlle tracking required, the loop can generally be 
locked to anyone of the first 5 harmonics. For higher orders of multiplica
tion, or for cases where a large lock range is desired, the second scheme 
is more desirable. An example of this might be a case where the input 
signal varies over a wide frequency range and a large multiple of the input 
frequency is required. 

277 

" 9 
c: c: 
c: 



FIGURE 3 

A block diagram ofthe second scheme is shown in Figure 3. Here the loop 
is broken between 1he VCO and the phase comparator, and a frequency 

. divider is inserted. The fundamental of the divided VCO frequency is 
locked to the input frequency in this case, so that the VCO is actually 
running at a multiple of the input frequency. The amount of multiplication 
is determined by the frequency divider. A typical connection scheme is 
shown in Figure 4. To set up the circuit, the frequency limits of the input 
signal must be determined. The free-running frequency ofthe VCO is then 
adjusted by means of R1 and C1 (as discussed under FM demodulation) 
so that tlie output frequency of the divider is midway between the input 
frequency limits. The filter capacitor, C2, should be large enough to 
eliminate variations in the demodulated output voltage (at pin 7), in order 
to stabilize theVCO frequency. The output can now be taken as the VCO 
squarewave output, and its fundamental will be the desired multiple of the 
input frequency (f1) as long as the loop is in lock. 

FIGURE 4 

SCA (BACKGROUND MUSIC) DECODER 
Some FM stations are authorized by the FCC to broadcast uninterrupted 
background music for commercial use. To do this a frequency modulated 
subcarrier of 67 kHz is used. The frequency is chosen so as not to 
interfere with the normal stereo or monaural program; in addition, the level 
of the subcarrier is only 10% of the amplitude of the combined signal. 
The SCA signal can be filtered out and demodulated with the NE565 
Phase Locked Loop without the use of any resonant circuits. A connection 
diagram is shown in Figure 5. This circuit also serves as an example of 
operation from a single. power supply. 
A resistive voltage divider is used to establish a bias voltage for the input 
(pins 2 and 3). The demodulated (multiplex) FM signal is fed to the input 
through a two-stage high-pass filter, both to effect capacitive coupling and 
to attenuate the strong signal of the regular channel. A total slgnal 
amplitude, between 80mV and 300mV, is required althe input. Its source 
should have an impedanee of less than 10,000 ohms. 
The Phase Locked Loop is tuned to 67 kHz with a 5000 ohm potentiome
ter; only approximate tuning is required, since the loop will seek the Signal. 
The demodulated output (pin 7) passes through a three-stage low-pass 
filter· to provide de-emphasis and attenuate lhe high-frequency noise 
which often accompanies SCA transmission. Note that no capacitor is 
provided directly at pin 7; thus, the circuit is operating as a first-order loop. 
The demodulated output signal is in the order of 50 mV and the frequency 
response extends to 7 kHz. . 

~-----r----~----~r---~~~!~~~ 
10k .D47 .018 

DEM 510"-'F~5~I~O~pFLr-__ J==:t,tJW'k~G'~k l"';'~k J-o-
FM-i;:: MUSICISCAI 

4.711 

FIGURE 5 
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FEATURES 
• WIDE RANGE OF OPERATING VOLTAGE (10 to 24 volts) 
• VERY HIGH LINEARITY OF MODULATION 
• EXTREME STABILITY OF FREQUENCY (100 ppml°C typical) 
• HIGHLY LINEAR TRIANGLE WAVE OUTPUT 
• HIGH ACCURACY SQUARE WAVE OUTPUT 
• FREQUENCY PROGRAMMING BY MEANS OF A RESISTOR, 

CAPACITOR, VOLTAGE OR CURRENT 
• FREQUENCY ADJUSTABLE OVER 10 TO 1 RANGE WITH SAME 

CAPACITOR 

APPLICATIONS 
TONE GENERATORS 
FREQUENCY SHIFT KEYING 
FM MODULATORS 
CLOCK GENERATORS 
SIGNAL GENERATORS 
FUNCTION GENERATORS 

ABSOLUTE MAXIMUM RATINGS 
Maximum Operating Voltage 
Storage Temperature 
Power Dissipation 

BLOCK DIAGRAM 

SCHEMATIC 

26V 
-65°C to 150°C 

300mW 

PIN CONFIGURATION 
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v, 
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ELECTRICAL CHARACTERISTICS TA = 25°C. VCC = 12 V unless otherwise stated 

CHARACTERISTICS 
SE566 

MIN TYP , MAX 

GENERAL 
Operating Temperature Range -55 125 
Operating Supply Voltage 24 
Operating Supply Current 7 12.5 

VCO (Note 1) , 
Maximum 0d:erating Frequency 1 
Frequency rift with Temperature 100 
Frequency Drift with Supply Voltage 1 
Control Terminal Input Impedance (Note 2) 1 
FM Distortion (± 1 0% Deviation) 0.2 0.75 
Maximum Sweep Rate 1 
Sweep Range 10:1 

OUTPUT 
Triangle Wave Output-
Impedance 50 
Voltage 1.9 2.4 
Linearity 0.2 

s~uare Wave Output-
mpEidance 50 
VOlta~ 5 5.4 
Duty ycle 45 50 55 
Rise Time 20 
Fall Time 50 

NOTES: 
1, The external resistance for frequency adjustment (R1) must have a value between 2kfl and 20KfI. 

2. The bias voltage (Ve) applied to the control terminal (pin 5) whould be in the range %V'+"VC "V+. 

TYPICAL PERFORMANCE CHARACTERISTICS 

NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 
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OPERATING INSTRUCTIONS 

The SEINE 566 Function Generator is a general purpose voltage control
led oscillator designed for highly linear frequency modulation. The circuit 
provides simultaneous square wave a~d tri.angle wave outl?uts. at fre
quencies up to 1 MHz. A typical connection diagram IS s.hown In Figure 1. 
The control terminal (pin 5) must be biased externally with a voltage (VC) 
in the range 

3/4 V+ s;,VC s;,V+ 

where VCC is the total supply voltage. In Figure 1, the control voltage is 
set by the voltage divider formed with R2 and R3' The modulating signal is 
then ac coupled with the capacitor C2. The modulating signal can be 
direct coupled as well, if the appropriate dc bias ~lOltage is applied to the 
control terminal. The frequency IS given approximately by 

f _2....;(V=-+-:--.,..,V-=C,,-) _ 
0= R1 C1V+ 

....--t___---ov+ 

FIGURE 1 

and R1 should be in the range 2K <R1 <20KU. 
A small capacitor (typically 0.001I-'f) should be connected between pins 5 
and 6 to eliminate possible oscillation in the control current source. 
If the VCO is to be used to drive standard logic circuitry, it may be 
desirable to use a dual supply of±5 volts as shown in Figure 2.ln this case 
the square wave output has the proper dc levels for logic circuitry. RTL 
can be driven directly from pin 3. For DTL or T2L gates, which require a 
current sink of more than 1 mA, it is usually necessary to connect a 5KU 
resistor between pin 3 and negative supply. This increases the current 
sinking capability to 2 mA. The third type of i~te~a~ sho~n uses a 
saturated transistor between the 566 and the logic circUitry. ThiS scheme 
is used primarily forT2L circuitry which requires a fast fall time «50 nsec) 
and a large current sinking capability. 

+5 VOLTS 

1.5K 

10K 

FIGURE 2 

5K 

OTL OR T2L 
WITH FAST 
FALL TIME 
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FEATURES 
• WIDE FREQUENCY RANGE (.01 Hz TO 500kHz) 
• HIGH STABILITY OF CENTER FREQUENCY 
• INDEPENDENTLY CONTROLLABLE BANDWIDTH (0 TO 14 PER

CENT) 
• .HIGH OUT-BAND SIGNAL AND NOISE REJECTION 
• LOGIC-COMPATIBLE OUTPUT WITH 100mACURRENT SINKING 

CAPABILITY 
• INHERENT IMMUNITY TO . FALSE SIGNALS 
• FREQUENCY ADJUSTMENT OVER A 20 TO 1 RANGE WITH AN 

EXTERNAL RESISTOR . 

APPLICATIONS 
TOUCH TONEQI) DECODING 
CARRIER CURRENT REMOTE CONTROLS 
ULTRASONIC CONTROLS (REMOTE TV, ETC.) 
COMMUNICATIONS PAGING 
FREQUENCY MONITORING AND CONTROL 
WIRELESS INTERCOM· 
PRECISION QSCILLATOR 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature O°C to 700C NE567 

-55°C to 125°C SE567 
10V 

0.5V above Supply Voltage 
Operating Voltage 
Positive Voltage at Input 

Negative Voltage at Input 
Output Voltage (collector of output transistor) 
Storage Temperature 
Power Dissipation 

BLOCK DIAGRAM 
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ELECTRICAL CHARACTERISTICS (V+=5.0 Volts. T A=25°C unless noted) 

TEST SE567 
PARAMETER CONDITIONS MIN TYP 

CENTER FREQUENCY (NOTE 1) 
Highest Center Frequency (Ial 100 500 
Center Frequency Stability (Note 2) -55 to 125°C 35±140 

o to 70°C 35±60 
Center Frequency Shift with Supply Voltage 10= 100KHz 0.5 

DETECTION BANDWIDTH 
Largest Detection Bandwidth 10=100KHz 12 14 
Largest Detection Bandwidth Skew 1 
Largest Detection Bandwidth- Vi=300mVrms ±0.1 
Variation with Temperature 
Largest Detection Bandwidth- Vi=300mVrms ±2 
Variation with Supply Voltage 

INPUT 
Input Resistance 20 
Smallest Detectable Input Voltage(Vi) IL =100mA. li=to 20 
Largest No-Output Input Voltage IL =100mA. li=lt) 10 15 
Greatest Simultaneous Outband +6 
Signal to Inband Signal Ratio 
Minimum Input Signal to Wide band 
Noise Ratio 

Bn=140KHz -6 

OUTPUT 
Fastest On-Off Cycling Rate 10120 
"1" Output Leakage Current 0.01 
"0" Output Voltage IL =30mA 0.2 

IL=100mA 0.6 
Output Fall Time (Note 3) RL=500 30 
Output Rise Time (Note 3) RL =500 150 

GENERAL 
Operating volta~e Range 4.75 
Supply Current uiescent 6 
Supply Current-Activated RL =20KO 11 
Quiescent Power DisSipation 30 

NOTES: 
1. Frequency determining resistor R1 should be between 1 and 201<0 

2. Applicable over 4.75 to 5.75 vott •. See graph. for more detailed information. 
3. Pin 8 to Pin 1 feedback RL network selected to eliminate pulsing during turnMon and turn-off. 

TYPICAL CHARACTERISTIC CURVES 
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NE567 
UNITS 

MIN TYP MAX 

100 500 kHz 
35±140 ppm/DC 
35±60 ppm/DC 
0.7 2 %N 

10 14 18 % 0110 
2 3 % 0110 

±0.1 %/OC 

±2 %N 

20 KO 
20 25 mVrms 

10 15 mVrms 
+6 dB 

-6 dB 

10/20 
0.01 25 '1/ 0.2 0.4 
0.6 1.0 V 
30 ns 
150 ns 

4.75 9.0 V 
7 10 mA 
12 15 mA 
35 mW 

DETECTION BANDWIDTH AS A 
FUNCTION OF C2 AND C3 
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TYPICAL CHARACTERISTIC CURVES (CONT'O) 

. .. 
q 

TYPICAL SUPPLY CURRENT 
VERSUS SUPPLY VOLTAGE 

/ 
/ 

~"ON"CURREN' 

V ./" 
/ 

./ 

./'" QUIESCENT CURRENT 

--V 

SUPPLY VOL rAGE. VOLTS 

CENTER FREQUENCY 
COEFFICIENT TEMPERATURE 

(MEAN AND S.D.) 

-- --- --.. ...... r- r-.... t---, 
....... ....... 

......... 
...... ......... 

" 
" 

.-

......... 

'\ 

-300 .. .. •.. 
SUPPL y VOLT AGE VOL T$ 

TYPICAL FREQUENCY DRIFT WITH 
(MEAN AND S.D.) TEMPERATURE 

+V!4.15VOILTS 

+1.0 

.. ~ -
~ 

;:.... ~ 
A . - -

.. ~ 
-,. 

/ ~ I~ 
~/ 

V' 
~'.5 

~75 _1iO .,. +75 +100 +125 

TEMPERATURE GC 

284 

. .. 
q 

GREATEST NUMBER OF CYCLES 

... ... ~ 
"-

'\ 

BEFORE OUTPUT . 

'~ 

'\ ~ 
),., 

'\. L BANDWIDTH LIMITED BY C2 

'\ "\. :""'",,'OTH LO.,no BV 
EXTERNAL RESISTOR 

(MINIMUM ez! 

2 3 4.5 ". 
BANDWIDTH ('J. of fol 

TYPICAL FREQUENCY DRIFT WITH 
TEMPERATURE (MEAN AND S.D.) 

+V-5.1SVOLTS 

.. 
~ - -..... 

,-<t' 

f-~ ~ 
...... \' ~ ,/' 

/ \ I 
-u 

-u 
-7& -60 H6 +100 +125 

... 
",7 

." 

+0.1 

o , 

TEMPERATUREGC 

CENTER FREQUENCY 
SHIFT WITH SUPPLY VOLTAGE 

CHANGE VERSUS 
OPERATING FREQUENCY 

/ 
/ 

/ 

V 
/ 

V 
./ 

---- 20 30_50 

CENTER F"EOIJENCV _ KHr 

IItgDllliCI 

. 

0.3 

, 

TYPICAL OUTPUT VOLTAGE 
VERSUS TEMPERATURE 

IL ,", rnA V 
.... 1'--. / 

r--.. ,./ 

.... Il~30m/ ,/' 

+15 +tOO +12& 

TYPICAL BANDWIDTH VARIATION 
WITH TEMPERATURE 

-BANDWIDTH AT 25"C 

0_7=-'-~-'::-~-~~'''---'--',L,oo---' .. ,. 

TEMPERATURE _ °C 

TYPICAL FREQUENCY DRIFT WITH 
TEMPERATURE (MEAN AND S.D.) 

~I~ 
+V-1.0VOLTS(1) 
+v .. 9.0 VOLTS {21 

~ ~ 
'" -- r, 

,$. -2.5 
1 

t ~ 
'~ 

....... 

'" ........ 

'" ... +100 +125 

TEMPERATURE O"c 



SCHEMATIC DIAGRAM 

5, , , 
Mf , , , 
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DESIGN FORMULAS 

1.1 
fO ::: R1 C1 

BW :::: 1071t~h2 in % of fO, VIN< 200m V (RMS) 

Where 
Vi=lnput Voltage (Volts RMS) 
C2=Low-Pass Filter Capacitor (JLF) 

PHASE LOCKED LOOP TERMINOLOGY 
CENTER FREQUENCY (fO) 
The free-running frequency of the current controlled oscillator (CCO) in 
the absence of an input signal. 

DETECTIOt.l BANDWIDTH (BW) 
The frequency range, centered about fO, within which an input signal 
above the threshold voltage (typically 20mV rms) will cause a logical zero 
state on the output. The detection bandwidth corresponds to the loop 
capture range. 

LARGEST DETECTION BANDWIDTH 
The largest frequency range within which an input signal above the 
threshold voltage will cause a logical zero state on the· output. The 
maximum detection bandwidth corresponds to the loop lock range. 

DETECTION BAND SKEW 
A measure of how well the largest detection band is centered about the 
center frequency, fO' The skew is defined as {fmax + fmin -2fO)/lo 
where fmax and fmin are the frequencies corresponding to the edges of 
the detection band. The skew can be reduced to zero if necessary by 
means of an optional centering adjustment. 

'9 , 

8 

TYPICAL RESPONSE 

Input 

Output ill •• 

Response to 100mV RMS tone burst. 
RL = 100 ohms. 

Response to same input tone burst with wideband noise. 
S N = -6db R ~ = 100 ohms 

Noise Bandwidth = 140 Hz 
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OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection diagram for the 567. For most 
applications, the following three-step procedure will be sufficient for 
choosing the external components R1, C1, C2 and Ca. 

1. Select R1 and C1 for the desired center frequency. For best tempera
ture stability, R1 should be between 2K and 20K ohm, and the R1C1 
product should have sufficient stability, over the projected temperature 
range to meet the necessary requirements. 
2. Select the low pass capacitor, ~, by referring to the Bandwidth versus 
Input Signal Amplitude graph. If the input amplitude variation is known, 
the appropriate value of foC2 necessary to give the desired bandwidth 
may be found. Conversely, an area of operation may be. selected on this 
graph and the input level and C2 may be adjusted accordingly. For 
example, constant bandwidth operation requires that input amplitude be 
above 200m Vrms. The bandwidth, as noted on the graph, is then control
led solely by the foC2 product (FO (Hz), C2 (,.,.fd). ). 
a. The value of Ca is generally non-critical. Ca sets the band edge of a 
low pass filter which attenuates frequencies outside the detection band to 
eliminate spurious outputs. If Ca is too small, frequencies just outside the 
detection band will switch the output stage on and off at the beat fre
quency, or the output may pulse on and off during the turn-on transient. If 
Ca is too large, turn-on and turn-off ofthe output stage will be delayed until 
the voltage on Ca passes the threshold voltage. (Such delay may be 
desirable to avoid spurious outputs due to transient frequencies.) A 
typical minimum value for Ca is 2C2' 

. , 
10= R, c, 

VV 

567 

FIGURE 1 

AVAILABLE OUTPUTS (Figure 2) 

The primary output is the uncommitted output transistor collector, pin .8. 
When an in-band input signal is present, this transistor saturates; Its 
collector voltage being less than 1.0 volt (typically 0.6V) at full output 
current (1 OOmA). The voltage at pin 2 is the phase detector output, a linear 
function of frequency, over the range of 0.95 to 1.05 fO, with a slope of 
about 20mVl% frequency deviation. The average voltage at pin 1 is, 
during lock, a function of the inband input amplitude in accordance with 
the transfer characteristic given. Pin 5 is the controlled oscillator square 
wave output of magnitude (V + -2Vbe)=(V + -1.4V) having a de average 
of V+/2. A 1KO load may be driven from pin 5. Pin 6 is an exponential 
traingle of 1 volt peak-to-peak with an average dc level of V +/2. Only high 
impedance loads may be connected to pin 6 without affecting the CCO 
duty cycle or temperature stability. 

o::J:'l.1:-'----i-,-., 1 ...1 v-

I : 1 t : 7'lI !14"" BW 1 
---T 

1 
I 

I ~CE (SATI!;"1; - 0 

1 1 
1 1 

- - - -1-· - -I- - - -1- - -3.9V 

LOW PASS 1 I 1 1 
FILTER ___ ~_.L..._ - ..... -~-_3.8V 
(PIN 2) i' I 

___ l. __ .J_ - _1---3•7V 

1 1 1 
1 1 1 

0.910 fa 1.1fo 

PIN 1 
VOLTAGE 
(AVGI 4•0 

3.6 

3.0 

2.5L... __ -.-__ ......,,.,... 

o 100 200m Vrnu 

FIGURE 2 

OPERATING PRECAUTIONS 

IN-BANO 
INPUT 
VOLTAGE 

A brief review olthe following precautions will help the user attain the high 
level of performance of which the 567 is capable. . 
1. Operation in the hi~h input level mode (above 200mV) Will free the user 
from bandwidth variations due to changes in the in-band signal amplitude. 
The input stage is now limiting, however, so .that out-b~nd signals. or high 
noise levels can cause an apparent bandwidth reduction as the In band 
signal is suppressed. Also, the limiting action will create in-band compo
nents from sub-harmonic signals, so the 567 becomes sensitive to signals 
at fo/a, f0/5, etc. 
2. The 567 will lock onto signals near (2n + 1) fo, and will give an output for 
signals near (4n+1) fo where n=O,1, 2, etc. Thus, signals at5 fo and 9fo 
can cause an unwanted output. If such signals are antiCipated, they 
should be attenuated before reaching the 567 input. 
a. Maximum immunity from noise and out-band signals is afforded in the 
low input level (Below 200mVrms) and reduced bandwidth operating 
mode. However, decreased loop damping causes the worse-case lock
up time to increase, as shown by the Greatest Number of Cycles Before 
Output vs. Bandwidth graph. 
4. Due to the high switching speeds (20ns) associated with 567 opera
tion, care should betaken in lead routing. Lead lengths should be keptto a 
minimum. The power supply should be adequately bypassed closetothe 
567 with an 0.01,.,.F or greater capacitor; grounding paths should be 
carefully chosen to avoid ground lC?ops a~d unwanted voltage vari~tio!"s. 
Another factor which must be conSidered IS the effect of load energlzation 
on the power supply. For example, an incandescent lamp typically draws 
10 times rated current at turn-on. This can cause supply voltage fluctua
tions which could, for example, shift the detection band of narrow-b~nd 
systems sufficiently to cause momentary loss of lock. The result IS a 
low-frequency oscillation into and out of lock. Such effects can be ·pre
vented by supplying heavy load currents.· from a separate supply,or 
increasing the supply filter capaCitor. .. . 
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SPEED OF OPERATION 
Minimum lock-up time is related to the natural frequency of the loop. The 
lower it is, the longer becomes the turn-on transient. Thus, maximum 
operating speed is obtained when C2 is at a minimum. When the signal is 
first applied, the phase may be such as to initially drive the controlled 
oscillator away from the incoming frl!quency rather than toward it. Under 
this condition, which is of course unpredictable. the lock-up is transient is 
at its worst and the theoretical minimum lock-up time is not achievable. 
We must simply wait for the transient to die out. 
The following expressions give the values of C2 and C3 which allow 
highest operating speeds for various band center frequencies. The 
minimum rate at which digital information may be detected without infor
mation loss due to the turn-on transient or output chatter is about 10 
cycles per bit. corresponding to an information transfer rate of f 0/10 
baud. 

In cases where turn-off time can be sacrificed to achieve fast turn-on, the 
optional sensitivity adjustment circuit can be used to move the quiescent 
C3 voltage lower (closer to the threshold voltage). However, sensitivity to 
beat frequencies, noise and extraneous signals will be increased. 

OPTIONAL CONTROLS 
The 567 has been designed so that, for most applications, no external 
adjustments are required. Certain applications, however, will be greatly 
facilitated if full advantage is taken of the added control possibilities 
available through the use of additional external components. In the dia
grams given, typical values a:re suggested where applicable. For best 
results resistors used, except where noted, should have the same temp
erature coefficient. Ideally, silicon diodes would be low-resistivity types, 
such as forward-biased transistor base-emitter junctions. However, ordi
nary low-voltage diodes should be adequate for most applications. 

SENSITIVITY ADJUSTMENT 
When operated as a very narrow band detector (less than 8 percent), both 
C2 and C3 are made quite large in order to improve noise and outband 
signal rejection. This will inevitably slow the response time. If, however, 
the output stage is biased closer to the threshold level, the turn-on time 
can be improved. This is accomplished by drawing additional current to 
terminal 1. Under this condition, the 567 will also give an output for 
lower-level signals (10m or lower). 
By adding current to termina:l 1 , the output stage is biased further away 
from the threshold voltage. This is most useful when, to obtain maximum 
operating speed, C2 and C3 are made very small. Normally, frequencies 
just outside the detection band could cause false outputs under this 
condition. By desensitizing the output stage, the outband beat notes do 
not feed through to the output stage. Since the input level must be 
somewhat greater when the output stage is made less sensitive, rejection 
of third harmonics or in-band harmonics (of lower frequency signals) is 
also improved. 

CHATTER PREVENTION 
Chatter occurs in the output stage when C3 is relatively small, so that the 
lock transient and the AC components at the quadrature phase detector 
(lock detector) output cause the output stage to move through its 
threshold more than once. Many loads, for example lamps and relays, will 
not respond to the chatter. However, logic may recognize the chatter as a 
series of outputs. By feeding the output stage output back to its input, (pin 

V+ 

GJ' ~, r Gu· 
DECREASE INCREASE 
SENSITIVITY SENSITIVITY 

V+ 

~ DECREASE 
RA Rs rENSITIVITY 

561 1 

1-
2.SK INCREASE 

SENSITIVITY 

RC 
1.0K 

~7 } ~11,<!g:FOR 
~~ TEMPERATURE 

COMPENSATION 
(OPTIONAL) 

-=-

+v 

587 8 

RI' 

l C
3

10K 

'OPTIONAL - PERMITS 
LOWER VALUE OF CI 

+V 
( 

587 8_ 

:;:F'C3 

RA 
200 TO 
1K 

* 

+V +v 
( 

RL 
RA 

200 TO lK 

Rt RI 
RL 

10K 10K 

587 81---'1---

1) the chatter can be eliminated. Three schemes for doing this are given 
above. All operate by feeding the first output step (either on or off) back to 
the input, pushing the input past the threshold until the transient condi
tions are over. It is only necessary to assure that the feedback time 
constant is not so large as to prevent operation at the highest antiCipated 
speed. Although chatter can always be eliminated by making C3 large, 
the feedback circuit will enable faster operation of the 567 by allowing C3 
to be kept small. Note that if the feedback time constant is made quite 
large, a short burst at the input frequency can be stretched into a long 
output pulse. This may be useful to drive, for example, stepping relays. 
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+v 

~l. 
L:Jir C2 

LOWERSfo ":" 

I ~ 
RAISESfo 

567 21-1:
I ~2 

RAISES I. I R 

-:-E" 
+v 

~:rS'O 
2.5K. 

RAISES!. 

RC 
t.OK 

SILICON 
OIOOES 
FOR 
TEMPERATURE 
COMPENSATION 
(OPTIONAL) 

DETECTION BAND CENTERING (OR SKEW) 
ADJUSTMENT 
When is is desired to alter the location ofthe detection band (correspond
ing to the loop capture range) within the largest detection band (lock 
range), the circuits shown above can be used. By moving the detection 
band to one edge of the range, for example, input signal variations will 
expand the detection band in only one direction. This may prove useful 
when a strong but undesirable signal is expected on one side or the other 
of the center frequency. Since RB also alters the dulY cycle slightly, this 
method may be used to obtain a precise duty cycle when the 567 is used 
as an oscillator. 

ALTERNATE METHOD OF BANDWIDTH REDUCTION 
Although a large value of C2 will reduce the bandwidth, it also reduces the 
loop damping so as to slow the circuit response time. This may be 
undesirable. Bandwidth can be reduced by reducing the loop gain. This 
scheme will improve damping and permit faster operation under narrow
band operation. Note that the reduced impedance level at terminal 2 will 
require that a larger value of C2 be used for a given filter cutoff frequency. 
If more than three 567s are to be used, the RB, RC network can be 
eliminated and the RA resistors connected together. A capaCitor between 
this junction and ground may be required to shunt high frequency compo
nents. 
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DETECTION BAND - % of fo 

v+ 

OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSA nON 

,. 

NOTE: Adjust control lor symmetry 0, detection band edge. about 10. 

OUTPUT LATCHING 
To latch the output on after a signal is received, it is necessary to provide a 
feedback resistor around the output stage (between pins 8 and 1). Pin 1 is 
pulled up to unlatch the output stage. 

REDUCTION OF C1 VALUE 
For preCision, very low-frequency applications, where the value of C1 
becomes large, an overall cost savings may be achieved by inserting a 
voltage follower between the R1 C1 junction and pin 6, so as to allow a 
higher value of R1 and a lower value of C1 for a given frequency. 



OUTPUT LATCHING (Cont'd) 

+V 

-, 
I 

::~:::CA 

L.r -J..:"' 
UNLATCH 

CA PREVENTS LATCH-UP 
WHEN POWER SUPPLY IS 
TURNED ON. 

+V 

UNLATCHI 

r-i 

567 B 

567 B 

At 
20K 

+V 

+V 

t£iJ_: _56_7 ____ 

I C1 5741 

PROGRAMMING 
To change the center frequency, the value of R1 can be changed with a 
mechanical or solid state switch, or additional C1 capacitors may be 
added by grounding them through saturating npn transistors. 

TYPICAL APPLICATIONS 

TOUCH· TONE ® DECODER 

Componenl Values (Typical) 

6.8 to 15K ohm 

4.7K ohm 

20K ohm 

0.10 mId 
1.0 mId 6V 
2.2mfd 6V 

250"F 6V 
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TYPICAL APPLICATIONS (Cont'd)' 

CARRIER-CURRENT REMOTE CONTROL 
OR INTERCOM 

+5 to 15V 

60Hz At: LINE 

~~-::~~. 

SOOpF ~--~-;--~ 

1:1 Rl 

2.5Ku 
fOl'l:l: 100KHz 

C2 
.005 

-----0 

Tn C1 I I C3 
~.OO4mfd ":'" -=.02 

DUAL-iONE DECODER 

~~~JNEL~ 
OR RECEIVER 

+V 

20K 

AUDIDOUT 
(IE INPUT IS 
FREQUENCY 
MODULATEDI 

114 - 8885 

1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 
2. "C3 is made large so as to delay tu,n-on 01 ,he top 567, decoding of sequential 

(I" '2) tones Is possible. 
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24% BANDWIDTH TONE DECODER 

INPUT SIGNAL 
(> 100mVrms) 
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+V 

.-'- 3 587 • I--

6 S 2 1 

L- C2 f--

cl*I*c3 
'-- 3 587 .I--I--'-...J 

S 6 2 1 

L 130 
C'2 = C2 ... Imldl 

C'l =Cl 

L- Ri = 1.12 Rl 

CiJJ2 
00 TO 1800 PHASE SHIFTER 

l00mvlppl 
SQUARE OR )L-
5OmVRMSHr- 3 587 sl-----<l81Wol{'k 
SINE INPUT 2 6 ~2 OHM ~IN. 

I R~ r I=(AD 
C2±±Cl ADJU;2 ~ R,/5 

-=- -=- R, so THAT 
0= 90' WITH 
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TYPICAL APPLICATIONS (Cont'd.) 

OSCILLATOR WITH 
QUADRATURE 

OUTPUT 

567 

-: 2 6 

CONNECT PIN 3 
T02,8VTO 
INVERT OUTPUT 

PULSE GENERATOR 
WITH 25% 

DUTY CYCLE 

567 8-

3 6 5 1 

10Kn 

~ 

R1 

~ 

I C1 

OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

567 .IlJ1I1J" 210 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

VCO 
TERMINAL 
(±6%) 

567 

..nru 

PRECISION OSCILLATOR 
WITH 20ns SWITCHING 

567 

PULSE GENERATOR 

567 

OUTPUT 

OUTY 
CYLCE 
ADJUST 
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FEATURES 
• 45dB CHANNEL SEPARATION 
• AUTOMATICSTEREO/MONO SWITCHING 
• 70dB SCA REJECTION . 
• 10V to 16V SUPPLY RANGE 
• HIGH IMPEDANCE INPUT - LOW IMPEDANCE OUTPUT 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Supply Voltage (.,;15 Seconds) 
Voltage at Lamp Driver Terminal 

(LAMP OFF) 
Internal Power Dissipation 130mW 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (60 Seconds) 

BLOCK DIAGRAM 

+lBV 
+22V 

+22V 

-40°C to +85°C 
-55°C to +~25°C 

3000C 

SWITCH fiLTER 

PIN CO ",FIGURATION 

Multiplex Input , 

Amplifier Output 2 

Left Chennel 
De-Emphasis 

Left Channel 
Output 

A ight Channel 
Output 

Right Channel 

De-Emphasis 

Stereo Indicator 
Lamp 

OSCillATOR Ae NETWORK 

B PACKAGE 

Oscillator AC 
11. Network 

13 Loop Filter 

12' Detector Input 

1119kHz Test Signal 

10 Switch Filter 

9 Switch Filter 

L-____________________ ~-+----~----------------------------~==~~----~.~~~(~T 
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II 
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L - - -r -----------:FT:A:L-
OE·EMPHASIS 

LEFT 
I----t=-_CHANNEL 

OUT,PUT 

fliGHT 
f----+''"- CHANNEL 

OUTPUT 

____________ ...1 . 
RIGHT CHANNEL 
DE-EMPHASIS 



ELECTRICAL CHARACTERISTICS (TA = 25°C, V+ = +12V, 19 kHz pilot level = 30 mVRMS, Multiplex Signal 
(L = R, pilot OFF) =300 mVRMS, Modulation Frequency = 400 Hz or 1 kHz, Test Circuit 1, unless otherwise specified) 

PARAMETER TEST CONDITIONS MIN 

Supply Current Lamp OFF 
Maximum Available Lamp Current 75 
Voltage at Lamp Driver Terminal LAMP = 50 mA 
DC Voltage Shift at Either Output Terminal Stereo to Mono Operation 
Power Supply Ripple Rejection 200 Hz, 200 mVRMS 35 
Input Resistance 20 
Output Resistance 0.9 

100 Hz 
Channel Separation 400 Hz 30 

10 kHz 
Channel Balance 
Voltage Gain 1 kHz 0.5 
Pilot Input Level Lamp Turn-On 

Lamp Turn-Off 2.0 
Pilot Input Level Hysteresis Lamp Turn-Off to Turn-On 3.0 
Capture Range 2.0 
Total Harmonic Distortion Multiplex Level = 600 mVRMS Pilot OFF 
19 kHz Rejection 25 
38 kHz Rejection 25 
SCA Rejection (Note 1) 
VCO Tuning Resistance (Note 2) 21.0 
VCO Frequency Drift O°C.;;T A .;;25°C 

25°C.;;T A .;;70°C 

NOTES: 
1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% SeA as defined in the FQe Rules of Broadcasting. 
2. Total resistance from pin 15 to ground, in test circuit 1, required to set reference frequency at pin 11 to 19 kHz ± 10Hz. 

TEST CIRCUIT 1 AND TYPICAL APPLICATION 

NOTE: 

v+ '" +12V 

COMPOSITE 
MULTIPLEX ---+--il---+., 

UNIT 

LED 
STEREO 

INDICATOR 
LAM. 

LEFT 
OUTPUT 

(TO. VIEW) 

C6 

R3 
21kn 

(N220) 1390PF 

TYp· 

26 
150 
1.3 
30 

35 
1.3 
40 
45 
45 

0.3 
0.9 
15 

7.0 
7.0 
4.0 
0.4 
35. 
45 
70 

23.3 
+0.1 
-0.4 

R4 
5kn 
OSCILLATOR 

ADJ 

,MAX 

35 

1.8 
150 

2.0 

1.5 
1.4 
20 

6.0 
1.0 

25.5 
±2 
±2 

Tolerance on resistors is ±5% and tolerance on capacitors is z20% unless otherwise Specified. C1 Tolerance = + 1 00%, -20%. C6 Tolerance = ± 1 % in test circuit and 
±5% .in typical applications, A3 Tolerance = ±1%, R4 Tolerance == ±10%, R1 and R2 Tolerances == ±1% in test circuit and ±5% in typical application, 

UNITS 

mA 
mA 
V 
mV 
dB 
kO 
kO 
dB 
dB 
dB 
dB 
V/V 
mVRMS 
mVRMS 
dB 
% 
% 
dB 
dB 
dB 
kO 
% 
% 
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TYPICAL CHARACTERISTICS CURVES 

CHANNEL SEPARATION VS 
,AUDIO FREQUENCY 

.... 
I II 
c-~r/' V 
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EQUIVALENT CIRCUIT 
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FEATURES PIN CONFIGURATION 
• LOW NOISE....,. .5p.V TOTAL INPUT NOISE 
• HIGH GAIN -112dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V +IN (1) 1 

• POWER SUPPLY REJECTION -12OdB 
• LARGE OUTPUT VOLTAGE SWING (Vec -2V pop) 

-IN DIFF. (1) 2 

• WIDE BANDWIDTH - 15MHz UNITY GAIN 
• POWER BANDWIDTH - 75kHz, 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 

TYPICAL APPLICATIONS 

296 

TWO-POLE FAST TURN-ON 
NAB TAPE PREAMP 

II 

TYPICAL MAGNETIC 
PHONO PREAMP 

24V 

>,":..:' ';....' ....---o.O.5Vrms 

2.2M 

+40V 
600mW 

O°C to +70°C 
-65°C to +150°C 

-t300°c 

-IN S.,E. OJ 3 

EXT. COMPo ( , 

(1) 6 

OUTPUT (1) 7 

" I EXT. COMPo 

10 (2)' 

8 OUTPUT (2) 

EQUIVALENT CIRCUIT 

Vee 
(91 ,----- -----------,-- ----I 

I 

R3 

01 

21 

TYPICAL MAGNETIC 
PHONO PREAMP 

24V 
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I 
11'F SOOk : 
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ELECTRICAL CHARACTERISTICS TA = +25°C, vcc = 14V (Unless Otherwise Noted) 

PARAMETER TEST CONDITIONS 
LIMITS 

MIN TYP MAX 
Voltage Gain Open Loop 

(Differential Input) 
Open Loop 

160,000 

(Single Ended) 320,000 
Supply Current VCC 9 to 40V, RL = 00 10 
Input Resistance 

(Positive Input) 100 
(Negative Input) 

Input Current 
200 

(Negative Input) 0.5 
Output Resistance Open Loop 150 
Output Current Source 8 

Sink 2 
Output Voltage Swing Peak-te-Peak VCC -2 
Small Signal Bandwidth 15 
Power Bandwidth 20V p-p (VCC = 24V) 75 
Maximum Input Voltage Linear Operation 300 
Supply Rejection Ratio f = 1kHz 120 
Channel Separation f = 1kHz 60 
Total Harmonic Distortion 75dB Gain, f = 1 kHz 0.1 
Total Equivalent RS = 600n, 

Input Noise 100-10,000Hz 
(Single Ended Input) 

LM381A 0.5 0.7 
LM381 0.5 1.0 
Noise Figure 50kn, 

Va.? 
10kn Inge 

100':"-10000Hz Ended 

100-IO,oooH, )(5' I 
5kn, , Input) 
1 00-1 O,OOOHz 

NOTE: ALL RESISTORS STANDARD AND ARE MEASURED IN OHMS. 

TYPICAL CHARACTERISTICS 
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LARGE SIGNAL 
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/ 

1.3 

1.6 

GAIN VS TEMPERATURE 

% DISTORTION 

VCC ·12V 

Itll.II:I 

UNIT 

VIV 

VIV 
mA 

kn 
kn 

pA 
n 

mA 
mA 
V 

MHz 
kHz 

mVrms 
dB 
dB 
% 

JLVrms 
JLVrms 

DB 

dB 

dB 

VCC VS ICC 

-~tO V 
}l '1"'/---!--t--t--+--+-+-+-1 

CHANNEL SEPARATION 

AV ~ 1000 

VCC" 2V 
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TYPICAL CHARACTERISTICS (Cont'd) 
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FEATURES 
• LOW NOISE - O.S,..V TOTAL EQUIVALENT INPUT NOISE 
• HIGH GAIN -100dB OPEN LOOP 
• SINGLE SUIPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V 
• POWER SUPPLY REJECTION -120dB 
• LARGE OUTPUT VOLTAGE SWING 
• WIDE BANDWIDTH -15MHz UNITY GAIN 
• POWER BANDWIDTH - 75kHz, 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 

+40V 
600mW 

O°C to +70°C 
-65°C to +150°C 

+300°C 

PIN CONFIGURATION 

+IN (1) T 

Gain Control (1) 3 

Gain Control (1) 5 

Gain Control (1) 6 

Output (1) 7 

EQUIVALENT CIRCUIT 

ELECTRICAL CHARACTERISTICS TA = +25°C, VCC = 14V (Unless Otherwise Noted) 

LIMITS 
PARAMETER TEST CONDITIONS 

MIN TYP 

Voltage Gain Open Loop (Differential Input) 100,000 
Supply Current VCC 9 to 40V, RL = 00 10 

In(Fut Resistance 
Positive Input) 100 

(Negative Input) 200 
Input Current 

(Negative Input) 0.5 
Output Resistance Open Loop 150 
Output Current Source 8 

Sink 2 
Output Voltage Swing Peak-to· Peak, RL = 10k VCe- -2 
Small Signal Bandwidth 15 
Power Bandwidth 20V p-p (VCC = 24V) 75 

Maximum Input Voltage Linear Operation 
Supply Rejection Ratio f = 1kHz 120 
Channel Separation f = 1kHz 40 60 
Total Harmonic Distortion 60dB Gain, f = 1 kHz 0.1 
Total Equivalent Input Noise RS = 6000, 100-10,000Hz 0.8 
Noise Figure 50kO, 100-10,000Hz 1.0 

10kO, 100-10,000Hz 1.6 
5kO, 100-10,OOOHz 2.8 

lii!lDDl1C1i 

12 Gain Control (2) 

10 Gain Control (2) 

9 Gain Control (2) 

8 Output (2) 

(7,8) 

UNIT 
MAX 

V/V 
16 mA 

kO 
kO 

,..A 
H 

mA 
mA 
V 

MHz 
kHz 

300 mVrms 
dB 
dB 

0.3 % 
1.2 ,..Vrms 

dB 
dB 
dB 
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TYPICAL APPLICATIONS 

TAPE PREAMPLIFIER 
(NAB EQUALIZATION) 

Vcc 

" 

FLAT RESPONSE 
FIXED GAIN CONFIGURATION 

vcc 

2,130----1 

C1 
10~F 

7,8 

CAPACITOR GAIN 

C1 Only 40dB 
C2 Only 55dB 
C1 & C2 aOdB 

TYPICAL CHARACTERISTICS CURVES 

300 

· 

· lkH~ 

LARGE SIGNAL 
FREQUENCY RESPONSE 

Vee ~4ov,1 AV ~ 1000 -
\ 

I%DISTOR'TlON 

\ 

\ 
\ 
\ 
\ 
\ 

" 
pop OUTPUT VOLTAGE SWING 

VS VCC 

/ 
· / 

/ 
/ 

V 

· 

GAIN VS TEMPERATURE 

% DISTORTION 

, 
f--VJ~12V 

. 
, 
, 

NAB EOUIVALENT , 
, 

\ ./ , 
. ./.. V , 

~ ?' V ., "' .. . 

Bi!JDDliCB 

, 

, 

" , , 

· 
, 

· 
, 

· 

· 
· 
· 
· 

PHONO PREAMP 
(RIAA EQUALIZATION) 

Vcc VS ICC 

-
I ........ 

,,/ 

CHANNEL SEPARATION 

........... t--... 

"' f'... 

-

."'" 

AV ~ 1000 
VCC"'~V 

FREQUENCY (Hz) 

7,8 



TYPICAL CHARACTERISTICS (Continued) 

PSRR VS FREQUENCY GAIN AND PHASE RESPONSE 

130 '20 

V f-----

"" 
no ~ " 1'.' ". V '\ 
'00 

'\ "'-
30 

" " 
no 

/ 
80 

PHAS~ "","GAIN 

BO 

~. 
~ 70 " 

~ 100 

" ~ 60 

"" '" 
~ 

~~ " '\ '" 
90 40 '20 

500/JFd~ 30 
'\.1\ 

'" AV~ 1000 \ 
80 20 '" '\.\ 

'" 0:- " " " " '00 " 'Ok lOOk '" "" 
0 '80 , 

" '00 '" , .. a.1M '" "" 
FREQUENCY 1Hz) FREQUENCY 1Hz) 

NOISE VOLTAGE VS FREQUENCY NOISE CURRENT VS FREQUENCY 

" NOTE: Rs-a NOTE: RS"'50k 
MODE·SINGLE ENDED MODE SINGLE ENDED 

" "-
., 

, .. :--.. 

'r"- --~ ~ r--l"- t--
~ 6 ! ,3 

z :-- z ., . ., 

, ., 

'00 " '" H" " '" 
f(H.) flHd 

9i!1DDliD9 

'" 
'00 

" 
80 

" 
60 

" 
40 

30 

20 

" 
0 

" 

, 
, 
, 
6 

, . 
3 

, 
, 
0 

~, 

~,. 

~" 

VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

I---

" 20 " 30 " 
SUPPLY VOLTAGE IV) 

PULSE RESPONSE 

Av -l0 

1\ 
\ 
\ 

V 
0 " 20 30 40 " 50 " 

TIME l~.l 

40 

80 
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FEATURES 
• LOW NOISE - O.8p.V TOTAL INPUT NOISE 
• HIGH GAIN -104dB OPEN LOOP 
• SINGLE SUPPLY OPERATION 
• WIDE SUPPLY RANGE 9 TO 40V 
• POWER SUPPLY REJECTION -110dB 
• LARGE OUTPUT VOLTAGE SWING (VCC -2V pop) 
• WIDE BANDWIDTH -15MHz UNITY GAIN 
• POWER BANDWIDTH - 75kHz, 20V pop 
• INTERNALLY COMPENSATED 
• SHORT CIRCUIT PROTECTED 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Power Dissipation 
Operating Temperature Range 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 

EQUIVALENT CIRCUIT 

Vee 

,-----
Rl 

01 

ZI 

L ___ -1... __ _ 

AUDIO MIXER 

24i1 

(4,51 

I.F 

Ao---! 
I.F 

Bo--! ':' 
790 

I.F 500k 

eo---! 
I 

,1.F 5001< i 
N o--~f--~-" 

':' 
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22k 

2,4k 

+40V 
500mW 

O°C to +700C 
-65°C to +150°C 

+300°C 

-----, 
I 
I 
I 
I 
I 
I 
I 
I 
I 

'----...,....~_r_o(4, 51 

I 
I 
I 

_____ .L ____ -.J 

TYPICAL TAPE PLAYBACK AMPLIFIER 

24V 

O.5Vrms 

II 
240k 

':' ':' 

~20.F 

BRDDIICB 

PIN CONFIGURATION 

V PACKAGE 

TYPICAL APPLICATIONS 

II 

':' 

TYPICAL MAGNETIC 
PHONO PREAMPLIFIER 

lOV 

TWO-POLE FAST TURN-ON 
NAB TAPE PREAMPLIFIER 

24V 

(4,51 

120pF 

680k 
220k 220k 

2k 2k 
24k 

I~F ~~F 
':' 



ELECTRICAL CHARACTERISTICS TA = +25°C, vcc = 14V (Unless Otherwise Noted) 

PARAMETER TEST CONDITIONS 

volta~e Gain 
Supp y Current 

Open Loop 
VCC 9 to 40V, Rl =00 

Input Resistance 
(Positive Input) 
(Negative Input) 

Input Current 
(Negative Input) 

Output Resistance 
Output Current 

Open loop 
Source 
Sink 

Output Voltage Swing Peak-to-Peak 
Small Signal Bandwidth 
Power Bandwidth 20V p-p (VCC = 24V) 
Maximum Input Voltage Linear Operation 
Supply Rejection Ratio f = 1kHz 
Channel Separation f = 1kHz 
Total Harmonic 75dB Gain, 

Distortion f = 1kHz 
Total Equivalent RS = 600n, 

Input Noise 100-10,000Hz 
Noise Figure 50kO, 100-10,000Hz 

10kO, 100-10,000Hz 
5kO, 100-10,000Hz 

TYPICAL CHARACTERISTICS 

, 
0 

· · 
4 

2 

0 

• 
· 
4 

2 

0 

0 

0 

LARGE SIGNAL 
FREQUNCY RESPONSE 

Vee ~ 4OJ. Av ~ 1000 

\ 1% DISTORTION 
,---

\ 

\ 
\ 
\ 
\ 

\ 
"-.... 

10kHz 

FREQUENCY (Hoi 

P-P OUTPUT VOLTAGE 
VSVCC 

/ 
/ 

/ 
/ 

SUPPLY VOLTAGE (V) 

LIMITS 
UNIT 

MIN TYP MAX 

160,000 V/V 
10 mA 

100 kO 
200 kO 

0.5 /LA 
150 0 

8 mA 
2 mA 

VCC -2 V 
15 MHz 
75 kHz 

300 /LVrms 
110 dB 
60 dB 

0.1 % 

0.8 1.4 /LVrms 
1.0 dB 
1.6 dB 
2.8 dB 

GAIN VS TEMPERATURE 

1051----+----+-----1 

'OOr----+----+---~ 

"L.D ----+.----+.---..... 

% DISTORTION 

, 
Vee -12V 

0 

" 
0.' 

, . 
5 

NAB EQUIVALENT . 
'" / , 

2 """'/ V 
~ V , 4Dd' 

0 

IiI!lDOfiCIi 

Vcc VSICC 

, 

2 

, 

0 -
,/ 

V 

. 
, 

. 10 
SUPPLY VOLTAGE (VI 

CHANNEL SEPARATION 

0 

0 ~ --r-., 

"" K 

0 

0 

0 

AV~ 1000 
VCC -12V 

FREQUENCY (Hz) 

~ 
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TYPICAL CHARACTERISTICS (Cont'd) 

PSRR VS FREQUENCY GAIN AND PHASE RESPONSE VOLTAGE GAIN VS 
SUPPLY VOLTAGE 

120 120 110 

- 110~ " 
~ 

1/ I"'-. 1\' 
100 

110 

V "\ 
100 

\ "-
30 

90 

90 " BO 

100 80 

PHAS~ '\. GAIN 

60 

I 70 

~ 
! 10 " 

• 90 
51. • GO t--. 90 

GO 

~ 

~l 
~ '" 50 .. 

'\ '" .. 40 120 
40 

500~Fd* '\.\. 
AV ~ 1000 30 136 30 

\ 
70 - 20 ,,\ 160 20 

1 I 
':" 

I 
10 '" 10 

60 0 180 0 
10 100 1k 10k lOOk 1M , .. 1 10 100 1k '''' O.lM 1M 10M 10 15 20 25 30 36 .0 

fREOUENCY (Hz) FI'IEOUENCV (Hl) SUPPLY VOLTAGE (V) 

NOISE VOLTAGE NOISE CURRENT PULSE RESPONSE 
VS FREQUENCY VS FREQUNCY 

16 , 
NOTE: RS~ 0 NOn;:RS 501< AV·l0 

I , 
14 

\ 
1.0 , 

12 O.,r-..... 6 --
I~ I' I~ r--

, 
-< .£ t-:5 10 1°·6 . 

1\ z t--- ~ ,. 
3 

8 04 1\ , 
\ 

1 
6 0.2 

0 

_1 

100 1k 1 .. 100 1k '" -20 _10 0 10 20 30 40 " BO 70 SO 

IIHd I (HzI TIME (~s) 
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FEATURES 
• EXCELLENT CARRIER SUPPRESSION 

65dB typ @ 0.5 MHz 
50dB typ @ 1!l MHz 

• ADJUSTABLE GAIN AND SIGNAL HANDLING 
• BALANCED INPUTS AND OUTPUTS 
• HIGH COMMON-MODE REJECTION-85dB typ 

APPLICATIONS 
SUPPRESSED CARRIER AND AMPLITUDE MODULATION 
SYNCHRONOUS DETECTION 
FM DETECTION 
PHASE DETECTION 
SAMPLING 
SINGLE SIDEBAND 
FREQUENCY DOUBLING 

ABSOLUTE MAXIMUM RATINGS 
Applied Voltage (Note 1) 
Differential Input Signal (V7 - VB) 
Differential Input Signal (V4 - V1) 
Input Signal (V2 - V1• V3 - V4) 
Bias Current (15) 
Power Dissipation (Pkg. Limitation) 

K-Package 
Derate above 25°C 

A-Package (TO-116) 
Derate above 25°C 

Operating Temperature Range 
Storage Temperature Range 

NOTES 

30V 
±5.0V 

(5 ± 15 Re) V 
5.0V 

10mA 

680mW 
5.4mW/oC 

900mW 
7.2mW/oC 

-555°C to +125°C 
-65°C to +150°C 

1. Voltage applied between pins 6-7, 8-1, ~7, ~8, 7-4, 7-1, 8-4, 6-8, 2-5, 3-5. 
2. Pin number references pertain to K package pinout only. 

5596/MC 1496/MC 1596-A.K 

PIN CONFIGURATIONS (TOP VIEW) 

Positive 
Sign.lloput 1 

A PACKAGE 

Gain Adjust 2 13 Negiltive Output 

Gain Adjust 4 

Negative 
Signal Input 5 

K PACKAGE 

Bias 

SCHEMATIC DIAGRAM 

CARIUER I·) 

INPUT(+) 

SIGNAL(-J 

INPUT (+) 

BIAS 

Negative 
10 Carrier Input 

Positive 
9 Carrier Input 

8 PasltlViO Output 

v- ~'O~ ____ ~ ____ ~ ______ ~ 

GAIN 
ADJUST 
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5596/MC1496/MC1596-A,K 

SIGNETICS.BALANCEDMODULATOR-DEMODUI.,.ATOR. MC1596, MC1496 
ELECTRICAL CHARACTERISTICS· (All input and output characteristics are single-ended unless otherw.ise noted.) 

PARAMETER 
MC1596 MC1496 

UNITS 
MIN TVP MAX MIN TVP MAX 

Carrier Feedthrough pV(rms) 
Vc = 60 mV(rms) sine wave and fC = 1.0 kHz 40 40 
ollset adjusted to zero IC = 10 MHz 140 140 

Vc = 300 mVp-p square wave: mV(rms) 
oflset adjusted.to zero IC = 1.0 kHz 0.04 0.2 0.04 0.4 
offset not adjusted fe= 1.0 kHz 20 100 20 200 

Carrier Suppressions dB 

IS = 10 kHz, 300 mV(rms) 
IC = 500 kHz, 60 mV(rms) sine wave 50 65 40 65 
Ie = 10 MHz, 60 mV(rms) sine wave 50 50 

Transadmittance Bandwidth (Magnitude) (RL = 500) MHz 

Carrier Input Port, Vc = 60 mV(rms) sine wave 300 300 
IS = 1.0 kHz, 300 mV(rms) sine wave 

Signal Input Port, Vs = 300 mV(rms) sine wave 80 80 
IVCI = 0.5V dc 

Signal Gain 2.5 3.5 2.5 3.5 V/V 

Vs = 100 mV(rms), f = 1.0 kHz; Ivel = 0.5V dc 

Single~Ended Input Impedance, Signal Port, I =5.0 MHz 
Parallel Input Resistance 200 200 kO 
Parallel Input Capacitance 2.0 2.0 pF 

Single-Ended Output Impedance, f = 10 MHz 
Parallel Output Resistance 40 40 kO 
Parallel Output Capacitance 5.0 5.0 pF 

Input Bias Current /LA 
11 + 14 17 +18 12 25 12 30 

'bS = ·-2- ; 'bC = -2- 12 25 12 30 

Input Offset Current 0.7 5.0 0.7 7.0 
pA 

'ioS = '1 - 14; lioC = 17 - 18 0.7 5.0 0.7 7.0 

Average Temperature Coefficient of Input Offset Current 2.0 2.0 nA/oc 

(TA = -55° to +125°0) 

Output Offset Current 14 50 15 80 pA 

(16 - '9) 

Average Temperature Coefficient of Output Offset Current 90 90 nA/oC 
(TA = -55°C to +125°0) 

Common-Mode Input Swing, Signal Port, fS = 1.0kHz 5.0 5.0 Vp-p 

Common-Mode Gain, Signal Port, fS = 1.0kHz, 
Ivel = 0.5V dc 

-85 -85 dB 

Common-Mode Quiescent Output Voltage (Pin 60r Pin 9) 8.0 8.0 Vdc 

Differential Output Voltage Swing Capability 8.0 8.0 Vp-p 

Power Supply Current mAdc 
16 + 19 2.0 3.0 2.0 4.0 

'10 3.0 4.0 3.0 5.0 

DC Power Dissipation 33 33 mW 

(V+ = +12V dc, V- = -8.0V dc, '5 = 1.0mA dc, RL = 3.9kU, Re = 1.0kU, TA = +25°C unless otherwise noted) 

*Pin number references pertain to K paokage pinout only. 
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FEATURES ABSOLUTE MAXIMUM RATINGS 
• MATCHED OPEN LOOP VOLTAGE GAIN Supply Voltage 16V 
• LOW AUDIO NOISE Temperature 

Storage -55°C to + 150°C • SINGLE POWER SUPPLY 
• WIDE POWER SUPPLY RANGE 
• BUILT-IN POWER SUPPLY FILTER 
• HIGH INPUT IMPEDANCE 
• EMITTER FOLLOWER OUTPUT 
• LOW DISTORTION 
• SELF BIASING 
• MINIMUM NUMBER OF EXTERNAL 

COMPONENTS 
• OUTPUT CIRCUIT IS SHORT CIRCUIT 

PROTECTED 
• HIGH CHANNEL SEPARATION 
• VARIETY OF FEEDBACK OPTIONS 
• NO CIRCUIT DAMAGE IF PLUGGED IN 

BACKWARDS 
• 7.SV REGULATOR, BIAS SOURCE 

SCHEMATIC DIAGRAM 

ZENER 
UTILITY o.:..---------~ 

POWER 

ROLL 
OFF 

INPUT 1 

FDBK 1 0"-----'1"""---' 

GND 

Operating -30°C to +85°C 

APPLICATIONS 
STEREO TAPE PLAYERS/RECORDERS 
DICTATING EQUIPMENT 
MOVIE PROJECTORS 
PHONOGRAPHS 
TV REMOTE CONTROL RECEIVER 
MICROPHONE AMPLIFIERS 
STEREO RADIO RECEIVER SYSTEMS 
VIDEO PREAMPLIFICATION 
NARROW BAND AMPLIFICATION 
DRIVER-PREAMP FOR LOSSY NETWORKS 
SUPER GAIN CASCADED AMPLIFIERS 

10 OUTPUT 2 

ELECTRICAL CHARACTERISTICS (25°C) (VCC=12V) 

PARAMETERS MIN TYP MAX UNITS 

Supply Current (VCC = 12V) 16 22 mA 
Voltage Gain 65 68 71 dB 
Gain Balance 0.3 2 dB 
Channel Separation (I = 1 kHz). Figure 1 45 90 dB 
Input Resistance 100K 250K .0 
Signal Output 1.5 Vrms 
Output Resistance 100 .0 
Power Supply Rejection (f = 1 kHz). Figure 2 45 55 dB 
Total Harmonic Distortion Without Feedback 

(0.5V rms into 3kn Load, 1 kHz) 0.5 0.9 % 
Input dc Bias Current 0.8 3 /LA 
Gain to Feedback Terminal 3, 12 45 dB 
Impedance at Feedback Terminal 2400 .0 
Amplifier Noise Figure (100Hz to 10 kHz. 5kn Rs) 1.8 dB 
Equivalent Input Noise (100Hz to 10 kHz, 680.0 Rs) 0.7 1.2 /LV 

·IP011l9 

CONFIGURATION 

A PACKAGE 

TEST CIRCUITS 

CHANNEL SEPARATION 

680 

L 6 .,3,4 .J 
l00"F r ~ r·001• F 

"':'" '":" ":'" 

FIGURE 1 

POWER SUPPLY REJECTION 
+12V 

d' I.~ 
~ P-I 
":" 7 1 

680 

1 
100'F1 1 

-I 
- 1 

680 

FIGURE 2 
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TEST CIRCUITS (Cont'd) 

NOISE 
B+ 

r-~---' 
I 

680 

680 

FIGURE 3 
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FEATURES 
• HIGH SENSITIVITY-INPUT LIMITING 

VOLTAGE AT 4.5 MHz = 400/-£V 
• HIGH IF VOLTAGE GAIN-60dB 
• SIMPLIFIED TUNING-ONE RLC PHASE 

PIN CONFIGURATION 

A PACKAGE 

SHIFT NETWORK AUDIO OUTPUT 1 14 DE·EMPHASIS 

• HIGH STABILITY 
• LOW DISTORTION-1.001o 

DeTeCTOR INPUT 
REFERENCE 

• WIDE FREQUENCY CAPABILITY-5kHz 
to 50MHz 

NO CONNECTION 3 12 ~N:T~~TOR 

ABSOLUTE MAXIMUM RATINGS 
Input Voltage (Pin 4) +3.5V 
Output Voltage + 15V 

DECOUPLING 5 

AMPLIFIER INPUT 6 
REFERENCE 

11 TEST POINT 

+----,--il0 ~~HL~~~:UT 
AMPLIFIER 
LOW OUTPUT 

Supply Voltage (V+) +15V GND 71---'WI.---' 8 NO CONNECTION 

Junction Temperature +150°C 
Storage Temperature -65°C to +150°C 
Operating Temperature O°C to +85°C 
Thermal Resistance O.15°C ImW 

OJ-A. Junction to Ambient 
Power Dissipation 300mW 

CIRCUIT SCHEMATIC 

BLOCK DIAGRAM 

(FREQUENCY 
MODULATED 

CARRIER) 

+12V,Q3 ...... --..... -....,..-----....,..--...---...-----..... ---, 

~-~--+---O-, , , 
I ~Q.l 

: 1:~F 
'-=-

fIt 
10 : , 

, 
*c" ~7 i 

~5~:--1--~---r~~~-+---r---+--1~~-4:--~--~ 

I Q.45ka I 
TQ1pF '9 , 

I Q.5kQ 2k.Q , Q5kJl 2kll o.5kJl !SOil , 

BTEST 
POINT 

2lIkll 

Bkll 

7·~-~-~~--~---~---+----~--~----------~----------~------~----~ 

* 

IInll •• 

Q.2kJl 

1 DETECTOR 
OUTPUT 

Skll 

VOUT 
(AUDIO) 
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ELECTRICAL CHARACTERISTICS Standard Conditions:Vcc = +12V ±10%, TA = 25°C 

LIMITS 
CHARACTERISTICS TEST CONDITIONS TEST UNITS 

FIGURE MIN TYP MAX 

Pin 
ICC Supply Current 13 12.0 17 '.22 mA 
Vbias Amplifier Input Reference Internally derived 6 1.45 V 
Vbias Detector Input Reference Internally derived 2 3.65 V 
Voh Amplifier High Output Level 10 1.45 V 
Vol Amplifier Low Output Level 9 0.145 V 
Vo Detector Output Level 1 4.3 5.0 5.7 V 
Rin Amplifier Input Resistance 4 5.0 Kn 
Cin Amplifier Input Capacitance 4 11 pF 
Rin Detector Injection Input Resistance 12 70 Kn 
Cin Detector Injection Input Capacitance 12 2.7 pF 
Rout Amplifier High Output Resistance 10 60 n 
Rout Detector Output Resistance 1 200 n 
Rde De-Emphasis Resistance 14 9 Kn 

FM Detection for Television 
Applications: Detector injection voltage 

= 60mVrms, fo = 4.5 MHz, 
F deviation = 25 kHz, 
Peak separation = 150 kHz, 
FM modulating frequency 
= 400 Hz, Amplifier source 
resistance = 50n. 

Vg Amplifier Voltage Gain Vinos;;O.3mVrms 
Vee = 12V±5% 10 1 55 58 dB 

Voa Amplifier Output Voltage Yin = 10mVrms 10 1 1.45 Vpp 
Vth Input Limiting. Threshold1 4 2 400 800 ~Vrms 
Avo Recovered Audio Output 1 2 0.5 0.6 Vrms 
Thd Output Distortion 100% FM Modulation 1 2 1.5 % 
AMR AM Suppression2 Yin = 10mVrms 1 3 40 46 dB 

FM Detection for 10.7 MHz 
Applications: Detector injection voltage 

= 60mVrms, fo = 10.7 MHz, 
F deviation = 75 kHz, 
Peak separation = 550 kHz, 
FM modulating frequency 
= 400 Hz, Amplifier source 
resistance = 50n. 

Vg Amplifier Voltage Gain Yin os;;O.3mVrms 53 dB 
Vee = 12V±5% 10 1 

Voa Amplifier Output Voltage Yin = 10mVrms 10 1 1.45 Vpp 

Vth Input Limiting Threshold 4 2 500 ~Vrms 
Avo Recovered Audio Output 1 2 0.45 Vrms 

Thd Output Distortion 100% FM modulation 1 2 1.0 % 

AMR AM Suppression2 Yin = 1 OmV rms 1 3 40 dB 

NOTES 2. The Amplitude Modulation Rejection in deCibels. often abbreviated AMR. is given by the 
1. The limiting threshold voHage is the FM input voltage VI. expressed In rrns volts, for a recovered following formula: 

Vout which is 3dB less than the recovered Vout at a Vj of 200 mVrms. 

USAGE INFORMATION 
1. FM Detection. 2. 

a. Tuning. Apply FM modulated signal through DC decoupling net
work to pin 4, Yin = 5mVrms• Tune for maximum recovered audio 
at pin 1 or maximum RF voltage at pin 11. 

b. General 

310 

(1) A DC path less than 100n shall be provided between pins 2 
and 12. No other biasing provisions are required. 

(2) A DC path less than 300.0 should be provided between pins 2 
and 12. No other biasing provisions are required. 

(3) The maximum AC load current can be increased by adding an 
external resistor between pins 1 and 7. The minimum value for 
this resistor is 800n, giving a maximum load current of 
4mArms. 

AMR 20 log Voul for 100% FM modulated Vi 

Vout for a 30% AM VI 

EXTERNAL DECOUPLING AND MOUNTING CONSIDERATIONS. 
a. All decoupling capacitors should be ceramic type with minimum 

residual inductance at the operating frequency. 
b. Decoupling capacitor leads at pins 5, 6, and 12 should be as short 

as possible. 
c. Connections from pin 4 should be as far removed as possible from 

connections at pins 9, 10, and 12. 
d. The power supply pin 13 should be decoupled with a 0.1~F 

ceramic capacitor, keeping the leads as short as possible. 
e. When using a large internal impedance power supply (voltage 

dropping resistor), decouple pin 13 for the lowest audio demodula
tion frequency. 

f. Keep appropriate distances between the input coil and any other 
coil in the phase shift network for the voltage gain between these 
points is high (40 to 60dB). 



TEST CIRCUITS 

FIGURE 1 

0.1 

0.1 

0.1 

FIGURE 3 

NOTES: 1. Phase shift network is specified in Figure 4. 
2. All capacitors in microfarads unless otherwise noted. 

APPLICATIONS 

0.1 

5011 
0.1 

0.1 

FIGURE 2 

120pF 

(01 

PHASE SHIFT NETWORK 
(0) FOR 4.5 MHz 
(b) FOR 10.7MHz 

FIGURE 4 

TYPICAL CIRCUIT REQUIREMENTS FOR FM DETECTION 

c. 

(bl 

Component Value 

T.P. 

L2 Inductance2 
L2 Nom. Unloaded Q 

L2 Nom. DC 
Resistance 

CA 

I--+-<I~---o OUTPUT 

CB 
R1 
Loaded Network Q 
C5 and C6 
C2 
Cde 

NOTES: 1. Sugges1ed coil source: 1.5·3I'H Miller 9050, 7·141'H Miller 9052. 
2. Use NPO type capacitor. 

FIGURE 5 

smOOl1l1 

TV (4.5MHz) FM (10.7MHz) 

7-141LH 1.5-3ILH 
50 50 

500 500 
3.0pF 4.7pF 
120pF 120pF 
20kO 3.1kO 

30 20 
0.11LF 0.11LF 
0.11LF 0.11LF 

0.011LF 0.011LF 
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APPLICATIONS (Cont'd) 

+12V TYPICAL DRIVING CAPABILITIES at fo = 4.5MHz 

'-Dt~~ 
(a) 

(b) 
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TYPICAL CHARACTERISTIC CURVES 
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AMPLIFIER GAIN AS A FUNCTION 
OF AMBIENT TEMPERATURE 

. I I I 
f·IO.7MHz 
V1N=<O.3mVRMs 
RL =lk 
(SEE FIGURE I FOR 

f\ TEST CIRCUIT) 

\ 
I\. 

t'--. .......... -
o +20 +40 +60 +80 +100 

TEMPERATURE IN DEGREES CENTIGRADE 

Figure RL (0) 

A 2000 
B 200 
C 200 

FIGURE 6 

ImnlllleS 

Vo (mV rms) 

Af = 7.5 kHz AI = 25 kHz Remarks 

220 650 No Clipping 
130 400 No Clipping 
220 650 Clipping at Vo= 

500mVrms 

SLOPE OF FM TRANSFER CHARACTERISTICS 
AS A FUNCTION OF AMBIENT TEMPERATURE 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 
---------------------------------------------------------------, 

AMPLIFIER VOLTAGE GAIN AS A FUNCTION OF 
OPERATING FREQUENCY AT Vin = O.2mVms 
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(See Figure 4) 
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TYPICAL CHARACTERISTIC CURVES (CONT'D) 

TRANSFER CHARACTERISTICS FOR A SIMPLE LC NETWORK 

314 

UNEAR MODE 

V1NJ. < 70m VRMS 

2QAF .---Fa 

(SEE NOTES 1 AND 2 

OUTPUT = f (NORMALIzED DEVIATION) . 
(The units along the vertical axis are arbttrary unils.) 
Unear mode: Operation of the FM detector with no 

limiting after the phase shift network. 

NOTES: t. VF defines the slope of the FM transfer characteristic. at origin: 

·1· ... 

Vf = dVout a = 0 
da 

V F is primarily a function of bias current In the detector and injection voltage. 
VF will decrease with decreasing Vee or VINJ. 

2. a = normalized frequency deviation: 



FEATURES 
• TYPICALLY 34dB GAIN AT 10.7MHz 
• EXCELLENT TEMPERATURE STABILITY 
• POWER SUPPLY REJECTION RATIO: 

40dB TYPICAL 
• OPERATING VOLTAGE RANGE: 10V-

20V 

APPLICATIONS 
FM STEREO SYSTEMS 
COMMUNICATIONS RECEIVERS 
FM RADIOS 

EQUIVALENT SCHEMATIC 

8 

R16 
20K 

D4 

05 

-::-

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage, VCC 20V 
Supply Current, ICC 22mA 
Input Voltage (pins 1 and 3) ±3.0V 
Power Consumption (Internal) 400mW 
Output Current (pin 6) 10mA 
Operating Temperature -40°C to +85°C 
Storage Temperature -65°C to +150°C 

"Derate at the rate of 8.3mWrC at temperatures above +25°C. 

BLOCK DIAGRAM 
7.5VOUT 

INPUT 1 

INPUT 2 

6 

R17 
55!l 

S!!IDOlieS 

Vee . 

. 
GNO 

CONFIGURATION 
V PACKAGE 

INPUTO' Vee 
INPUT 2 7 LOW IF ou, 

Vee DECOUPLE.A 3 6 7.5V OUT 

aND 4 5 HIGH IF OUT 

Vee OECOUPLER 

1'LOWIFOUT 

II HIGH IF OUT 

" 9 • c: • 
R1S 
900n 

C1 R14 
4pF 1K 
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ELECTRICAL CHARACTERISTICS (TA = 25°C, VCC = +12V) 

PARAMETER TEST CONDITIONS 
Supply Current 
Total Device Dissipation 
Terminal Voltage Pin 1 

Pin 2 
Pin 3 
Pin 5 
Pin 6 

Input Limiting Threshold F = 10.7MHz 
Output Voltage Swing F = 10.7MHz 
Output Noise Voltage F =10.7MHz 
Input Impedance 

Parallel Input Resistance F = 10.7MHz 
Parallel Input Capacitance F = 10.7MHz 

Output Voltage Gain VIN = 100 mVrms F = 1MHz 
Power Supply Rejection VIN = 250 mVrms F = 100Hz 

TYPICAL APPLICATION· 

FM 
TUNER 

MIN TYP 
14 18 

1.2 
1.2 
2.4 
2.0 
7.5 

1500 
0.4 
1.5 

270 330 
5 7 

30 34 
-40 

MAX UNITS 
22 rnA 

400 mW 
V 
V 
V 
V 
V 

/LV 
Vpp 

mVrms 

390 n 
10 pF 
40 dB 

dB 

10.7 MHz FILTERS _____ ---J 

TYPE ULN2208 FM GAIN BLOCK WITH VOLTAGE REGULATOR 

316 

AV -20 LOG Vout +22dB+28dB 
out Vin 

SOO 
ATTENUATOR . ,--------1 

4.3K 

1 
S1U 360nl 

1 
- __ - - __ I 

28 dB PAD I 
Rin '" 50n, .01/..1F 
Rout = 330n 

":" 

FIGURE 1 

BOONTON 
~--lf---<_~ 91H RF 

VTVM 

330n 

lil!ln.lm& 

Vee'" 12V 

ULN 2111A 

TO AUDIO 
OUTPUT 
STAGE 



TYPE ULN2208 FM GAIN BLOCK. WITH VOLTAGE REGULATOR (Cont'd) 

BOONTON 
§>--U--.---\ 91H RF 

VTVM 

FIGURE 2 
'---------

+12V 

FIGURE 3 

HP 
400D AF 
VTVM 

33O(l L...--._...1 
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FEATURES 
• TYPICALLY 50 dB GAIN AT 10.7 MHz 
• EXCELLENT TEMPERATURE STABILITY 
• POWER SUPPLY REJECTION RATIO: 40 

dB TYPICAL 
• OPERATING VOLTAGE RANGE: 10V-

20V 

APPLICATIONS 
FM STEREO SYSTEMS 
COMMUNICATIONS RECEIVERS 
FM RADIOS 

EQUIVALENT SCHEMATIC 

318 
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20K 

D4 
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ULN2209-V 

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURA:rION 
Supply Voltage, VCC . 20V 
Supply Current, ICC 22 mA 
Input Voltage (pins 1 and 3) ±3,OV 
Power Consumption (Internal) 400 mW 
Output Current (pin 6) 10 mA 
Operating Temperature -40"C to +85°C 
Storage Temperature -65°C to +150°C 
'Derate at the rate of 8.3 mW/"C at temperatures above 
+2S"C. 

BLOCK DIAGRAM 

7.5V OUT 
6 

V PACKAGE 

'NPUTO' Vee INPUT 2 7 LOW IF OUT 

Vee DECOUPLER :I . 6 7.5V OUT 

GND 4 5 HIGH IF OUT 

Vee DECOUPLER 
3 

.---------+-07 LOWIFOUT 

INPUT t 

INPUT 2 

GROUND 

5 HIGH IF OUT 

R9 R15 
330Sl 9OO.!l 

R20 
46n 

Cl 
4pF 

R14 
lK 



ELECTRICAL CHARACTERISTICS (T A = 25°C, V CC = +12V) 

I PARAMETER TEST CONDITIONS MIN TYP 

Supply Current 14 18 
Total Device Dissipation 
Terminal Voltage Pin 1 1.2 

Pin 2 1.2 
Pin 3 2.4 
Pin 5 2.0 
Pin 6 7.5 

Input Limiting Threshold F = 10.7 MHz 400 
Output Voltage Swing F = 10.7 MHz 0.5 
Output Noise Voltage F = 10.7 MHz 4 
In~ut Impedance 

arallel Input Resistance F = 10.7 MHz 270 330 
Parallel Input Capacitance F = 10.7 MHz 5 7 

Output Voltage Gain VIN = 100 mVrms F = 1 MHz 47 50 
Power Supply Rejection VIN = 250 mVrms F = 100 Hz -40 

TYPICAL APPLICATION 

FM 
TUNER 

ULN·2209 

10.7MHzFILTERS _____ --J 

TYPE ULN2209 FM GAIN BLOCK WITH VOLTAGE REGULATOR 

AV =20LOG Vout +22dB+28dB 
out V in 

500 
ATTENUATOR . ,--------1 

4.3K 1 .OI"F 
1 

51n 360nl 
I 

- ___ - __ I 

+12V 

Rin '" 50n, .01,uF 
28dBPAO I 
Rout"" 330Sl 

-: 

FIGURE 1 

BOONTON 

·~--~I-~-~ ~~ 

330n 

MAX UNITS 

22 mA 
400 mW 

V 
V 
V 
V 
V 

/LV 
Yfnp m rms 

390 n 
10 pF 
55 dB 

dB 

ULN 211IA 

ULN2209-V 

TO AUOIO 
OUTPUT 
STAGE 

319 

" 9 • c: • 



ULN2209-V 

TYPE ULN2209 FM GAIN BLOCK WITH VOLTAGE REGULATOR (Cont'd) 
r-------~--~------------------------~ 

320 

BOONTON 
~-il-_---1 91H RF 

VTVM 

FIGURE 2 

+12V 

10D!<F 

FIGURE 3 

HP 
400D AF 
VTVM 

3300 1---,---' 



GROUPS· 
TBA 120S is delivered in groups 
An attenuation of 30 dB requires a resistor from 
pin S to ground as indicated in the table. 
Group 2 3 4 S 
Value 1.9 to 2.22.1 to 2.52.4 to 2.92.8 to 3.3K 
Groups are identified by marking ie TBA 
120S-3 indicates group 3. 

AMPLIFIER AND 
DEMODULATION DATA 
VCC = 12v 
Temperature = 2SoC 

CIRCUIT SCHEMATIC 

MAXIMUM RATINGS 
Supply Voltage 
Operating Temperature Range 
Storage Temperature 
Power Dissipation 

max 1 min 
Supply Current 

max 1 min 
Current 13 

14 
Operating Supply Voltage 
Frequency Range 

18V 
-lS+70°C 

-40+ 12SoC 
400mW 
SOOmW 

1 SmA 
20mA 
2mA 
lmA 

6-18V 
0-12MHz 

PIN CONFIGURATION 
A PACKAGE 

14 Pin Plas1ic DEP (TBA 120S) or Quad-in-Llne 

(TBA 120AS) 

321 
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ELECTRICAL CHARACTERISTICS 

'PARAMETER 
Power Supply Current (pin 5 open) 
Power supply current (pin 5-grounded) 
IF Gain 
IF Output Voltage 
AF Output 
AF 
Limiting Threshold 
Input Voltage_ 
Input Impedance 

5.5 mHZ 
Output Impedance 
Volume Control Range (AGC) 
Output Signal Voltage 
AM Rejection 
1=5.5 MHz 1=±50KHz 
Vin=500/LV m=30% 
I(MOO)=1 KHz 
Potentiometer Impedance 
Voltage 1 dB Attenuation 
Potentiometer Impedance 
- 70dB Attenuation 
Voltaae -7OdS Attenuation 

TEST CIRCUIT 

.12V 

0.1"F 
VE--f t-e-----~, 

22nF 

Vec = 12 VOLTS I 
At = ± 50KHz 
f mod = 500Hz -= 

MIN 
10 
12 

15/6 

45 

1.0 

10 

TYP 
14 
15.2 
68 
250 
1.1 
0.55 

30 

40/4.5 
2.6 
70 
7.3 
55 

3.7 
2.4 

1.4 
1.3 

f = 5.5MHz VOLUME CONTROL 

322 

MAX UNITS 
18 rnA 
20 rnA 

dB 
mV 
V 
V 

60 p/V 

kOlpl 
kG 
dB 
V 
dB 

4.7 kG 
26 V 

kG 
V 

1.5nF 

TBA1205-A 

VOLUME CONTROL SIGNETICS TBA 120S 

-10 

-20 

-30 

-40 

-50 

-60 

-70 

-<)0 

-90 

-100 
1 

Vee - 12VOLTS 
UIN 10mV 
UOUT 700mV 
C.f ., 150KHz 
fmod - 500Hz 
f 5.SMHz 

K!l 
R5 

TYPICAL CURVE FROM PRODUCT SELECTION Nr. 3 

Vee .. 12VOLTS 
2nd HARMONIC - 1KHz 
UIN = 600mV 
t.f .. ±50KH.z 
f mod 500Hz 
f ~ 5.SMHz 

~ ~ ~ ~ ~ ~ ~ ~ 

(db) 

.SIOlDilS 



TYPICAL CURVE FROM PRODUCE-REFLECTION NR3. 

g 

db 

50 

50 

40 

20 

'0 
'03 ,04 jAV INPUT V 1N 

Bi!lnOfil:B 323 
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ELECTRICAL CHARACTERISTICS 

PARAMETER 

Vcc 
Icc 
(Vcc=15 V) 

V110 V11-DClR14=0 

V11 V11-DClR14= 00 

V120 V12-DC/R14=0 

V12 V12-DC/R14= 00 

Threshold for sync. level 
-V1O (R1O-11 =0) 
-V7 Negative gating pulse 

Gain control voltage: 
V4max Gain max 
V4min Gain min 

V1!16 
Minimum input voltage 
(V11=3 Vpp) 

V11 Videoband width (-3dB) 

AGC range 
Maximum IF voltage 
Level present at 
Video outputs 
Input impedance 

TEST CIRCUIT 

lnF 
IF-INo-_._-II-f-----...!!!.j 

500 

TUNER-AGe 

324 

MIN TYP 
10.5 15 

40 

7.9 8.2 

5.4 5.8 

2.4 2.8 

1.25 1.6 . 

0.7 1.0 

0.25 1 

0.5 
1.6 

500 

5.5 6 

50 55 

60 
Gain max 1.8 

2.0 
Gain min 1.9 

1.9 

MAX 
16.5 
45 

8.5 

6.2 

3.0 

1.8 

1.3 

7 

1 
2 

750 

7 

70 

VCC=15V 

25K 
BLACK
LEVEL 

UNIT 
V 

rnA 

V 

V 

V 

V 

V 

V 

V 
V 

/LV 
MHz 

dB 

mV 
kfi 
pF 
kfi 
pF 

r-------<i~H--_l--oUll 

5K Un 

6.2K 



BLACK LEVEL VS. R10-11 

TBA 1440/440N 
BLACK LEVEL vs Al0-'1 

7 
---- --- - - - --- -- --~ 

6 

V 
~ 5 
-' / 
~ 4 V ! 3 1/ 2 

~ - Vee= 15V 
1 R14 = 2.7K --

• 
VIN ~ 10mVRMS 

, .. 43. " 2K 3K 4K '.K 20K lOOK 

A1O ... 11 In) 

V 4 VS. V INPUT 

TBA" 1440/440N 

V4 vs VINPUT 

1.7 
OdB 4 lVRMS 

1.6 

'" 
~~~: ~;~ -
R14'" 2.7K 

1 .• ........ 
1.4 ....... 

~ --........... 
.: 1.3 ...... ......... 

1.2 

" 1.1 

1.a " • -1. -2. -3. -4. -5. ..6() 

VIN (dB) 

Is VS. V INPUT 
TBA440N 

TBA440N 
IS VI VINPUT 

15 

,. 1/ / 
" / E 
.!!' 1/ 

5 

/ Vcc'" 15V 

/ 
V11- 3Vpp -
OdB 1\ I1VRMS 

a -1a -2. -30 -40 -5. -60 
VINPUT(dB) 

~ .. 
§ 
~ 
'" ~ 

8 •• 

7.5 r--... 

7.0 

6.5 

6.0 

5.5 

6.0 
100 430 

WHITE LEVEL VS. R14 

TBA 1440/440N 
WHITE LEVEL liS R14 

...... '" 
~ 

i'... 

Vee= 15V 
Rl0_11 = 0 
VIN = 10mVAMS 

"-

lK 2K 3K 4K 10k 

R14 1nl 

IS VS. V INPUT 
TBA1440 

TBA 1440 
IS liS VINPUT 

--

lOOK 

2. ~----~----~------~-----r-------r------' 
Vee" 15V 
Vl1 = 3Vpp 
OdB~lVRMS ,. r-.. ===*:::-.. t===::~:-~~~::::::1:~~-I 

1 10 ~-----+-----~~--4---~ __ --+-~-~ 
.!!' 

-1. -2 • -30 -40 

VINPUT (dB) 
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INTRODUCTION 
The greatly Increased sophistication and rising production costs of 
today's logic systems force the system designer to use every avail
able resource In order to economically produce his system. In 
keeping with this cost reduction goal, Signetlcs has developed a 
powerful general purpose Integrated microprocessor called the 
2650. The first Signetics microprocassor, In conjunction with Slg
netlcs MOS and Bipolar memory and Interface product lines, offers 
the system designer a viable and attractive alternative to the hard
wired approach to system design. For many applications, the sys
tem designer can use this general purpose microprocessor and 
standard memory and Interface circuits to implement systems with 
lower cost than the hard-wired logic approach without sacrificing 
performance. 

By using the 2650 and compatible products, the system designer 
can obtain two other major benefits of microcomputer systems. 
These benefits are greatly enhanced system flexibility and mini
mized design or modification cycles compared with the hard-wired 
logic approach. 

The requirements of the majority of applications for integrated mi
croprocessors (logiC replacement and control functions) have 
defined a general set of processor parameters based on system 
and device economies, ease of use, and speed reqUirements. 

These characteristics include: 

Single chip 
Fixed Instruction set 
Eight bit parallel structure 
TIL compatibility 

In addition to these characteristics, the design of the 2650 has been 
optimized around three generalized objectives: 

Lowest system cost 
Ease of use 
Capable of a wide range of applications 

The optimum technology choice for Implementing these features is 
the low threshold lon-implanted N-Channel silicon gate process. 
This process has matured in the past few years, providing a combi
nation of high density, low threshold voltage, moderate speed and 
good manufacturing yields. USing this technology, a total of 576 bits 
of ROM, approximately 250 bits of register and about 900 logic 
gates are used to Implement the processor function on the 2650 
chip. 

The Instruction set consists of 75 instructions, of which about 40% 
consists of arithmetiC Instructions. This class contains the Boolean, 
arithmetic, and compare operations, each of which may be exe
cuted using anyone of eight addressing modes. Another 30% of the 
Instruction set consists of branch Instructions which incorporate six 
addressing modes. The remaining 30% of the instruction set In
cludes, among others, 1/0 Instructions, instructions for performing 
operations on the two status registers, a decimal adjust instruction 
and the HALT Instruction. 

Utilizing multiple addressing modes greatly increases coding effi
ciency, allowing functions to be performed using fewer instructions 
than less powerful machines. The resulting reduction In routine exe
cution time and memory capacity requirements directly translates 
Into Improved system performance and reduced memory cost. In 
this way the powerful Instruction set and· addressing modes of the 
2650 allow a significant reduction in the memory required to per
form a given function, resulting In sizeable system cost savings 
without sacrificing performance. 

In addition to the microprocessor itself, a number of support cir
cuits and development tools are also required to design and 
manufacture microprocessor-based systems. This growing comple
ment of circuits, hardware, and software development aids are also 
described In this catalog, providing the potential deSigner of a 
2650-based system with the basic data required to select circuits 
and choose the most efficient method of system development. 

FEATURES OF THE 2650 FAMILY 
2650 FAMILY APPROACH 
• Low Sy.t.m Co.t 

- Low coet N-Chann.1 product. 
- Intrln.lc advantag •• of .Ingl. 5V .upply 
- U .... tandardlow co.t m.morl .. 
- Low coat int.rfaclng 

·Ea •• ofU •• 
- Ea.y Int.rfaclng 
- Conventlonalln.truction .. t 
- Ea .. of programming 

• Wid. Rang. of Appllc.tlon. 
- O.ner.1 purpose c.pability 
- Pow.rful architecture 
- Pow.rfulln.tructlon .. t 
-FI.xlb .. 
- Expanding family 01 devic •• 

FEATURES OF THE MICROPROCESSOR 
a •• lc 2850 Procelaor Charact.ri.tics 
• Singi. chip I-bit procea.or 
• Slgn.tlc. low threshold doubl. ion-implanted .ilicon gat. N-

Chann.ltechnology 
· Singi. +5V pow.r .upply 
• Low pow.r con.umption: 525 mW maximum 
• Singi. ph ... nL-compatibl. clock 
• St.tlc oper.tlon: no minimum clock frequency 
• Clock frequ.ncy: 1.25MHz m.xlmum 
• Cycl. tima: 2AIl. minimum 
• Stand.rd 40 pin DIP 

2850 Int.rf.c •• 
· TTL compatlbl. Input., output. - no .xt.rn.1 raai.tora r.

qulred 
• Trl-It.t. bu. outputl lor multiproceaaor .nd direct memory 
.cc .... yet.m. 

• A.ynchronou. (h.ndlh.king) memory .nd 110 Int.rf.ce 
• Accept. wid. r.nge of m.mory timing 
·Int.rlac •• directly with induatry .t.nd.rd m.mori .. 
• Pow.rful control Interlace 
• Slngl .. blt dlract .. rl.IIIO p.th 
• P.r.I .. 1 8-blt 110 c.pability 

2850 Proceuor Architecture 
• I-bit bldlraction.1 tri-.t.ta d.t. bu. 
• S.par.t. trl-.tat. addr ••• bu. 
• 32,7BB-byta eddraa.lng range 
• Int.rn.1 8-blt par .... 1 .tructure 
• S.v.n a-bit .ddr .... bl. gen.r.1 purpo .. regl.t.ra 
• Eight-level on-chip .ubroutin. r.turn .ddr •••• t.ck 
• progr.m ltatU. word for flexibility .nd enh.nced proc ... lng 

pow.r 
• Slngl .... v.1 h.rdw.re vectored Interrupt cepabillty 
• Int.rrupt urvIc. routln •• m.y b8 loc.ted anywhere in addr ... -

.bl.m.mory 
• Separ.t •• dder for f •• t eddraa. c.lcul.tion 

1 
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2850 In.tructlon S.t , 
• G.n.rai Purpoaa in.tructlon a.t with .ubstantial capabilities in 

arithm.tic, character manipulation and, control and 110 pro-
ce •• ing , 

• Fixed,ln.tructlon .. t 
'75 in.tructlon. 
• Up to eight addr ... ing mod .. 
• True Indexing with optional auto incr.ment/decrement 
• One, two or thr .. byte In.tructlon. 
• On.- and two-byte 110 in.tructlon. 
• S.lectlve te.t 01 individual bit. 
• Pow.rlul in.tructlon •• t and addrening mod .. minimize mem

ory r.qulrem.nt. 

FEATURES OF COMPATIBLE PRODUCTS 
2102, 2608, 1K RAM. 
• Compl.t.ly .tatlc operation 
• N-Channel .lIIcon gate technology 
• 1024 X 1 organlz.tlon 258x4 organization (2608) 
• Single +5V power .upply 
• 200mW typical power dinlpation 
• Maximum acce •• time: 

750n.: 2608 
5OOn. : 2102-1 

• TTL-compatible 
• Trl-.tate output. 
• Data 110 bu. (2608 only) 
• Standard 18 pin DIP 

28088K ROM 
• Completely .tatic operation 
'N-Channel .lIlcon gate technology 
• 1024 X 8 organization 
• Single +SV pow.r .upply 
• 400mW maximum power dl •• lpatlon 
• 850n. maximum acce •• time 
• TTL compatible 
• Trl-.tate output. 
• Standard 24 pin DIP 

8T28 Quad Tran.celver 
• Schottky TTL Technology 
• Four pair. 01 bu. driver./receivera 
• Saparate drive and receive enabl. lin .. 
• Trl-.tate output. 
• Low current pnp Input. 
• High fan out - driver .Ink. 40mA 
• 20n. maximum propagation dalay 
• Stndard 18 pin DIP 

8T31 8-blt Bidirectional Port 
• Schottky TTL technology 
• Two independent bidirectional bu •••• 
• Eight bit latch ragl.ter 
• Independent read, write control. lor each bu. 
• Bu. A override. if a write conlnct occura 
• Regi.ter can be addre.sed a. a memory location via Bu. B Ma.-

ter Enable 
• 3On. maximum propilgatlon dalay 
• Low input current: 500IlA 
• High fan out - .ink. 20mA 
• Standard 24 pin DIP 

8T9516/7/8 Hex Bufferallnverter. 
• Schottky TTL technology 
• Six buffer. or Inverter. per package 
• Non-Inverting (IT9S, 8T97) or Inverting (1T98, 8TH) 

• Buffered control line. 
• Trl-.tate output. 
• Low current pnp Input. 
• St,anda,rd 18 pin Dip 

82S115/123/129 PROM. 
• Schottky TTL technology 
• Single +SV power .upply 
• 32 X I organization (828123) 
• 258 X 4 organization (82S129) 
• 512 X 8 organization (828115) 
• Field programmable (Nichrome) 
• On-chip .torage latch .. (82S115 only) 
• Low current pnp Input. 
• Trl-.tate output. 
• 35n. typical ace ... time 
• Standard 24 pin DIP (82S115) 
• Standard 18 pin DIP (82S123, 82S129) 

PROCESSOR HARDWARE DESCRIPTION 
ARCHITECTURE 
GENERAL DESCRIPTION 
A block diagram of the processor is shown in Figure 1. The first, 
second, and third bytes of Instructions are read into the processor 
on the data bus and loaded into the Instruction Register, Holding 
Register, and Data Bus Register, respectively. The instructions are 
decoded through a combination of ROM and random logic. 

The ALU performs arithmetic, Boolean, and combinatorial shifting 
functions. It operates on eight bits In parallel and utilizes carry
look-ahead logic. A second adder is used to increment the instruc
tion address register and to calculate operand addresses for the 
Indexed and relative addressing modes. This separate address 
adder allows complex addressing modes to be implemented with 
no increase in instruction execution time. 

The General Purpose Register Stack and the Subroutine ,Return 
Address Stack are implemented with static RAM cells. The Register 
Stack conSists of seven S-bit registers. The Subroutine Stack can 
contain eight 15-bIt addresses, thereby allowing eight levels of sub
routine nesting. Placing the Subroutine Stack on the chip allows 
efficient ROM-only systems to be Implemented in some applica
tions. Separate 15-blt Instruction Address and Operand Address 
Registers and provided. The 2650 Is an 8-bit binary processor with 
BCD capability. See Figure 2 for a diagram of the 2650 registers as 
seen by the programmer. 

PROGRAM STATUS WORD 
The Program Status Word (PSW) is a major feature of the 2650 with 
greatly Increases its flexibility and processing power. The PSW is a 
special purpose register within the processor that contains status 
and control bits. 

It is divided into two bytes called the Program Status Upper (PSU) 
and Program Status Lower (PSL). The PSW bits may be tested, 
loaded, stored, preset, or cleared using the instructions which af
fect the PSW. The bits are utilized as follows: 

PSUO, 1,2- SP 
PSU5 -II 

PSU6 - F 

PSU7 - S 
PSLO -C 

- Pointer for the Return Address Stack. 
- Used to Inhibit recognition of additional 

Interrupt •• 
- Flag is a latch directly driving the flag out

put. 
- Senaa equals the state of the sense input. 
- Carry stores any carry from the high-order 

bit of the ALU. 
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PSL1 

PSL2 

PSL3 

PSL4 

PSL5 

PSL6, 7 

ADDRESS .US 

-COM 

-OVF 

-WC 

-RS 

-IDC 

-CC 

Compare determines if a logical or arithme
tic comparison is to be made. 
Overflow is set if a two's complement over
flow occurs. 
With Carry determines is the carry Is used 
in arithmetic and rotate instructions. 
Regilter Select identifies which bank of 3 
GP registers is being used. 
Inter Digit Carry stores the bit-3-to-bit-4 
carry in arithmetic operations. 
Condition Code is affected by compare, 
test and arithmetic instructions. 

SUBROUTINE RETURN 
ADDRESS STACK 

""" LIFO 

INTERRUPT HANDLING CAPABILITY 
The 2650 has a single level hardware vectored interrupt capability. 
When an Interrupt occurs, the 2650 finishes the current instruction 
and sets the Interrupt Inhibit bit in the PSW. The processor then 
executes a Branch to Subroutine Relative to location Zero (ZBSR) 
instruction and sends out Interrupt Acknowledge and Operation 
Request signals. On receipt of the INTACK signal the interrupting 
device inputs an 8-bit address, the interrupt vector, on the data 
bus. The relative and relative indirect addressing modes combined 
with this 8-bit address allow interrupt service routines to begin at 
any addressable memory location. 

CLOCK 

Figure 1, BLOCK DIAGRAM 

INTERFACING 
INTRODUCTION TO INTERFACING WITH THE 2650 
Five key concepts have been incorporated in the 2650 to make in
terfacing easy and inexpensive. The extent to which these concepts 
have been Incorporated in the Signetics 2650 provides unique ben
efits of system density and low cost to the system designer. 

1. SINGLE 5V POWER SUPPLY 
Low threshold double lon-implanted Silicon Gate N-Channel MOS 
technology Is used to allow operation from one +5V power supply 
with resultant cost savings and Improved reliability. this reduces 
power consumption significantly compared with the multi-power 
supply approach. 

2. INTERFACE CIRCUIT COMPATIBILITY 
The 2650 inputs and outputs are specified to be compatible with 
widely available, standard, low cost logic families such as TIL, 
CMOS and Low-power STIL. This includes the single phase clock 
Input which saves the cost of high level multiphase clock driver cir
cuitry. Bus outputs are tri-state and capable of driving one 7400 

TTL load or four 74LS loads. The 2650 Is capable of driving several 
loads of pnp-buffered STTL inputs. Many MSI, Interface and Mem
ory LSI circuits (for example, In Signetics 82SOO and 8TOO series) 
have these low current pnp inputs and are recommended for use in 
2650 microcomputer systems. See Table 1 for DC characteristics of 
the 2650. 

3, USE OF STANDARD MEMORIES 
One of the major 2650 design achievements Is to operate efficiently 
In a system using industry standard memories, for example 
1024 X 1 and 256 X 4 N-channel RAMs and 1024 X 8 N-Channel 
ROMs. These standard memories are widely available and used in 
volume with corresponding low cost. Non-standard memories, par
ticularly those produced by only one manufacturer will be less 
available, run In lower volume and often cost 2 to 3 times as much 
per bit as Industry standard products. The 2650 operates success
fully with memories of any access time, due to the completely 
asynchronous Interface that is provided for this purpose. Memories 
which respond In less than 0.8 microseconds allow the processor to 
operate at maximum speed. 
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'4 
REG 3' 

REG2' 

REG" 

REG3 

REG2 

REGl 

SUBROUTINE RETURN AODRESSSTACIC (8,,'6 RAM) I REG 0 

~--------------~ 
GENERAL PURPOSE REGISTERS 

114 1"1" 1 
!-. _J... _J... _______ --' INSTRUCTION ADDRESS REGISTER 

'--r---1 
PAGE CONTROL 

Figure 2. MAJOR 2850 REGISTERS 

Table 1. 

'--------'---SENS< 

I~I~I~I~I~I~J~I :I~ 
~ II ~t LeARRVB'T l . L-. L~ICAL/A.RtTH COMPARE 

OVERFLOW BIT 

WITHIWITHOUT CARRY 

REGISTER BANK SELECT 
• INTEADIGIT CARRV 

'--_________ CONDITION CODE 

PROGRAM STATUS WORD 

NOTE: HIlT ALL INTERNAL REGISTERS ARE SHOWN. 

2650 DC ELECTRICAL CHARACTERISTICS 

LIMITS 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

ILl Input Load Current VIN= 0 to 5.25V 10 /.tA 
ILOH Output Leakage Current ADREN, DBUSEN = 2.2V. VOUT = 4V 10 ,.A 
ILOL Output Leakage Current ADREN, DBUSEN = 2.2V. VOUT = 0.45V 10 /.tA 
ICC Power Supply Current VCC = 5.25V. TA = O·C 100 mA 
VIL Input Low 
VIH Input High 
VOL Output Low 10L = 1.6mA 
VOH Output High 10H = -100,.A 
CIN Input Capacitance VIN = OV 
COUT Output Capacitance VOUT = OV 

Conditions: TA = O'C to 70'C, Vee = 5V,.5% 

4. NO SPECIAL INTERFACE PRODUCTS 
Similarly, another major achievement is to operate efficiently in a 
system using no special 1/0 products. This approach avoids the 
problems of a system requiring high cost specialized components 
with restricted availability. 

5. POWERFUL MEMORY AND 110 INTERFACE 
The following features characterize the memory and 1/0 Interfaces: 

Both memory and Input/output may operate In a completely asyn
chronous·fashlon. Consequently, devices operating at any speed up 
to the maximum data transfer rate may be connected without buf
fering. External latching of data from these Interfaces in not re
quired. 

4 

-0.6 0.8 V 
2.2 VCC V 
0.0 0.45 V 
2.4 VCC-0.5 V 

10 pF 
10 pF 

Data paths are driven with tri-state buffers, allowing multiprocessor 
and Direct Memory Access (DMA) configurations to be deSigned. . 

Eight-bit data paths communicate data in parallel. 

One- and two-byte I/O instructions provide maximum flexibility and 
efficiency when Interfacing with 1/0 devices, 

PIN CONFIGURATION AND INTERFACE SIGNAL DEFINITION 
Refer to Figure 3 for the 2650 pin configuration. Signals are defined 
as follows: 
ADRO-ADR12 

The low order 13 bits of address fo~ memory access are on 
these pins. ADRO-ADR7 are also used in twO-byte 1/0 in
structi6ns. These outputs are tri-state buffers controlled by 
ADREN. 



PIN CONFIGURATION 

PACKAGE 

Vee 
CLOCK 

MUR 
0iiACiC 
RUNJWAi'i' 

OBUS4 

OaUS6 

iiiUsEN 
OPREQ 

RIw 
WRP 

ON. 

ADR13-E/NE 
This multiplexed output signal delivers the ADR13 address 
bit when M/IO Is in the M phase or discriminates between 
Extended and Non-Extended I/O instructions when M/IO Is 

. In the I/O phase. 
ADR14-D/C 

Address 14 or Data/Control is a multiplexed output signal. 
This pin delivers the ADR14 address bit when M/IOis in the 
M phase, or discriminates between Data and Control I/O in
structions when M/IO Is In the I/O phase. 

ADREN 
Address Bus Enable Is an Input providing the external control 
for the ADRO-ADR12 trl-state buffer drivers. 

DBUSO-DBUS7 
This Is the 8-bit, bidirectional trl-state bus over which most 
data is communicated Into or out of the processor. 

DBUSEN 
Data Bus Enable is an input that controls the tri-state buffer 
drivers for DBUSO to DBUS7. 

OPREQ 
Operation Request is an output signal that informs external 
devices that the information on other output pins is valid. 

OPACK 

M/IO 

R/W 

WRP 

Operation Acknowledge is an input which is used by external 
devices to end an I/O or memory signaling sequence. 

Memory/Input-Output. This output Informs external devices 
whether Memory or Input/Output functions are being per
formed. 

This output signal describes an I/O or memory operation as 
Read or Write, and defines whether the bidirectional DBUS is 
transmitting or receiving. 

This Write Pulse Is generated during write sequences and 
may be used to strobe memory or I/O devices. 

SENSE 

FLAG 

Is an input, independent of the other I/O signals, that pro
vides a direct input to the processor. 

This pin provides a direct output signal that is completely 
Independent of the other I/O signals. 

INTREQ 
Interrupt Request. This input is used by external devices to 
force the processor into the Interrupt sequence. 

INTACK 
Interrupt Acknowledge is the signal used by the processor to 
inform external devices that it has entered an interrupt se
quence. 

PAUSE 
Pause is used to temporarily stop the processor at the end of 
the current Instruction. It may stop processing for an indefi
nite length of time and is available to use for DMA (Direct 
Memory Access). 

RUN/WAIT 
Informs external circuits as to the RunlWait status of the 
2650 processor. 

RESET 
Is an Input used to cause the 2650 to begin processing from 
a known state. 

CLOCK 
This is the only clock input to the processor. It accepts 
standard TTL levels. 

VCC 
+5V power. 

GND 
The logic and power supply ground for the processor. 

2650 TIMING 
The clock Input to the 2650 provides the basic timing information 
that the processor uses for all its internal and external operations. 
The clock rate determines the instruction execution time, except to 
the extent that external memories and devices slow the processor 
down. The maximum clock rate of the standard 2650 is 1.25 Mega
cycles (one clock period is 800ns minimum). One unique feature of 
the 2650 Is that the clock fr'equency may be slowed down to DC, 
allowing complete timing flexibility for interfacing. This feature per
mits single stepping the clock which can greatly simplify system 
checkOUt. It also provides an easy method to halt the processor. 
Each 2650 cycle Is comprised of three clock periods. Direct instruc
tions require either 2, 3, or 4 processor cycles for execution and, 
therefore, vary from 4.8 to 9.61's In duration. 

A timing diagram for a memory read cycle is shown in Figure 4. 
OPREQ (Operation Request) is the master control Signal that coor
dinates all operations external to the processor. When true, OPREQ 
Indicates that other output signals are valid. During a memory read 
cycle MilO Is In the M (Memory) state and R/W is In the R (Read) 
state. The address lines and the control lines become valid before 
OPREQ rises. The data to be read may be returned anytime after 
OPREQ becomes valid. An OPACK (Operation Acknowledge) 
should accompany the read data from the memory. The Data and 
OPACK signals should remain valid for 50 ns after OPREQ falls. 
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INPUT/OUTPUT INTERFACE 
The 2650 microprocessor has a set of versatile 1/0 Instructions and 
can perform i/O operations In a variety of ways. One-and two-byte 
1/0 Instructions are provided, as well as a special single-bit i/O fa
cility. The i/O modes provided by the 2650 are designated as Data, 
Control, and Extended 1/0. 

Data or Control i/O instructions are one byte long. Any general 
purpose register can be used as the source or destination. A spe
cial control line indicates if either a Data or Control instruction is 
being executed. Extended i/O is a two-byte read or write instruc~ 
tlon. Execution of an extended 110 instruction will cause an 8-blt 
address, taken from the second byte of the Instruction, to be 
placed on the low order eight address lines. The data, which can 
originate or terminate with any general purpose register, is placed 
on the data bus. This type of i/O can be used to simultaneously 
select a device and send data to it. 

Memory reference instructions that address data outside of physi
cal memory may also be used for i/O operations. When an 
Instruction Is executed, the address may be decoded by the 110 
device rather than memory. 

MEMORV/i'O 

READ/WRITE 

FROM ACCEsseD 
MEMORY' 

~~Kt~--------------~-~~~SA~T~"'~ __ ~-tJ 2.4{.1SCYCLE 

2660 CYCLE TIME 
4 CLOCK PERIODS=2.4pS MINIMUM 

111 OPACK mUlt go low at lealt 101k1S befor.th' trailing edge of T2 in"rder not to Ilow down 111121160. 
121 DATA IN liQnIllmustbeqlidfotSO"Saf .... tiw.tnI~i"lledgaofOPREO' 

Figura 4. MEMORY READ CYCLE TIMING 

-------';'- . 
..r---~ I 
~ , 

MEMORY INTERFACE 
The memorY interface consists of the address bus, the 8-bit data 
bus and several Signals that operate In an interlocked or handShak
Ing mode. 

The Write Pulse signal is designed to be used as a memory strobe 
Signal for any memory type. It has been particularly optimized to be 
used as the Chip Enable or ReadlWrlte signal for the Signetlcs 
2602 and 2606 RAMs. 

INTERFACING - A MINIMAL SYSTEM EXAMPLE 
The 2650 has been designed for low cost, easy interfacing, which is 
dramatically Illustrated by a minimal system configuration shown In 
Figure 5. This system has a Teletype interface, 1024 bytes of ROM, 
and 256 bytes of RAM, yet requires only seven (7) standard Inte
grated circuit packages. The ROM can contain a bootstrap loader 
and i/O driver programs for the Teletype. Other programs could 
reside In ROM or be read,into RAM via the Teletype. An alternative 
to the 2608 N-Channel MOS ROM is the 825115 Bipolar PROM 
which offers a 512 X 8 orgar:tlzatlon. Only one +5-volt power supply 
Is required for this system. The advantages of conceptual simplicity 
and minimum system costs Qf the 2650 approach will be obvious to 
the system deSigner, particularly when compared to alternative mi
croprocessor products. 

INSTRUCTION SET 
It may be seen from examination of the 2650 Instruction set that 
there are many powerful Instructions which are all easily under
stood and are typical of larger computers. There are one-, two-, 
and three-byte Instructions as a result of the multiplicity of address
ing modes. See Table 2 for a complete listing and Figure 6 for 
instruction formats. 

Automatic Incrementing or decrementing of an index register is 
available In the arithmetic Indexed Instructions. All of the branch 
Instructions except Indexed branching can be conditional. 

Reglster-to-reglster Instructions are one byte; reglster-to-storage 
Instructions are two or three bytes long. The twa-byte register-to
memory Instructions are either immediate or relative addressing 
types. 

t. ONE +5VSUPPlV'SEVEN Ie PACKAGES 

2. "CMOS RECEIVER USED FOR HIGH NOISE IMMUNITY . 
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MNEMONIC OPCODE FORMAT* 

{~ 
000 000 1Z 
000 001 21 

LOO 000 010 2R 
000 011 3A 

{; 
110 000 1Z 

STR 110 010 2R 
110 011 3A 

{~ 
100 000 1Z 
100 001 21 

ADD 100 010 2R 
100 011 3A 

{~ 
101 000 1Z 
101 001 21 

SUB 101 010 2R 
101 011 3A 

DAR 100 101 1Z 

{~ 
010 000 1Z 

AND 
010 001 21 
010 010 2R 
010 011 3A 

{~ 
011 000 1Z 
011 001 21 

lOR 011 010 2R 
011 011 3A 

{~ 
001 000 1Z 
001 001 21 

EOR 001 010 2R 
001 011 3A 

{~ 
111 000 1Z 
111 001 21 

COM 111 010 2R 
111 011 3A 

RRR 010 100 1Z 
RRL 110 100 1Z 

BCT {~ 000 110 2R 
000 111 3B 

BCF {: 
100 110 2R 
100 111 3B 

BRN {~ 010 110 2R 
010 111 3B 

I 
BIR {~ 110 110 2R 

110 111 3B 

Table 2. 
INSTRUCTION SET 

DESCRIPTION OF OPERATION 

Load Register Zero 
Load Immediate 
Load Relative 
Load Absolute 

Store Register Zero (r ;" 0) 
Store Relative 
Store Absolute 

Add to Register Zero w/wo Carry 
Add Immediate w/wo Carry 
Add Relative w/wo Carry 
Add Absolute w/wo Carry 

Subtract from Register Zero w/wo Borrow 
Subtract Immediate w/wo Borrow 
Subtract Relative w/wo Borrow 
Subtract Absolute w/wo Borrow 

Decimal Adjust Register 

AND to Register Zero (r ;" 0) 
AND Immediate 
AND Relative 
AND Absolute 

Inclusive OR to Register Zero 
Inclusive OR Immediate 
Inclusive OR Relative 
Inclusive OR Absolute 

Exclusive OR to Register Zero 
Exclusive OR Immediate 
Exclusive OR Relative 
Exclusive OR Absolute 

Compare to Register Zero Arithmetrlc/Loglcal 
Compare Immediate Arithmetic/Logical 
Compare Relative Arithmetic/Logical 
Compare Absolute Artlhmetic/Logical 

Rotate Register Right w/wo Carry 
Rotate Register Left w/wo Carry 

Branch On Condition True Relative 
Branch On Condition True Absolute 

Branch On Condition False Relative 
Branch On Condition False Absolute 

Branch On Register Non-Zero Relative 
Branch On Register Non-Zero Absolute 

Branch On Incrementing Register Relative 
Branch On Incrementing Register Absolute 

AFFECTS 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
-
-

C, CC (Note 1), 10C, OVF 
C, CC (Note 1), 10C, OVF 
C, CC (Note 1), 10C, OVF 
C, CC (Note 1), 10C, OVF 

C, CC (Note 1), 10C, OVF 
C, CC (Note 1), 10C, OVF 
C, CC (Note 1), 10C, OVF 
C, CC (Note 1), IDC, OVF 

CC (Note 2) 

CC(Note 1) 
CC(Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 1) 
CC (Note 1) 
CC (Note 1) 
CC (Note 1) 

CC (Note 3) 
CC (Note 4) 
CC (Note 4) 
CC (Note 4) 

C, CC, IDC, OVF 
C, CC, IDC, OVF 

-
-

-
-

-
-

-
-

CYCLES 

2 
2 
3 
4 

2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

3 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 
3 
4 

2 
2 

3 
3 

3 
3 

3 
3 

3 
3 
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Table 2. 
INSTRUCTION SET (Continued) 

MNEMONIC ·OPCODE FORMAT· DESCRIPTION ()F OPERATI.ON AFFECTS CYCLES 

I 
BDR {= 

111 110 2R Branch On DeCrementing Register Relative - 3 
111 111 3B Branch On Decrementing Register Absolute - 3 

ZBRR 100 110 11 2ER Zero Branch Relative, UnconditlonSl - 3 

BXA 100 111 11 3EB Branch Indexed Absolute, Uncondltonal - 3 
(Note 5) 

{: 
001 110 2R Branch To Subroutine On Condition True, SP 3 

BST Relative 
001 111 3B Branch To Subroutine On Condition True, SP 3 

Absolute 

{: 
101 110 2R Branch To Subroutine On Condition False, SP 3 

BSF Relative 
101 111 3B Branch To Subroutine On Condition False, SP 3 

Absolute 

{: 
011 110 2R Branch To Subroutine On Non-Zero Register, SP 3 

BSN Relative 
011 111 3B Branch To Subroutine On Non-Zero Register, SP 3 

Absolute 

ZBSR 101 110 11 2ER Zero Brench To Subroutine Relative, SP 3 
Unconditional 

BSXA 101 111 11 3EB Branch To Subroutine; Indexed, Absolute SP 3 
Unconditional (Note 5) 

RET {~ 000 101 1Z Return From Subroutine, Conditional SP 3 
001 101 1Z Return From Subroutine and Enable SP,II 3 

Interrupt, Conditional 

WRTD 111 100 1Z Write Data - 2 
REDO 011 100 1Z Read Data CC(Note 1) 2 
WRTC 101 100 1Z Write Control - 2 
REDC 001 100 1Z Read Control CC(Note 1) 2 
WRTE 110 101 21 Write Extended - 3 
REDE 010 101 21 . Read Extended CC (Note 1) 3 

HALT 010 000 00 1E Halt, Enter Walt State - 2 
NOP 110 000 00 1E No Operation - 2 
TMI 111 101 21 Test Under Mask Immediate CC(Note6) 3 

LPS {~ 100 100 10 1E Load Program Status, Upper F,II, SP 2 
100 100 11 1E Load Program Status, .Lower CC, IDC, RS, WC, OVF, 

COM,C 2 

SPS {~ 000 100 10 1E Store Program Status, Upper CC (Note 1) 2 
000 100 11 1E Store Program Status, Lower CC (Note 1) 2 

CPS {~ 011 101 00 2EI Clear Program Status, Uppar; Masked F,II,SP 3 
011 101 01 2EI Clear Program Status, l,ower, Masked CC, IDC, RS, WC, OVF, 

COM,C 3 

PPS {~ 011 101 10 2EI Preset Program Status, Upper, Masked F,II,SP 3 
011 101 11 2EI Preset Program Status, Lower, Masked CC, IDC, RS, WC, OVF, 

COM,C 3 

TPS {~ 101 101 00 2EI Test Program Status, Upper, Masked CC (Note 6) 3 
101 101 01 2EI Test Program Status, Lower, Masked CC (Note 6) 3 

·FORMA T CODE, The number Indicates the number 01 byl~. The.leller(s) indicate the lormattype(s). See Fig. 6. 

NOTES: 
t. Condition code (CC1, ceo): 01 ~ positive, 00 II zero, 10 il negative. 4. CondRlon code·(CC1, CCO~ 0111 r > V, 00 II r = V, 10 H r < V. 
2. Condition code Is set to a meaningless value. 5. Inde. register must be register 3 or 3'. 
3. COndition code (CC1, CCO): 01 II RO > r, 00 II RO - r, 10 il RO < r. 6. CondRlon code (CC1, ceo): 00 If all selected bits are Is, 10 II no! aJlthe selected bits are Is, 
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PSU 

7 

S 

6 

F 

Sense 
Flag 

5 4 3 

II Not Not 
Used Used 

2 

SP2 

PROGRAM STATUS WORD 
PSL 

1 0 7 6 

SP1 SPO CC1 CCO 

5 4 

IDC RS 

S 
F 
II Interrupt Inhibit 

SP2 Stack Pointer Two 
SP1 Stack Pointer One 
SPO Stack Pointer Zero 

CC 1 Condition Code One 
CCO Condition Code Zero 
IDC Interdlglt Carry 
RS Register Bank Select 

OPERATION CODe AN 

(z) REGISTER ADDRESSING r II i 11111 
OPERATION CODE R DATA MASK OR BINARY VALUE 

el> IMMEDIATE ADDRESSING rll i 111TI rill i 1111 
15 14 13 12 11 ·10 

RELATIVE DISPLACEMENT 
OPERATION CODE RN I -64<0ISPLACEMENT<+-63 

(R) RELATIVE ADDRESSING rilill11lnilill11 
15 14 13 12 11 10 

"INDEX 

3 2 1 0 

WC OVF COM C 

WC With/Without Carry 
OVF Overflow 
COM Loglcal/Arlth. Compare 
C Carry/Borrow 

SYMBOLS, 

R ~ REGISTER NUMBER 

V - VAL.UE OR CONDITION 
X - INDEX REGISTER NUMBER 
I - INDIRECT BIT 

OPERATION CODe A/X I CONTROL HIGHER ORDER ADDRESS LOWER ORDER ADDRESS 

w=~~~-r I I i I I ITI 1111 I I' I 11 r I II i I I I 'I 
23 22 21 20 19 18 17 18 15 14 13 12 11 10 9 

HIGHER ORpER ADDRESS 

/~------~I------~, 
OPERATION CODE AN I PAGE LOWER ORDER ADDRESS 

(~~~=::. r I I i I I 'III 1'"'111 I I I I I r I I I i I I 11 
23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

HIGHER ORDER ADDRESS 
/~ _________ 'L-__ ~ __ ~, 

UNUSED PAGE LOWER ORDER ADDRESS 

••. =--" j rTTl I I I I I r I I I i II 11 
15 14 13 12 11 10 9 

OPERATION CODE 

[ I I I i I I 11 
3 2 

Figure 8. INSTRucnON FORMATS 

-INDEX CONTROL: 

00. NON-INDEXED 
01- INDEXED WITH AUTO-INCREMENT 
10.. INDEXED WITH AUTO_DECREMENT 
11.. INDEXED ONLY 
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DESCRIPTION PARALLEL 1/0 
The 2650PC1001 Is a complete microcomputer on a single printed 
circuit board. The heart of this computer is Signetlcs' 2650 Micro
processor; a single chip, N-Channel MOS Integrated Circuit which 
contains the CPU and control sections of the classical general pur
pose computer architecture. 

In addition to the Microprocessor, the 2650PC1001 contains both 
contrOl and read/write memory, I/O ports, clock, and all the neces
sary buffering and interface circuits to permit data transfer both on 
and off the p.c.b. A block diagram of the system is shown in 
Figure 1. 

Parallel I/O channels using the 2650's unique Non-Extended I/O 
mode are also provided. This mode allows a single byte instruction 
to select one of two distinct I/O devices. On the 2650PC1001, these 
two devices are represented by four separate data channels; two 
for reading and two for writing. The output (or write) channels are 
fully latched and·buffered. The Input (or read) channels are fully 
buffered. One read and one write channel represents a Single I/O 
device. In addition to the Non-Extended I/O ports, the data and 
address buses, plus the appropriate control Signals, are also avail
able to provide the full extended I/O capability. 

OTHER 1/0 

FEATURES 
A complete listing of the I/O pins, plus a brief description of any I/O 
signal not detailed above, is as follows: 

• 2850 Microproc .. sor 
'1k bytes of ROM with PIPBUG* 1,2 
'1k bytes of RAM (off-boerd expandable) ~; 11 
• 1MHz crystal oacillator 
• Serial 110 (either nv 20mA current loop or RS232-aelectable ~! 

by Jumper wire) 
• 2 eight-bit output ports 15 
• 2 eight-bit input ports 16 
• DMA capability 17 
• Lad display indicators 18 
• Data bus and addre .. bus t .. t points ~~ 
• Buffered data and addreas outputs 
• Single power supply (+5 volts)" ~~ 

• Signetics Loader and Debugging Program. (Se. appl. note 8850) 23 
•• Assumes RS232 110 port is not used. 

MEMORY 
The memory of the 2650PC1001 Is divided into two segments: 

a. ROM withPIPBUG 
b. RAM (Read/Write Memory) 

The Read-Only Memory (ROM) supplied with the card Is the Signet
Ics' 82S129 Field Programmable type (PROM). Eight of these 256 X 
4 devices are arranged to provide a 1K X 8 memory array. The 
2650PC1001 Is supplied with the PIPBUG loader and debugger al
ready programmed into the ROM. Since the devices are loaded into 
sockets, however, they can be easily replaced with other ROMs or 
PROMs programmed by' the user. 

The 1K X 8 array Is constructed with Signetics' 2606 NMOS RAM 
devices. Since the 2606. Is a 256 X 4 device, again 8 devices are 
used In the array. 

24 
25 
26 
27 
28-32 
33-47 
48 
49 
50 
A,B 
C 
D-M 
N 
P 
R 
S 
T 

U 
SERIAL 1/0 V 
The serial I/O capability of the 2650PC1001 utilizes a unique serial W 
I/O feature of the basic 2650 microprocessor. This feature allows X 
serial data to be transferred directly Into the 2650 under program Y 
control by using the sense and flag pins on the microprocessor. Z 

a-h 
J 
k-u 
v-c 
d 

Two types of serial I/O ports are available. The first is a teletype 
interface which can be directly connected to a teletype 20mA cur
rent loop. The second is an RS232 interface which provides a 
connection for voltage driven peripheral equipment. The selection 
of the particular interface to be used is made by connecting a e jumper wire directly from the microprocessor flag and sense lines f 

NOTE: 

Ground 
Processor Data Bus 
Strobe to Enable Input Data Port 
DICOutput 
DMA Control Input 
ExtendedlNon-Extended Output 
Interrupt Acknowfedge Output 
RIWOutput 
Write Pulse Output 
RunlWait Output 
Operation Request Output 
MemoryllO Output 
Operation Acknowl8!lge Input 
Clock Output (or Input if on~board clock not used) 
Operation Request Inputtor DMA 
Reset Input 
Interrupt Request Input 
Pause Input 
Unused 
Address Bus 
+ 12 Volts for RS232 
-12 volts for RS232 
+5 volts 
Ground 
Not used 
Non-Extended Output Port "D" 
Clock to load data into Output Port "D" 
TTY serial data Input (+) 
TTY serial data Input ( - ) 
TTY serial data Output pull up resistor (current loop +) 
TTY serial data Output; TTL Level, open collector (current 
loop return) 
RS232 ground 
RS232 Output 
TTY tape reader Output; TTL Level, open collector (+) 
TTY tape reader Output pull up resistor ( - ) 

; RS232 Input 
Clock to load data into Output Port "C" 
Non-Extended Output Port "C" 
Strobe to enable Input Port Control 
Non-Extended Input Port "D" 
Non-Extended Input Port "C" 
+ 12 for RS232 
- 12 for RS232 
+5 Volts to the appropriate output port. If the RS232 interface Is used, + 12 

and -12 volt supplies are required In addition to the +5 volt supply 
which operates the rest of the board. 

italic items indicate buffered 2650 Microprocessor Out~ts. 
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SUMMARY 
The above Is Intended to provide a brief description of Signetics' 
2650PC1001 Prototyplng Board. More detailed information can be 
obtained from the following: 
SS50 PIPBUG Application Note 
SP50 2650PC1001 Manual (Detailed Description) 
AS50 Serial 1/0 using Sense and Flag Application Note 
2650BM1001 Basic 2650 Microprocessor Manual 

2650 Introductory Brochure 

PC1000 BLOCK DIAGRAM 

FLAGI------~ 

SENSEi-------j 

,K 
ROM· 

'050 

CONTROL INI--_~ 

*WITH PIPBUG 

DRIVERS! 
RECEIVERS 

'K 
RAM 

,. 

) TTVIIO 

} RS2321/0 

ADDRESS 

{~ OPREO 
INTACK 
WR. 
olW 
MIiO -= ole 
,Jim 

2 
'-III 

1= 0 ~ = 0 ~ 

-= .. 
DATA 

0 
-= OUTPUT 

0 PORTC -
OUTPUT E PORTO 

INPUT 
PORTe 

INPUT 
PORTO 

11 



4K MEMORY CARD 

DESCRIPTION 
The 2650 PC2000 Is a 4K Memory Card designed to be compatible 
with the 2650 microprocessor. It Is composed of 32, 21L02 NMOS, 
lK by 1.blt static RAM's, and organized In four groups of one kilo
byte each. Decoding Is provided to select one of the four groups 
and als9 distinguish the card In multl-card configurations. In a sys
tem application utilizing up to 8 cards (32K), each card Is uniquely 
Identified by hardwired jumpers. No external decoding Is required. 

The decoding logic Is sectioned Into two blocks. The first block 
determines If the address Identifies that card as being part of the 
8K page address. (The 2650 memory scheme Is organized Into 4 
pages of 8K each.) The second block uniquely locates lK bytes of 
memory on the board In the 8K bytes of memory of the selected 
page. Each lK bank is individually selected by hardwired jumpers 
to the decoder. 

FEATURES 
• Requlree only lingle +5V lupply 
'Indultry standard 21L02 memories 
, Fully decoded for UK memory organization 
, Data bus buffered with trl-state driverl/recelve,. 
• Accel .. ble from microprocessor or DMA controller 
,nL compatible 
• Dlmenlions are I" X 6.875" with a 50 pin edge connector along 

the I" dimenlion 
• Typical power conlumption of 4.5 waHl 

SIGNAL DEFINITION 
Memory control signals and address lines between the 2650 micro
processor and the 2650 PC2000 are indicated In the block diagram. 
The OPEX control line Is reserved for use with DMA controllers. Its 

A14 

A13 

MliO 
OPREQ 

OPEX· 

A12 

All 

Al0 

RIW 

WRP 

OPACK_---' 

'DMA CONTROLLER ACCESS 

RNi 

WI 

W2 

W3 

W4 

WS: 

W7 

AD-AS 

W5 

W8 WI4o-..... ----\ 

W9 WI5O-Hr---i 

Wl0 wlso-HH--i 

Wll WI7o-+-IH_-I 
W12 

W13 

DATA BUS CONTROL 

2850 PC2000 BLOCK DIAGRAM 

function is similar to that of the OPREQ line from thE! 2650. When 
either of these lines are true and a memory oPElration Is specified 
(M/iii = High) the memorY card Is enabled to decode address lines 
AO through A 14. When a bank Is selected, the selected card con
trol logic block allows the read-write line (R/W) and write pulse 
(WRP) to pass to the memory array and also enable the external 
data bus drivers. When the operation is complete the memory card 
responds with a true condition. on OPACK. 

JUMPER ADDRESS DECODING 
Jumpers are applied to deSignated plated-through holes Identified 
by a 'Wn' mnemonic. To Identify the card to be part of a particular 
page, jumper point W5 to one of the following: 

WI for page 0 
W2 for page 1 
W3for page 2 
W4for page 4 

To locate each of the lK bytes of the memory card in the selected 
memory page, four bank jumpers are required. The outputs of the 
decoder used to select one of eight 1K byte memory segments 
(W6-W13) must be connected to the selected 1K bytes of memory 
on the 2650 PC2000 (W14-W17). 

Factory Installed jumpers allow for immediate hook-up to a Demo 
System (DS1000/2000) which has 2K of memory. These jumpers 
have been hooked-up as follows: 

W1 to W5 (page 0) 
W8toW14 
W9to W15 
Wl0 to W16 
W11 to W17 

4kX8 
MEMORY 
ARRAY 

EXTERNAL 
DATA BUS 

2650 PC 2000 EDGE CONNECTOR 
PIN NAME PIN NAME 
l,2,A,B GROUND 34 ABUS13 
4 DBUSO 35 ABUS12 
5 DBUS1 36 ABUS14 
6 DBUS2 37 ABUS9 
7 DBUS3 38 ABUS10 
8 DBUS4 39 ABUS8 
9 DBUS5 40 ABUS7 
10 DBUS6 41 ABUS6 
11 DBUS7 42 ABUS5 
17 RIW 43 ABUS3 
18 WRP 44 ABUSO 
20 OPREQ 45 ABUS1 
21 M/iii 46 ABUS4 
22 OPACK 47 ABUS2 
24 OPEX 50,f VCC+5V 
33 ABUS11 
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DESCRIPTION 
The Demo 8ystem 2000 (2650 082000) Is a hardware base for use 
with the 2650 CPU printed circuit board (PC1001) and allows the 
exercising of this card with user defined options. When the 082000 
Is combined with a CPU board (PC1001) and a TTY, the user is 
equipped with everything he needs to exercise any of the software 
or hardware features of the 2650. The 082000 has a built in power 
supply. 

FEATURES 
• UNr d.flned .xp.n.ion c.p.bility from connector .upplying 

.ddr •••• d.t •• nd controlline •. 

• R8232 .nd TTY Interface 

• Two extended .nd two non-extended 110 port. 

• Singl •• tep capability for progr.m debugging 

• Displ.y of .ddraa. bu •• d.t. bu •• nd the two non-axtended 1/0 
port. 

CONNECTORS 
The 2650 CPU Board (PC1001) is Inserted into the J8 connector to 
complete the demo system. The user printed circuit board Is in
serted Into the J7 connector. Both connectors are the same type 

PC20000R 
USER BoARD---r--------/ 
CONNECTOR 

2650 MICROPROCESSOR SERIES 

(100 Pin Amphenol, series 225) and the numbered pins of J7 and J8 
have the same Signals (except pin 12). The lettered pins of J7 (pins 
A through ID are not used. The sockets and connectors of the 
082000 and their associated signals are provided In this data 
sheet. 

DISPLAYS 
The address and data bus led displays reflect the information on 
these buses during each OPREQ (beginning of an external opera
tion). Latches store the Information until another OPREQ is 
received. The two non-extended port displays represent data on 
channel C (port 2) and channel 0 (port 1) during the OPREQ for 
each I/O operation. A logiC one on these displays will turn "on" the 
leds and a logic zero will turn them "off." 

CONTROLS 
The pause and step logic allows one instruction to be executed at a 
time by pushing the 'step' button when the Run/Pause switch is in 
the pause position. In this mode the Run/Walt display led will go 
off. The reset switch will reset the display latches and place all ze
ros In the 2650 Instruction address register. 

RS232 
INTERFACE 

J3 

TTY 
INTERFACE 

L-______ .L-______ ---,-/-__ ~:...--NON.E~~ENDED 

J8 

s'5~~~~---+--------J 

J6 

L-______ ...L-_______ ~--.....J~-EXT~DED 

/ ICBANK / L.. ______ ~ 

DISPLAY 

/ / 
STEP a'RUN / 

PORT 1 SW I _ o 0 RUN'L------------' 

I PORT2 7 a DI'CjAYO I 
PAUSE RESET L-_____ --' 

DISPLAY ADDRESS 

DISPLAY DATA 

sw 

DS2000 HARDWARE BASE 

.1 ... 1 13 

.. 
2 ... 
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2650 MICROPROCESSOR SERIES 

SIGNAL NAMES FOR CONNECTORS 17 AND 18 

FUNCTION FUNCTION 
PIN NO. (J7 & J8) PIN NO. (J8 ONLY)· 

1 GND A GND 
2 GND B GND 
3 NC·· C NC 

4 DBUSO 0 OPDO 

5 DeUS1 E OPD 1 

6 DBUS2 F OPD2 

7 DBUS3 H OPD3 

8 DBUS4 J OPD4 

9 DBUS5 K OPD5 

10 DBUS6 L OPD6 

11 DBUS7 M OPD7 
12· EIPD N COPD 

13 D/C P TTY SERIAL IN + 

14 DMA R TTY SERIAL IN -

15 E/NE S TTY SERIAL OUT + 
16 INTACK T TTY SERIAL OUT -

17 R/W U RS232 GROUND 
18 WRP V RS232 OUTPUT 

19 RUN/WAIT W TTY TAPE READER OUT + 
20 OPREQ X TTY TAPE READER OUT -

21 M/iO Y RS232 INPUT 

22 OPACK Z COPC 
23 CLOCK a OPCO 

24 OPEX b OPC 1 

25 RESET c OPC2 

26 INTREQ d OPC3 

27 PAUSE e OPC4 
28 NC f OPC5 
29 NC 9 OPC6 
30 NC h OPC7 
31 NC j EIPC 
32 NC k IPDO 
33 ABUS 11 m IPD 1 
34 ABUS 13 n IPD2 
35 ABUS 12 P IPD3 
36 ABUS 14 r IPD4 
37 ABUS9 s IPD5 
38 ABUS 10 t IPD6 
39 ABUS8 u IPD7 
40 ABUS7 IPCO 
41 ABUS6 w IPC 1 
42 ABUS5 x IPC2 
43 ABUS3 Y PIC3 
44 ABUSO z IPC4 
45 ABUS 1 a IPC5 
46 ABUS4 b IPC6 
47 ABUS2 c IPC7 
48 +12V d +12V 
49 -12V e -12V 
50 +5V 9 +5V 
• J7 has no connections to these pins. 
* * NC "" No Connection 

14 •• 011111 



EXTENDED INPUT/OUTPUT DIP SOCKETS 

PIN NO. FUNCTIONJ5 FUNCTIONJ6 

OBUSO ABUSO 

2 OBUS 1 ABUS 1 

3 OBUS2 ABUS2 

4 OBUS3 ABUS3 

5 OBUS4 ABUS4 

6 OBUS5 ABUS5 

7 OBUS6 ABUS6 

8 OBUS7 ABUS7 
9 OPACK ABUS8 

10 MilO ABUS9 
11 OPREQ ABUS10 

12 RUN/WAIT ABUS11 
13 WRP ABUS12 

14 RIW ABUS13 
15 INTACK ABUS14 

16 E/NE PAUSE 

17 OMA INTREQ 

18 OIC CLOCK • 
NON-EXTENDED INPUT/OUTPUT DIP SOCKETS e 

PIN NO. FUNCTIONJ3 FUNCTIONJ4 '" 1 (Output Port C) 0 (Output Port D) 0 1M 2 OPC 1 OPO 1 

0 3 OPC 2 OPO 2 
4 OPC 3 OPO 3 

0 5 OPC 4 OPO 4 
6 OPC 5 OPO 5 • 7 OPC 6 OPO 6 
8 OPC 7 OPO 7 .. 
9 Clock Output Port C Clock Output Port 0 

0 10 Enable Input Port C Enable Input Port 0 
11 (Input Port C) 7 (Input Port D) 7 • 12 IPC 6 IPC 6 
13 IPC 5 IPC 5 0 14 IPC 4 IPC 4 
15 IPC 3 IPC 3 -16 IPC 2 IPC 2 E 17 IPC 1 IPC 1 
18 IPC 0 IPC 0 
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DESCRIPTION 
The 2650 PC3000 Is a basic text generating system requiring only 
six Integrated Circuits including one 2650 microprocessor. The se
rial communication link between the 2650 and the users terminal is 
accomplished with the flag and sense lines on the microprocessor. 
The 2650 PC3000 is used to control the storage of characters en
tered from a terminal with either a current loop or voltage swing 
capability (±7.5V min). 

Control Characters allow the text to be printed out on the terminal 
with the capability for inserting unique characters at locations iden
tified during text generation. When the text is printed out the entire 
text will be output unless a control character is detected. The mi
croprocessor then stops the print-out and the operator enters the 
desired unique information. Another control character Is then given 
to continue printing the text until ali characters stored in memory 
are printed, or until another stop character is detected. The stop 
character is recorded in memory just like any other character; how
ever, it is not printed during text print-out. 

Additional control characters allow for the erasure of the previous 
character typed or the erasure of the entire memory. 

FEATURES 
• Total of six IC packages 
• Operates at +5V at a max of 500 ma 
'Interrace to either current loop or device cepable of sending 

and receiving a minimum Yoltage swing of ±7.5 yolts referenced 
to signal ground 

• 250 character storage capability 
• Card size less than 3" X 4" with four .acrewed-on stand-offs at 

corners 
• 1 MHZ clock implemented with 74123 oneshot 
• Variable baud rate between 110 and 300 baud by trimmer pot 

adjustment of clock 
• PROM mountad in 24 pin socket 
• Card edge connector supplied with esch card 
• Inputs proYlded for an external system reaet. 

PART DESCRIPTIONS 
2650 8-bit TTL compatible N-Channel Microprocessor 

incorporating a serial I/O Port. (See 2650 Hardware 
Specification Manual for complete descrip

2606 

82S115 

N7426 

74123 

tion - 2650 BM1000.) 
1024-bit static MOS, TTL compatible RAM memory 
organized as 256 words by 4 bits/word. 
4096-bit Bipolar TTL compatible PROM organized 
as 512 words by 8 bits/word. 
Quad 2-lnput high voltage nand gate with open 
collector capable of driving voltage and current 
loop interfaces (20 ma maximum). 
Dual retriggerable monostable multivibrator with 
clear configured as a clock for 2650. 

Potentiometer Helipot series 91C, 50K, OHM 3/S" cermet trim
ming potentiometer. 

PC Edge 
Connector 

Ampnenol - 225-21021-401-117 
Cinch - 251-10-30-160 

Miscellaneous components consist of 11 ('.4) watt and two· ('h) watt 
resistors, and two mica, one ceramic and one tantllum capacitor. 
The following are required to make the board functional but are not 
supplied with the card: . 
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RS232 type connector for voltage swing interface: DB25P or 
D825S 

Reset switch - (normally open, connected to +5V) 
Power supplies: +5V 

±15V 

TERMINAL INTERFACE 
VOLTAGE MODE TERMINAL CONNECTION 
The voltage mode interface is very similar to the standard RS232 
interface except that the "Signal" ground cannot be connected to 
"protective" ground. When a Cinch type 25-pin connector (D825P 
or D825S) is used on an RS232 compatible terminal, the PC3000 
shOUld be connected as follows: 

Voltage Mode Terminal Pin Description 
DB25P (DB25S) PC3000 Edge 

Pin No. Connector Pin No. 

1 No connection 
3 6 
2 J 
7 K 

5,6,8,20 Connect Together 

On card jumper point 'A' to 'C' and point 'd· to ·E'. 

CURRENT LOOP TERMINAL CONNECTION 

PC3000 
SignaiNeme 

VS OUT + 
VSIN+ 
VS OUT - (Signal 

Gnd.) 

When a terminal is used that employs current loop transmission 
techniques the four wires from the terminal should be connected to 
the corresponding four pins on the PC3000 card: TTY OUT +, TTY 
OUT -, TTY IN +, and TTY IN -. 

On card jumper point 'A' to 'B' and point '0' to 'F'. 

PC3000 COMMAND SUMMARY 
KEY FUNCTION 

Rubout (delete) Erase last character In memory and echo the 
erased character. Additional preceding characters 
can be erased by continuing to depress the delete 
key. 

Control and E Erase entire memory. 

Control and B Used to indicate beginning of Inserted message. Is 
not printed but stored in memory. Stops print-out 
when read from memory. Required once from each 
unique information entry. 

Control and C Continues print-out of memory after entry of 
unique information. 

Control and P Prints out contents of terminal memory. 

Control and R Software reset. 

NOTE: 
Bet! wit! ring if any of the following are true. 
t. Entering more than 250 characters In memory. 
2. Requesting print-<>ut of an empty buffer. 
3. Attempting to delete more characters than there are In memory. 

PC3000 CONNECTOR PIN ASSIGNMENT 
PIN FUNCTION PIN FUNCTION 

1 GND A GND 
2 +5 B +5 
3 +15 C +15V 
4 -15 0 -15 
5 E TTY IN-
6 VSOUT+ F TTYOUT+ 
7 TTY IN+ H TTYOUT-
8 J VSIN+ 
9 RESET K VS OUT - (Signal Ground) 

10 GND L GND 

VS - Voltage Swing 
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INTELLIGENT TYPEWRITER CONTROLLER BOARD LAYOUT 

DESCRIPTION 
The KT9000 kit contains a 2650 micropro
cessor and enough chips to allow for the 
Implementation of a small developmental 
system. Since the interface requirements of 
the 2650 are completely TIL compatible, no 
attempt has been made to limit the user's 
flexibility by dictating a fixed logic configu
ration. There Is complete freedom in using 
standard SSI or MSI logic to adapt the mi
croprocessor to the memory, 110 devices, 
or clock. 

Several minimal system examples are pre
sented to enable quick set up and 
evaluation. Other configurations to adapt to 
Individual requirements should become evi
dent from these examples. 
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PARTS LIST 

PART NO. 

2650 
2112 
82S1151 
8T311 
8T26B 
2650BM1000 

QTY 
1 
4 
1 
2 
4 
1 

am·11II1 

2650 MICROPROCESSOR SERIES 

DESCRIPTION 
CPU 
256X4 RAM 
4K PROM (Unprogrammed) 512 X 8 
8-bit Bidirectional 110 Port 
Quad Bus DR/RREC 
Basic Manual 

REFERENCE 
DATA SHEET 

MOS Products 
Bipolar Memories 
8000 Product 
8000 Product 



PARTS DESCRIPTIONS 
2112: The 2112 Is a static 1024-bit Random Access Memory organ
ized as 256 words by 4 Bits/Word. It is fabricated with N-Channel, 
Silicon Gate, MOS technology and achieves an access time of less 
than SOO nanoseconds. No clocks are required, and the chip is 
powered from a single 5 volt source. 

S2S1151: The S2S1151 Is a 4096-bit Schottky-Clamped, Bipolar 
Read Only Memory, Incorporating on-Chip data output registers. It 
is field-programmable and fully TTL compatible with on-chip decod
Ing and two chip enable inputs for ease of memory expansion. 
Inputs to the device are PNP transistors with a maximum current 
requirement of 100 fJA. 

ST31: The ST31 is an S-bit Bidirectional I/O Port designed to func
tion as a general. purpose I/O interface element. It consists of S 
clocked latches with two sets of bidirectional Inputs/Outputs. The 
capability exists for various hook-up schemes allowing master con
trol from either the microprocessor or from the I/O device. 

ST26B: The ST26B consists of four pairs of inverting Tri-State Logic 
elements configured as a Quad Bus Drivers/Receivers with sepa
rate buffered receiver enable and driver enable lines. Both the 
driver and receiver gates have Tri-State outputs and low-current 
PNP inputs. 

CIRCUIT EXAMPLES 
Two circuit configurations are presented to indicate a possible pro
gram checkout approach. The first figure is hooked up to allow the 
use of RAM for program debugging. The second figure represents a 
possible final system configuration with the program fixed in 
PROM. Both circuits use the ST26's as bus buffers. 
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EXAMPLE OF INITIAL PROGRAM CHECKOUT CONFIGURATION 

19 

.: 
2 
'III o o 
.: .. o .: o -E 



2650 MICROPROCESSOR SERIES 
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FINALIZED CONFIGURATION WITH PROGRAM FIXED IN PROM 

DESCRIPTION 
The 2650 assembly language (PIPHASM) is a symbolic language 
designed specifically to facilitate the writing of programs for the 
Signetics 2650 microprocessor. 

The AS1000 Is configured to operate on 32-blt or larger machines 
and the AS1100 is configured to operate on 16-blt machines. 

The 2650 assembler is a program which accepts symbolic source 
code as input and produces a listing and/or an object module 
"Hexadecimal" format compatible to the two tape punching pro
grams PIPHTAP (for acceptance by PIPBUG), PIPSTAP (for 
PROM's) and also to the Simulator, PIPSIM. 

The assembler is written In standard Fortran IV and Is approxi
mately 1,250 Fortran card images In length. It is modular and may 
be executed in an overlay mode should memory restrictions make 
that necessary. It operates In a two pass mode to build a symbol 
table, to Issue helpful error messages, produce an easily readable 
program listing and output a computer readable object module. 
This version of the assembler compiles into a 12K word load mod
ule on the PDP-11/40 (16 bit words) and executes under DOS (8K) 
within a 28K memory. 
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AVAILABILITY 
The 2650 assembler Is available on both NCSS and GE timeshare. 
It Is also available from Signetics on 9 track magnetic tape written 
In EBCDIC In 80 character unblocked records at a density of 600 
bpi. 

FEATURES 
• Forward referencea 
• Paeudo-Ope to aid programming 
• Self-deflnlng conatants 
• Symbolic machine operation cod .. 
• Fr .. format aource code 
• Syntax error checking 
• Symbolic addre .. aaaignment and'referencea 
• Data creation atatements 
• Storage reaervation atatementa 
• Aa .. mbly liatlng control atatementa 
• Addrea .. a can be generat8ci aa constants 
• Character codes may be spacified as ASCII or EBCDIC 
• Commenta and remarks may be encoded for documentation 



LANGUAGE REQUIREMENTS 
I. INPUT REQUIREMENTS 

Input to the assembler consists of a sequence of characters 
combined to form assembly language elements. These lan
guage elements include symbols, instruction mnemonics, 
constants and expressions which make up the individual pro
gram statements that comprise a source program. 

A. Charact.rs 
Alphabetic: 
Numeric: 
Special Characters: 

B. Symbols 

A through Z 
o through 9 
blank 
( left parenthesis 
) right parenthesis 
+ add or positive value 
- subtract or negative value 
• asterisk 
, single quote 
, comma 
/ slash 
$ dollar sign 
< less than sign 
> greater than sign 

Symbols are formed from combination or characters. 
Symbols provide a convenient means of identifying pro
gram elements so they can be· referenced by other 
elements. 

C. Constants 
A constant Is a self-defining language element. Unlike a 
symbol, the value of a constant is its own "face" value 
and is invariant. Internal numbers are represented in 2's 
complement notation. There are two forms in which con
stants may be written: the Self-Defining Constant and the 
General Constant. 

Self-Defining Constant 
The self-deflning constant is a form of constant which is 
written directly in an instruction and defines a decimal 
value. 

General Constant 
The general constant is also written directly in an instruc
tion, but the interpretation of its value Is dictated by a 
code character and delimited by quotation marks. Its 
form can be binary, octal, decimal, hexadecimal, EBCDIC 
or ASCII. 

D. Expr.ssions 
An expression is an assembly language element that rep
resents a value. It consists of a single term or 
combination of terms separated by arithmetic operators. 
A term may be a valid symbolic reference, a self-defining 
constant or a general constant. 

2650 MICROPROCESSOR SERIES 

II. FIELDS 
A statement . prepared for processing by the assembler is logi
cally divided Into four fields, as indicated below. They are free 
form and are separated by at least one blank character. The 
name must begin In logical column 1. 

LABEL 
name 

Where: 

OPERATION 
opcode 

OPERAND 
operand(s) 

COMMENTS 

LABEL FIELD contains an optional label which the assembler 
will assign as the symbolic address of the first 
byte of the instruction. 

OPERATION 
FIELD 

contains any of the 2650 processor mnemonic 
operation codes as detailed In Appendix A, or 
any assembler Directive. This field may include 
an expression which specifies a register or 
value .as required by the instruction. All sym
bols used in this field must have been 
previously defined, i.e., no symbolic forward 
references are allowed. 

OPERAND 
FIELD 

contains one or more operand elements such 
as indirect address indicator, operand expres
sion, index register specification, auto
Increment/auto-decrement indicator, constant 
specification, etc., depending on the require
ments of the particular instruction. 

COMMENTS 
FIELD 

any characters following the argument field will 
be reproduced in the assembly listing without 
processing. The Comments Field must be sep
arated from the argument field by at least one 
blank. 

III. DIRECTIVES 
There are eleven directives which the assembler will recognize. 
These assembler directives, although written much like proces
sor instructions, are simply commands. to the assembler 
Instead of to the processor. They direct the assembler to per
form specific tasks during the assembly process, but have no 
meaning to the 2650 processor. These assembler directives 
are: 

ORG 
EQU 
ACON 
DATA 
RES 
END 
EJE 
PRT 
SPC 
TITL 
PCM 

- Set location counter 
- Specify a symbol equivalence 
- Define address constant 
- Defines memory data 
- Reserve memory storage 
- End of assembly 
- Eject the listing page 
- Printer control 
- Space control 
- Title 
- Punch control 
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DESCRIPTION 
The 2650 Simulator (PIPSIM) Is a Fortran IV program which allows 
a user to simulate the execution of his program without utilizing the 
2650 processor. The simulator executes the 2650 program via host 
computer software by maintaining its own internal fortran storage 
registers to describe the 2650 program. the microprocessor regis
ters. the ROM/RAM memory configuration. and the input data to 
be read dynamically from 110 devices. Inputs to the simulator are 
the object module (or the 2650 program in object format) produced 
by the 2650 assembler and a deck of user commands. The simula
tor can accommodate an object module of up to S192 Bytes. 

The output conSists of a listing of the user's commands and a print 
out of both static and dynamic information as requested by the 
commands. The user may request traces of the processor status, 
dumps of the contents of memory. and recording of program timing 
statistics. Multiple simulations of the same program with different 
parameters may be executed during one Simulation run. 

The SM1000 is configured to operate on 32 bit or larger machines 
and executes under DOS (SK) within a 2SK memory. The SM1100 is 
configured. for 16 bit machines and compiles into a 16K word load 
module on a PDP-11/40. 

AVAILABILITY 
The 2650 Simulator Is available on both NCSS and GE timeshare. It 
Is also available from Signetics on a 9 track magnetiC tape written 
In EBCDIC In SO character unblocked records at a density of SOO 
bpi. 

PARAMETERS 

2650 MICROPROCESSOR SERIES 

FEATURES 
• Cycl. count.r for timing •• timat •• 
• In.truction fetch break point. 
• Operand fetch break points 
• Trace facilities 
• Snap.hot dumpa 
• Patching facility 
• Statistical information gen.rated 
• Easy-to-uae command languag. 
• Optionally selected .tart and .nd addr ••••• 
• Simulat.d ragiat.r. may b. di.play.d whil. the .imulation pro

gram Is .xecuted 
• Simulat.d regiat.ra may be alt.red whil. the program ia .x.

cuting 
• Maintain. a 2K c.11 (easily modified to 8K) to simulat. a 

read/write RAM 
• Capability .xi.ts for configuring parta of aimulator memory to 

look Iik.ROM 
• Incorporates a 200-byt. fir.t in, firat out (FIFO) buffer to atore 
th. data read from a .imulated input d.vice 

• E.tabliah.a Initial program conditiona 
• Monitore .xacution .equ.nc •• 

USER-COMMANDS 
Commands specify how the program is to run and what data is to 
be recorded. The simulator accepts information in card image 
form. The entire card is read In Fortran 'A' format. and one com
mand must be complete on one card. Comments may appear in 
any order within a command set. 

The Signetics basic manual set (2650BM1000) contains a complete 
description of the user commands and the general operation of the 
simulator. Listed belOW Is a summary of the available commands. 

DESCRIPTION 
COMMAND 

NAME 
DUMP. LOC. FWA-LWA (; .... ;LOC. FWA-LWA) Display the area of memory, FWA-LWA, whenever the instruction at LOC 

executes. 

REND 

INPUT 

INSTR. 

LIMIT 

PATCH 

REFER. 

SETP. 

SETR. 

SROM 

START 

STAT 

STOP. 

TEND 

TRACE. 
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None 

VALUE (; .... ;VALUE) 

LOC (; .... ;LOC) 

NO 

LOC. VALUE (; .... ;LOC. VALUE) 

LOC (; .... ;LOC) 

LOC (.PSL=VALUE). (.PSU=VALUE) 

LOC (9. RO=VALUE) ... (R6=VALUE} 

FWA-LWA 

LOC 

None 

LOC (; .... ;LOC) 

None 

FWA-LWA (; .... ;FWA-LWA) 

Execute the last simulation and terminate the entire run. 

Define the data to be read by simulated 110 instructions. 

Display the processor state whenever the instruction at LOC executes. 

Specify the total number of instructions executed. 

Initialize each memory location, LOC. to VALUE. 

Display the processor state whenever the instruction at LOC is referenced by 
another instruction. 

Set the program status byte (lower and/or upper) to VALUE whenever the 
Instruction at LOC executes. 

Set the general purpose registers to VALUE whenever the instruction at LOC 
executes. 

Specify the boundaries of Read-Only Memory. 

Start the Simulated program execution at LOC. 

Display instruction statistics at end of program execution. 

Terminate the program execution when the instruction at LOC executes. 

Execute the last Simulation and prepare to read the User Commands for the 
next simulation. 

Display the processor state whenever an instruction executes. which lies 
within the area of memory. FWA-LWA. 

I!!IIIIIBI 



DESCRIPTION 
The Signetics higher level language is designed for use with the 
2650 microprocessor. This language allows the programmer to re
duce programming effort while retaining the control and efficiency 
of assembly language. It is written in ANSI standard Fortran IV and 
will execute on most machines without alteration. Programs written 
In this language tend to be self-documenting and are easily altered. 

AVAILABILITY 
The Signetics higher level language is available on both NCSS and 
GE timeshare. It Is also available from Signetics on magnetic tape 
for 16 and 32-bit machines. 

FEATURES 
• Written in free-form 
• Adaptable to both 16 and 32-bit machin .. 
• Block structured 
• Employs procedure calls 
• Byte and address data elements 
• Based variables 
• In line assembly language 
• Mecro capability 
• Generates relocatable code supported by a relocating loader 
• Includes PL/M as a subset 
• Allows separata compilation of program modul .. 
• Has improved control structure over PUM 
• Conditional compilation 
• Compile time expreaaion evaluation 

OVERVIEW OF THE LANGUAGE 
The higher level language is a sequence of "Declarations" and "Ex
ecutable Statements." 

The declarations allow the programmer to control allocation of stor
age, define simple textual substitutions (Macros), and define 
procedures. The language is "Block Structured": Procedures may 
contain further declarations which control storage allocation and 
define other procedures. 

The procedure definition facility of the language allows modular 
programming: A program can be divided into sections (e.g. teletype 
input, conversion from binary to decimal forms, and printing output 
messages). Each of these sections is written as a language proce
dure. Such procedures are conceptually simple, easy to formulate 
and debug, and easily incorporated into a large program. They may 

DESCRIPTION 
The Signetics Microprocessor Prototype Development System is a 
modular system deSigned to support development and implementa
tion of 2650 microcomputer systems. 

A typical system consists of three hardware elements: a Prototype 
Development Computer (PDC), a floppy disk storage subsystem, 
and a system console (typically an ASR33 teletype). The PDC in
cludes an Integral MOS and bipolar PROM programmer and an in
circuit emulation/hardware debug facility. A wide range of PDC 
cards and system peripherals are available. 

form a basis for a procedure library, if a family ,of similar programs 
is being developed. Procedures may be individually compiled. 

The language handles two kinds of data, its two basic "Data 
Types": Byte and address. A byte variable or constant is one that 
can be represented as an 8-bit quantity; an address variable or 
constant Is a 16-bit or double-byte quantity. The programmer can 
declare variable names to represent byte or address values. One 
can also declare vectors (or arrays) or type byte or address. 

In general, executable statements specify the computational pro
cesses that are to take place. To achieve this, arithmetic, logical 
(Boolean), and comparison (relational) operators are defined for 
variables and constants of both types (BYTE and ADDRESS). These 
operators and operands are combined to form EXPRESSIONS, 
which resemble those of elementary algebra. Expressions are a 
major component of language statements. 

A Simple statement form is the assignment statement, which com
putes a result and stores it In a memory location defines by a 
variable name., Other statements in the language perform condi
tional tests and branching, loop control, and procedure invocation 
with parameter passing. The flow of program execution Is specified 
by means of powerful control structures that take advantage of the 
block-structured nature of the language. Input and output state
ments read and write 8-bit values from and to input and output 
ports. Procedures can be defined which use these basic Input and 
output statements to perform more complicated 110 operations. 

A method of automatic text-substitution (more specifically, a "com
pile-time macor facility") is also provided. A programmer can 
declare a symbolic name to be completely equivalent to an arbitrary 
sequence of characters. As each occurrence of the name is encoun
tered by the complier, the declared character sequence is 
substituted, so the compiler actually processes the substituted 
character string instead of the symbolic name. 

The compiler supports compile time expression evaluation and 
conditional compilation which allows selective compilation of code 
depending on an input parameter at compile time. 

The language generates absolute and/or relocatable code. The re
locatable modules may be linked by a powerful linkage editor at 
load time. 

Additionally the language contains all machine independent fea
tures of the ,PLlM language as a subset, thereby enhancing 
portability of programs. 

2650 MICROPROCESSOR SERIES 

System software Includes an Operating System, File Management, 
Debug Software, Text Editor, and 2650 Resident Macro Assembler. 
These programs provide the user with the tools to perform his soft
ware development easily and quickly. These software capabilities, 
together with the capacity and performance of the floppy disk sub
system, and the In-circuit emulation/hardware debug capability 
significantly reduces the time and cost of a microcomputer system 
development project. 

The Signetics Microprocessor Prototype Development System in
troduces a unique new Multiprocessor architecture for prototyping 
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systems:, This architecture provides users with the benefits of maxi
mum availability of common (user) memory space and a Master 
processor/Operating SYstem that Is isolated and independent from 
the user system even In the In-circuit emulation/hardware debug 
mode. 

The Signetics Microprocessor' Prototype Development System will 
have along life cycle, since it is designed with the capability of sup
porting other Signetics microprocessors, additional peripherals ,and 
expanded software support and hardware debug capabilities. 

HARDWARE FEATURES 
Modular microprocessor prototype development system to support 
development, Implementation and check out of 2650 microcompu
ter systems. 

Powerful new Multiprocessor architecture provides maximum mem
ory space to user and a protected environment for the Master 
processor/Operating System at all tlmas. 

BLOCK DIAGRAM: TYPICAL SYSTEM 

PERIPHERALS 
AND ACCESS 
HARDWARE r---, r---, 

2650 MICROPROCESSOR SERIES 

Signetics 2650 microprocessor - 5 volt only, fully TTL compatible, 
2.4us cycle time, easy to learn instruction set - is used for the 
Master and Slave microprocessors. 

Hardware interfaces and software drivers provided for floppy disk 
storage subsystem, TTY, CRT terminal, paper tape reader, line 
printer and EIA RS232 terminals. 

In-clrcuit emulation/hardware debug and powerful debug software 
provides extensive emulation and diagnostic facilities for the user 
system. 

Integral MOS and bipolar PROM programmers. 

User/Common memory of 16K bytes, expandable to 64K bytes. 

Two universal bus structures with multiprocessor and DMA capabil
Ities. 

Eight level maskable priority Interrupt system available to the user. 

r---, 
I LINE I 
I PRINTER I 
I I 
L_ _.J 

r---, 

r---, r---, 
I USER I I I 
I 2650 " UI~~R I 
I SYSTEM I I I 
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PANEL 

I MAINTE- I 
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DEBUG 
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PDC 
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PROGRM. 
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82S115 
PROM 

PROGRM. 

SOLID LINES ARE TYPICAL SYSTEM AS ILLUSTRATED. 
DASHED LINES SHOW EXPANSION CAPABILITY. 

SOFTWARE FEATURES 

MASTER 
CPU 

(2650) 

System software provided with the Prototype Development System 
Includes the Signetics Disk Operating System (SDOS), text editor, 
debug package, 2650 macroassembler, and linkage editor. 

The Signetics Disk Operating System (SDOS) provides complete 
control over operation of all portions of the Prototype Development 
System. All functions relating to file handling, loading and execution 
are included, as well as provision for Invoking the debug system 
and PROM programming functions. 

The SDOS software has been designed to allow the user to create, 
edit, and assemble files; obtain object and listing outputs; load and 
execute program$; and through the debug system, check out pro
grams in a most efficient manner. 

MASTER 
MEMORY 

PROM/RAM 

L_ _.J 

COMMON 
MEMORY 
16k RAM 

EXPANDIB. 

SLAVE 
CPU 

(2650) 

r- -, 
I USER I 
I CONFIGURED I 
I CARD I 
L_,,_.J 

"'1 r 
__ ....J L..._ ....... 

> - - SLAve Bus -,... 

SDOS provides a powerful procedure capability which gives the 
user the capability of creating powerful and customized operating 
system commands dynamically. 

Programs may be read and written in either hexadeclmal- or SMS 
format. 

The SDOS software provides a flexible input/output system which is 
organized through logical channels allowing the user to dynamically 
assign any logical channel to any physical device or file within the 
system. Thus, system I/O devices may be dynamically asSigned us
ing SDOS commands either from the console or from within a 
user's program. 

SDOS assumes a dual CPU environment with one CPU deslghated 
as a master and the other as a slave. SDOS is written in 2650 As-
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sembly Language and resides in a dedicated memory conSisting of 
2K PROM and 4K of RAM running under the master CPU. 

SDOS will control a multidrive floppy disk subsystem (up to 8 
drives), a line printer, a high speed paper tape reader and an ASR-
33 TTY compatible console. Drivers are provided within SDOS for 
these I/O devices. In addition, the user may write his own driver for 
other peripheral devices and easily link them into SDOS system. 

The Prototype Development System Resident Assembler transiates 
symbolic 2650 assembly language instructions into appropriate 
machine language code. The Resident Assembler has full macro 
capability which Is a powerful programming tool eliminating the 
need to rewrite similar sections of code repeatedly. 

The Assembler is written in the Signetics Higher Level Language 
and produces either absolute object code or relocatable modules. 
The absolute object code produced is in hexadecimal format which 
may be loaded into the system for direct execution or may be con
verted by an SDOS command to SMS format for PROM or ROM 
programming. 

The Linkage Editor program accepts relocatable modules pro
duced by either the Macro Assembler or the Signetics Higher Level 
Language and creates an absolute object load module. This facility 
allows the modular construction of programs and prevents reas
sembling an entire program when modifications are made to one 
small section. True relocatability of object modules is a powerful 
feature previously found only on larger computer systems. 

The Text Editor is a comprehensive software package which ailows 
the user to enter and modify text files. The Text Editor is line ori
ented and accepts inputs from an input flie, performs modifications 
in a work space and outputs the revised text to an output file. 

The Debug System is a software program which will provide the 
user with run-time program debug capabilities within a hardware 
environment. It utilizes special hardware features built into the pro
gram development system to control the execution of the users 
program. User programs operating under the debug system will 
have dynamic program trace, breakpoint capabilities, memory mod
ification capabilities, and status reporting on the memory, program, 
and internal processor status. 

Ail of the above described software will be supplied in object for
mat on either diskette or paper tape and is provided with each 
Prototype Development System. 

PDC CARDS 
MASTER CPU 

- System Xtal Clock 
- Master 2650 
- UART /TTY Interface 
- Real Time Clock 
- Disk/Paper tape Port 

CONTROL/DEBUG 
- Debug LogiC 

Master/Slave Interaction 
- Interrupt Logic 
- Front Panel Interface 

SLAVE CPU 
- SIave2650 
- User Cable Interface 

MASTER MEMORY 
- 4K-Byte StatiC NMOS RAM 
- 2K-Byte 1702A Erasable PROM 

2650 MICROPROCESSOR SERIES 

COMMON MEMORY - 4K RAM 
- 4K-Byte Static NMOS RAM 

COMMON MEMORY - 16K RAM 
- 16K-Byte Dynamic NMOS RAM 

GENERAL PURPOSE I/O 
- EIA Interface 
- Four Output Ports 
- Four Input Ports 
- 8 Interrupt Lines 

1702 PROM PROGRAMMER 

82S115 PROM PROGRAMMER 

USER CONFIGURABLE CARD 

- For InterfaCing directly with users own I/O devices. 

PERIPHERALS 
FLOPPY DISK SUBSYSTEM 

- Expandable to 8 drives 

LINE PRINTER (optional) 

HIGH SPEED PAPER TAPE READER (optional) 

TELETYPE 

CRT TERMINAL (optional) 

AC POWER REQUIREMENTS 
50Hz or 60Hz, 115/230 VAC, 150 watts 
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COMPATIBLE MEMORY AND INTERFACE 
PRODUCTS 
The following list of memory and interface products are suitable for use with the 2650. These data sheets can be found in the appropriate 
section of this book. 

2102-1 .............. . 

2680 .................. . 

2606, 2606-1 ..... 

2608 .................. . 
8T26,8T28 ...... .. 
8T31 .................. . 
9334 .................. . 

8T95 } 
8T96 
8T97 
8T98 
82S09 .............. .. 
82S10, 82S11 .. .. 

82S23, 82S123 .. 
82S114 ............ .. 
82S115 ............ .. 
82S126, 82S129 

8204 .................. . 
8205 .................. . 
82S100/101 ...... . 
1702A .............. .. 
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1024-bit Random Access Read/Write Static 
Memory 
4096-bit Read/Write Random Access Dynamic 
Memory 
256x4 Random Access Read/Write Static Mem
ory 
1024x8 Static Read,-Only Memory 
Tri-State Quad Bus Transceivers 
8-bit Bidirectional Input-Output Port 
8-blt Addressable Latch 

High Speed Hex Tri-State Buffers 
. High Speed Hex Tri-State Inverters 

576-bit Bipolar RAM(64x9) 
1024x1-bit Bipolar RAM-Open Collectors 
(82S10), Tri-State (82S11) 
256-bit Bipolar Programmable ROM (32x8) 
2048-bit Bipolar ROM (256x8 PROM) 
4096-bit Bipolar ROM (512x8 PROM) 
1024-bit Bipolar Programmable ROM (256x4 
PROM) 
2048-bit Bipolar ROM (256x8 ROM) 
4096-bit Bipolar ROM (512x8 ROM) 
16x48x8 FPLA 
2048-bit StatiC ROM (Erasable And Electrically 
Reprogrammable) 
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INTRODUCTION 
The introduction of the Signetics Series 3000 Bipolar Microproces
sor Chip Set has brought new levels of high performance to 
microprocessor applications not previously possible with MOS tech
nology. Combining the Schottky bipolar N3001 Microprogram 
Control Unit (MCU) and N3002 Central Processing Element (CPE) 
with industry standard memory and support circuits, microinstruc
tion cycle times of 100 nanoseconds are possible. 

In the majority of cases, the choice of a bipolar microprocessor 
slice, as opposed to an MOS device, is based on speed or flexibility 
of microprogramming. Starting with these characteristics, the de
sign of the Signetics Series 3000 Microprocessor has been 
optimized around the following objectives: 

• Fast cycle time 
• All memory and support chips are industry standard 
• Cooler operation 
• Lower total system cost 

Furthermore, systems built with large-scale integrated circuits are 
much smaller and require less power than equivalent systems using 
medium and/or small scale integrated circuits. 

The two components of the Series 3000 chip set, when combined 
with industry standard memory and peripheral circuits, allows the 
design engineer to construct high-performance processors and/or 
controllers with a minimum amount of auxiliary logic. Features such 
as the multiple independent address and data buses, tri-state logic, 
and separate output enable lines eliminate the need for time
multiplexing of buses and associated hardware. 

Each Central Processing Element represents a complete 2-bit slice 
through the data processing section of a computer. Several CPE's 
may be connected in parallel to form a processor of any desired 
Word length. The Microprogram Control Unit controls the sequence 
in which microinstructions are fetched from the microprogram 
memory (ROM/PROM), with these microinstructions contrOlling the 
step-by-step operation of the processor. 

Each CPE contains a 2-bit slice of five independent buses. Although 
they can be used in a variety of ways, typical connections are; 

Input M-bus: 
Input I-bus: 
Input K-bus: 

Output A-bUS: 
Output D-bus: 

Carries data from external memory 
Carries data from input/output device 
Used for microprogram mask or literal (con
stant) value input 
Connected to CPE Memory Address Register 
Connected to CPE accumulator. 

As the CPE's are paralleled together, all buses, data paths, and 
registers are correspondingly expanded. 

The microfunction input bus (F-bus) controls the internal operation 
of the CPE, selecting both the operands and the operation to be 
executed upon them. The arithmetic logic unit (ALU), controlled by 
the microfunction decoder, is capable of over 40 Boolean and bi
nary operations as outlined in the FUNCTION DESCRIPTION 
section of the N3002 data sheet. Standard carry look-ahead out
puts (X and V) are generated by the CPE for use with industry 
standard devices such as the 74S182. 

A typical processor configuration is shown in Figure 1. It should be 
remembered that in working with slice-oriented microprocessors, 
the final configuration may be varied to enhance speed, reduce 
component count, or increase data-processing capability. One 
method of maximizing a processor's performance is called pipelin
ing. To accomplish this, a group of D-type flip-flops or latches (such 
as the 74174 Hex D-type Flip-Flop) are connected to the micropro
gram memory outputs (excluding the address control field ACO -
AC6) to buffer the current microinstruction and allow the MCU to 
overlap the fetch of the next instruction with the execution of the 
current one. The time saved in pipelining operations is the shorter 
of either the address set-up time to the microprogram memory 
(ROM/PROM) or the access time of the ROM/PROM. A convenient 
way of implementing pipelining is to use ROMs with on-board latch
es, such as the Signetics 82S115. 

I/O CONTROL MEMORY ADDRESS BUS DATA BUS 

MICRO 
PROGRAM 
MEMORY 
(825115) 

Figure 1: MICROCOMPUTER BLOCK DIAGRAM 
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·Carry-in of first stage 
**Carry-out of last stage 
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Figure 2 shows a typical microinstruction format using the 82S114 
PROMs contained in the Signetics 3000 Microprocessor Designer's 
Evaluation Kit. Although this particular example Is for a 48-bit word 
(6 PROMs), the allocation of bits for the mask (K-bus) and optional 
processor functions depends on the specific application of the sys
tem and the trade ofts which the designer wishes to make. 

In using the K-bus, it should be kept in mind that the K inputs are 
always ANDed with the B-multlplexer outputs Into the ALU. Bit 
masking, frequentiy done.in computer control systems, can be per
formed with the mask supplied to the K-bus directly from the 
microinstruction. 

By placing the K-bus in either the all-one or all-zero con~ltlon (done 
with a single control bit In the microinstruction), the accumulator 
will either be.selected or de-selected, respectively, in a given opera
tion. This feature nearly doubles the amount of microfunctions in 
the CPE. A description of these various mlcrofunctions can be 
found in the N3002 data sheet under the heading "FUNCTION 
DESCRIPTION" by referring to the K-bus conditions of all-ones (11) 
and all-zeros COO). 

The MCU controls the sequence in which microinstructions are 
fetched from the microprogram memory (ROM/PROM). In Its classi
cal form, the MCU would use a next-address field in each 
microinstruction. However, the N3001 uses a modified classical 
approach in which the microinstruction field specifies conditional 
tests on the MCU bus inputs and registers. The next-address logic 
of the MCU also makes extensive use of a row/column addressing 
scheme, whereby the next address is defined by a 5-bit row ad
dress and 4-bit column address. Thus, from a particular address 
location, it is possible to Jump unconditionally to any other location 
within that row or column, or conditionally to other specified loca
tions in orie operation. Using this method, the processor functions 
can be executed in parallel with program branches. 

As an example of this flexibility, let us assume a disk controller Is 
being designed. As part of the sequence logic, three bits of the disk 
drive status word must be tested and all three must be true In order 
to proceed with the particular sequencing operation. In any sequ
enCing operation using a status word for conditional branch 
information, there are innumerable combinations of bits which must 
be tested throughout the sequencing operation. Using ejlscrete logic 
techniques, this would involve several levels of gating. 

However, the entire operation can be done in two microinstructions. 
First, the mask (K-bus) field in the microinstruction format Is en
coded with a one for each corresponding status bit to be tested 
and a zero for each bit to be discarded. The status word is input via 
the I-bus and ANDed with the K-bus mask using the CPE mlcro
function operation from F-Group2, R-Group III. Assuming we are 
using low-true logic (TRUE = 0 Volts), we now test the reSUlt, which 
is located in the accumulator AC, for all zeros using the CPE mlcro
function operation from F-Group 5, R-Group III. Depending on the 
zero/non-zero status of AC, a one or zero will be loaded into the 
carryout CO bit. This bit can now be used as a condition for the 
next address jump calculation within the N3001 MCU. If the AC was 
zero (status word was true), we will jump to the next address within 
our controller sequence. If the AC was non-zero (status word not 
true), then a Jump would be made back to the beginning of this 
two-micrOinstruction loop and the test sequence repeated until the 
status word (all three bits) is true. . 

Figure 3 shows a typical timing diagram for a system operating in 
the non-pipelined mode. Keep in mind that the maximum clock rate 
is dependent upon the total of propagation delay times plus re
quired set-up tim~. It is at the deSigner's discretion to resolve the 
speed versus complexity tradeofts. 

USER·DEFINABLE FUNCTION FIELDS STANDARD FUNCTION FIELDS 

~------------~~~ ..... --------------- --------~ .... --------r ~, 
47 44143 40139 36135 32131 211127 24123 . 2Oh9 16h5 12hl 817 43 0 

USER CP.E. JUMP FLAG 
DEFINED MASK OR OPTIONAL FUNCTION FUNCTION LOGIC 

FUNCTIONS PROCESSOR FUNCTIONS (Fo-F61 (ACO·AC61 FUNCTION 
(FCO·FC31 

~, - , 
TO N3002 TON3001 

Figure 2: TYPICAL MICROINSTRUCTION FORMAT. 
Note: The mask field need only be used during masking operations. At other times. it is entirety user definable. 

-..J36nsl-
MICROPROGRAM ___ ---'X;.----'-'X V-
MEMORY ADDR • . . . A.. 

(MACJ.8) I :On~ ~8""1 
OU~~-----~_Xr---~x:::::: 

-1 4OnS ·1-N3002 _____ ---, 
DATAOUT ___ -JX~ ___ ~x:::::x: 

(D·BUS) 

Figure 3: SYSTEM TIMING - NON.pIPELINED CONFIGURATION 
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ABSOLUTE MAXIMUM RATIONS· 
Temperature Under Bias 
Storage Temperature 
All Output and Supply Voltages 
All Input Voltages 
Output Currents 

O·Cto +70·C 
-60·C to +160·C 

-O.5Vto +7V 
- 1.0V to +5.5V 

100mA 

"COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may CBUse 

permanent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operational sections of 
this specification Is not implied. Exposure to absolute maximum ratings for extended periods 
may effect device reliability. 

PARAMETER MEASUREMENT INFORMATION 

500 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

TEST'CONDITIONS 

Input pulse amplitude of 2.5 volts. 

Input rise and fall times of Sns between 1 volt and 2 volts. 

Output load of 10mA and 50pF 

Speed measurements are taken at the 1.5 volt level. 
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3001/3002 ELECTRICAL CHARACTERISTICS (TA=O'C to 70'C) 

INPUT VOLTAGE OUTPUT VOLTAGE 

VIL (V) VIH (V) 
PARAMETER 

LOW LEVEL HIGH LEVEL 

TEST VCC=5.0V VCC=5.0V 
CONDITIONS 

DEVICE MIN TYP MAX MIN TYP MAX 

N3001 O.S 2.0 

N3002 O.S 2.0 

INPUT CURRENT 

IF (RiA) IR (ILA) 
PARAMETER 

LOAD LEAKAGE 

TEST VCC=5.25V VCC=5.25V 
CONDITIONS VF=O.45V VR=5.25V 

DEVICE MIN TYP MAX MIN TYP MAX 

ClK Input ClK 
N3001 -0.075 -0.75 120 

EN Input EN Input 
-0.05 -0.50 SO 

All Other Inputs 
All Other Inputs 40 

-0.025 -0.25 

FO-FS,ClK FO-FS.ClK 
N3002 

KO,Kl.EA•ED KO.Kl,EA.ED 
-0.05 -0.25 

10.I,MO. 
Ml,ll 

CI 
-0.S5 -1.5 

-2.3 -4.0 

NOTES: 
3001 
t. Typical values are for TA~25°C and 5.0 supply voltage. 
2. EN input grounded. all other inputs and outputs open. 

40 
10.l1,MO, 

Ml,LI 

CI 
SO 

180 

Vc (V) VOL (V) 
INPUT CLAMP 

VOLTAGE LOW LEVEL 

VCC=4.75 VCC= 4.75V 
IC=-5mA IOL=1OmA 

MIN TYP MAX MIN TYP MAX 

-o.s -1.0 0.35 0.45 

Except X& Y 
-O.S -1.0 0.3 0.45 

IOl=lSmA 
XandY 

0.35 0.50 

OUTPUT CURRENT 

lOS (mA) 10(OH)(ILA) 

SHORT CIRCUIT OFF-STATE 

VCC=5.0V VCC=5.25V 

MIN TYP MAX MIN TYP MAX 

MAO-MAS, PRO-PR2, 

ISE.FO MAO-MA2,FO 
VO=0.45V 

-15 -2S -60 -100 

VO=5.25V 
-100 

MAO-MAS,FO 

-15 -25 -SO -100 

AO,Al.DO.Dl 
Only 

100 

3002 
t. Typical values are for TA _25°C and typical supply voltage. 
2. eLK Input grounded. other inputs open. 
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VOH (V) 

HIGH LEVEL 

VCC=4.7SV 
IOH=-1mA 

MIN TYP MAX 

MAo-MAS, 

ISE,FO 
2.4 3.0 

2.4 3.0 

POWER SUPPLY 
CURRENT 

ICC (mA) 
POWER SUPPLY 

CURRENT 

VCC=5,25V2 

MIN TYP MAX 

170 240 

145 190 



DESCRIPTION 
The N3001 MCU Is one element of a bipolar 
microcomputer set. When used with the 
3002, 74S182, ROM or PROM memory, a 
powerful microprogrammed computer can 
be implemented. 

The 3001 MCU controls the fetch sequence 
of microinstructions from the microprogram 
memory. Functions performed by the 3001 
include: 

- Maintenance of microprogram address 
register 

- Selection of next microinstruction ad
dress 
Decoding and testing of data supplied 
via several input busses 
Saving and testing of carry output data 
from the central processing (CP) array 

- Control of carry/shift input data to the 
CP array 

- Control of microprogram interrupts 

N3001 BLOCK DIAGRAM 

ERA 

EN 

FCO 

FC1 

FC2 

FC3 

I 

.Q--C 

lD 

ClK 

VCC 0--

,0--GND 

ACO 

AC1 

AC2 

AC3 

AC4 

AC5 

AC6 

• 
FLAG 

CONTROL 

J 
I 

I 

H 

F 
lATCH 

f 

! 

BIPOLAR MICROPROCESSOR 

FEATURES 
o Schottky TTL procell 
o 45ns cycle time (typ.) 
o Direct addresaing of standard bipolar 

PROM or ROM 
• 512 microinstruction addressability 
• Advanced organization: 

• 9-bit microprogram address regis
ter .and bus organized to address 
memory by row and column 

o 4-bit program latch 
• 2 flag registers 

o 11 address control functions: 
o 3 jump and test latch function 
o 16 way jump and test instruction 

o 8 flag control functions: 
o 4 flag input functions 
o 4 flag output functions 

PIN CONFIGURATION 

I Package 

MAS MA7 MA6 MAS MM MAl MA2 MAl MAO 

ro. ROW COLUMN 

1 OUTPUT OUTPUT 

I 

h c. Z 
FLAGS 

r-l ADDRESS REGISTER 

~ 
I 9 

1 
NEXT ADDRESS CONTROL } 

-' 
PR r PR lATCH 3 OUT 

~ 

PX7 PX6 PX5 PX4 SX3 SX2 SX1 SXO 
---- ----

ISE 

PRO 

PR1 

PR2 
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PIN DESCRIPTION 
PIN SYMBOL 

1-4 

5.6,8,10 

7,9,11 PRQ-PR2 

12,13 FCO-FC3 
15,16 

14 FO 

17 Fi 

18 ISE 

19 CLK 
20 GND 
21-24 ACO-AC6 
37-39 
25 EN 

26-29 MAO-MA3 
30-34 MA4-MA8 
35 ERA 

36 LD 

40 VCC 

THEORY OF OPERATION 

NAME AND FUNCTION 

Primary Instruction Bus Inputs 
Data on the primary Instruction bus is tested by the JPX function to 
determine the next microprogram address. 
Secondary Instruction Bus Inputs 
Data on the secondary instruction bus Is synchronously loaded into the 
PR-Iatch while the data on the PX-bus is being tested (JPX). During a 
subsequent cycle, the contents of the PR-Iatch may be tested by the JPR, 
JLL, or JRL functions to determine the next microprogram address. 
PR-Latch Outputs 
The PR-Iatch outputs (SXo-SX2) are synchronously enabled by the JCE function. 
They can be used to modify microinstructions at the outputs of the 
microprogram memory or to provide additional control lines. 
Flag Logic Control Inputs 
The flat logic control inputs are used to cross-switch the flags (C and Z) 
with the flag logic input (FI) and the flag logic output (FO). 
Flag Logic Output 
The outputs of the flags (C and Z) are multiplexed internally to form the 
common flag logic output. The output may also be forced to a logical 
o or logical 1. 
Flag Logic Input 
The flag logic input Is demultiplexed Internally and applied to the inputs 
of the flags (C and Z). Note: The flag input data is saved In the F-Iatch 
when the clock Input (CLK) is low. 
Interrupt Strobe Enable Output 
The interrupt strobe enable output goes to logical 1 when one of the 
JZR functions are selected (see Functional Description). It can be used 
to provide the strobe signal required by interrupt circuits. 
Clock Input 
Ground 
Next Address Control Function Inputs 
Ali jump functions are selected by these control lines. 
Enable Input 
When in the HIGH state, the enable input enables the microprogram 
address, PR-Iatch and flag outputs. 
Microprogram Column Address Outputs 
Microprogram Row Address Outputs 
Enable Row Address Input 
When In the LOW state, the enable row address Input Independently 
disables the microprogram row address outputs. It can be used to facilitate 
the Implementation of priority Interrupt systems. 
Microprogram Address Load Input 
When the active HIGH state, the microprogram address load input inhibits 
all jump functions and synchronously loads the date on the instructions 
busses into the microprogram register. However, It does not inhibit the 
operation of the PR-Iatch or the generation of the interrupt strobe enable. 
+5 Volt Supply 

TYPE 

Active LOW 

Active LOW 

Open Collector 

Active HIGH 

Active LOW 
Three-state 

Active LOW 

Active HIGH 

Active HIGH 

Three-state 
Three-state 
Active HIGH 

Active HIGH 

The MCU controls the sequence of microinstructions In the micro
program memory. The MCU simultaneously controls 2 flip-flops (C, 
Z) which are Interactive with the carry-In and carry-out logic of an 
array of CPEs. 

lion has a "jump set" associated with it. This "jump set" is the total 
group of memory locations which can be addressed by that Instruc
tion. 

The MCU utilizes a two-dimensional addressing scheme in the mi
croprogram memory. Microprogram memory Is organized as 32 
rows and 16 columns for a total of 512 words. Word length Is vari
able according to application. Address Is accomplished by a 9-blt 
address organized as a 5-bit row and 4-bit column address. 

The functional control of the MCU provides both unconditional 
jumps to new memory locations and jumps which are dependent on 
the state of MCU flags or the state of the "PR" latch. Each instruc-
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ADDRESSING 
ORGANIZATION 

1~'---16COLUMNS ---...... 1 

MAO-MA3 

FUNCTIONAL DESCRIPTION 
The following Is a description of each of the eleven address control 
functions. The symbols shown below are used to specify row and 
column addresses. 

SYMBOL 

rown 

coin 

MEANING 

5-blt next row address where n is the decimal row 
address. 

4-bit next column address where n is the decimal 
column address. 

UNCONDITIONAL ADDRESS CONTROL (JUMP) 
FUNCTIONS 
The jump functions use the current microprogram address (i.e .• the 
contents of the microprogram address register prior to the rising 
edge of the clock) and several bits from the address control inputs 
(AGO-AC6) to generate the next microprogram address. 

MNEMONIC FUNCTION DESCRIPTION 

JCC 

JZR 

JCR 

Jump in current column. ACO-AC4 are used to 
select 1 of 32 row addresses in the current column. 
specified by MAO-MA3. as the next address. 

Jump to zero row. ACO-AC3 are used to select 1 
of 16 column addresses in rowO. as the next ad
dress. 

Jump In current row. ACO-AC3 are used to select 
1 of 16 addresses in the current row. specified by 
MA4-MAS. as the next address. 

JCE 

BIPOLAR MICROPROCESSOR 

Jump in current column/row group and enable PR
latch outputs. ACO-AC2 are used to select 1 of S 
row addresses in the current row group. specified 
by MA7-MAS. as the next row address. The cur
rent column is specified by MAO-MA3. The PR
latch outputs are asynchronously enabled. 

FLAG CONDITIONAL ADDRESS CONTROL 
(JUMP/TEST) FUNCTIONS 
The jump/test flag functions use the current microprogram address. 
the contents of the selected flag or latch. and several bits from the 
address control function to generate the next microprogram ad
dress. 

MNEMONIC FUNCTION DESCRIPTION 

JFL Jump/test F-Iatch. ACO-AC3 are used to select 1 
of 16 row addresses in the current row group. 
specified by MAS. as the next row address. If the 
current column group. specified by MA3. is 
coI0-coI7. the F-Iatch is used to select col2 or 
col3 as the next column address. If MA3 specifies 
column group coIS-coI15. the F-Iatch is used to 
select col10 or col11 as the next column address . 

JCF Jump/test C-flag. ACO-AC2 are used to select 1 
of S row addresses in the current row group. speci
fied by MA7 and MAS. as the next row address. If 
the current column group specified by MA3 Is 
coI0-coI7. the C-flag Is used to select col2 or col3 
as the next column address. If MA3 specifies col
umn g~oup coIS-coI15. the C-flag Is used to select 
col10 or col11 as the next column address. 

JZF Jump/test Z-flag, Identical to the JCF function de
scribed above. except that the Z-flag. rather than 
the C-flag. is used to select the next column ad
dress. 

PX-BUS AND PR-LATCH CONDITIIONAL ADDRESS 
CONTROL (JUMP/TEST) FUNCTIONS 
The PX-bus jump/test function uses the data on the primary In
struction bus (PX4-PX7). the current microprogram address. and 
several selection bits from the address control function to generate 
the next microprogram address. The PR-Iatch Jump/test functions 
use the data held in the· PR-Iatch. the current microprogram ad
dress. and several selection bits from the address control function 
to generate the next microprogram address. 

MNEMONIC FUNCTION DESCRIPTION 

JPR Jump/test PR-Iatch. ACO-AC2 are used to select 
1 of S row addresses In the current row group. 
specified by MAr and MAS. as the next row ad
dress. The four PR-Iatch bfts are used to select 1 
of 16 possible column addresses as the next col
umn address .. 

JLL Jump/test leftmost PR-Iatch bits. ACo-AC2 are 
used to select 1 of S row addresses In the current 
row group. specified by MA7 and MAS. as the next 
row address. PR2 and PR3 are used to select 1 of 
4 column addresses in col4 through col7 as the 
next column address. 
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JRL 

JPX 

Jump/test rightmost PR-Iatch bits. ACO and AC1 
are used to select 1 of 4 high-order row addresses 
in· the current row group. specified by MA7 and 
MAa. as the next row address. PRO and PR1 are 
used to select·1 of 4 possible column addresses In 
col12 through col15 as the next column address. 

Jump/test PX-bus and load PR-Iatch. ACO and 
AC1 are used to .select 1 of 4 row addresses In the 
current row group. specified by MAe~MAa. as the 
next row address. PX4-PX7 are used to select 1 
of 16 possible column addresses as the next col
umn address. SXo-SX3 data is locked in the PR
latch at the rising edge of the clock. 

FLAG CONTROL FUNCTIONS 
The flag control functions of the MCU are selected by the four Input 
lines deSignated FCO-FC3. Function code formats are given in 
"Fiag Control Function summary". 

The following Is a detailed description of each of the eight flag con-
trol functions. . 

FLAG INPUT CONTROL FUNCtiONS 
The flag Input control functions select which flag or flags will be set 
to the current value of the flag input (FI) line. 

Data on FI Is stored in the F-Iatch when the clock. is low. The con
tent of the F-Iatch Is loaded into the C and/or Z flag on the rising 
edge of the clock. 

MNEMONIC 

SCZ 

STZ 

STC 

HCZ 

FUNCTION DESCRIPTION 

Set C-flag and Z-flag to Fl. The C-flag and the Z
flag are both set to the value of FI. 

Set Z-flag to Fl. The Z-flag is set to the value of Fl. 
The C-flag Is unaffected. 

Set C-flag to Fl. The C-flag is set to the value of FI. 
The Z-flag Is unaffected. 

Hold C-flag and Z-flag. The values in the C-flag and 
Z-flag are unaffected. 

FLAG OUTPUT CONTROL FUNCTIONS 
The flag output control functions select the value to which the flag 
output (FO) line will be forced. 

ADDRESS CONTROL FUNCTION SUMMARY 
FUNCTION 

MNEMONIC DESCRIPTION AC, 5 4 3 2 
JCC Jump in current column 0 0 d4 d3 d2 
JZR Jump to zero row 0 1 0 d3 d2 
JCR Jump in curren·t row 0 1 1 d3 d2 
JCE Jump in column/enable 1 1 1 0 d2 
JFL Jumpltest F-Iatch 1 0 0 d3 d2 
JCF Jumpltest C-flag 1 0 1 0 d2 
JZF Jumpltest Z-flag 1 0 1 1 d2 
JPR Jumpltest PR-Iatch 1 1 0 0 d2 
JLL Jump/test left PR bits 1 1 0 1 d2 
JRL Jump/test right PR bits 1 1 1 1 1 
JPX Jump/test PX-bus 1 1 1 1 0 

NOTE: 
dn ,." Data on address control line n 
mn = Data In microprogram address register bit n 

BIPOLAR MICROPROCESSOR 

MNEMONIC FUNCTION DESCRIPTION 

FFO Force FO to O. FO is forced to the value of logical 
O. 

FFC Force FO to C. FO Is forced to the value of the C
flag. 

FFZ Force FO to Z. FO is forced to the value of the Z
flag. 

FF1 Force FO to 1. FO is forced to the value of logical 
1. 

STROBE FUNCTIONS 
The load function of the MCU is controlled by. the input line desig
nated LD. If the LD line Is active HIGH at the rising edge of the 
clock. the date on the primary and secondary instruction busses. 
PX4-PX7 and SXo-SX3. is loaded into the microprogram ad
dress register. PX4-PX7 are loaded into MAO-MA3 and 
SXO-SX3 are loaded Into MA4-MA7. The high-order bit of the 
microprogram address register MAa is set to a logical O. The bits 
from the primary Instruction bus $Slect 1 of 16 possible column 
addresses. Likewise, the bits from the secondary instruction bus 
select 1 of the first 16 row addresses. 

The MCU generates an interrupt strobe enable on the output line 
deSignated ISE. The line is placed in the active high state whenever 
a JZR to col15 Is selected as the address control function. General
ly, the start of a macroinstruction fetch sequence is situated at 
rowO and col15 so the interrupt control may be enabled at the be
ginning of the fetch/execute cycle. The interrupt control responds 
to the interrupt by pulling the enable row address (ERA) input line 
low to override the selected next row address from the MCU. Then 
by gating an alternative next row address on to the row address 
lines of the microprogram memory. the microprogram may be 
forced to enter an Interrupt handling routine. The alternative row 
address placed on the microprogram memory address lines does 
not alter the contents of the microprogram address register. There
fore. subsequent jump functions will utilize the row alildress In the 
register, and not the alternative row address. to determine the next 
microprogram address. 

Note, the load function always overrides the address control func
tion on ACO-AC6. It does not. however, override the latch enable 
or load sub-functions of the JCE or JPX instruction. respectively. In 
addition. It does not Inhibit the interrupt strobe enable or any of the 
flag control functions. 

NEXT ROW NEXT COL 
1 0 MAe 7 , 5 4 MA3 2 1 0 

d1 dO d4 d3 d2 d1 dO m3 m2 m1 mO 
d1 dO 0 0 0 0 0 d3 d2 d1 dO 
d1 dO ma m7 me ms m4 d3 d2 d1 dO 
d1 dO ma m7 d2 d1 dO m3 m2 m1 mO 
d1 dO ma d3 d2 d1 dO m3 0 1 f 
d1 dO ma m7 d2 d1 dO m3 0 1 c 
d1 dO ma m7 d2 d1 dO m3 0 1 z 
d1 dO ma m7 d2 d1 dO P3 P2 P1 PO 
d1 dO ma m7 d2 d1 dO 0 1 P3 P2 
d1 dO ma m7 1 d1 dO 1 1 P1 PO 
d1 dO ma m7 m6 d1 dO x7 xe x5 x4 

Pn ~ Data In PR-latch bit n 
xn ~ Data on PX-bus lina n (active LOW) 

. f,c,z ~ Contents 01 F-latch, Gollag, or Z-lIog, respectively 
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FLAG CONTROL FUNCTION SUMMARY 
TYPE MNEMONIC DESCRIPTION FC1 0 

SCZ Set C-flag and Z-flag to f 0 0 
Flag STZ Set Z-flag to f 0 1 
Input STC Set C-flag to f 1 0 

HCZ Hold C-flag and Z-flag 1 1 

TYPE MNEMONIC DESCRIPTION FC3 2 
FFO Force FO to 0 0 0 

Flag FFC Force FO to C-flag 0 1 
Output FFZ Force FO to Z-flag 0 

FF1 Force FO to 1 1 

LOAD 
FUNCTION NEXT ROW NEXT COL 

LD MAS 7 S 5 4 MA3 2 0 
0 See Address Control Function Summary 

0 X3 X2 X2 Xo X7 Xs X5 ~ 
NOTE: 
1 = Contents 01 the F-Iatch 
xn = Data on PX- or SX-bus line n (active LOW) 

JUMP SET DIAGRAMS 
The following ten diagrams illustrate the jump set for each of the 
eleven jump and jump/test functions of the MCU. Location 341 indi
cated by the circled square, represents one current row (row21) 

JCC 
JUMP IN CURRENT COLUMN 

ROWO- t-++-++-III-t-t-I-+-t-H--HH 

BIPOLAR MICROPROCESSOR 

and current column (coI5) address. The dark boxes indicate the 
microprogram locations that may be selected by the particular 
function as the next address. 

JZR 
JUMP TO ZERO ROW 
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CURRENT 
ROW 
GROUP 
M87 

f 0 

JPR 
JUMP!TEST PR-LATCH 

ROW31 _ t;ttii=ti:t:t::tttjj::tt1 
t t 

COLO COL1S 

JRL 
JUMP!TEST RIGHT LATCH 

CURREN.;L- H--HH-+H+H+
ROW 
GROUP 
MS76 

101 J""" H-+<H-+H+H+-

I I 
COLI2 COLI5 

•• II1II1· 

CURRENT 
ROW 
GROUP 
MS7 

10 

CURREN;L
ROW 
GROUP 
MS76 

JLL 
JUMP/TEST LEFT LATCH 

I 

JPX 
JUMP!TEST PX-BUS 

10 f J"""I-++++++-+++-+++-t+t-i 



JCR 
JUMP IN CURRENT ROW 

ROWO_ 1-+-1-++-+-+-+-+-+-+-+-+-+-+-+-1 

CURRENT 
ROW 
GROUP 
MS 

1 

JFL 
JUMP/TEST F-LATCH 

CURRENT 
COLUMN 

GROUP I 
M3=0 

I!!III .... 

BIPOLAR MICROPROCESSOR 

JCE 
JUMP COLUMN/ENABLE 

CURRENT t-++++-tIIIH-+t-I-++t-++t 
ROW 
GROUP 
MS7 

10 

CURRENT 
ROW 
GROUP 
MS7 

10 

CURRENT COLUMN 

JCF. JZF 
JUMP!TEST C-FLAG 
JUMP/TEST Z-FLAG 

CURRENT 
COLUMN 
GROUP 
M3=0 

I 
t ~ {c.z= 1) 

COL2 (c,z .. 
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BIPOLAR MICROPROCESSOR. 

AC ELECTRICAL CHARACTERISTICS TA=O·Cto 70·C. VCC=5.0V ± 5% 

LIMITS. 

PARAMETER MIN TYp1 MAX UNIT 

tCY Cycle Time 60 45 ns 
twp Clock Pulse Width 17 10 ns 

Control and Data Input Set-Up Times: 
tSF lD. ACO-AC6 (Set to "1"/"0") 20 3/14 ns 
tSK FCO.FC1 7 5 ns 
tsx P~-PX7 (Set to "1"1"0") 28 4/13 ns 
tSI FI (Set to "1"1"0") 12 -610 ns 
tsx SXo - SX3 15 15 ns 

Control and Data Input Hold Times: 
tHF lD. ACO-AC6 (Hold to "1"1"0") 4 -31-14 ns 
tHK .FCO. FC1 4 -5 ns 
tHX PX4-PX7 (Hold to "1"1"0") 0 -41-13 ns 
tHI FI (Hold to "1"1"0") 16 6.5/0 ns 
tNX SXo-SXs 0 -5 ns 
tco Propagation Delay from Clock Input (ClK) to Outputs 17/24 36 ns 

(MAO-MAS. FO) (tPHl/tPlH) 
tKO . Propagation Delay from Control Inputs FC2 and FC3 to Flag 13 24 ns 

Out (FO) 
tFO Propagation Delay from Control Inputs ACO-AC6 to latch 21 32 ns 

Outputs (PRO-,PR2) 
tEO Propagation Delay from Enable Inputs EN and ERA to Outputs 17 26 ns 

(MAO-MAS. FO. PRO-PR2) 
tFI Propagation Delay from Control Inputs ACO-AC6 to Interrupt 20 32 ns 

Strobe Enable Output (lSE) 

NOTE: 
1. Typical values are for TA = 25·C and 5.0 supply voltage. 
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DESCRIPTION 

BIPOLAR MICROPROCESSOR 

PIN CONFIGURATION 
The N3002 Central Processing Element (CPE) Is one part of a bipo
lar microcomputer set. The N3002 Is organized as a 2-bit slice and 
performs the logical and arithmetic functions required by micro
Instructions. A system with any number of bits In a data word can 
be Implemented by using multiple N3002s, the N3001 microcompu
ter control unit, the N74S182 carry look-ahead unit and ROM or 
PROM memory. 

XL,I PACKAGE 

FEATURES 
• 45n. cycle time (TYP.) 
• Ea.y expen.ion to multiple of 2 bit. 
·11 general purpo.e regi.ler. 
• Full function accumulator 
• U .. ful function. include: 

2'. complemenl arithmetic 
Logical and, or, nol, exclu.ive-nor 
Incremenl, decremenl 
Shift leftl.hllt righl 
Bit t .. ling and zero delecllon 
Carry Iook-aheed generalion 
Ma.klng via K-bu. 
Condilioned clocking allowing non-d .. lructlve lealing of 

dala In accumulalor and acralchped 
·3 inpul bu .... 
·2 oulput bu .... 
• Conlrol bu. 

BLOCK DIAGRAM 
(12) 

r-~--~~------------I 
(ll)ID--<Jt---+i 

Eli 
~------------------~-o(~) 

Eo 

~)X'!~~~~~~~~~~~~~~~~~~~~;::::::l~~~~~~::::~:g (6) v ARITHMETIC AND CT (10) 
(7) co LOGIC UNIT RO (8) 
(9) 1] 

(18) CLi<o-ol I 
(28) VccOo--i MULTIPLEXER I 
(14) GNDo--+ ---+-------r------l B I 

(IS)F60 I 
(16) FSo--+----I I 
(17)F4o--+~---I FUNCTION I 
(24) F3o--+----I DECODER I 

(27) F2g=E===1 I (26) F, 
(25)FO I 

I L _________ _ ________ ...1 

M, iiQ 1, Iii K, KO 
(21) (22) (2)(1) (4) (3) 
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BIPOLAR MICROPROCESSOR 

PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE 

1,2 10-11 External Bus Inputs Active LOW 
The external bus inputs provide a separate input port for external 

- - input devices. 
3,4 KO-K1 Mask Bus Inputs Active LOW 

The mask bus inputs provide a separate input port from the microprogram 
memory, to allow mask or constant entry. 

5,e X, y Standard Carry Look-Ahead Cascade Outputs Active HIGH 
The cascade outputs allow high speed arithmetic operations to be 
performed when they are used in conjunction with the 74S182 
Look-Ahead Carry Generator. 

7 CO Ripple Carry Out Active LOW 
The ripple carry output is only disabled during shift right operations. Three-state 

8 RO Shift Right Output Active LOW 
The shift right output is only enabled during shift right operations. Three-state 

9 [j Shift Right Input Active LOW 
10 Ci Carry Input Active LOW 
11 EA Memory Address Enable Input Active LOW 

When in the LOW state. the memory address enable Input enables the 
memory address outputs (Ao-A1). 

12-13 Ao-A1 Memory Address Bus Outputs Active LOW 
The memory address bus outputs are the buffered outputs of the Three-state 
memory address register (MAR). 

14 GNO Ground 
15-17. Fo-Fa Micro-Function Bus Inputs Active-HIGH 
24-27 The micro-function bus inputs control ALU function and register 

selection. 
18 CCi( Clock Input 
19-20 00-0 1 Memory Data Bus Outputs Active LOW 

The memory data bus outputs are the buffered outputs of the full Three-state 
function accumulator register (AC). 

21-22 MO-M1 Memory Data Bus Inputs Active LOW 
The memory data bus inputs provide a separate Input port for 
memory data. 

23 ED Memory Data Enable Input Active LOW 
When in the LOW state. the memory data enable Input enables the 
memory data outputs (00-01). 

28 VCC +5 Volt Supply 

SYSTEM DESCRIPTION A multiplexer selects inputs from one of the following: 
1. MICROFUNCTION DECODER AND K-BUS 
BasiC mlcrofunctlons are controlled by a 7-bit bus (Fo-Fe) which is 
organized Into two groups. The higher 3 bits (F4-F6) are desig
nated as F-Group and the lower 4 bits (FO-F3) are deSignated as 
the R-Group. The F-Group specifies the type of operation to be per
formed and the R-Group specifies the registers involved. 

The F-Bus instructs the micro(unction decoder to: 
• Select ALU functions to be performed 
• Generate scratch pad register address 
• Control A and B multiplexer 

The resulting mlcrofunctlon action can be: 
• Data transfer 
• Shift operations 
• Increment and decrement 
• Initialize stack 
• Test for zero conditions 
• 2's complement addition and subtraction 
• Bit masking 
• Maintain program counter 

2. A AND B MULTIPLEXERS 
A and B multiplexers select the proper two operands to the ALU. 

• M-bus (data from main memory) 
• Scratch pad registers 
• Accumulator 

B multiplexer selects inputs from one of the following: 
• I-bus (data from external 110 devices) 
• Accumulator 
• K-bus (literal or masking information from micro-program mem-

ory) 

3. SCRATCHPAD REGISTERS 
• Contains 11 registers (RO-R9. T) 
• Scratchpad register outputs are multiplexed to the ALU via the A 

multiplexer 
• Used to store Intermediate results from arithmeticllogic opera

tions 
• Can be u. as program counter 

4. ARITHMETIC/LOGIC UNIT (ALU) 
The ALU performs the arithmetiC and logic operations of the CPE. 

Arithmetic operations are: 
• 2's complement addition 
• Incrementing 
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• Decrementing 
• Shift left 
• Shift right 

Logical operations are: 
• Transfer 
'AND 
• Inclusive-OR 
• Excluslve-!'IOR 
• Logic complement 

ALU operation results are then stored in· the accumulator and/or 
scratch pad registers. For easy expansion to larger arrays, carry 
look-ahead outputs (X and Y) and cascading shift Inputs (LI, RO) are 
provided. 

5. ACCUMULATOR 
• Stores results from ALU operations 
• The output of accumulator is multiplexed Into ALU via the A and B 

multiplexer as one of the operands 

8. INPUT BUSES 
M-bus: Data bus from main memory 
• Accepts 2 bits of data from main memory Into CPE 
• Is multiplexed Into the ALU via the A multiplexer 

FUNCTION DESCRIPTION 
F R K 

GROUP GROUP BUS NAME EQUATION 

0 I XX - Rn + (AC A K) + CI ..... Rn, AC 

00 ILR Rn + CI ..... Rn, AC 

11 ALR AC + Rn + CI ..... Rn, AC 

0 II XX - M + (ACA K) + CI ..... AT 

00 ACM M +CI ..... AT 

11 AMA. M + AC+ CI ..... AT 

0 III XX - ATL A (lL A KL) ..... RO 
U v [(IH A KH)" ATH) ..... ATH 

[ATL A (lL A KL)]V 
[ATH v (IH A KH») ..... ATL 

00 SRA ATL ..... RO ATH ..... ATL U ..... ATH 

1 I XX - Kv Rn ..... MAR 
Rn+ K+ CI ..... Rn 

00 LMI Rn ..... MAR Rn+CI ..... Rn 

11 DSM 11 ..... MAR Rn -1 +CI ..... Rn 
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BIPOLAR MICROPROCESSOR 

I-bus: Data bus from Input/output devices 
• Accepts 2 bits of data from external Input/output devices Into CPE 
• Is multiplexed Into the ALU via the B multiplexer 

K-bus: A special feature of the N3002 CPE 
• During arithmetic operations, the K-bus can be used to mask por

tions of the field being operated on 
• Select or remove accumulator from operation by placing K-bus In 

all "1" or all "0" state respectively 
• During non-arithmetic operation, the carry circuit can be used In 

conjunction with the K-bus for word-wise-OR operation for bit 
testing 

• Supply literal or constant data to CPE 

7. OUTPUT BUSES 
A-bus and Memory Address Register 
• Main memory address is stored in the memory address register 

(MAR) 
• Main memory Is addressed via the A-bus 
• MAR and A-bus may also be used to generate device address 

when executing I/O Instructions 
• A-bus has Trl-State outputs 

D-bus: Data bus from CPE to main memory or to I/O devices 
• Sends buffered accumulator outputs to main memory or the exter

nal I/O devices 
• D-bus has Trl-State outputs 

DESCRIPTION 

Logically AND AC with the K-bus. Add the result to Rn and 
carry input (CI). Deposit the sum in AC and Rn. 

Conditionally increment Rn and load the result In AC. Used to 
load AC from Rn or to Increment Rn and load a copy of the result 
inAC. 

Add AC and CI to Rn and load the result in AC. Used to add AC 
to a register. If Rn is AC, then AC Is shifted left one bit position. 

Logically AND AC with the K-bus. Add the result to CI and the 
M-bus. Deposit the sum in AC or T. 

Add CI to M-bus. Load the result In AC or T, as specified. Used 
to load memory data In the specified register, or to load Incre-
mented memory data in the specified register. 

Add the M-bus to AC and CI, and load the result In AC or T, as 
specified. Used to add memory data or Incremented memory 
data to AC and store the sum In the specified register. 

None 

Shift AC or T, as specified, right one bit position. Place the pre-
vious low order bit value on RO and fill the high order bit from 
the data on LI. Used to shift or rotate AC or T right one bit. 

Logically OR Rn with the K-bus. Deposit the result In MAR. Add 
the K-bus to Rn and CI. Deposit the result in Rn. 

Load MAR from Rn. Conditionally increment Rn. Used to main-
tain a macro-instruction program counter. 

Set MAR to all one's. Conditionally decrement Rn by one. Used 
to force MAR to its highest address and to decrement Rn. 



FUNCTION DESCRIPTION (Continued) 

F R K 
GROUP GROUP BUS NAME EQUATION 

1 II XX - K V M --+ MAR 
M + K + CI--+AT 

00 LMM M --+ MAR M + CI--+ AT 

11 LDM 11--+ MAR 
M - 1 + CI--+ AT 

1 III XX - (AT v K) + (AT" K) + CI--+ AT 

00 CIA AT + CI--+ AT 

11 DCA AT - 1 + CI--+ AT 

2 I XX - (AC " K) - 1 + CI --+ Rn 

00 CSR CI - 1--+ Rn 
(See Note 1) 

11 SDR AC - 1 + CI --+ Rn 
(See Note 1) 

2 II XX - (AC " K) - 1 + CI --+ AT 
(See Note 1) 

00 CSA CI- 1--+ AT 
(See Note 1) 

11 SDA AC - 1 + CI--+ AT 
(See Note 1) 

2 III XX - (I" K)- 1 +CI--+AT 
(See Note 1) 

00 CSA CI -l--+AT 

11 LDI I - 1 + CI--+ AT 

3 I XX - Rn+(AC "K)+CI--+Rn 

00 INR Rn + CI--+ Rn 

11 ADR AC + Rn + CI--+ Rn 

BIPOLAR MICROPROCESSOR 

DESCRIPTION 
Logically OR the M-bu8 with the K-bu8. Deposit the result in 
MAR. Add the K-bus to the M-bus and CI. Deposit the sum In AC 
orT. 

Load MAR from the M-bus. Add CI to the M-bus. Deposit the 
result In AC or T. Used to load the address register with memory 
data for macro-instructions using Indirect addressing. 

Set MAR to all ones. Subtract one from the M-bus. Add CI to Jhe 
difference and deposit the result in AC or T, as specified. Used to 
load decremented memory data in AC or T. 

Logically OR the K-bus with the complement 01 AC or T, 88 

8peclfied. Add the result to the logical AND of specified register 
with the K-bus. Add the sum to CI. Deposit the result in the spec-
ified register. 

Add CI to the complement of AC or T, as specified. Deposit the 
result in the specified register. Used to form the l's or 2's com-
plement of AC or T. 

Subtract one from AC or T, as specified. Add CI to the difference 
and deposit the sum in the specified register. Used to decrement 
ACorT. 

Logically AND the K-bu8 with AC. Subtract one from the result 
and add the difference to CI. Deposit the sum in Rn. 

Subtract one from CI and deposit the difference In Rn. Used to 
conditionally clear or set Rn to all O's or l's, respectively. 

Subtract one from AC and add the difference to CI. Deposit the 
sum in Rn. Used to store AC in Rn or to store the decremented 
value of AC in Rn. 

Logically AND the K-bu8 with AC. Subtract one from the result 
and add the difference to CI. Deposit the sum in AC or T, as 
specified. 

Subtract one from CI and deposit the difference in AC or T. Used 
to conditionally clear or set AC or T. 

Subtract one from AC and add the difference to CI. Deposit the 
sum in AC or T. Used to store AC In T, or decrement AC, or store 
the decremented value of AC in T. 

Logically AND the data of the K-bu8 with the data on the l-bu8. 
Subtract one from the result and add the difference to CI. De-
posit the sum in AC or T, as specified. 

Subtract one from CI and deposit the difference in AC or T. Used 
to conditionally clear or set AC or T. 

Subtract one from the data on the I-bus and add the difference 
to CI. Deposit the sum in AC or T, as specified. Used to load in-
put bus data or decremented input bus data In the specified 
register. 

Logically AND AC with the K-bu8. Add Rn and CI to the result. 
Deposit the sum in Rn. 

Add CI to Rn and deposit the sum in Rn. Used to increment Rn. 

Add AC to Rn. Add the result to CI and deposit the sum in Rn. 
Used to add the accumulator to a register or to add the incre-
mented value of the accumulator to a register. 
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BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

3 " xx - M + (AC /I K)+ CI ...... AT Logically AND AC with the K-BUs. Add the result to CI and the 
M·bus. Deposit the sum in AC or T. 

00 ACM M + CI ..... AT Add CI to M-bus. Load the result in AC or T, as specified. Used 
to load memory data.in the specified register, or to load Incre-
mented memory data In the specified register. 

11 AMA M +AC+ CI ..... AT Add the M-bus to AC and CI, and load the result In AC or T, as 
specified. Used to add memory data or Incremented memory 
data to AC and store the sum In the specified register. 

3 III XX - AT + (I /I K) + CI ..... AT Logically AND the K-bus with the I-bus. Add CI and the con-
tents of AC or T, as specified, to the result. Deposit the sum In 
the specified register. 

00 INA AT + CI ..... AT Conditionally increment AC or T. Used to increment AC or T. 

11 AlA I + AT + CI ..... AT Add the I-bus to AC or T. Add CI to the result and deposit the 
sum In the specified register. Used to add input data or incre-
mented input data to the specified register. 

FUNCTION TRUTH TABLE 
FUNCTION SYMBOL MEANING 

GROUP Fe Fs F4 I,K,M Data on the I, K, and M busses, respectively 
0 0 0 0 CI, LI Data on the carry input and left input, respectively 

CO,RO Data on the carry output and right output, respec-
tively 

Rn Contents of register n including T and AC 
(R-Group J) 

1 0 0 1 
2 0 1 0 
3 0 1 1 
4 1 0 0 
5 1 0 1 
S 1 1 0 AC Contents of the accumulator 

7 1 .1 1 AT Contents of AC or T, as specified 

MAR Contents of the memory address register 

REGISTER 
GROUP REGISTER F3 FZ F1 FO 

L,H As subscripts, designate low and high order bit, 
respectively 

+ 2's complement addition 
Ro 0 0 0 0 
R1 0 0 0 1 
R2 0 0 1 0 
R3 0 0 1 1 

- 2's complement subtraction 
1\ Logical AND 
v Logical OR 
-

R4 0 1 0 0 (9 exclUSive-NOR 

I R5 0 1 0 1 
RS 0 1 1 0 

..... Deposit Into 

NOTE: 
R7 0 1 1 1 1. 2'. complement arithmetic adds tit ... t 1 to perform subtraction of 000 ... 01. 

RS 1 0 0 0 
Rg 1 0 0 1 
T 1 1 0 0 

AC 1 1 0 1 

II 
T 1 0 1 0 

AC 1 0 1 1 

III 
T 1 1 1 0 

AC 1 1 1 1 
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BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 

F R K 
GROUP GROUP BUS NAME EQUATION DESCRIPTION 

4 I xx - CI v (Rn 1\ AC !\ K) - CO Logically AND the K-bus with AC. Logically AND the result with 
Rn !\ (AC 1\ K) - Rn the contents of Rn. Deposit the final result in Rn. Logically OR 

the value of CI with the word-wise OR ot the bits of the final re-
sult. Place the value of the carry OR on the carry output (CO) 
line. 

00 CLR CI-CO 0- Rn Clear Rn to all O·s. Force CO to CI. Used to clear a register and 
force CO to CI. 

11 ANR CI v (Rn !\ AC) - CO Logically AND AC with Rn. Deposit the result in Rn. Force CO tl) 
Rn !\ AC -+ Rn one if the result is non-zero. Used to AND the accumulator with a 

register and test for a zero result. 

4 II XX - CI v (M 1\ AC !\ K) - CO Logically AND the K-bu8 with AC. Logically AND the result with 
M !\ (AC !\ K) ...... AT the M-bus. DeposJt the final result in AC or T. Logically OR the 

value of CI with the word-wise OR of the bits of the final result. 
Place the value of the carry OR on CO. 

00 CLA CI-CO O-AT Clear AC or T. as specified. to all O·s. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 ANM CI v (M !\ AC) -+ CO Logically AND the M-bus with AC. Deposit the result in AC or T. 
MI\AC-AT Force CO to one if the result is non-zero. Used to AND M-bus 

data to the accumulator and test for a zero result. 

4 III XX - CI v (AT !\ 1 !\ K) - CO Logically AND the l-bu8 with the K-bu8. Logically AND the re-
AT 1\ (I !\ K) ...... AT suit with AC or T. Deposit the final result in the specified register. 

Logically OR CI with the word-wise OR of the final result. Place 
the value of the carry OR on CO. 

00 CLA CI-CO O-AT Clear AC or T. as specified. to all O·s. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 ANI CI v (AT 1\ 1)-+ CO Logically AND the I-bus with AC or T. as specified. Deposit the 
AT 1\ l-AT result in the specified register. Force CO to one if the result is 

non-zero. Used to AND the I-bus to the accumulator and test for 
a zero result. 

S I XX - CI'V (Rn 1\ K) - CO Logically AND the Kobu8 with An. Deposit the result in Rn. Logi-
K 1\ Rn-+ Rn cally OR CI with the word-wise OR of the result. Place the value 

of the carry OR on CO. 

00 CLR CI-CO O-+Rn Clear Rn to all O·s. Force CO to CI. Used to clear a register and 
force CO to CI. 

11 TZR CI v Rn -CO Force CO to one If Rn Is non-zero. Used to test a register for 
Rn -+ Rn zero. Also used to AND K-bus data with a register for masking 

and. optionally. testing for a zero result. 

S II XX - CI :v (M !\ K) -+ CO Logically AND the K-bu8 with the M-bu8. Deposit the result in 
K'!\ M -AT AC or T. as specified. Logically OR CI with the word-wise OR of 

the result. Place the value of the carry OR on CO. 

00 CLA CI-CO O-AT Clear AC or T. as specified. to all O·s. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 LTM ClvM-CO Load AC or T. as specified. from the' M-bus. Force CO to one if 
M--AT the result is non-zero. Used to load the specified register from 

memory and test for a zero result. Also used to AND the K-bus 
with the M-bus for masking and. optionally. testing for a zero 
result. 
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BIPOLAR MICROPROCESSOR 

FUNCTION DESCRIPTION (Continued) 
F R K 

GROUP GROUP BUS NAME EQUATION DESCRIPTION 

5. III xx - CI.y(AT II K) ...... CO Logically AND the K-bus with AC or T, .s specified. Deposit the 
K II AT ...... AT result in the specified register. Logically OR CI with the word-

wise OR of the result. Place the value of the carry OR on CO. 

00 CLA CI ...... CO 0""" AT Clear AC or T, as specified. to all O·s. Force CO to CI. Used to 
clear the specified register and force CO to CI. 

11 TZA CI y AT ...... CO 
AT""" AT Force CO to one if AC or T. as specified. is non-zero. Used to 

test the specified register for zero. Also used to AND the K-bus 
to the specified register for masking and. optionally. testing for a 
zero result. 

6 I XX - CI v(AC ,II K) ...... CO Logically OR CI with the word-wise OR of the logical AND of AC 
Rn v (AC II K) ...... RN and the K-bus. Place the result of the carry OR on CO. Logically 

OR Rn with the logical AND of AC and the K-bus. Deposit the 
result in Rn. 

00 NOP CI ...... CO An ...... Rn Force CO to CI. Used as a null operation or to force CO to CI. 

11 ORR CI v AC ...... CO Force CO to one if AC Is non-zero. Logically OR AC with Rn. 
RNvAC ...... RN Deposit the result in Rn. Used to OR the accumulator to a regis-

ter and. optionally. test the previous accumulator value for zero. 

6 II XX - CI v (AC II K) ...... CO Logically OA CI with the word-wise OR of the logical AND of AC 
. M v (AC II K) ...... AT and the K-bus. Place the carry OR on CO. Logically OR the M-

bus. with the logical AND of AC and the K-bus. Deposit the final 
result in AC or T. 

00 LMF CI ...... CO M ...... AT Load AC or T. as specified, from the M-bus. Force CO to CI. 
Used to load the specified register with memory data and force 
CO to CI. 

11 ORM Clv AC ...... CO Force CO to one if AC is non-zero. Logically OR the M-bus with 
My AC ...... AT AC. Deposit the result in AC or T. as specified. Used to OR M-

bus with the AC and. optionally. test the previous value of AC for 
zero. 

6 III XX - CI v (I II K) .... CO Logical OR CI with the word-wise OR of the logical AND of the 1-
AT v (I II K) .... AT bus and the K-bus. Place the carry OA on CO. Logically AND the 

K-bus with the I-bus. Logically OA the result with AC or T. as 
specified. Deposit the final result in the specified register. 

00 NOP CI .... CO Rn .... Rn Force CO to CI. Used as a null operation or to force CO to CI. 

11 OAI Clv I ...... CO Force CO to one if the data on the I-bus is non-zero. Logically 
Iv AT .... AT OR the I-bus to AC or T. as specified. Deposit the result in the 

specified register. Used to OR I-bus data with the specified regis-
ter and. optionally. test the I-bus data for zero. 

7 I XX - CI 'v' (An II AC II K) ...... CO Logically OR CI with the word-wise OA of the logical AND of Rn 
Rn @ (AC II K) ...... Rn . and AC and the K-bus. Place the carry OA on CO. Logically AND 

the K-bus with AC. Exclusive-NOR the result with Rn. Deposit the 
final result in Rn. 

00 CMR CI ...... CO Rn .... Rn Complement the contents of An. Force CO to CI. 

11 XNR CI ,yo (Rn II AC) .... CO Force CO to one If the logical AND of AC and Rn is non-zero. 
Rn@AC .... Rn Exclusive-NOR AC with An. Deposit the result in Rn. Used to ex-

clusive-NOR the accumulator with a register. 
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FUNCTION DESCRIPTION (Continued) 
F R K 

GROUP GROUP BUS NAME EQUATION 

7 II xx - CI v (M /I AC /I K) --+ CO 
M @ (AC /I K) --+ AT 

00 LCM CI--+ CO M --+AT 

11 XNM CI v (M /I AC) --+ CO 
M@AC-AT 

7 III XX - CI v (AT /I 1/\ K) --+ CO 
AT@(I /I K)-AT 

00 CMA CI-CO AT-AT 

11 XNI Clv (AT /I I) - CO 
I@AT-AT 

MICROCYCLE TIMING SEQUENCE 

"SYSTEM CLOCK MAY BE OMITTED THROUGH EXTERNAL GATING IN ORDER TO USE 
CARRY, SHIFT OR CARRY LOOK-AHEAD CIRCUITTO PERFORM NON·DESTRUCTIVE 
TEST ON DATA IN ACCUMULATOR OR IN SCRATCHPAD REGISTERS. 

BIPOLAR MICROPROCESSOR 

DESCRIPTION 

Logically OR CI with the word-wise OR of.the logical AND of AC 
and the K-bus and M-bus. Place the carry OR on CO. Logically 
AND the K-bus with AC. Exclusive NOR the result with the M-
bus. Deposit the final result In AC or T. 

Load the complement of the M-bus into AC or T, as specified. 
Force CO to CI. 

Force CO to one if the logical AND of AC and the M-bus is non-
zero. Exclusive-NOR AC with the M-bus. Deposit the result in AC 
or T, as specified. Used to exclusive-NOR memory data with the 
accumulator. 

Logically OR CI with the word-wise OR of the logical AND of the 
specified register and the I-bus and K-bus. Place the carry OR on 
CO. Logically AND the K-bus with the I-bus. Exclusive-NOR the 
result with AC or T, as specified. Deposit the final result in the 
specified register. 

Complement AC or T, as specified. Force CO to CI. 

Force CO to one if the logical AND of the specified register and 
the I-bus is non-zero. Exclusive-NOR AC with the I-bus. Deposit 
the result in AC or T, as specified. Used to exclusive-NOR input 
data with the accumulator. 

47 

.. 
2 ... w o o .. .. o .. o -E 



SWITCHING CHARACTERISTICS T A = O·C to 70·C VCC - 5V ± 5% . -

SYMBOL PARAMETER MIN 

tCY Clock Cycle Time 

twp Clock Pulse Width 

tFS Function Input Set-Up Time (FO through F6) 

Data Set-Up Time: 
tDS 10. 11. MO. M1. Ko. K1 
tss ll.CI 

Data and Function Hold Time: 
tFH FO .through F6 
tDH 10. 11. MO. M1. KO. K1 
tSH ll.CI 

Propa9 __ .on Delay to X. Y. RO from: 
tXF Any Function Input 
tXD Any Data Input 
tXT Trailing Edge of ClK 
tXl leading Edge of ClK 

Propagation Delay to CO from: 
tCl leading Edge of ClK 
tCT Trailing Edge of ClK 
tCF Any Function Input 
tCD Any Data Input 
tcc CI (Ripple Carry) 

Propagation Delay to Ao. A1. DO. 01 from: 
tDl leading Edge of ClK 
tOE Enable Input ED. EA 

NOTE: 
1. Typical valu •• a.a for TA = 25'C and typical supply voltage. 

PARAMETER MEASUREMENT INFORMATION 

48 

CLOCK INPUT 
elK 

FUNCTION INPUTS 
Fo-Fe 

DATA INPUTS 
10.. I,. Ko-K,.M(Io M, 

SHIFT AND CARRV 
INPUTS LI, CI 

CARRY AND SHIFT 
OUTPUTS X. Y, RO 

CD 

ENABLE INPUTS 
fA, ED 

'cv 

1\ 

'F. - 'FH 

~---- 1----, 
--- J '---

'os 
~=1 Lr -.----~.-, 

____ -J 
'----

1-"'-~~~ ,--f--.. 
--- I-----.J!\ '-----

'XT-

~ 
tXF- I--'Xl 

txo-

--.-
1--1, 

--- '-----

'cT 
fo'cc 

'cF~ ~'cl· 
'cO 

L' 1--1 ________ .J 
'----

y----------
- ----'I='DE I---~l 

,-----, Dfo~::'~~::6~ ______ 3~ ______ =t_ _ _J ' 

•• II1II. 

70 

17 

48 

40 
21 

4 
4 

12 

13 

16 

BIPOLAR MICROPROCESSOR 

TVpl MAX UNIT 

45 ns 

10 ns 

-23-+35 ns 

12-+29 ns 
0-+7 ns 

0 ns 
-26-+-11 ns 

-7-+0 ns 

28 41 ns 
16-+20 33 ns 

33 48 ns 
18-+40 73 ns 

24-+44 84 ns 
30-+40 56 ns 
25-+35 52 ns 
17-+23 44 ns 
9-+13 20 ns 

17-+25 40 ns 
10-+12 20 ns 



OBJECTIVE SPECIFICATiON 
DESCRIPTION FEATURES 

-12L technology 
- TTL inputs/outputs 

8X01-A,F 

PIN CONFIGURATION 

A,FPACKAGE 
The CRC Generator/Checker circuit is used 
to provide an error detection capability for 
serial digital data handling system. The se
rial data stream Is divided by a selected 
polynomial and the division remainder Is 
transmitted at the end of the data stream, 
as a Cyclic Redundancy check character 
(CRCC). When the data is received, the 
same calculation is performed. If the re
ceived message Is error-free, the calculated 
remainder should satisfy a predetermined 
pattern. In most cases, the remainder Is 
zero except In the case where Synchronous 
Data Link Control type protocols are used 
whereby the correct remainder Is checked 
for 1111000010111000 (xO - x 15). 

- 10 MHz (max) data rate 
- total power dissipation = 175 mw (max) Vee 

ER 
-Yee = 5.oy 
-YJJ = 1.0Y 
• .. parala preaet and re .. t controls 

so Q 
• SDLC epacified pattern match 
• Automatic right justification MR o 

eWE 

GND 

8 polynomials are provided and can be se
lected via a 3-blt control bus. Popular 
polynomials such as CRC-16 and CCITT are 
Implemented. Polynomials can be pro
grammed to start with either all zeros or ali 
ones. 

TYPICAL APPLICATIONS 
• Floppy and other disc systems 
• Digital cassette and cartridge systems 
• Data communication systems 

Automatic right justification for polynomials 
of degree less than 16 is provided. 

FUNCTIONAL DESCRIPTION 
The CRC Generator/Checker circuit provides a means of detecting 
errors in a serial data communications environment. A binary mes
sage can . be interpreted as a binary polynomial H{x). This 
polynomial can be divided by a generator polynomial P{x) such that 
H{x) = P{x) O{x) + R{x) whereby O{x) is the quotient and P{x) is the 
remainder. During transmission, the remainder is appended to the 
end of the message as check bits. For a given message, a unique 
remainder is generated. Hardware implementation of division Is 
simply a feedback shift register with exclusive OR gating. 
Subtraction and addition In modulo 2 Is implemented by the exclu
sive OR function. The number of shift register stages Is equal to the 
degree of the divisor polynomial. 

Table 1 shows the polynomials implemented in the CRC circuit. 
Each polynomial can be selected via the three-bit polynomial con
trol inputs SO, Sl and S2. To generate the check bits, the data 
stream Is entered via the Data (D) input, using the HIGH to LOW 
transition of the Clock (CP) Input. This data is gated with the most 
significant output (O) of the register, and controls the. exclusive OR 
gates. The Check Word Enable (CWE) must be held HIGH while the 
data Is being entered. After the last data bit is entered, the CWE is 
brought LOW and the check bits are shifted out of the register and 
appended to the data bits using external gating. 

To check an incoming message for errors, both the data and check 
bits are entered through the 0 Input with the CWE input held HIGH. 
The 8XOl is not in the data path, but only monitors the message. 
The Error output becomes valid after the last check bit has been 
entered into the 8XOl by a HIGH to LOW transition of CPo If no de
tectable errors. have occurred during the data transmission, the 
resultant internal register bits are all LOW and the Error output (ER) 
is LOW. If a detectable error has occurred, ER is HIGH. ER remains 
valid until the next HIGH to LOW transition of CP or until the device 
has been Preset or Reset. PME must be HIGH if ER ~utput is used 
to reflect all zero result. 

For data communications using the Synchronous Data Link Control 
protocol (SDLC), the 8X;Ol is first preset to all ones before any ac
cumulation Is done. This applies to both transmitter and receiver. A 

special pattern of 1111000010111000 (xO - x15) Is used In place of 
ali zeroes during recelvtng for valid message check. PME is Incor
porated to select this option. If PME is LOW during the last bit time 
of the message, ER output is LOW if result matches this special 
pattern. When ER If HIGH, error has occurred 

A HIGH level on the Master Reset (MR) input asynchronously clears 
the register. A LOW level on the Preset {PI Input asynchronously 
sets the entire register If the control code Inputs specify a 16-bit 
polynomial; in the case of the 12 or 8-blt check polynomials only 
the most significant 12 or 8 register bits are set and the remaining 
bits are cleared. 

RECOMMENDED OPERATING CONDITIONS 

LIMITS 

PARAMETER MIN TYP MAX UNITS 

VCC 
IJJ 

So' Sl, S2 
o 
CP 

CWE 

P 
MR 

o 
ER 

PME 

Supply voltage 4.75 
Supply current 40 

Polynominal Select Inputs 

Data Input 

5.0 5.25 V 
100 mA 

Clock (operates on HIGH to LOW transition) Input 

cheCk Word Enable 

Preset (active LOW) Input 

Master Reset (active HIGH) input 

Data Output 
Error (active HIGH) output 

Pattern match enable (active LOW) 
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OBJECTIVE SPECIFICATION 

SELECT CODE 

S2 Sl So POLYNOMIAL 

L L L X16+X1S+X2+ 1 

L L H X16+X14+X+ 1 

L H L X16+X15+X13+X7 +X4+X2+Xl+ 1 

L H H 

H L L 

H L H 

H H L 

H H H 

LOGIC DIAGRAM 

X12+X11+X3+X2+X+ 1 

Xa+X7+X5+X4+X+1 

Xa+l 

X16+X12+X5+ 1 

x16+Xll+X4+ 1 

POLYNOMIAL 
SELECT 
LOGIC 

DATA IN _--.lr-"""-"---.-...------, 
CP 

MA$TER 
RESET 

DATA OUT 

.ilEMARKS 

CRC-16 

CRC-16 REVERSE 

CRC-12 

LRC-a 

CRC-CCln 

CRC-CCln REVERSE 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) . 

LIMITS 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT~ 

VIH Input high voltage 2.0 v 

VIL Input low voltage , 0.8 v 
Input clamp diode voltage Vee ~ MIN. liN ~ lamA -1,5 v 

VOH Output high voltage Vee ~ MIN. 10H ~ 400,.A 2.7 v 
VOL Output low voltage Vee ~ MIN. 10L ~ amA 0.5 v 

11H Max. input current Vee ~ MAX 0.1 mA 

11H Input high current Vee ~ MAX. V1N ~ 2.7v 1.0 2.0 /LA 

IlL Input low current Vee ~ MAX. VIN ~ 0.4v -0.36 mA 

lOS Output short circuit current Vee = MAX. VOUT ~ Ov -10 ~2 mA 

IJJ Supply current Vee ~ MAX. Inputs open 60 100 mA 

ICC Vee ~ MAX. Inputs open 10 1a mA 

50 

aX01-A.F 

12L INJECTOR CURRENT SOURCE 

VCC- VJJ (5.0-0.5lV 
AJJ . . 

Iii 60mA 
~4.15V ~700n 

60mA, 

TEST CIRCUIT 

R, . 

INPUT/OUTPUT CIRCUITS 

IT< 
INPUTS 

Input Structure 

NOTE: AlL RESISTORS VALUES ARE TVPICAL AND IN OHMS. 

'ROM 

'" 

Output Structure 

IT< 
OUTPUTS 

NOTE: ALL RESISTORS VALUES ARE TVPICAL AND IN OHMS. 



OBJECTIVE SPECIFICATION 

SWITCHING CHARACTERISTICS (T A ~ 25°C, IJJ ~ 60mA) 

PARAMETER TEST CONDITIONS MIN 

twCP(L) Clock Pulse Width (low) Fig.2 30 

tsD Setup Time, Data to Clock Fig. 5 

tsCWE Setup Time, CWE to Clock Fig. 5 

tn Hold Time, Data, CWE to Clock Fig. 5 CL ~ 15pF 

twP(L) Preset Pulse Width (Low) Fig. 3 40 

twMR(H) Master Reset Pulse Width (High) Fig. 5 40 

tREC Recovery Time, MR, Preset to Clock Fig. 3,4 

fmax Maximum Clock Frequency 

Propagation Delay 

tPLH,tPHL Clock, MR, Preset to Data Output Fig. 2,3,4 CL = 15pf 

Propagation Delay 

tpLH,tPHL Clock, MR, Preset to Error Output CL = 15pf 

Fig. 2 
CHECK WORD GENERATION 

DATA 

CHEC~~~~~ OO_-_--f~_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-.. -------t_-~~i_-J'\. ___ ; ...... ~g:!!.H~~~A~/.!!.BL!!I¥~~ 
(NOTE 1 AND 31 • 

NOTES: 

NOTE 2 

D CRC 
GENERATORI 

CLOCK O----IcP CHECKER 
MR 

NOTE 2 

CWE 
01----1_" 

1. Check word Enable is HIGH while data is being clocked, LOW during transmission of check bits. 
2. 8XO 1 must be reset or preset before each computation 
3. CRG check bits are generated and appended to data bits. 

Fig. 4 
PROPAGATION DELAYS, Ii TO Q AND ER 

PLUS RECOVERY TIME P TO CP 

Fig. 5 
PROPAGATION DELAYS, 

MRTOQANDER 

LIMITS 

VCC=5V 

TYP 

60 

45 

0 

60 

PLUS RECOVERY TIME, MR TO CP 
.... H' 

MAX 

75 

65 

90 

8X01-A,F 

LIMITS 

VCC=4.5V 

MIN TYP MAX 

8 10 

80 95 

110 125 

Fig. 3 
PROPAGATION DELAYS 
CP TO Q AND CP TO ER 

1/fMAX 

Fig. 6 
SET UP AND HOLD TIMES 
D TO CP and CWE TO CP 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 
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OBJECTIVE SPECIFICATION 8X02· 

DESCRIPTION FEATURES PIN CONFIGURATION 
The Signetics 8X02 is a low-Power 
Schottky lSI device intended for use in high 
performance microprogrammed systems to 
control the fetch sequence of microinstruc
tions. When combined with standard ROM 
or PROM, the 8X02 forms a powerful micro
programmed control section for computers, 
controllers, or sequenced logic. 

• Low-power Schottky procell 
• SOn. cycle lime (TVP) 
• 1024 microlnllrucllon addr .... ilily 
• N-way branch 
• 4-Ievel llack regiller file (LIFO type) 
• Aulomalicpulh/pop Ilack operation 
• "Teal a Ikip" operalion on 1811 Inpul 

line 

BLOCK DIAGRAM 

(2) 

• 3-bll command code 
• Tri-llale buffered oulpull 
• Aulo-reaallo addrell 0 during power-up 
• Condilional brenchlng, pop Ilack, a 

pUlhllack 
• POlilive edge Irigger 

(Iow-Io-hlgh Iranlillon) 

(12) (10) (8) (5) (3) 
(13) (II) (g) (6) (4) 

AgAs A7A6A5~A3A2Al AO 

I 
I 
I 

(1) AC2 
(28) AC1 

(27) ACo 
(25) ClK '.::'o-J, .... __ .J 

(22) VCcO-! 

(7) GNOo-{ 

I 
I 
I 

I 
I 
I 

f-o TEST 
I (26) 

I 
I L ____ _ _ ____________ ...1 

PIN DESCRIPTION 

PIN SVMBOL 

AO-AS 

ACO-AC2 

Bo-Bg 

EN 

ClK 

TEST 

GND 

Vec 

52 

BgB8 B7 B6 B5 B4 B3 ~ BI BO 
(24) 1211 (19) (17) (15) 

123) (20) (18) (16) (14) 

NAME AND FUNCTION 

Microprogram Address Outputs 

Next Address Control Function Inputs 
All addressing control functions are selected by these command lines. 

Branch Address Inputs 
Determines the next address of an N-way branch when used with the 
BRANCH TO SUBROUTINE (BSR) or BRANCH ON TEST (BRT) 
command. 

Enable Input 
When in the lOW state, the Microprogram Address Outputs are enabled. 

Clock Input 
All resisters are triggered on the lOW-ta-HIGH transition of the clock. 

Test Input 
Used In conjunction with four NEXT ADDRESS CONTROL FUNC-
TION commands to effect conditional, skips, branches, and stack 
operations. 

Ground 

+5 Volt Supply 

XL PACKAGE 

TVPE 

Three-state 
Active HIGH 

Active HIGH 

Active HIGH 

Active lOW 

Active HIGH 



OBJECTIVE SPECIFICATION 

FUNCTIONAL DESCRIPTION 
The Signetics 8X02 Control Store Sequencer Is an LSI device using 
Low Power Schottky technology and Is intended for use In high per
formance microprogrammed applications. When used alone, the 
8X02 Is capable of addressing up to 1k words of microprogram. 
This may be expanded to any microprogram size by conventional 
paging techniques. 

The Address Register consists of ten D-type, edge-triggered flip
flops with a common clock. A new address Is entered into the Ad
dress Register on the LOW-to-HIGH transition of the clock. The 
next address to be entered Into the Address Register Is supplied 
via the Address Multiplexer. 

The Address Multiplexer Is a five-Input device that is used to select 
either the branch Input, + 1 adder, +2 adder, stack register file, or 
ground (all zeros) as the source of the next microinstruction ad
dress. The proper multiplexer channel Is automatically selected via 
the Decode Logic according to the Address Control Function Input 
and Test Input line. 

The +1, +2 logic Is used to Increment the present contents of the 
Address Register Register by one or two, depending on the func
tion Input command. Thus, the next address to the Control Store 
ROM/PROM may be either the current address plus one (N+ 1) or 
the current address plus two (N+2). If the same Microprogram Ad
dress Is to be used on successive occasions, the clock to the 8X02 
must simply be disabled; therefore, no new address is loaded Into 
the Address Register. 

The Stack File Register Is used to provide a return address linkage 
whenever a subroutine or loop Is executed. The 4X10 stack oper-

NEXT ADDRESS CONTROL FUNCTION 

MNEMONIC 

TSK 

INC 

BLT 

POP 

BSR 

PLP 

BRT 

RST 

x = Don't care 
N,C, = No change 

FUNCTION 
DESCRIPTION AC2 1 0 

Test & skip 000 

Increment 001 

Branch to 010 
Loop if test 
input true 

POP stack 011 

Branch to 100 
subroutine 
If test input 
true 

Push for 10 1 
looping 

Branch if test 110 
Input true 

Set mlcro- 1 1 1 
program addr. 
output to zero 

TEST 

False 
True 

X 

False 
True 

X 

False 
True 

X 

False 
True 

X 

8X02 

ates In a last-In, first-out (LIFO) mode, with the stack pOinter always 
pointing to the next address to be read. Operation of the stack 
pOinter Is automatically controlled by the Address Control Function 
Inputs. Since the stack Is four words deep, up to four loops and/or 
subroutines may be nested. 

The branch Input Is a ten-bit field of direct Inputs to the multiplexer 
which can be selected as the next control store address. Using the 
appropriate branch command, an N-way branch Is possible where 
N Is the address of any micro-instruction within the 1024 word mi
crocode page. LikeWise, the RESET command is a special case of 
an N-way branch In which the multiplexer selects an all zeros Input, 
forCing the next microinstruction address to be ZERO. 

The Test Input line is used In conjunction with the conditional exe
cution of four Address Control Function commands. When the Test 
Input If false (LOW), the sequencer simply Increments to the next 
addreSs (N+ 1). When it is true (HIGH), the sequencer executes a 
branch as defined 'by the Input command, thereby transferring con
trol to another portion of the microprogram. 

All Address Output lines of the 8X02 are three-state buffered out
puts with a common enable line (EN). When the Enable line Is HIGH, 
all outputs are placed In a high-impedance state; and external ac
cess to the control store ROM/PROM Is possible. This allows a 
preprogrammed set of micrOinstructions to be executed from exter
nal or built-in test equipment (BITE), vectored interrupts, and 
Writable Control Store If implemented. 

NEXT ADDRESS STACK STACK POINTER 

Current + 1 N.C. N.C. 
Current + 2 N.C. N.C. 

Current + 1 N.C. N.C. 

Current + 1 X Decr 
Stack reg file POP (read) Decr 

Stack reg file POP (read) Decr 

Current + 1 N.C. N.C. 
Branch addr. PUSH (Curr+1) Incr 

Current + 1 PUSH (Curr Incr 
Addr) 

Current + 1 N.C. N.C. 
Branch addr. N.C. N.C. 

AIIO's N.C. N.C. 
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OBJECTIVE SPECIFICATION 

FUNCTIONAL DESCRIPTION 
The following Is a description of each of the eight Next Address Control Functions 
(AC2 -ACO) 

MNEMONIC FUNCTION DESCRIPTION 

TSK 

INC 

BLT 

AC2_0=000: TEST &SKIP 
Perform test on TEST INPUT LINE. 
If test Is Next Address=Current Address + 1 
FALSE (LOW): Stack Pointer unchanged 
If testis Next Address=Current Address +2 
TRUE (HIGH) (I.e. Skip next microinstruction) 

Stack Pointer unchanged 

AC2-O=001: INCREMENT 
Next Adress=Current Address + 1 
Stack POinter unchanged 

AC2_0=-010: BRANCH TO LOOP 
IF TEST CONDITION TRUE. 

Perform test on TEST INPUT LINE. 
If test Is Next Address=Current Address+ 1 
FALSE (LOW): Stack Pointer decremented by 1 
If test is Next Address=Address from Stack 
TRUE (HIGH): Register File (POP) 

Stack Pointer decremented by 1 

POP AC2-O=011: POP STACK 
Next Address=Address from Stack Register File (POP) 
Stack Pointer decremented by 1 

BSR AC2-O= 100: BRANCH TO SUBROUTINE 
IF TEST CONDITION TRUE. 

Perform test on TEST INPUT LINE. 
If test Is Next Address=Current Address + 1 
FALSE (LOW): Stack POinter unchanged 
If test Is Next Address=Branch Address Input (BO-9) 
TRUE (HIGH): Stack Pointer incremented by 1 

PUSH (write) Current Address + 1 ..... Stack Register File. 

PLP AC2_0= 101: PUSH FOR LOOPING 
Next Address=Current Address + 1 
Stack Pointer Incremented by 1 

PUSH (write) Current Address-+Stack Register File 

BRT AC2-0= 110: BRANCH ON TEST CONDITION TRUE 
Perform test on TEST INPUT LINE. 
If test Is Nellt Address=Current Address + 1 
FALSE (LOW): Stack Pointer unchanged 
If test Is Next Address=Branch Address Input (BO-9) 
TRUE (HIGH): Stack Pointer unchanged 

RST AC2-O=111: RESET TO ZERO 
Next Address=O 
Stack Pointer unchanged 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

VCC Power Supply Voltage +7 Vdc 

VIN Input Voltage, +5.5 Vdc 

Vo Off-State Output Voltage +5.5 Vdc 

TA Operating Temperature Range O· to +70· ·C 

Tstg Storage Temperature Range -65· to + 150· ·C 
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OBJECTIVE SPECIFICATION 

ELECTRICAL CHARACTERISTICS 0·CS+70·C. 4.75V. vcc <5.25V -
LIMITS 

PARAMETER TEST CONDITIONS MIN TYP' MAX UNIT 

V,H High level input voltage 2 V 

V,l low-level Input voltage O.S V 

V, Input clamp voltage VCC = 4.75V. 'I =-1SmA -1.5 V 

VOH High-level output voltage VCC = 4.75V. 10H =-2.6mA 2.4 V 

VOL low-level output voltage VCC = 4.75V. 10l = SmA 0.5 V 

" 
Input current at maximum VCC = 5.25V. V, = 5.5V 100 ,.A 
Input voltage 

IIH High-level Input current VCC = 5.25V. V, = 2.7V 
ACO - AC2. EN. TEST 40 ,.A 
BO-B9 20 ,.A 
ClK 60 ,.A 

"l low-level Input current VCC = 5.25V. V, = 0.4V 
ACO-AC2. EN. TEST .Q.72 mA 
BO-B9 0.36 mA 
ClK 1.0S mA 

lOS Short-circuit output current VCC = 5.25V -20 -100 mA 

10ZH Hlgh-Z state output current VOUT = 2.7V 20 ,.A 

10Zl Hlgh-Z state output current VOUT = 0.4V -20 ,.A 

ICC Supply current VCC = 5.25V 130 155 mA 

NOTE: 

1. All typical values are at Vcc = 5V. T A = 25°C. 

PARAMETER MEASUREMENT INFORMATION 

TEST LOAD CIRCUIT 
TEST 
POINT Vee 

., 
(SEE NOTE B) 

~" 
51< " ,. 

-

ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

NOTES: 
A. CL includes probe and jig capacitance. 
B. All diodes are lN916 or lN3064. 
C. RL=2k.C=15pF. 

,------------------------, 
VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

TIMING 
INPUT 

.r----- 3V 

__ J'+ 

DATA 
INPUT 

ov 

VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 

INPUT 

IN PHASE 
OUTPUT 

VOL 

VO" ~"L "'L" 
OUT OF PHASE 13V' 13V 

OUTPUT • . 
---VOL 

VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES 

THREE-STATE OUTPUTS 

VOLTAGE WAVEFORMS 
PULSE WIDTHS 

HIG"~~~~~ ---t3-
LOW.LEVeL ~~1w~r-

PULSE ~ 

OUTPUT 
CONTROL 

(LOW-LEVEL 
ENABLING) 

.r----- 3V 

WAVEFORM 1 

WAVEFORM 2 

'ZH 

51 OPEN, 
S2CLOSED 

~--.--""1.5V 

• "-''---- ""1.5V 

51 AND 52 CLoseD 

SX02 
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OBJECTIVE SPECIFICATION 

SWITCHING CHARACTERISTICS T A = o·C to 70·C, Vee = 5.0V + 5% 

PARAMETER 

tCY Cycle Time 
tpw Clock Pulse Width 

Propagation Delay from Enable 
Input (EN) to Outputs (Ao-A9) 

tpHZ ("1" to High Impedance) 

tPlZ ("0" to High Impedance) 
tpZH (High Impedance to "1") 
tpZl (High Impedance to "0") 
tco Propagation Delay from Clock 

Input (ClK) to Outputs (AO-A9) 
Control and Data Input Set-up Times: 

tSF ACO-AC2 
tSK BO-B9 
181 TEST 

Control and Data Input Hold Times: 
tHF ACO-AC2 
tHK 8o-B9 
tHI TEST 

NOTE: 

1. Typical values are for TA ~ 2SoC and Vee .~ +S.O volls. 

VOLTAGE WAVEFORMS 

CLOCK INPUT 
ClK 

ENABLE IWPUT 
EN 

MICROPROGRAM 
ADDRESS OUTPUTS 

Ao-Ag 

ADDRESS CONTROL 
INPUTS 

ACO-AC2 

BRANCH ADDRESS 
INPUTS 
Bo-Bg 

jr\ 

. LIMITS 

MIN TVpl MAX 

57 4.4 
25 19 

. 7 10 
10 13 
14 19 

21 27 
27 34 

31 24 
13 10 
31 24 

26 20 
0 0 

26 20 

'cv 

~~xx~ 
'cO 

V 
Jr\ 

tHF 

tHK 

UNIT 

ns 
ns 

ns 
ns 
ns 

ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

;r 

tSF 

V 
Jr\ 

tsK -
I~ 

~1.------tHI------.. tl------tsl ____ --t.1 

8X02 

TE~INPUT--------------------------------------)k-------------------------------------

• Ipxx - I phz' 'plz' 'pzh and Ipzl as appncable 
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OBJECTIVE SPECIFICATION 

DESCRIPTION 
In magnetic tape systems, data is recorded 
onto the tape in parallel fashion i.e. one bit 
of each word is recorded on a separate 
track. Due to the Inherent properties of 
magnetic tape and the misalignment of read 
heads, data skewing can occur during data 
recovery period. Systems using high speed 
drive and high density recording technique, 
data skewing can indeed become a prob
lem. The Deskew FIFO is designed 
specifically to perform this data synchroni
zation Function. 

The 8X03/04 consists of all the necessary 
logic for one track of information. Two in
puts are provided for each track. 
Associated with each input 'are 16 bits of 
storage. Both Inputs are clocked by one 
common clock. For data recorded using 
Group-Coded Recording technique, one 
Input is used for input data and the other 
input used for storing error information 
associated with each track. For other re
cording technique such as phase"encodlng 
only one Input is needed. 

Data Is clocked into the first available cell 
addressed by the write address counter. 
After each Write cycle, the Write Address 
Counter is updated and points to the next 
available cell. During a Read cycle, the 
Read Address Counter points to the cell 
where the first bit of data is written in. At 
the end of the Read cycle, the Read Ad
dress Counter is updated to point at the 
next available cell. Constant comparison is 
made between the Read and Write Address 
Counter and status flags of, '/. full, V. full, 0/. 
full and full are brought out to the user. 

Cascading to longer words can be accom
plished with no external circuitry required. 
When in the cascading·mode, data is stored 
In the first available cell of the first chip, 
then transferred to the first available of the 
second chip and so on. Output is thus al
ways available from the last stage of the 
last chip. 

8X03 - B,F • 8X04 - B,F 

FEATURES PIN CONFIGURATION 
• 12L technology 
• 10 MHz typical data rate 
• 18 pin DIP package 
• 300 mA max current requirement INA 

• TTL compatible input and oUtputl 
INB 

IR 

WCLK 

RESET 

F 

3/4F 

GND 

• Alynchronoul reed, write 
• Open collector oUtPUtl 
• Pa .. ive-pullup data oUtPUtl 
• Fully celCedable 
• aX03 

15V input/output 
Breakdown Voltage 

• aX04 
5.5V input/output 
Breakdown Voltage 

SIGNAL DEFINITION 

IA,IB 
IR 

WCLK 

OA,OB 

OR 

RCLK 

'/4,V.F,3I4F,F 

MR 

Data inputs 
Input ready-follows WCLK 
Low when FIFO is full 
(mainly used as cascading 
clock) 

Write clock 

Output data 

Output ready 
Low when FIFO is empty 
(mainly used as cascading 
clock) 

Read clock 

Status flags 

Master reset 
MR resets read & write 
Address counters to 
predetermined states. 
Data stored will not be 
altered. 

SWITCHING CHARACTERISTICS (TA = 25°C) 

B,F PACKAGE 

Non-Inverting 

Active high 

Non-inverting (0 C) 

Active high (0 C) 

Active high 

Active high (0 C) 

Active high 

LIMITS 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

tWIR Write clock to input ready 40 ns 
tWOR Write clock to output ready .. 150 ns 
tDOUT Write clock to data out .. 150 ns 
tFLAG Write clock to full flag output 150 ns 
tR Read clock to data out 90 ns 

Read clock to empty flag 120 ns 
Master reset to output ready CL = 15pf 100 ns 

Non-cascaded mode 
Maximum write data rate 10 MHZ 
Maximum read data rate 10 MHZ 

Cascaded mode 
Maximum write data rate 5 MHZ 
Maximum read data rate 5 MHZ 

•• Only when FIFO is empty. 
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OBJECTIVE SPECIFICATION 

RECOMMENDED OPERAT.ING CONDITIONS 
(IJJ = 200 mA ± 10%) 

LIMITS 

PARAMETE.R MIN TVP MAX 

WRITE CYCLE 
WPW Write clock pulse width 30 

twS1 Input data setup time 0 

twso 20 

tWH1 Input data hold time 40 
tWHO 60 

FW Maximum input data rate 10 

READ CYCLE 
RpW Read clock pulse width 60 

FR Maximum read frequency 10 

MRpW Master reset pulse width 30 

UNITS 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

MHz 

ns 

8X03 - B.F • 8X04 - B.F 

ABSOLUTE MAXIMUM RATING OVER 
OPERATING FREE-AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED) ... , 

LIMITS 

PARAMETER MIN TVP MAX UNITS 

IJJ . Supply current 275'" mA 

VIN Input voltage (8X03) 15 V 
(8X04) 5.25 V 

Off-state (high level) 
Voltage applied to 
Open collector outputs 

(8X03) 15 V 
(8X04) 5.25 V 

Storage temperature -65 +150 ·C 

DC CHARACTERISTICS OVER RECOMMENDED OPERATING CONDITIONS 

LIMITS 

PARAMETER TEST CONDITIONS MIN TVP MAX UNITS 

8X03 
VTH Input threshold voltage 2.4 V 
IlL Low level input current VIN = 0.4V 1 mA 
IIH High level input current VIN = 10V 100 tJA 
II Input current at max. voltage ,VIN = 13V 500 tJA 
VOH High level output voltage 10H = -5ma 7 V 
VOL Low level output voltage 10L = 2ma 0.4 V 
lOUT Output reverse current 

(For open collector outputs) VOUT = 13V 750 tJA 
ICC .Supply current .60 mA 
IJJ 100 105 300 mA 
lOS Short circuit current (Data outputs) VOUT = OV 11 mA 

8X04 
VIH High level input voltage 2 V 
VIL Low level Input voltage 0.8 V 
II Input current @ maximum input voltage VIN = 2.4V 200 tJA 
VOH High level output voltage lOUT = -2.5ma 2.7 V 

(Data outputs) 
VOL Low level output voltage lOUT = 8ma 0.4 V 
lOUT Output reverse current VOUT = 5.25V 250 tJA 

(Open collector outputs) 
ICC Supply current 50 mA 
IJJ 100 165 300 mA 
lOS Short circuit current VOUT = OV 5 tJA 
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BLOCK DIAGRAM 

INPUT A 0----1 

WCLK 

INPUT B v---,-_ 

INPUT _--'r-==, 
READY 

MASTER 
RESET 

DESKEW FIFO 

16·81T STORAGE 

READIWRITE POINTER 
AND 

STATUS FLAG GEN. LOGIC 

16-BIT STORAGE 

TYPICAL APPLICATIONS 

'N 1 
TRACK 1 INE 1 

'N2 

TRACK 2 INE 2 

'N' INE9 
TRACK 9 

E 
0-

~ 
0-

E 
0-

CASCADING CONFIGURATION 

Vee 

'A °A f= 'A °A '. O. '. O. 
'. O. ~ '. O. 
welK RCLK welK RCLK f-c-r-

~~r< %F 

"' f-c-'~f-c "' F 

°A r-- 'A °A '. r- '. 0" 

'. O. ~ '. O. 
welK RCLK Well< RCLK ~~I-

~~ -<: %F 
%F ~r->Fro "' F F l-

e e 
e e 
e e 

'A °A r- 'A °A '. 0. r= '. O. 

'. O. '. O. 
weLK R~~ro F-- Well( RC~~ rO 

~~~ ~:~ 
F F 

'--- % FULL 

-FULL 

OUT 1 
OUT 1E 

DUl2 
DUl2E 

OUT9 

OUl9E 
OUTPUT ROV 

= 
'4 FUll 

'h FULL 

OUTA 

+------0 READ CLK 

OUTS 

OUTPUT 
READY 

TEST CIRCUITS 

I PU~E ~ GENERATOR 

aX03 

RL 3KO 
Vee 13V 

8X03 - B.F • 8X04 - B.F 

Vcc 

~'"'-Vee 

r- VJJ . 

·L 

-

'--- I CL 

~ aX04 

1KO ~ 
I : 

5V ---I t--tpD 
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o.BJECTIVE SPECIFICATION 

WAVEFORMS 

60 

DESKEW FIFO TIMING DIAGRAM 

WCLK 

DATA OUT 

~+-~--~--------~--------~------~---
OR 
~+-~---'I 

RCLK 

~+-~--~--------~--~ 

FLAG -++-1---++-----+--1 
'WS 

CASCADED MODE· DATA INPUT "0" FOLLOWING BY "1" 
WCLK1~ r--\~ ____________________ __ 

DATA IN 1 ~ 

DATA OUT 1 

ORI 

WCLK2 

IR2 

RCLK 1 

DATAOUT2 

~lJ 

\ 

I 
I 
I 
I 

....... 
I 
LJ 
LI 
U 
LI 
\ 

OR2 
________________________ -JI 

CASCADED MODE·BOTH STAGES FULL, READ "0" DATA THEN "I" DATA 
FROM 2ND STAGE. 

TRANSFER "0" DATA, THEN "I" DATA FROM STAGE 1 
RCLK 2 --' \ I \~ __________________ _ ........ 

F·FLAG2 -----------..,\'-_______ ...In~ _______ _ 
IR2 _______ --J' L....J 

DOUTI _______ ..;O~ ____ _JI 
F·FLAG 1 \ 

"0" TRANSFER STORED --+I "I" TRANSFER STORED-I 

8X03 - B,F • 8X04 - B,F 



OBJECTIVE SPECIFICATION 

DESCRIPTION 
The Signetics 8X300 Interpreter is a mono
lithic. high-speed micro-processor Imple
mented with bipolar Schottky technology. 
As the central processing unit. CPU. it al
lows 16-bit Instructions to be fetched. 
decoded and executed in 300 nanoseconds. 
A 300 nanosecond Instruction cycle re
quires maximum memory access of 85 
nanoseconds. and maximum I/O device 
access of 40 nanoseconds. 

Interpreter instructions operate on 8-blt. 
parallel data. Logic is distributed along the 
data path within the Interpreter. Input data 
can be rotated and masked before being 
subject to an arithmetic or logical opera
tion; and output data can be shifted and 
merged with the input data. before being 
output to external logic. This allows 1- to 8-
bit I/O and data memory fields to be ac
cessed and processed in a single instruc
tion cycle. 

TYPICAL SYSTEM CONFIGURATION 
+5V 

PROGRAM STORAGE 

AO-AI2 

10-115 
ROMIPROM/RAM 
TTL COMPATIBLE 8X300 

UP TO 8k • 16 BITS 
Xl 

I~JTERPRETER 

(825115) 

FEATURES 
• 225 n. in.truction decode and execute 

delay (with Signetic. BT32I33 1/0 port). 
• Eight 8-bit working regi.ters. 
• Single In.truction acce .. to 1-bit, 2-bit, 

3-bit .•• or B-bit field on 110 bu •. 
• Separate in.truction addre •• , in.truc-

tion, and 110 data bu ..... 
• On-Chip o.cillator. 
• Bipolar Schottky technology. 
• TTL Input. and outputl. 
• Tri-.tate output on 110 data bua. 
• +5 yolt operation .rom 0° to lO°C. 

IVBO-IVB7 

sc 
WC 

MCLK 
LB 
RB 

• • • • 

• 

USER 
CONNECTION 

SYSTEM LOGIC 

PIN CONFIGURATION 

I PACKAGE 

VCR rl::---O--;:-:::1--, VR 

A7 AS 

AS A9 
A5 A10 

A4 Al' 
A3 A12 
A2 HALT 
Al "'RESET 
AD MCLK 
X1 T\i"B"O 
X2 iViIT 

aND ~ 
1,0 'i'\i'ii3 
11 vee 
12 n7Is.r 
13 n7B5 
14 nJi6 
15 TV'i1 
16 Ai! 
17 re 
18 we 
19 sc 

110 115 
111 114 
112 113 
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OBJECTIVE SPECIFICATION SYSTEM LOGIC 

PIN DESCRIPTION 

PIN SYMBOL NAME AND FUNCTION TYPE 

2-9,45-49 AO-A12: Instruction address lines. A high level equals Active high 
"1." These outputs directly address up to 
8192 words of program storage. A12 is least 
signlgicant bit. 

13-28 10-115: Instruction lines. A high level equals "1." Active high 
Receives instructions from Program Storage. 
115 is least significant bit. 

33-36,38-41 IVBO-IVB7 Interface Vector (IV) Bus. A low level equals Three-state 
"1." Bidirectional tri-state lines to communi- Active low 
cate with 1/0 devices. IVB7 is least significant 
bit. 

42 MCLK: Master Clock. Output to clock 1/0 devices, 
aridlor provide synchronization for external 
logic 

30 WC: Write Command. High level output indicates Active high 
data is being output on the IV Bus. 

29 SC: Select Command. High level output indicates Active high 
that an address is being output on the IV 
Bus. 

31 LB: Left Bank. Low level output to enable one of Active low 
two sets of 110 devices (LB is the comple-
ment of RB). 

32 RB: Right Bank. Low level output to enable one of Active low 
two sets of 1/0 devices (RB is the comple-
ment of LB). 

44 HALT: Low level is Input to stop the Interpreter. Active low 

43 RESET: Low level is Input to initialize the Interpreter. Active low 

10-11 X1,X2; Inputs for an external frequency determining 
crystal. May also be Interfaced to logic or test 
equipment. 

50 VR Reference Voltage to Pass Transistor. 

1 VCR Regulated Output Voltage from Pass Transis-
tor 

37 VCC: 5V power connection. 

12 GND: Ground. 

PROGRAM STORAGE INTERFACE 1/0 DEVICES INTERFACE 
Program Storage is typically connected to the AO-A12 (A12 is least 
slgnigicant bit) and 10-115 signal lines. An address output on AO
A 12 identifies one 16-bit instruction word In program storage. The 
Instruction word Is subsequently Input on 10-115 and defines the in
terpreter operations which are to follow. 

The Signetics 82S115 Prom, or any TTL compatible memory, may 
be used for program storage. 

An 8-blt 110 bus, called the Interface Vector (IV) data bus, is used 
by the Interpreter to communicate with two fields of 110 devices. 
The complementary LB and RB signals identify which field of the 
110 devices Is selected. 

Both 110 data and 110 address Information can be output on the IV 
bus. The SC and WC signals are typically used to distinguish be
tween 110 data and 1/0 address information as follows: 

SC WC 
1 0 
o 1 
o 0 

110 address is being output on IV bus 
110 data Is being output on IV bus 
110 data is expected on the IV bus, as input to the 
Interpreter 
Not generated, by the Interpreter 

The Signetics 82sxxx series RAM, and the 8T32/33 may be at
tached to the IV bus. (See Application Book) 
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OBJECTIVE SPECIFICATION 

INTERPRETER ARCHITECTURE AND OPERATION 
SUMMARY 
Figure 1 provides a diagram of Interpreter internal architecture, and 
Table 1 summarizes Interpreter registers. 

.1 OVF 

0 7 

Rl 

R2 

R3 

R4 

R5 

R6 

Rl1 

v~ 
AUX 

ALU· 

f:: ~ 
RIGHT MASK ROTATE 

L ---, 
800 

I 
I 
I 
I .. 

'" I ~ 
!!: 

I ARO-AR4 

AR5-ARI2 I 

1 11 L_ CONTROL I 
0 12 1 

1 

I I I I I IRO-IR2 
AR 

t} 
AO-AI2 

INSTRUCTION ADDR~SS 

PC {r IR 

i' 

10-115 
INSTRUCTION DATA 

I 

Figure 1 

Interpreter Architecture 

SYSTEM LOGIC 

SHIFT ~ 
S 

:)J MERGE F1 
~ 

- .. 
'" w 
J: ... "'- " !:i .... 
::: 

l~lTERNAL CONTROL 
SIGNALS 

IVBO-IVB7 2 IV BUS ..... 
W 

{r - 0 
As 0 
La .. 

DECODE 
WC .. 

AND 
CONTROL 

LDGIC 

SC 0 MCLK 

HALT .. 
RESET 0 
X2 -XI E 

+5 • 0 

GNO f 0 
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OBJ,ECTIVE SPECIFICATION 

Table 1 
INTERPRETER INTERNAL REGISTERS 

Programmable Registers (all 8 bits): 

AUX-General working register. Contains second term for arithme
tic or logical operations. 

Rl -General Working register. 

R2 -General working register. 

R3 -General working register. 

R4 -General working register. 

R5 -General working register. 

RS -General working register. 

Rll -General working register. 

Other Registers: 

Address Register (AR) -A l3-bit register containing the address 
of the current Instruction. 

OVF -The least-significant bit of this register is used to reflect ov
erflow status resulting from the most recent ADD operation 
(see Instruction Set Summary). 

Program Counter (PC) -Normally, contains the address of the cur
rent instruction and is incremented to 
obtain the next Instruction address. 

Instruction Register (IR)-Holds the lS-blt .instruction word cur
rently being executed. 

INSTRUCTION CYCLE 
Each Interpreter operation Is executed In one instruction cycle, 
which may be as short as 300ns. The Interpreter generates MCLK 
to synchronize external logic to the Instruction cycle. Instruction 
cycles are subdivided into quarter cycles. MCLK Is an output during 
the last quarter cycle. 

During the third quarter cycle of an Instruction, an address is out
put on AO-A 12, Identifying the location In program storage of the 
next Instruction word. This Instruction word defines the next in
struction, which must be Input on 10-115 during the first quarter 
cycle of the next Instruction cycle (see Figure 2). 

INST. AND IV 
BUS DATA 

INPUT 

-';"cycle-

DATA ADDR.ANDIV 
PROCESSING BUS CHANGING 

- 'I. cycle --+ ,- 'I. cycle --+ 

Figure 2 
INSTRUCTION CYCLE 

Inetruction Set Summary 

ADDR.ANDIV 
BUS DATA 

VALID 
MCLK=HIGH 

- 'I. cycle --+ 

The lS-bit Instruction word input on 10-115 is decoded by the in
struction decode logic to Implement events that are to occur during 
the remainder of the Instruction cycle. Generally the lS-blt Instruc
tion word is decoded as follows: 

Bit Poeitlon 0 1 2 3 
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Inetructlon 
Clae. 

I 
15 

I 
Operand(.) Specification 

SYSTEM LOGIC 

A detailed usage of the 13 "operand(s) specification" bits Is given 
In following sectiOns. ' 

Three operation code bits allow for eight Instruction classes. The 
eight instruction classes are summarized In Table 2. Each entry Is 
referred to as an "Instruction class" because the unique architec
ture of the Interpreter allows a number of powerful variations to be 
specified by the thirteen operand(s) specification bits. A complete 
description of Instruction formats and some Instruction examples 
are provided In the Applications Guide. 
Data Processing" 
The Interpreter architecture includes eight 8-bit working registers, 
an arithmetic logic unit (ALU), an overflow register, and the 8-blt IV 
Bus. Internal 8-bit data paths connect the registers and IV Bus to' 
the ALU Inputs, and the ALU output to the registers and IV Bus., 
Data processing logic Is distributed along these internal 8-bit data 
paths. Rotate and mask logic precedes the ALU on the data entry 
path. Shift and merge logic follows the ALU on the data output 
path. All four sets of logic can operate on eight data bits in a single 
Instruction cycle. (See Figure 1) 

When' less than eight bits of data are specified for output to the IV 
bus by the ALU, the data field (shifted If necessary) is inserted into 
the prior contents of the IV bus latches. The'IV bus latches contain 
data input at the start of an Instruction. This data in the IV ,bus 
latches will be specified In the instruction as a) IV bus source dat~ 
or b) data from an automatic read when the IV bus Is specified as a 
destination. Therefore, IV bus bit positions outside an Inserted bit 
field are unmodified. 
Data Addressing 
Sources and destinations of data are specified using a 5-bit octal 
number, as shown In Table 3. The source and/or destination of data 
to be operated upon is specified In a single instruction word. 

Referring to Table 1, the Auxiliary register (address 00) Is the Im-, 
plied source of the second argument for ADD, AND or XOR 
operations. 

IVL and IVR are write-only registers used only as a destination. 
They have addresses and are treated as registers, but in reality they 
do not exist. When IVL is specified es a destination or the 0 field = 
20-278, then LB~ 'low', RB = 'high' are generated; when IVR is 
specified as a destination or the 0 field = 30-378, then RB = low, 
LB = 'high' are generated. 

When IVL or IVR Is specified as the destination In an instruction, SC 
Is also activated and data is placed on the IV bus. If IVL or IVR is 
specified as a source-of data, the source data Is all zeros. 

INSTRUCTION SEQUENCE CONTROL 
The Address Register and Program Counter are used to generate 
addresses for accessing an instruction. The Acidress Register is 
used to form the Instruction address, and In all but three Instruc
tions (XEC, NZT, and JMP) the address Is copied Into the Program 
Counter. The instruction address Is formed In one of three ways: 

1. For all Instructions but the JMP, XEC, and a satisfied NZT, the 
Program Counter is Incremented by one and placed in the Ad
d ress Register. 

2. For the JMP instruction, the full l,3-bit address field from the 
JMP Instruction is placed into the Address Register and copied 
into the Program Counter. 

3. For the XEC and NZT instructions, the high order 5- or 8-bits of 
the Program Counter are combined with 8- or 5-lower-order bits 
of ALU output (XEC or NZT) and placed In the Address Register. 
For the NZT instruction, it Is also copied into the Program 
Counter. 



INSTRUCTION OP 
MNEMONIC CODE 

MOVE 0 

ADD 1 

AND 2 

XOR 3 

XEC 4 

TABLE 2 
INSTRUCTION SET SUMMARY 

FORMATS DESCRIPTION 

Register to Register (S~O 
0 23 78 1011 15 Move contents of register specified 

I 0 I s I R/L I 0 I by S to register specified by O. Right 
rotate contents of register S by RIL 

S .. 07.17.20-378 0,,10.20-378 places before operation. 

IV Bus to Register: Move right rotated IV bus (source) 
0 23 78 1011 15 data specified by S to register speci-

I 0 I s I R/L I 0 I fled by O. AIL specifies the length of 
source data with most significant 

S-20-378 0,,10.20-378 bits set to zero. 

RegIster to IV Bus: Move contents of register specified 
0 23 78 1011 15 by S to the IV bus. Before placement 

I 0 I s I R/L I 0 I on IV bus, data is shifted as speci-
fied by O. and RIL bits merged with 

S .. 07.17,20-378 0-20-378 existing IV bus data. 

IV BUI to IV Bus: Move right rotated IV bus data 
0 23 78 1011 15 (sources) specified by S to the IV 

I 0 I s I RlL I 0 I bus. Before placement on IV bus, 
data is shifted or specified by 0 and 

S-20-378 0-20-378 R/L specifies the legnth of source 
data and of destination data merged 
with existing IV bus data. 

SAME AS MOVE (S) plus (AUX)-O 
Same as MOVE but contents of AUX 
ADDed to the source data. If carry 
from most significant bit then 
OVF=1, otherwise OVF=O 

SAME AS MOVE (S) A (AUX) -0 
Same as MOVE but contents of AUX 
ANDed with source data. 

SAME AS MOVE (S). (AUX) - 0 
Same as MOVE but contents of AUX 
exclUSive ORed with source data. 

Register Immediate: Execute instruction at current page 
0 23 78 15 address offset by I + (S). 

I 4 I s I I I EXECute the Instruction at the ad-
S .. 07.17.20-378 1-000-3"8 dress determined by catenating 5 

high order bits of PC with the 8 bit 
sum of I and register specified by S. 
PC is not incremented. 

IV Bus Immediate: EXECute the Instruction at the ad-
0 23 78 1011 15 dress determined by catenating 8 

I 4 I s I RlL I I I high order bits of PC with the 5 bit 
sum of I and rotated IV bus datil 

S-20-378 1-00-378 (source) specified by S. AIL specifies 
length of source data with most sig-

. nlflcant bits set to zero. PC is not 
Incremented . 

.. 1-

--INSTRUCTION CyCLE ..... 

INSTRUCTION 
INPUT AND 

110 CONTROL DATA ADDRESS/IV 
SIGNALS PROCESSING aUSOUTPUT 

SCm 0 1 If 0=07,17 
WC= 0 0 
LB/RB= 11f 0=17 1 If 0=17 

SCm 0 1 if 0=07.17 
WC= 0 0 
LB/RB= o if S=20-27 1 if 0=17 
LB/RB= 1 if S=30-37 1 if 0=17 

SCm 0 0 
WC= 0 1 
LB/RB= x o If 0=20-27 
LB/RB= x 1 if 0=30-37 

• SCm 0 0 
WC- 0 1 
LB/RB~ 0IfS=2O-27 o If 0=30-37 
LB/RB= 1 if S=30-37 1 If 0=30-37 

e --! 
SAME AS 
MOVE 2 .. 
SAME AS 
MOVE 2 o 
SAME AS 
MOVE -E 
0 0 

SCm 0 0 
WC- x x 
LB/RB 

SCm 0 0 
WC= 0 0 
LB/RB. o IfS=20-27 x 
LB/RB. 1 ifS=30-37 x 

":"0" 
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TABLE 2. 
INSTRUCTION SET SUMMARY 

--INSTRUCTION CYCLE-

INSTRUCTION 
INPUT AND 

INSTRUCTION OP 110 CONTROL DATA ADDRESSIIV 
MNEMONIC CODE FORMATS DESCRIPTION SIGNALS PROCESSING BUS OUTPUT 

NZT 5 Register Immediate: If {S) ~ 0, jump to current page ad- SC= 0 0 

° 23 78 15 dress offset by I; otherwise PC + 1 WC= 0 0 

I 5 I s I I I -PC LB/RBoe x x 

If contents of register specified by S 
S,",07.17.20-378 1-000-3778 is Non Zero then Transfer to address 

determined by catenating 5 high 
order bits of PC with ·1; otherwise 
Increment PC. 

IV Bus Immediate: If right rotated IV bus data (source) SC= 0 0 

° 23 78 1011 15 Is Non Zero then Transfer to address WC= 0 0 

I 5 I s I R/L I I I determined by catenating 8 high LB/RB= o if 8=20-27 x 
order bits of PC with I; otherwise LB/RB= 1 if 8=30-37 x 

S=20-378 1=00-378 increment PC. 

XMIT 6 Register Immediate: Transmit I -+ D SC= 0 1 if D=07.17 

° 23 78 15 TRANSMIT and store 8 bit binary WC= 0 0 

I 6 I 0 I I I pattern I to register specified by D. LB/RB= x 1 if D=17 

0 .. 20-378 1~000-3718 

IV BUS IMMEDIATE TRANSMIT binary pattern I to IV SC= 0 0 

° 23 78 1011 15 bus. Before placement on IV bus. lit- WC= 0 1 

I 6 I 0 I R/L I I I eral I Is shifted as specified by D and LB/RB= x o IfS=20-27 
R/L bits merged with existing IV bus LB/RB= x 11f S=30-37 

0=20-378 1=00-378 data. 

JMP 7 Address Immediate: Jump to Program Address A SC= 0 0 

° 23 15 JUMP to program storage address WC=LB/RB 0 0 

I 7 I A I A. A is stored in the address register x x 

(AR). 
A=OOOOO- I71778 
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o 234567 

I I I I II I b R/~= 1 

I I I I I I ~ R/L=2 
... R/L=3 

I I I I I. R/L=4 
.0( R/L=5 

I I I( R/L=6 

I .. R/L=7 
.0( R/L=O 

IV BUS DATA 
LENGTH SPECIFICATION 

TABLE 3 
DATA SOURCE/DESTINATION ADDRESS 

SAND/OR D 
FIELD 

SPECIFICATION 
(OCTAL) SOURCE/DESTINATION 

00 Auxiliary Register (AUX) 
01 to 06 Work reglstgers (R1 to R6) respectively 
07 IVL write-only register (destination only) 
10 OverflOW status (OVF) - source only 
11 Working register (R 11) 
17 IVR write-only register (destination only) 

2N a. If a source, IV bus data right rotated (7 - N) bits and masked 
(N=0,1,2, (specified by R/L). LB='low' and RB='high' generated. 
3,4,5,6,7) IV Bus Source Data 

0 1 2 3 4 5 6 7 

I~ I I I I I I I 0 1] 

b. If a destination, IV bus dat~eft Shifted (L- N) bits and 
merged (specified by R/L). LB='low' and RB='high' gener-
ated. 

IV Bus Destination Data 

0 1 2 3 4 5 6 7 

-I· I I I I I I I I· ~ 
3N a. If a source, IV bus data right rotated (7 - N bits and masked 
(N=O,1,2, (specified by RlL). LB='high' and RB='low' generated. 
3,4,5,6,7) 

IV Bus Source Data 

0 1 2 3 4 5 6 7 

I ~I I I I I I I I ·11 
b. If a destination, IV bus data left shifted (7 - N) bits and 

merged (specified by R/L). LB='high' and RB='low' gener-
ated. 

IV Bus Destination Data 

0 1 2 3 4 5 6 7 

~+ I I I I I I I 1+-0 

• 2 
'-

8 
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SYSTEM DESIGN USING 
THE INTERPRETER 
DesIgning hardware around the 8X300 Interpreter reduces to se
lecting a program storage devicer (ROM. PROM. etc.). selecting 1/0 
devices (IV BYTE. MULTIPLEXERS. RAM. etc.). selecting clock 
mode (system driven or crystal controlled) and Interfacing the Inter
preter to these components. as shown In Agure 3. 

SYSTEM CLOCK 
The Interpreter has an Integrated oscillator which generates all 
necessary clock signals. The OSCillator is designed to connect di
rectly to a series resonant quartz crystal via pins Xl and X2. The 
crystal resonant frequency. f. is related to the desired cycle time. T. 
by the relationship f=2/T. For a 300 ns system. f=6.867 MHz. 

In lower speed applications where the cycle time need not be pre
cisely controlled. a capacitor may be connected between Xl and X2 
to drive tile oscillator. If cycle time is to be varied. Xl and X2 
should be driven from complementary outputs of a pulse generator. 
Figure 4 shows a typical configuration. For systems where the Inter
preter is to be driven from a master clock. the Xl and X2 lines may 
be Interfaced to TIL logic··as shown In Agure 5. 

CRYSTAL CHARACTERISTICS 

Type: 

Impedance at 
Fundamental: 

Impedance at 
harmonics and 
spurs: 

68 

Fundamental mode. series resonant 

35 ohms maximum 

50 ohms minimum 

HAL 1, RESET SIGNALS 

HALT: 
A low level at the HAlT input causes the Interpreter t() stop pro"" 
cessing after completion of the current instructlo~ (end of quarter 
cycle when MCLK is high). HALT does not inhibit MCLK or affect 
any internal registers. Normal operations begins with the next com
plete instruction cycle after the HALT input goes high. 

RESET: 
A low level at the RESEr .input sets the program c.ounter and ad
dress register to zero and inhibits MCLK. RESET must be applied 
for at least one full instruction cycle to insure both registers are 
cleared. MCLK occurs on first instruction cycle and normal opera
tion begins with the second instruction cycle after the RESET input 
goes high. 

EXAMPLE: 
A specific example' of a control system. using the 8X300 Interpreter 
- four 8T32/33 IV Bytes. and two 82S215 ROMs is shown in Figure 
3. Only eight components are required to build this systern which 
contains 512 words of program storage, 32 TTL 110 connection 
points, and operates at a 300-ns instruction cycle time .. 
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r-;::: 
ME 

I 

IV SYTE l 

L-. 
ME 

I 

IV BYTE 3 

ME 

I 

L W BYTE 4 

ME 

I I 

EXAMPLE OF CONTROL SYSTEM 

+ XI 

PULSE 150 GENERATOR INTERPRETER 

-

150 

Xl 

PULSE GENERATOR CHARACTERISTICS: 
ZOUT = 5Qn VOUT = 0-1 VOLT 
RISETIME.; IOns SKEW.; IOns 
COMPLEMENTARY OUTPUTS 

NOTE: ALL RESISTORS VALUES ARE TYPICAL AND IN OHMS. 

FIGURE 4 
CLOCKING WITH A PULSE GENERATOR 

CLOCK 
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SYSTEM TIMING 
The system instruction cycle time Is determined by program stc;>r
age access time, 1/0 register lia~alcontrol delays, and Interpreter 
propagation delays .. Instruction cycle time is normally constrained 
by two major propagation delay paths: 

1. Program storage access time + Instruction -to- address stable 
delay!! 

Program storage access time + 110 control Input delay + 1/0 
device access time, + IV Bus to address stable delay 

II. 1/0 control Input delay + 1/0 device access time. 

These prOpagation path delay times must be consistent with the 
interpreter Internal clock times. 

Interpreter Internal. clock Intervals occur every quarter cycle of a 
complete Instruction cycle. The Interpreter output MCLK is high 
during the last quarter cycle of every Instru~tlon cycle. Interpreter 
input operations (instruction data, IV Bus data) occur during the 
first two quarter 'cycles (INPUT PHASE). Interpreter output opera
tions (address, IV Bus data) occur during the last two quarter cycles 
(OUTPUT PHASE). Figure 6 Illustrates typical timing waveforms for 
an instruction cycle. Interpreter propagation delays are. shown in 
Figure 6. 

Propagation path II delay time must be less than one quarter cycle. 
Interpreter. delay times which are applicable are: MCLK TO SC/WC 
INPUT CONTROL and MCLK TO, LB/RB INPUT CONTROL. These 
delays occur during the first part of the first quarter cycle as shown 
In i=igure 6 and correspond to 110 control Input delays. 

The maximum I/O device access time is the difference between one 
quarter cycle time and the I/O control input delay. Using the delay 
values, the required 110 device access time is determined by the 
following equations: 

For a 300-ns instruction cycle time, 110 device access times must 
be less than 40ns and 50ns respectively. The Signetics 8T32/33 IV 
Byte Is an 1/0 register which satisfies the 1/0 device access time 
constraints. 

Propagation path I determines the allowable program storage ac
cess time for a given instruction cycle time. The program storage 
access time is the smaller of these two equations: 

Program storage access :S cycle time - instruction to address sta-
ble EQ3 

Program storage access :S cycle time - (110 device access + I/O 
control input delay :S IV Bus to address stable delay) EQ4 

Therefore, a cycle time of 300 liS requires a program storage ac
cess time of 85ns or less. 

Tradeoffs can be made between 1/0 device access time and pro
gram storage access time. If the 1/0 device access and program 
storage access times are less than the limits determined in equa
tions EQ1,EQ2 and EQ3, then EQ4 can be used to trade I/O device 
and program storage access times. 

Propagation delays during the OUTPUT PHASE usually do not limit 
instruction cycle times. MCLK is normally used to control data entry 
into 110 devices on the IV Bus during the last two quarter cycles. 
The user must insure that data set-up time requirements of I/O de
vices are satisfied. Data output on the IV Bus will be stable for the 
duration of MCLK if the I/O device access time and instruction cy
cle time satiSfy the following equation: 

110 device access + I/O control input delay + 'h(cycle time) :S. 
MCLK to IV Bus stable delay. 

35ns + I/O device access :S '/.(cycle time) 

25ns + 110 device access:S V.o(cycle time) 
EQ1 If the above inequality Is not satisfied, the IV Bus data may be 
EQ2 changing during MCLK . 
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DEVICE CROSSHATCHED IBI 
ACCESS AREA INDICATES 

IV BUSTRI·STATE 

Figure 6 
TYPICAL INSTRUCTION CYCLE TIMING ABSOLUTE MAXIMUM RATINGS 

Supply Voltage VCC ................................. 7V 
Logic Input Voltage ............................... 5.5V 
Crystal Input Voltage .........•..................... 2V 

AC ELECTRICAL CHARACTERISTICS 

DELAY DESCRIPTION 

X1 falling edge to MCLK failing edge 
MCLK to SC/WC input control 
MCLK to SC/WC output control • 
INSTRUCTION to LB/RB Input control 
MCLK to LB/RB input control 
MCLK to LB/RB output control 
INSTRUCTION to IV BUS stable 
MCLK to IV BUS stable 
IV BUS input stable to IV BUS output stable 
INSTRUCTION to ADDRESS stable 
MCLK to ADDRESS stable 
IV BUS to ADDRESS stable 
MCLK falling edge to HALT falling edge 
MCLK falling edge to HALT rising edge 
MCLK falling edge to RESET falling edge 
RESET rising edge to first MCLK 

Limits apply for VCC ~ 5V:S 5% and O"C:S TA gO"C. 
LOBding on ADDRESS outputs :s 100pF and other outputs :s 300pF . 

"IV Bus outputs remain Hi Z for at least 20n5 after Be/We output control 

IqgIDliCI 

PROPAGATION CYCLE TIME 
DELAY LIMIT LIMIT 

25ns 
.5(CYC) + 25ns 

35ns 
35ns 

.5 (CYC) + 35ns 
225ns 
225ns 
150ns 
.215ns 
215ns .5 (CYC) + 40ns 
140ns 

v..(CYC)-40ns (max) 
V4{GYC)-40ns 
'h(CYC) (max) 
o to 1 CYC (max) 
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DC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

VIH High-level input voltage 
X1.X2 
All others 

VIL Low-level input voltage 
X1. X2 
All others 

VeL Input clamp voltage (Note 1) Vee = 4.75V 
II = -10mA 

IIH High-level input current 
X1. X2 Vee = 5.25V 

VIH = .6V 
All others Vee = 5.25V 

VIH = 4.5V 

IlL Low-level Input current 
X1.X2 Vee = 5.25V 
IVBO-7 VIL = .4V 

Vee = 5.25V 
10-115 VIL =.4V 

Vee = 5.25V 
HALT. RESET VIL = .4V 

Vee = 5.25V 

VOL Low-level output voltage VIL =.4V 

AO-A12 Vee = 4.75V 
10L = 4.25mA 

All others Vee = 4.75V 
10L = 16mA 

VOH High-level output voltage Vee = 4.75V 
10H = 3mA 

lOS Short circuit output current 
(Note 2) Vee = 5.25V 

Vee Supply voltage 
ICC Supply current Vee = 5.25V 

NOTES: 
·1. Crystal inputs X 1 and X2 do not have clamp diodes. 
2. Only one output may be grounded at a time, 
3. (Limits apply tor VCC - 5V '" 6% and O'C<TA<70'C unless specified otherwise.) 

t~~~~~:~~~'~~::~~j·l 
:~~~~ 

m wn 
.olstvP.--l0·13 

INTERPRETER PACKAGE DIMENSIONS 
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LIMITS 

MIN TVP MAX UNITS 

.6 V 
2 V 

.4 V 

.8 V 

-1.5 V 

2700 p.A 

<1 50 ,.A 

2500 ,.A 
-140 -200 ,.A 

-880 1600 p.A 

-230 -400 ,.A 

.35 .55 V 

.35 .55 V 

2.4 V 

.-30 -140 mA 

4.75 5 5.25 V 
300 450 mA 
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The Signetics MILrel 38510/883 Program is organized to provide a 
broad selection of processing options, structured around the most 
commonly requested customer flows. The Program is designed to 
provide our customers: 

• Five standard processing flows to help minimize the need for cus
tom specs. 

• Cost savings realized by using standard processing flows in lieu of 
custom flows. 

• Better delivery lead times by minimizing spec negotiation time, 
plus allows customers to buy product off-the-shelf or in various 
stages of production rather than waiting for devices started spe
cifically to custom specs. 

The following explains the five different processing options avail
able to you. Special device marking clearly distinguishes the type of 
screening performed and examples of product marking are in
cluded here for your reference. 

1) JAN Qualified: 

JAN Qualified product is designed to give you the optimum in 
quality and reliability. The JAN processing level is offered as the 
result of the government's product standardization programs, 
and Is monitored by the Defense Electronic Supply Center 
(DESC), through the use of industry-wide procedures and speci
fications. 

JAN Qualified products are manufactured, processed and tested 
in a government certified facility·to MIL-M-38510, and appropri
ate device slash sheet specifications. Design documentation, lot 
sampling plans, electrical test data and qualification data for 
each specific part type has been approved by the Defense Elec
tronic Supply Center (DESC) and products appear on the DESC 
Qualified Products List. (QPL-38510) 

Group B testing, per MIL-STD-883 Method 5005 Is performed 
on each six weeks of production on each slash sheet for each 
package type. Group C, per MIL-STD-883, Method 5005 is per
formed every ninety days for each slash sheet. 

In addition to the common specs used throughout the industry 
for processing and testing, JAN Qualified products also possess 
a requirement for a standard marking to be used throughout the 
I.C. industry. Table 1 explains JAN part numbers and an exam
ple, using a 5400 device, illustrates how this marking appears on 
a circuit package. 

2) JAN ProcMHd: 

This option Is extremely useful when the reliability and screening 
of a JAN device is required, however, Signetics Is not listed on 
the QPL for the product needed. Processing is performed to 
MIL-STD-883, Method 5004 and product is 100% electrically 
tested to the appropriate JAN slash sheet. 

MARKING: 

M385101 (applicable slash sheet, device class, package symboli
zation for a JAN processed 5400F device would appear as 
follows: 

Ii AAAA +- Date Code 
M385101 

00104 
BCB 

Do Not confuse this marking with a fully qualified JAN device. 
This Is a JAN equivalent. (Note: Differences between package 
marking - "J" Is missing from the M38510 and manufacturer's 
code is not symboled on the package). 

Group Band C data for JAN processed and the other MILrel 
processing levels which follow, consists of Group B testing per
formed per MIL-STD-883, Method 5005, every one hundred 
eighty days minimum by package type and Group C per MIL
STD-883, Method 5005, is run every ninety days on each wafer 
processing family. 

3) JAN Rei: 

Processing to this option is ideal when no JAN slash sheets are 
released on devices required. Product is processed to MIL-STD-
883, Method 5004, and is 100% electrically tested to industry 
data sheets. (Specific parameters required by a customer may 
also be Included). 

MARKING: 

M385101 (industry part number, device class, case outline and 
lead finish deSignators.) Package symbolization for a 5400F de
vice ordered with JAN Rei processing would appear as follows: 

4) 18838: 

Ii AAAA +- Date Code 
M385101 
5400BCB 

This is a lower priced version of the JAN Rei option described 
above. Processing is identical with the only exceptions being 
that DC electrical testing over the temperature range and AC 
electrical testing at room temperature are performed on a sam
ple basis Instead of 100%. 

MARKING: 

Signeties part number and package 1883B (or 1883C for Class C 
devices). Package symbolization for a 5400F processed to 
1883B criteria would appear as follows: 

IiAAAA 
S5400F 
/883B 

5) Mil Temp.: 

+- Date Code 

If you need a Military temp. range device, but do not require all 
the high reliability screening performed In the other proccess
Ing options, our Mil-Temp. product is ideal. Mil-Temp parts are 
the standard full Mil-Temperature range product guaranteed to 
a 1% AQL to the Signetics data sheet parameters. 

MARKING: 

SymbOlization on these devices consist of the Signetics part 
number and package only. Again using our 5400F as an exam
ple, package marking for a Mil-Temp. device would appear as 
follows: 

IiAAAA 
S5400F 

+- Date Code 

1 
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Table 1 
JAN 38510 PART NUMBERS - WHAT THEY MEAN 

The following chart is offered for your reference to help take some of the mystery out of JAN part number marking. For an example, we will take the marking for a 5400F processed to 
JAN and explain its meaning, as well as other options. 

IJ M 385 1 01 I 100 '1 ~ Islelsl 
I I 

MILITARY DETAIL DEVICE DEVICE J LEAD 
DESIGNATOR SPECIFICATION TYPE CLASS CASE OUTLINE FINISH 

Calls Out Refers to detail Refers to a Device Class This Code denotes the package I.e: A ~ Kovar or 

MIL-M-38510 Slash sheet spec specific Part Calls out A ~ '/.' x '/.' flat pak alloy 42 with 
001,002,003----- Type under the Processing Hot solder Dip 

JANIC detail spec. to either B ~ '/4' x V." flat pak 
~ B ~ Kovar or A Slash sheet 

The "J" in the detail spec will This, plus the Class A C ~ '/4' x %" 14 PIN I alloy 42 with 
marking is very usually represent detail spec # ~~rcof dual-in-line tin plate 
important. a family of devices will denote MIL-STD-883 

D ~ '/4' x 'Is" flat pak 14 pin C ~ Kovar or 
If it's not with similar func- a part type. 

E ~ '/.," x %" 16 PIN alloy with 
there it's not a tions. I.e.: dual-in-line gold plate 
JAN DEVICE. ~ i.e. the /001 detail dev. generic 

DO NOTbe detail spec F = '/4' x 'Is" flat pak 16 pin 
spec + type ~ type 

confused by represents many 001 01 ~ 5430 G ~ 8 lead metal can 

JAN equivalents positive NAND 001 02 = 5420 H ~ '/.' x '/.' 10 PIN 
Actual Marking for 

marked M38510. gates such as the 001 03 = 5410 flat pak our 5400F as it 
5400,5401,5403, 

~001 
appears on the device. 

5410,5420,&5430 04 ~ 5400 I = 'Is" x Vi' 10 lead 

etc. metal can 
IiAAAA+ detail dev. generic Date Code 

The /002 detail J = Vo" x w.' 24 pin JM38510 
spec on the other spec + type = type dual-in-line 00104 
hand represents 002 01 = 5472 

K = 'Is" x Vi' 24 pin BCB 
002 02 = 5473 many flip flop 
002 03 = 54107 flat pak DKB+ Signetics 

functions such 
L ~'Is" x 'Ii' 24 PIN manufacturers 

as the 5472, 5473, 
flat pak code (Per 

54107,5476,5474, and so on for the MiI-M-38510) 
5470 and so on for rest of the slash Z = '/4' x 'Is" 24 PIN 
the rest of the sheets. flat pak 
slash sheets. 
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TEST 

Internal Visual (Preseal) 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal 
A. Fine Leak 
B. Gross Leak 

Visual Inspection 

Critical Electrical 
Parameters (pre burn-In) 

Burn-In Test 

Critical Electrical 
Parameters (post Burn-in) 

Signetics FAILURE CRITERIA 

Reverse Bias Burn In 
(note 1) 

Critical Electrical 
Parameters (post burn-In) 

Final Electrical Test 
Parameters 

Radiographic Inspection 

Quality Conformance 
Inspection 
(note 9) 

External Visual 

NOTES: 

Table 2 
MIL-M-38S10/MIL-STD-883 PROCESSING LEVELS 

MIL-STD-883 
METHOD CLASS A CLASSB 

2010.2 Cond A Cond B 

1008.1 (24 hr min.) CondC CondC 

1010.1 CondC Cond C (note 1) 

2001.1 Cond E Cond E 
Y2 then Y 1 plane Y1 plane 

1014.1 
Cond A or B Cond A or B 

(Note 3) Cond C2 Cond C2 

1010.1 (note 2) Required Required 

Subgroup A-1 (note 4) Read and Record Optional 

101S.1, TA=+12S·C 240 hours min. 160 hours min. 

Subgroup A-1 (note 4) Read and Record Not Required 

PDAS% PDA 10% 

101S.1, TA =+1S0·C Cond A or C Not Required 
t = 12 hours 

Subgroup A-1 Read and Record Required 
(note 4) 

Perform 100% go-no-go Subgroups A1, A2, A3, Subgroups A1, A2, A3, 
measurements of sub- A9, Functional tests, A9, Functional tests, 
group A parameters truth table when appll- truth table when 
(note 4) cable (A7) applicable (A1) 

2012.1 Yes Not Required 

S005 Class A Class B 

2009.1 Yes Yes 

(1) Class B and Class C may be subjected to thermal shock. Method 1011. 1. Cond. A, as an alternate. 
(2) The visual examination of Method 1010.1 may be performed at the end of each environmental screen test or at the end of the screening sequence. 
(3) Test Is not applicable to solid molded devices. 

CLASSC 

Cond B 

CondC 

Cond C (note 1) 

Cond E 
Y1 plane 

Cond Aor B 
Cond C2 

Required 

Not Required 

Not Required 

Not Required 

Not Required 

Not Required 

Not Required 

Subgroup A 1, functional 
tests, truth table when 
applicable (A7) 

Not Required 

ClassC 

Yes 

(4) Detailed tests. cOnditions, and limits applicable to each subgroup are given In the Signetic. data sheet ELECTRICAL CHARACTERISTICS table. See Table 3 for the corresponding Group A 
tests of MIL·STD-883. 

(5) All test equipment calibrated to meet requirements of MIL-Q-9858 and MIL-c-45662. 
(6) The individual MIL-STD-883 Test Methods are, in many cases, designed to "stand alone" as a sole screen or sole Group B environmental sampling test. But since 5004.3 specifies a screen

Ing series or flow. some of the measurements, etc., specified in an individual Test Method are not intended to be performed In the screening series. provided they a~e· performed at the 
conclusion of the screening sequence. 

(7) Required only when specified In the applicable procurement document. For this stress, as many input and output iunctions as possible are reversed biased. 
(8) Group A p~r 5005. Generic Data available lor Groups Band C on Devices produced to Class Band C. (See MILrei Generic Data), 

.1II1II 3 
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Table 3 
MIL-STD-883 GROUP A ELECTRICAL TESTS 

MIL-STD-883A 
GROUP A TEST DESCRIPTION 

SUBGROUP 

A1 Static tests at 25°C 

A~ Static tests at maximum rated operating 
temperature 

A3 Static tests at minimum rated operating 
temperature 

A4 Dynamic tests at 25°C' 

A5 Dynamic tests at maximum rated 
operating temperature' 

A6 Dynamic tests at minimum rated 
operating temperature' 

A7 Functional tests at 25°C 

AS Functional tests at maximum and 
minimum rated operating temperatures 

A9 Switching tests at 25°C 

A10 Switching tests at maximum rated 
operating temperature 

A11 Switching tests at minimum rated 
operating temperature 

• Applicable only to Signetic. Analog Products 

MILrel GENERIC DATA 

Signetics has a new program for those customers who require 
qualification data on their products. This program allows our cus
tomers to obtain reliability information without the necessity of 
running Groups B, C and 0 Inspections for their particular pur
chase order. It provides for the customer something that has not 
been readily available before in the semiconductor industry in that 
all Mil-Rei Generic Data is controlled and audited by both Govern
ment Inspection and Quality Assurance. 

A Generic die function lot qualifies a ninety day manufacturing pe
riod and a representative package type qualifies a one hundred 
and eighty day manufacturing period. 

MILrel. Generatic Data: 

• Allows our customers to qualify Signetics products based on ex
istingqualification data performed at Signetics. 

• Allows our customers to reduce costs and improve deliveries. 
Signetics MILrel Generic Data is generated by the Military Prod
ucts Division. The data is compiled from 1) Jan qualification lots, 
and 2) Data generated by qualification lots run for other reliability 
programs. 

A MILrel Generic family is defined as consisting of die function and 
package type families. 

4 

• Provides assurance that all Signetics die function families and 
packages meet JAN and customer reliability requirements. 

• Provides an attributes summary to the customer backed by lot 
identity and traceabillity. 

When ordering just ask for "Signetics MILrel GeneriC Data". 



The following Is a list of products, packages and processing levels available In full Military temperature range. Data sheet pages for each 
product are Included In the last column for your easy reference. 

QPLSTATUS JAN JANREL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JAN M38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

Logic 
5400 100104 I I F W F W 53 
5401 100107 I I F W F W 53 
5402 100401 I I F W F W 54 
5403 100109 I - F - F - 55 
5404 100105 I I F W F W 55 
5405 100108 I I F W F W 56 
5406 100801 Coming - F W F W 56 
5407 100803, Coming - F W F W 51 
5408 101601 I I F W F W 57 
5409 101602 I I F W F W 58 
5410 100103 I I F W F W 58 
5411 None - ~ - - F W 59 
5412 100106 - - - - - - 59 
5413 115101 Coming - Coming - F W 60 
5414 115102 Coming - Coming - F W 60 
5416 100802 Coming - F W F W 62 
5417 100804 Coming - F W F W 62 
5420 100102 I I F W F W 62 
5421 None - - - - F W 63 
5423 100402 - - - - - - -
5425 100403 - - - - - - -
5426 100805 II - F - F - 64 
5427 100404 Coming F W F W 65 
5428 None - - - - F W 65 
5430 100101 I I F W F W 66 
5432 None - - - - F W 66 
5433 None - ,-- - - F W 67 
5437 100302 I I F W F W 67 
5438 100303 I I F W F W 68 
5439 None - - - - F W 68 
5440 100301 I I F W F W 69 
5442 101001 I I F W F W 69 
5443 101002 I I F W F W 70 
5444 101003 I I F W F W 71 
5445 101004 Coming - F W F W 72 
5446 101006 Coming - Coming - F W 73 
5447 101007 Coming - Coming - F W 74 
5448 101008 Coming - Coming - F W 76 
5449 101009 - - - -, - - -
5450 100501 I I F W F W 77 
5451 100502 I I F W F W 77 
5453 100503 I I F W F W 79 
5454 100504 I I F W F W 80 
5460 None - - - - F W 81 
5470 100206 I I F W F W 84 
5472 100201 I I F W F W 85 
5473 100202 I I F W F W 86 
5474 100205 I I F W F W 87 
5475 101501 I I F W F W 88 
5476 100204 I I F W F W 90 
5477 101502 - I - W - W 91 
5479 100207 - - - - - - 91 

+ Per QPL -38510-22 Dated 12 Jan 76, 

5 
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QPLSTATUS JAN .' JAN REL/883 . 
JAN QUALIFIED + PROCESSED MIL TEMP DATA. 

JANM3M10 FLAT FLAT FLAT SHEET . 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

5480 None .-~ - - - - F W 92 
54.82 100601 - - - - - - "~ 
5483 100602 " I F W . F. W 93 
5485 115001 II II F W F W 95. 
5486 100701 I f , F W F W 97 
5490 101307 Coming - Coming - F W 100 
5491 None - - - - F W 102 
5492 101301 Coming - Coming - Coming - 102 
5493 101302 I Coming F W F W 104 
5494 None - - - - F W 106 
5495 100901 I - F - F - 106 
5496 100902 I I F W F W 108 
54100 None , - - - - F W 11'1 
54107 100203 I - F - F - 116 
54109 None - - - - F W 118 
54116 101503 Coming - I - I - 123 
54121 101201 I I F W F W 124 
54122 101202 - - - - - - 128 
54123 101203 I I F W F W 129 
54125 115301 Coming - Coming - F W 130 
54126 115302 Comillg - Coming - F W 131 
54128 None ...... - - - F W 131 
54132 115103 Coming' - Coming - F W 132 
54145 101005 Coming - Coming - F ·W 136 
54147 */15601 Coming - Coming - F W 137 
54148 */15602 Coming - Coming - F W 138 
54150 /01401 II' - I Q. I Q 140 
54151 /01406 Coming - F W F W 142 
54152 None - - - - F W 143 ' 
54153 /01403 I I F W F W 145 
54154 */15201 Coming - - - I 0 146 
54155 */15202 Coming - - - F W 147 
54156 */15203 Coming - - - F W 148-
54157 /01405 I ·1 F' W F W 149 
54158 None - - - \ - F W 150 
54160 /01303 I I F W F W 152 
54161 /01306 I I F W F W 153 
54162 /01305 I I F W F W 156 
54163 /01304 I I F W F W Hi<> 
54164 100903 I - F .- F - 162 
54165 100904 Coming - Coming - F W 164 
54166 None - - - - F W 167 
54170 */01801 - - - - F - 169 . 
54174 /01701 1 1 F W F ·W 174 
54175 101702 II' II F W F W U5 
54180 /01901 II II F W F W 178 
54181 /01101 Coming - 1 - I - 178 
54182 /01102 IL II F W F W 183 
54190 None - - - - F W 184 
54191 None - - - - F W 187 
54192 101308 Coming - Coming - F W 190 
54193 101309 Coming - Coming - F ·W 192 
54194 100905 II II F W F W 196 
54195 100906 II II F W F W 197 
54198 None - - - - I 0 203 
54199 None - - - - I "0 206 
54279 None - - - - F W 221 

·Slash sheets not released as of date of this pubrlCatlon, 

+ Per OPL -38510-22 Dated 12 Jan 76. 
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QPLSTATUS JAN JAN REL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JAN M38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

54298 None - - - - F W 228 

54HOO 102304 I I F W F W 53 
54H01 102306 I Coming F W F W 54 
54H04 102305 I I F W F W 55 
54H05 None - - - - F W 56 
54H08 115501 Coming - F - F W 57 
54H10 102303 I I F W F W 58 
54H11 115502 Coming - F - F W 59 
54H20 102302 I I F W F W 62 
54H21 115503 Coming - F - F W 63 
54H22 102307 I Coming F W F W 64 
54H30 102301 I I F W F W 66 
54H40 102401 Coming II F W F W 69 
54H50 104001 I I F W F W 77 
54H51 104002 I I F W F W 77 
54H52 None - - - - F W 78 
54H53 104003 I I F W F W 79 
54H54 104004 I I F W F W 80 
54H55 104005 I I F W F W 81 
54H60 None - - - - F W 82 
54H61 None - - - - F W 82 
54H62 None - - - - F W 82 
54H71 None - - - - F W 84 
54H72 102201 I I F W F W 85 
54H73 102202 I I F W F W 86 
54H74 102203 I I F W F W 87 
54H76 102204 I I F W F W 90 
54H101 102205 II II F W F W 111 
54H102 None - - - - F W 112 
54H103 102206 II II F W F W 114 
54H106 None - - - - F W 115 
54H108 None - - - - F W 117 

54LSOO 130001 II II F W F W 53 
54LS01 None - - - - F W 54 
54LS02 +/30301 Coming - Coming - F W 54 
54LS03 130002 II II F W F W 55 
54LS04 130003 II II F W F W 55 
54LS05 /30004 II II F W F W 56 -• 54LS08 "/31004 Coming - Coming - F W 57 
54LS09 None - - - - F W 58 
54LS10 /30005 II II F W F W 58 
54LS11 "/31001 Coming - Coming - F W 59 
54LS12 /30006 II II F W F W 59 

.. .., -E 
54LS13 None - - - - F W 60 
54LS14 None - - - - F W 60 
54LS15 */31002 Coming - Coming - F W 61 
54LS20 /30007 II II F W F W 62 
54LS21 " /31003 Coming - Coming - F W 63 
54LS22 /30008 II II F W F W 64 
54LS26 None - - - - F W 64 
54LS27 */30302 Coming - Coming - F W 65 
54LS28 None - - - - F W 65 
54 LS30 130009 II II F W F W 66 
54LS32 */30501 Coming - Coming - F W 66 
54LS33 None - - - - F W 67 
54LS37 */30202 Coming - Coming - F W 67 

• Slash sheet not released as of date of this publication. 

+ Per QPL -38510-22 Dated 12 Jan 76. 
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QPLSTATUS JAN JANREU883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JANM38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

54LS38 ·/30203 Coming - Coming - F W 68 
54LS40 ·/30201 Coming - Coming - F W 69 
54LS42 None - - - Coming - 69 
54LS51 ·,30401 Coming - Coming - F W 77 
54LS54 ·/30402 Coming - Coming - F W 80 
54LS55 None - - - - F ,W 81 
54LS73 None - - - - F W 86" 
54LS74 None - - - - F W 87 
54LS75 None - - - - F W 88 
54LS,76 None - - - - F W 90 
54LS78 None - - - - F W 91 ' 
54LS83A None - - - - Coming - 93 
54LS85 ·/31101 Coming - Coming - Coming - 95 
54LS86 ·/30502 Coming - Coming - F W 98 
54LS90 None - - - - F W 100 
54LS92 None - - - - F W 102 
54LS93 None - - - - F W 104 
54LS95B ·/30603 Coming - Coming - Coming - 106 
54LS96 ·/30604 Coming - Coming - Coming - 108 
54LS107 None - - - - F W 116 
54LS109 None - - - - F W 118 
54LS112 None - - - - F W 119 
54LS113 None - - - - F W 121 
54LS114 None - - - - F W 122 
54LS122 None - - - - Coming Coming 128 
54LS123 None -, - - Coming Coming 129 
54LS125 None - - - - Coming 130 
54LS126 None - - - - Coming Coming 131 
54LS132 None - - - - F W 132 
54LS136 None - - - - F W 134 
54LS138 None - - - - F W 134 
54LS139 None - - - - F W 135 
54LS145 None - - - - Coming 136 
54LS151 None - - - - F W 142 
54LS153 None - - - - F W 145 
54LS154 None - - - - Coming 146 
54LS157 None - - - - F W 149 
54LS158 None - - - - F W 150 
54LS181 None - - - - Coming 153 
54LS163 None - - - - F W 160 
54LS164 "/30605 - - - - F 'W 162 
54LS170 None - - - - F W 169 
54LS173 None - - - - Coming -
54LS174 None - - - - F W 174 
54LS175 None - - - - F W 175 
54LS181 "/30801 Coming - Coming - I Q 178 
54LS190 None - - - - F W 184 
54LS191 None - - - - F W 187 
54LS192 None - - - - F W 190 
54LS193 None - - - - F W 192 
54LS194 "/30601 Coming - Coming - Coming - 195 
54LS195 ·/30602 Coming - Coming - Coming - 197 
54LS196 None - - - - Coming - 200 
54LS197 None - - - - Coming '- 201 
54LS221 None - - - - F W 210 
54LS251 None - - - - F W 212 

·Slash sheets not released as of date of this publication. 

+Per QPL-3851G-22 Dated 12 Jan, 76 
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QPLSTATUS JAN JANREL/883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JANM38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

54L8253 None - - - - F W 214 
54L8257 None - - - - Coming - 215 
54L8258 None - - - - Coming - 216 
54L8260 None - - - - F W 217 
54L8261 None - - - - F W 218 
54L8266 '/30303 Coming Coming F W 220 
54L8279 None - - - - Coming - 221 
54L8283 None - - - - Coming - 222 
54L8290 None - - - - Coming - 223 
54L8293 None - - - - Coming - 225 
54L8365 None - - - - Coming - -
54L8366 None - - - - Coming - -
54L8367 None - - - - Coming - -
54L8368 None - - - - Coming - -
54L8375 None - - - - Coming - -
54L8386 None - - - - F W 230 
54L8670 None - - - - F W 230 

54800 /07001 " " F W F W 53 
54802 /07301 Coming - Coming - F W 54 
54803 107002 Coming - F W F W 55 
54804 107003 Coming - F W F W 55 
54805 107004 Coming - F W F W 56 
54808 None - - - - F W 57 
54809 None - - - - F W 58 
54810 107005 Coming - F W F W 58 
54811 '/08001 Coming - Coming - F W 59 
54815 '/08002 Coming - Coming - F W 61 
54820 IQ7oo6 Coming - F W F W 62 
54822 107007 Coming - F W F W 64 
54830 107008 - - - - - - 66 
54832 None - - - - F W 66 
54837 None - - - - F W 67 
54838 None - - - - - - 68 
54840 /07201 Coming - Coming F W 69 
54851 /07401 Coming - F W F W 77 

54864 107402 Coming - F W F W 80 
54865 107403 Coming - F W F W 83 -54874 /07101 Coming - F W F W 87 
54885 '/08201 Coming - Coming - F None 95 
54886 /07501 Coming - Coming - F W 98 
548112 /07102 Coming - F W F W 119 
548113 /07103 Coming - F W F W 121 
548114 /07104 Coming - F W F W 122 
548133 107009 Coming - F W F W 132 
548134 /07010 Coming - F W F W 133 
548135 107502 - - F - - - 133 
548138 '/07701 - - - - - - 134 

• .. .. -E 

548139 '/07702 - - - - - - 135 
548140 /08101 Coming - Coming - F W -
548151 '/07901 Coming - Coming - F W 142 
548153 '/07902 Coming - Coming - F W 145 
548157 '/07903 Coming - Coming - F W 149 
548158 '/07904 - - - - - - 150 
548174 /07105 - - - - - None 174 

·Slash shaats not rel .... d as of dale of Ihis publication. 

+Per OPL-38511).22 Daled 12 Jan. 76 
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QPLSTATUS ,JAN JANREU883 
JAN QUAUFIED + IIROCESSED MIL TEMP DATA 

DEVICE 
JANM38510 FLAT FLAT FLAT SHEET 

tJL,ASH SHEET, DIP' PACK DIP PAC,K DIP ,PACK REF PAGE 

548175 107106 - - - - - None -
548181 */07801 Coming - Coming - I None -
548182 *107802 - - - - F None -
548194 */07601 - - - - - None -
548195 */07602 - - - - - - -
548251 */07905 - - - - Coming - -
548253 None - - - - F W -
548257 */07906 - - - - Coming None -
548258 */07907 Coming - Coming - F None -
548260 None - - - - F W -
548280 */07703 Coming - Coming - Coming - -
8200 None - - - - I Q 255 
8201 None - - - - I Q 21'5 
8202 None - - - - I Q 255 
8203 None - - - - I Q 255 
8230 None - - - - F W 259 
8231 None - - - - F W 259 
8232 None - - - - F W 259 
8233 None - - - - F W 262 
8234 None - - - - F W 262 
8235 None - - - - F W 2Q2 
8241 None - - - - F W 264 
8242 None - - - - F W 264, 
8243 None - - - - I - 247 
8250 */15204 Coming - Coming - F W 271 
8251 */15205 Coming - Coming - F W 271 
8252 */15206' Coming - , 

Coming - F W 271 
8260 None - - - - I Q 275 
8261 None - - - - F W 278 
8262 None - - - - F W 280 
8263 None - - - - I ,Q 282 
8264 None - - - - I Q 282 
8266 None - - - - F W 285 
8267 l\Ione - - - - F W 285 
8269 None - - - - F W 291 
8270 None - - - - F W 292 
8271 None - - - - F W 292 
8273 None - - - - F W 297 
8274 None - - - - F W 298 
8275 None - - - - F W 300 
8280 None - - - - F W 306 
8281 None - - - - F W 306 
8284 None - - - - I Q 318 
8285 None - - - - I Q 318 
8288 None - - - - F W 321 
8290 (54196) None - - - - F W 323 
8291 (54197) None - - - - F W 323 
8292 None - - - - F w 328 
8293 None - - - - F W 330 
8808 None - - - - F W -
8815 None - - - - F W -
8816 None - - - - F W -
8819 None - - - - F W -
8822 None - - - - F W -
8824 None - - - - F W -
8825 None - - - - F W -

'Slash sheets not released as Of date Of this pubHcatlon. 

+Per QPL-38510-22 12 Jan. 76 
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QPLSTATUS JAN JAN REU883 
JAN QUALIFIED + PROCESSED MIL TEMP DATA 

JANM38510 FLAT FLAT FLAT SHEET 
DEVICE SLASH SHEET DIP PACK DIP PACK DIP PACK REF PAGE 

8828 None - - - - F W -
8829 None - - - - F W -
8840 None - - - - F W -
8848 None - - - - F W -
8855 None - - - - F W -
8859 None - - - - I Q -
8870 None - - - - F W -
8875 None - - - - F W -
8879 None - - - - F W -
8880 None - - - - F W 107 
8881 None - - - - F W ~ 

8885 None - - - - F W -
8889 None - - - - F W -
8890 None - - - - F W -
8891 None - - - - F W -
8H16 None - - - - F W -
8H21 None - - - - F W -
8H22 None - - - - F W -
8H70 None - - - - F W -
8H80 None - - - - F W -
8H90 None - - - - F W -
8TOl None - - - - F W -
8T04 None - - - - F W 17 
8T05 None - - - - F W 21 
8T06 None - - - - F W 23 
8T09 None - - - - F W 26 
8T10 None - - - - F W 30 
8T13 None - - - - F W 33 
8T14 None - - - - F W 35 
8T18 None - - - - F W 43 
8T37 None - - - - F W 89 
8T80 None - - - - F W 53 
8T90 None - - - - F W 84 
9300 115901 Coming - Coming - F W 232 
9308 (54116) 101503 Coming - I - I - -
9309 101404 I I F W F W -
9310 None - - - - F W -
9316 None - - - - F W - -9322 (54157) 101405 I I F W F W -
9324 115002 - - - - - - -
9602 None - - - - F W - • .. ... -MOS 
2102-4 None - - - - F I - E 
2102-6 None - - - - F I -

LINEAR 
LM101 None - - - - F T 56 
LM101A 110103 Coming - Coming - F T 60 
LM107 None - - - - F T 69 
LM108 None - - - - F T 72 
LM108A /10104 - - - - F T 80 

+Per QPL-3851G-22 Dated 12 Jan. 76 
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JANM38510 
DEVICE SLASH SHEET 

8E510 None 
8E511 None 
8E555 */10901 
8E556 */10902 
8E567 None 

/.IA709 None 
/.IA709A None 
/.IA710 i10301 
/.IA711 /10302 
/.IA723 /10201 
/.IA733 /10301 
/.IA741 /10101 
/.IA747 /10102 
/.IA748 None 

MC1558 None 

+Per QPL-38S10-22 12 Jan, 76 

JANM38510 
DEVICE SLASH SHEET 

3101A None 
548200 None 
548201 None 
548301 None 
82809 None 
82810 None 
82811 None 
82816 None 
82817 None 
82823 None 
82825 None 
828100 None 
828101 None 
828114 None 
828115 None 
828123 None 
828126 */00201 
828129 ·/00202 
828130 None 
828131 None 
828215 None 
828226 None 
828229 None 
828230 None 
828231 None 

All MiLrel products are also available to die form. 
+Per QPL-38S10-22 Osted 12 Jan. 76 
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QPLSTATUS JAN 
JAN QUALIFIED + PROCESSED 

FLAT FLAT 
DIP PACK DIP PACK 

- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -

- - - -
- -'- - -
- - - -
- - - -
- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -

- - - -

·Slash sheel. nol released as of date of Ihis publication. 

BIPOLAR MEMORIES 

QPLSTATUS JAN 
JAN QUALIFIED+ PROCESSED 

FLAT FLAT 
DIP PACK DIP PACK 

- - - -
- - - -
- - - -
- ...,.. -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

Coming - Coming -
Coming - Coming -

- - - -
- - - -
- - - -
- - - -
- - - -
- - - -
- - - -

JAN REU883 
MIL TEMP DATA 

FLAT SHEET 
DIP PACK REF PAGE 

F - 106' 
F - 107 
F T 158 
F - 162 
F T 282 

F T 89 
F T -

F T 202 
F K 203 
F L 117 
F K 172 
F T 93 
F K 96 
F T 101 

F T 87 

JANREU883 
MIL TEMP DATA 

FLAT SHEET 
DIP PACK REF PAGE 

F - 10 
F - 208 
F - 209 
F - 233 
I - 19 
F - 20 
F - 20 
F - 16 
F - 16 
F - 33 
F - 20 
F - 59 
F - 59 
I - 49 

- - 49 

F - 33 
F - 43 

F - 43 

F - 46 

F - 46 

I - 49 

F - 25 

F ...... 25 

Coming - 27 

Coming - 27 



CROSS REFERENCE 

JAN PART NUMBERS TO INDUSTRY PART TYPE 

JAN /NO. PART TVPE JAN /NO. PARTTVPE JAN /NO. PARTTVPE 

M385101 00101 5430 M38510/ 01202 54122 M385101 02503 54L 193 
00102 5420 01203 54123 02504 93L10 
00103 5410 01301 5492 02505 93L16 
00104 5400 01302 5493 02601 54L86 
00105 5404 01303 54160 02701 54L02 
00106 5412 01304 54163 02801 54L95 
00107 5401 01305 54162 02802 54L 164 
00108 5405 01306 54161 02803 93L28 
00109 5403 01307 5490 02804 93LOO 
00201 5472 01308 54192 02805 76L70 
00202 5473 01309 54193 02806 54L91 
00203 54107 01401 54150 02901 54L42 
00204 5476 01402 9312 02902 54L43 
00205 5474 01403 54153 02903 54L44 
00206 5470 01404 9309 02904 54L46 
00207 5479 01405 54157 (9322) 02905 54L47 
00301 5440 01406 54151 02906 76L42A 
00302 5437 01501 5475 02907 93L01 
00303 5438 01502 5477 03001 15930 
00401 5402 01503 54116 (9308) 03002 15935 
00402 5423 01504 9314 03003 15936 
00403 5425 01601 5408 03004 15946 
00404 5427 01602 5409 03005 15962 
00501 5450 01701 54174 03101 932 
00502 5451 01702 54175 03102 944 
00503 5453 01801 54170 03103 957 
00504 5454 01901 54180 03104 958 
00601 5482 02001 54L30 03105 933 
.00602 5483 02002 54L20 03201 951 
00603 9304 02003 54L10 03301 945 
00701 5486 02004 54LOO 03302 948 
00801 5406 02005 54L04 03303 950 
00802 5416 02006 54L011 03304 9093 
00803 5407 54L03 04001 54H50 
00804 5417 02101 54L71 04002 54H51 
00805 5426 02102 54L72 04003 54H53 
00901 5495 02103 54L73 04004 54H54 
00902 5496 02104 54L78 04005 54H55 
00903 54164 02105 54L74 04101 54L51 
00904 54165 02201 54H72 04102 54L54 
00905 54194 02202 54H73 04103 54L55 
00906 54195 02203 54H74 04104 54L54 
01001 5442 02204 54H76 04201 54L 121 
01002 5443 02205 54H101 04202 54L122 
01003 5444 02206 54H103 05001 54011A 
01004 5445 02301 54H30 05002 4012A 
01005 54145 02302 54H20 05003 4023A 
01006 5446 02303 54H10 05101 4013A 
01007 5447 02305 54H04 05102 4027A 
01008 5448 02306 54H01 05201 4000A 
01009 5449 02307 54H22 05202 4001A 
01101 54181 02401 54H40 05203 4002A 
01102 54182 (9342) 02501 54L90 05204 4025A 
01201 54121 02502 54L93 05301 4007A 

JAN/NO. 

M385101 05302 
05303 
05401 
05501 
05502 
05503 
05504 
05505 
05601 
05602 
05603 
05604 
05605 
05701 
05702 
05703 
05704 
05705 
05801 
06001 
06002 
06003 
06004 
06005 
06006 
06101 
06102 
06103 
06104 
07001 
07002 
07003 
07004 
07005 
07006 
07007 
07008 
07009 
07010 
07101 
07102 
07103 
07104 
07105 
07106 
07201 
07301 
07401 
07402 
07403 
07501 
07502 
07601 
07602 

PARTTVPE 

4019A 
4030A 
4008A 
4009A 
4010A 
4049A 
4050A 
4041A 
4017A 
4018A 
4020A 
4022A 
4024A 
4006A 
4014A 
4015A 
4021A 
4031A 
4016A 
10501 
10502 
10505 
10506 
10507 
10509 
10531 
10631 
10576 
10535 
54800 
54803 
54804 
54805 
54810 
54820 
54822 
54830 
548133 
548134 
54874 
548112 
548113 
548114 
548174 
548175 
54840 
54802 
54851 
54864 
54865 
54886 
548135 
548194 
548195 

13 
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CIilOSS REFERENCE 
JAN PART. NUMBERS TO INDUSTRY PART TYPE 

JAN/NO. PART TYPE JAN/NO •. PART TYPE JAN/NO. PART TYPE JAN/NO. PART. TYPE 

M385101 07701 548.138 M385101 10404 55115 . M385101 15602 54148 M385101 30003 54L804 
07702 548139 10405 55113 15603 9318 30004 54L805 
07703 ~8280 10406" 7831 15701 9338 30005 54L810 
07801 548181 10407" 7832 15801 9321 30006 54L812 
07802 5488182 10501 "A733 15802 9317 30.007 54L820 
07901 54812151 10601 LM102 15901 9300 30008 54L822 
07902 548153 10602 LMll0 15902 9328 30009 54LS30 
07903 548157 10701" "A7805 16001 9334 30201" 54L840 
07904 548158 10702" "A7812 20101" MCM5303 30202* 54L837 
07905 548251 10703* "A7815 (EU x 8 Prom D.C.) 30203* 54L838 
07906 548257 10704" "A7824 20102* MCM5304 30301" 54L802 
07907 ·548258 10801* MH0026 (EUx8 Prom) 30302* 54L827 
08001 54811 10901" 555 20201" 828126 30303" 54L8266 
08002 54815 10902" 556 (256 x 4 Prom D.C. 30401" 54L851 
08101 548140 15001 5485 20202" 828129 30402" 54L854 
08201" 54885 15002 9324 (256 x 4 Prom 1.8.) 30501* 54L832 
10101 "A741 15101 5413 23001" 93410 30502* 54L886 
10102 "A747 15102 5414 (256 x 1 RAM D.C.) 30601* 54L8194 
10103 LM101A 15103 54132 2302 " 5531 30602" 54L8195 
10104 LM108A 15201 54154 (256 x 1 RAM 1.8.) 30603* 54L895 
10105 LM2101A 15202 54155 23501" 2680 30604" 54L896 
10106 LH2108A 15203 54156 (8S'C 4K RAM) 30605* 54L8164 
10107 LMl18 15204 8250 .23502" TM84050 30606* 54L8295 
10201 p.A723 15205 8251 (8S'C 4K RAM) 30607* 54L8395 
10301 p.A710 15206 8252 23503" 2680 30801* 54L8181 
10302 p.A711 15301 54125 (100'C 4K RAM) 31001* 54L811 
10303 LM106 15302 54126 23504~ TM84050 31002" 54L815 
10304 lMll1 15501 54H08 (100'C 4K RAM) 31003* 54L821 
10401 55107 15502 54Hll 30001 54L800 31004" 54L808 
10402 55108 15503 54H21 30002 54L803 31101" 54L885 
10403 55114 15601 54147 

'Slash shee1s not reteased as of date of this publication. 
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I. STANDARD COMMERCIAL PRODUCT 
RELIABILITY 

"Slgnetlc. Product Reliability Report R383'" dated June 
1975 represents the foundation upon which product reliability 
philosophy emanates at Signetics. The report differentiates 
product reliability from product quality. A summation of 13 
years (1962 to 1975) of product reliability data is represented 
by the report. Excerpts from the report are presented here
In. 

Failure Rate Packet." exist for all Signetics Products. Once 
per quarter life test data generated from various reliability 
programs (Including SURE II) Is summarized and added to 
existing die process family life test data thereby resulting in 
updated I.C. failure rate calculations. At the present time, 10 
such "Failure Rate Packets" covering 18 Die Process Fami
lies exist to provide current failUre rate calcula
tions/quotations. 

Quarterly SURE II Summaria." containing all recently com
pleted SURE II Die Process Qualification and SURE II 
Package Qualification Tests exist by which to monitor current 
product reliability performance to tests which meet or exceed 
MIL-STD-883A, Method 5005.3 requirements. 

Reliability Report." covering specific topics such as PROM 
Reliability, Dual Level Metallization Time-Temperature and 
Current Density Results, etc. are also available as compli
ments to the items above. 

II. SURE II (PRODUCT RELIABILITY 
QUALIFICATION PROGRAM) 

SURE II Bullatin 5005" details the philosophy and procedures 
used for the Systematic Uniformity and Reliability Evaluation 
(SURE II) Program. SURE II is a Signetics in-house qualifica
tion program designed to continually qualify all Signetics Die 
Process Families and all Package/Assembly Families to tests 
which meet or exceed the most recent military microelec
troniC test programs (MIL-STD-883A, Method 5005.3 and 
MIL-M-38510). SURE II Is provided at no cost to the cus
tomer. Excerpts from Bulletin 5005 are presented herein. 

III. SUPR II (100% Screening Program for 
Commercial/Industrial Products) 

SUPR II" the Signetics Upgraded Product Reliability (SUPR) 
Progr!lm is designed to provide Integrated circuits of a higher 
level of quality and reliability than is available with standard 
commercial product. SUPR II products are available as Level 
A or Level B products. The SUPR II Brochure is presented 
herein. 

IV. MILrel 38510/883 Program (100% Screening 
Program for Hi-Rei/Mil Products) 

MILrel 38510/883 Program - The Signetics MILrel 
38510/883 Program is designed to provide integrated circuits 
of a Military/Hi-Rei grade of product quality and reliability. 
The program Is organized to provide a broad selection of 
processing options, structured around the most commonly 
requested customer flows. The MILrei 38510/883 Program Is 
presented herein. 

... The reader may obtain 8 copy of this publication by contacting the 

Signetic. QRA Department 
Signetics Corporation 
811 E. Arques Avenue 
Sunnyvale. California 94086 
(408) 739·7700 

SIGNETICS PRODUCT RELIABILITY REPORT R363 
JUNE,1975* 

FOREWORD 
13 Years of Reliability Data, Over 2000 Lots, over 100,000 De
vices, Over 575,000,000 Actual Device hours 

All Signetics Products are Represented and Uniquely Delineated 

SECTION.1 (Summary of Signetlcs Product Reliability and Relia-
bility Philosophy) 

History of Reliability Testing at Signetics 

Signetics Philosophy Regarding Reliability 

Questions and Answers to Key Reliability Concerns (Section 1.3) 

Primary Manufacturing Factors Affecting Reliability (Table 1-2) 

SECTION 2 (Understanding the Failure Rate vs. Acceleration 
Factor vs. Activation Energy Relationship and Log 
Normal Life Distributions) 

Reliability Terms and Definitions (Failure Rate Equation, Bathtub 
Curve,lnfant Mortality, Acceleration Factor, Arrhenius Equation, 
Activation Energies, Log Normal Life Distribution, etc.) 

Pitfalls to Taking Assessed Failure Rates at Face Value 

Failure Rate Acceleration Factor vs. Temperature Graphs -
Signetlcs and Others (Figure 2-2) 

SECTION 3 (Signetlcs Life Test Results and Assessed FaUure 
Rates) 

Life Test Data from 1962 to April 1975 

Ole Process Family Failure .Rates (Table 3-5) 

Failure Rate Predictions per MIL-HDBK-217B, An Alternate 
Method (Table 3-7) 

SECTION 4 (Slgnetlcs SURE PrOgram Package Qualification 
Results) 

January 1963 to December 1969 Results (Table 4-1) 

January 1970 to December 1974 Results (Table 4-2) 

SECTION 5 (plastiC Molded Integrated Circuits) 

Plastic Encapsulant Manufacturing Considerations (,rable 5~1) 

Plastic Product Accelerated Environmental Test Results (Tests 
Beyond the Scope of Section 4) 

Plastic Product vs. Hermetic Product Application Considera
tions (Table 5-19) 

SECTION 8 (100% Screening vs. Reliability Improvement) 

The Use of Screening as a Po •• ible Enhancement of Product 
Reliability 

Reliability improvement Factors VIA Screening (Tabie 6-5, Sec
tion 6.3) 

SECTION 7 (SURE II - The Signetics 883A Reliability Program) 

Signetics has an Ongoing Product Qualification Program called 
"SURE II" 

Obtain a Copy of Bulletin 5005, "SURE II - Signetics 883A Re
liability Program" 

"Highlights and excprpts from report. All references to Tables, Sectlol1s. and Figures are with 
respect to the same as they appear in report R363. The excerpts were extracted intact so 
that a one to one relationship exists with the information contained In report R363. 
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ANSWERS TO SOME OF THE MORE FREQUENTLY 
ASKED RELIABILITY QUESTIONS 
The following subsection presents the most frequently asked ques
tions about I.C. reliability. The foundation for each answer can be 
found elsewhere In this report. 

How should accelerated stresses be chosen? The stresses chosen 
should relate to realistic operating conditions, relate to legitimate 
failure mechanisms which can be accelerated (while not Intr()duc
Ing new failure mechanisms), and be designed to limit. physical 
destruction of the device so that failure analysis Is possible. Sec
tion 2 lists several other concepts which Signetlcs believes are 
fundamental to the proper Interpretation and understanding of 
accelerated stress results .. 

What are the assessed failure rate levels for Signettcs Products? 
The present day bipolar technology failure rates for standard non
pre-screened products range from 0.021% to 0.00049% per 1000 
hours at 2S·C ambient at 6Oo/~ confidence. Similarly the MOS tech
nology failure rates range from 0.031% to 0.003S% per 1000 hours. 
The reader Is urged to study Section 3 and understand the varia
bles and limitations that apply to the die process family failure 
rates of Table 3-S .. The reader should also review Table 3-7, for an 
alternate method of determining failure rates. It behooves the sys
tem analyst to know as much as possible about the limitations to 
existing I.C. failure rates so that the best system failure rate pre
diction can be made based on the application and environment. 

How does one determine the current assessed failure rate for a 
specific product based on Signetias Data? Signetics life test data 
and failure rates are organized by die process families. Given such 
a request, the data for the appropriate die process family Is pro
vlded.(lnternal to Signetlcs, the QRA representative locates the 
fab process code corresponding to the specific product via refer
enCing the Product Master File. Once the die. process family is 
determined, the corresponding failure rate Is known). These data 
can then be applied directly as failure rates for the specific device 
In question. 

Are Slgnettcs products continuing to show a' downward trend In 
failure rates? Yes and no. Figure 3.1 shows that bipolar technology 
products showed a downward trend for the six years that calcula
tions were made between and Including 1963 to 1970. The 
cumulative failure rate curve of 1975 has many new technologies 
as well as shorter stress times added to it. Considering all the 
"noise" In the failure rate calculations the failure rates appear to 
have leveled off. However, If one uses the acceleration factors de
rived from the 1970 failure rate curve and applies them to 
DTLlTIL life test data generatedfrorn 1971 to 1975. the resulting 
2S·Cfaliure rate Is less than that "demonstrated" at 2S·C In 1970. 
Signetics believes that a 2S·C ambient assessed failure rate at the 
0.00 OX% (I.e. 0.0001%., 0.0002%, etc.) per 1000 hour level will be 
extremely difficult to Improve In the 1970's. One must keep in 
mind, however, that due to Increasing complexities, the actual fail
ure rate per discrete component Is decreasing drastically. 

What are the donilnant llfa test failure mechanlsms?Slgnetlcs ·has 
found that accelerated testing at a Junction temperature 
> lS0·C for prolonged times leads to gold-aluminum Intermetallic 
failure at the bond. Except for that mechanism, Signetics believes 
that the assessed failure rates are Influenced by random defects 
rather than systematic failures to which reliability physics could be 
applied and solutions found. . 

What Is the longest life test that Signettcs has run? The longest life 
test Is stili In process as a demonstration in the front lobby of Si9-
netlcs In Sunnyvale, California. The "VIP'S" (very Important parts) 
conSist of 111 pre-production DTL Circuits which have been oper
ating Since 1962. Their history Is shown In Table 3-1. 

How do the tempereture acceleration factors that Signettcs uses to 
assess faIlure rates compare to others used by. the Industry? Fig
ure 2-2, shows that the Signetics Failure Rate Acceleration Factor 
vs Temperature Graph can be interpreted as slightly conservative 
when compared to other available graphs. 

What can be said about the Integrity of Signetlcs peckages and 
assembly techniques? Signetics packages are capable of routinely 
pesslng the class B L TPD requirements of MIL-STD-883 method 
SOOS. Typically, they are also capable of meeting cless A L TPD 
requirements. See Section 4. 

How do plastIc peckage failure rates compare to "hermetic" pack
age failure rates? Based on extensive relatively dry environment 
life tests (I.e.' operating systems on the production floor,. HTOL, 
HTRB, and HTSL), Signetics has found the Silicone, Epoxy Novolac 
I, and Hermetic package failure rates to be the same (within exper
Imental uncertainty). Refer to Tables S-2 and S.3. 

What are the primary constraints placed on plastic molded product 
applications? Junction temperatures must be kept below lS0·C to 
avoid exceSsIve gold-aluminum Intermetallic formation as well as 
bond wire grain growth, both contributing to bond failures. Pro
longed exposures In environments approlichlng 8S·C ambient and 
8S% R.H. should be avoided. These envirOnments are extreme. In 
more typical applications, problems do not exist as testified to by 
the millions of plastiC I.C.'s that have been used In all types of ap
plications for many years. Refer to Section S. 

How does 100% Screening Affect I.C. Failure RateS? There Is no 
simple answer to the question of screening effectlveneS$ for a spe
cific application. Usually the system application and MTBF (Mean 
Time Between Failure) requirements together with a good history 
of confirmed reject failure modes dictate what type of screening If 
any should be done. As' a general gUide, Signetlcs does reference 
MIL-HDBK-217B and has calculated reliability Improvement factors 
a8 shown In Table 6-6. 

What effect does radiation have on Signetias I.C. performance? 
Per Table l-lA, DTL Circuits operate satisfactorily while being sub
Jected to transient radiation of 2.SX108 Rads/Sec. or a slow 
neutron flux of 2Xl0ll neutrons/cm2. Per Table 6-7, TIL circuits 
are capable of satiSfactory operation during transient gamma ra
diation In excess of lXl08 Rads/Sec. The TIL Circuits are also 
capable of sustaining lXl013 neutrons/cm2 without significant 
permanent damage due to the neutron radiation. 

Does Signetics have an ongoing QualificatIon Program for stand
ard products? Yes, its called the SURE II Program. A copy of the 
SURE II Bulletin SOOS dated March . 1975 Is available as a comple
ment to this report. Also section 7 of this report contains a brief 
description of the SURE: 1I/883A Reliability Program. 
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Table1-2A 
PRIMARY MANUFACTURING FACTORS WHICH HAVE A POTENTIAL IMPACT ON I.C. RELIABILITY (1) 

PRIMARY MANUFACTURING FACTORS 
(POSSIBLY AFFECTING RELIABILITY) 

I. Waler Related Factora 
A. Bulk Considerations 

t. Power va thermal reelstance va T J (Usually milliwatt range power require
ments are easily accommodated by suitable heat-slnk packages) 

2. Current Non-Uniformity due to: 
a. Emitter geometry and size va~atlons 
b. Dopant diffusion variations (emitter reelstlvlty, effective base width, large 

fields due to diffusion fronts and junction curvature.) 
c. Silicon lattice defects (dislocations, diffusion damage, oxidation damage) 

B. Paaslvatlon ConSiderations 
t. Thermal oxide dlelect~c strength 

a. Oxide contamination affect. Top side phosphosilicate glaas (PSG) "get
terlng". 

b. Oxide thickness and uniformity 
2. Junction coverage (passlvatlonl). Latteral diffusion va contract openings. 
3. Thermal oxide and PSG charges 

a. ass, surface state charge density (Intrinsic to 51-81°2 Interface for 
200A·. Related to Ionic SI In oxide. Post assembly stre .... <300·C 
have little affect) 

b. NST' fast surface state charge density at SI-SI02 due to lattice disrup
tion. (DIstort C-V plots, annaals at 5OO·C reduce levels to ::5'0 'Ocm-2). 

c. ao, mobile Ionic Impurity charge density. Na Is tha primary culprit. (K, U, 
organics etc. ara other possibilities, but seldom found. The usually large 
nagatlve Ions are not a problem In SI02)' No @ 127·C, 10V gate bias, 
redlstrlbutea 100% across 5.5KA· of oxide In 10 minutes. 

d. as', treps space charge denshy In 51°2 Introduced by radiation gonerst
Ing eleclron-hole pairs which separate If gate bias exists; Anneal at 
300°C cures traps. 

e. Oxide surface chargea "extended gate affect". (a R.H. of 40% to 90% 
produces a Shest realstance of '°'8 ohms to '°'5 ohms). Also Includea 
propagation along the Interface of two Insulatora under Influence of elec
tric field. 

f. Polarization of g1aas - dipole affect. ,. VG produces ,. a c-v during 
polarization. 

4. Phosphorous doped thermal oxide (emmer doping cycle)" and PSG anom
allea. 
a. Glass cracking (low P20S) 
b. Unattached P In glaas (High P205) 
c. Lack of sufficient gatterfng (low P~5) 
d. Nagatlva oxlde/glaas slopes If phosphorous concentration Increases 

towards the 51 surface. (Faster etching In areas of high concentration). 
a. PSG Porosity 

C. Metallization Considerations 
1. Metal-51 contact and "via" (Al-AL) contect Integrity 
2. St~pa cross sectional area (Current capability) 
3. Grain size. 
4. Deposhlon contamination 
5. "Peeling" Aluminum (Non-Adherence to 5102) 
6. Oxlde/Glaas step coverage (Especially Collector~ 
7. Interrelationship of metal to glaas (Glaas chemical and mechanical propar

ties and possible affect on microcracks, migration, corrosion, and 
bondability of metal). 

II. Package and Assembly Related Factora 
A. Wafer scribe, break, die plating. (Silicon microcracks, conductive partlclea, 

contamination - _Ially moisture ralated). 

B. DIe Attach (Ole Slza - araalthlckneas-dependent) 
1. Alloy (S~Au eutectic, Solder raflow) 

a. Amount of '_tlng" 
b. Void formation due to diffusion reactions 
c. Ductllhy (Thermal stress relief) 

POSSIBLE 
RELIABILITY IMPACT 

1. "Hot Spot" formation 
2. "Second breakdown" pf18nomenon 
3. Excesslva Al-SI sutectlc formation. Al

loy shorts through junction. 
4. Increased carrier generatlon/re-

combination due to lattice defect propa
gation. 

1. Direct metal to silicon shorts, reslstlva 
paths. 

2. Static discharge susceptibility (Inc ...... 
wHh low serlea Input reSistance and high 
parallel resistance or junction BV) 

3. SI02 + AL producing Al20a plus 51 
which can short. 

4. Parametric dagredallon (aVT' ahFE' 
aBV, all etc. due to depletion, In_
slon, and carrier goneratlon sllea) 

1. Cracked glass va DLM 
2. Phoaphorous leach out of glaas forming 

phoaphorlc acid In preaenca of H~ 
which attacks metal. 

3. ParametriC Instability 
4. Aluminum "microcracks" ~ oxldel 

glass staps. 
5. Trapped etchanlS (H3P04)' 

1. a ohmiC contact resistance 
2. AL migration (Sale for Jdxl05.A!cm2j 
3. AI "microcracks" at step 
4. Metal corrosion (Oxide ratarda) 
5. Poor bondablilly 
6. Parametric Instability 

1. Parametric Instability 
2. loose conductlva particles after aasarn-

bly 
3. Die "pop off" 
4. a thermal realstance 
5. a elect~ resistance 

1,,-

APPLICABLE IN 
PROCESS CONTROLS 

1. Starting Slice (Orientation, resistivity, 
thlckn .... bow, tapar) 

2. Mechanical Polish (1_, thickness, sur
face finish, dislocations) 

3. EpHaxiai DeposItion (thlckn ... , realstlvl
ty, stacking faulls) 

4. Diffusion (Furnace control via VII uni
formity, registration, dlffusll>n depth, 
o:esistlvlly, __ 1eaIa) 

1. OXidation (thickness,. plnholea, cfeanll
ness via C-V plots and element 
detection) 

2. Photoresist (DImensions. iIIlgnment, 
etch completeness, rinse completeneaa) 

3. O'aas Density (Measura of porosity) 
4. Contro' of ass via propsr oxidation 

ambient and temperature control. 

1. PSG deposition procedure. 

2. P~5 content 
3. PSG annealing procedurea 
4. Visual and SE~ Inspectl~s. 
5 .. Pinhole detectIOn . 

1. Target/source coverage and purity. 
Evaporator control. 

2. Thickness measurement 
3. Alloy Cycle 
4.SEM. 
5. C-V plots 
6. "Scotch Tape Pull Test" 
7. Bond Pull 

1. VIsual Inspections 
2. Inert handling procedure 
3. Ole pry 
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Table 1 .. 2B 
PRIMARY MANUFACTURING FACTORS HAVING A POTENTIAL IMPACT ON I.C. RELIABILITY (1) 

PRIMARY MANUFACTURING FACTORS 
(POSSIBLY AFFECTING RELIABILITY) 

C. Bonding (Requires proper pad layout and die orientation) 
to Thermocompresslon Gold Wire Bonding (Gold wire 18 work hardened dur

Ing wire drawing· then stress relieved lor eultable characteristics. Ball 
bonds, stitch bonds-via capillary, and wedge bonds-via wedge tool can bit 
made.) 
a. Amount 01 bond deIormatlOn 
b. Wire gain growlh 
c. Intarmetallics (AU-AI) 
d. Wlre·ssg 

2. UHr.lc Aluminum Wire Bonding (Wire Is hardenad for handling via sUl
con atc. addition). 
a. Ductility 
b. Inlermatanlcs (Au-AI) at package. 
c. Bond deformation 
d. Wire dress 

O. Non-Plastic "Hermetic" Pact<agas. Intent Is to maintain a dry (dew point 
«O'C) Inert Iniler atmosphere. 
1. Common to Hermetic Packages 

a. Plating Inlegrtty (Nlcket, gold, lin). Thickness, coverage, adharenoe, ... 
sl8tance to oxidation and charnlcsl8, soIdarablHty. 

b. Ole attach and bond Integrity (cavity Plating) 
c. External lead Integrity (praasnce 01 stress cracks prior to plating, ductili

ty, and material strength) 
2. Matal Can (H20 < 10PPM attainable) 

a. Glass to lead seallnlegrlty. 
3. Ceramic Packages With Re!low Alloy Ud Seal (H20 « 200 PPM. Dew Point 

« - 3500 Is attainable). 
4. Ceramic Pact<eges with top Side lid frlt seal plus Cetdlp and Cerpac 

(Ceramic bass and ceramic lid sealed via aoIder glass which alSo eupporls 
Ieed frame). The solder glass tachnology Is based on .the gless-ceramlc 
phenomena of nucleallon and crystallzation (devltrfflcstlon) of a Ieed-zlnc
borate glass. (H20 S 200 PPM, Dew potnt S - 350C Is attalnable~ 
a. Lack of high Initial heating rates (lor high lIuldlty and mass transport In 

glassy phess) or leek 01 slow COoling rates (To minimize thermal shock) 
during lid seal. 

b. Proper glass binder control to achleva minimum of voids In glass ( < 
5%). 

c. Reliability hazard 01 lin dipping the leads alter lid seal (thermer shock 
pot,antl8l) stthe "uear end". 

d. Water ratenlion 01 certain glass binders (uaad In glassing operation). 
e. DIe attach to printed glass-goId film. 
I. Susceptibility 01 the sealing glass to be attact<ed or become conductive 

In various prating and cleaning solutions. 
g. Contaminant Ires oxidizing environment (can not Use N2) lor lid seal. 

E. Plastic Packagea 
Reier to Section 5, Table 5-1 

NOTES: 

POSSIBLE 
RELIABILITY IMPACT 

1. Bond lilt 011 (under bonding) 
2. Au - AI In\erdlltUslon (Klrckendall voids, 

"purple" pfague) produclrig 
a. weak bonds 
b. resistive bonds 

Keep lime temperatura product low 
and do not exceed 150'C lor long 
lime periods alter assembly. 

3. Wlra breakage In span during thermai 
and mechanical stress. 

4. Both Au and AI wire loss strength above 
150'C 

5. Wire to wlra shorts or wlra to die shorts. 

1. CorrOSion 01 AI wire and die matalllza
tlon. 

2. Corrosion 01 axternalleads. 
3. Exlemalleed fatigue. 
4. Inability to withstand chemical, thermal 

and machanlcal environmental stresses. 
(Re!. MIl-SId-883A) 

5. Paramatrlc Instablilty. 

1. Problems previously mentioned In prior 
box. 

2. lead to lead shorts on cetdlp and car
pac due to. Pb raduCUon and formation 
01 lead balls. 

3. USer handling, flxturlng and mounting 
procedures are Important In maintaining 
seal Integrity. 

ReIer to Section 5, Table 5-1 

Al'PLICABLE IN 
PROCESS CONTROLS 

1. Post bond visual for workmanship 
2. Au and AI wire (aize, tensile alrength, % 

elongation, compoaItlon, vleual) 
3. Thermocompreaslon Bonds 

a. Capillary cleanliness and tempera
ture 

b. Bonding ares temperatura (O!: 
300'C). 

c. Force (60-150g depending upon wire 
size etc.) and dwell time (rna range). 

d. Ball formation va Wire Melt va New 
Structura 

4. Bond pull data and analysis 01 break 
mode. 

1. Fine leak teal(10_6 to ... 0-" 
atrn cc/sec) 

2_ Gross leak test 
.( For <10-" atm oolsec) 

3. Header boridability and discoloration. 
4. Inner package atmosphera analysis. 
5. Dye Penetrant 
6. Ole pry and bond pull 

1. OTA characterization oI_lIng glass. 
2. Torque test t9 O!: 20 In-lb on lid. A_

ages 01 O!: 40 In-Ib are typical. 
3. Proper s.iaI Profile. TlmeJtarnparatura 

accumulation and oxidizing atmosphere 
are cr"1eaI to determining devltrlflcstlon 
1118. 

4. Glass Thickness on lids. 
5. Dye penetrant and other controls men

tioned In prior box. 
6. Proper electroplating procedures. 

ReIer to Section 5, Table 5-1 

(1) Many 01 the concepts expressed In table 1-2 were extracted from an article by Peattle, Adams. Cerrell, George and Valek llt1ed "Sements Of Semiconductor - DevIce ReHabiHty" which 
appeared In Procesdlngs of the IEEE, Vol. 62, No.2, February, 1974. The concepts are applicable to present day I.C. manufacturing. 
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NOTES: 

Figure 2-2 
FAILURE RATE ACCELERATION FACTOR V8 TEMPERATURE GRAPHS 

- SIGNETICS AND OTHERS 
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(1) Calculated trom the Slgnellcs Failure Rate va Temperature Graph of Figure 3.2. SlgnetlO8 uses acceleration factors of 15(lor 
85°C). 50(10< 125°C), 100(10< 150°C~ 200(Ior 175°C), 350(lor 200°C), 970(10< 250°C) and 2100(lor 300°C) to relate to 
25°C equivalent ambient temperalure. The 25°C to 125°C segment of the graph is based primarily on operating IWe data. 
The segment of the graph above 125°C Is based on hlgh temperature storage data. The graph equates to an "activation 
energy" Ea -0.41 eV. 

(2) Calculated trom Mll-HDBK-217B, 20 Saptember, 1974, Teble 2.1.5-4 for n T 1 va TJ values. The graph equates to an "ao
tlvatlon energy" EA ~0.41 eV and is applicable to all bipolar digital (except ECl) In the normal mode of operation. 

(3) calculated from Mll-HDBK-217B, 20 Septembar, 1974, Table 2.1.5-4 lor nT 2 va TJ values. The graph equates to an "actI
vation energy" EA-0.70 eV and Is applicable to all Mos, all linear, and bipolar ECl devices in the "",mal mOde of 
operation. 

(4) Calculated trom Mll-STD-883A, 15 Novambar 1974, Figuras 1005-4 and 1015-1 by extrapolating the time temperatura 
ragraselon graph from 78°C back to 25°C. The Mll-STD-883A graph is the Bell Telaphone laboratories Graph 
(Specification A-B-689143, 16 January 1974 etc.) snd as such applies to storaga and operating TJ values and primarUy 
surface inversion failure mechanisms. The graph equates to an "activation energy" EA ~ 1.02 eV. 

(5) This curved graph Is the result of plotting the "rule of thumb" that failure rates (hence acceleration factors) double for every 
+A 10°C. 

(6) All competitor deta (available to Signetics) produced graphs falOng wnhin these two boundaries. The two boundaries equate 
to "activation energies" of EA R 0.23 eV (for lower graph) and EA ~ 1.92 eV . 
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Table 3-5 
SIGNETICS 1.C. FAILURE RATES CALCULATED FROM THE DATA OF TABLES 3-3 AND 3-4 

DESCRIPTION OF SURE EXAMPLE COMIlINED(HTOl & HTSlI ~ (25"<:1 IN % PER 1000 HOURS (2) 
SURE DIE PROCESS FA\!! QFA .25"<: EQUIVAlENlllt BASED UPON BASED UPON BASED UPON 

FAMiliES PROCESS TYPICAL DEVICE # FAilURES CAT. AND DEG. CATASTROPHIC DIE RELATED 
1871 TO 1876 CODES DEVICE HOURS CAT. DEG. FAilURES FAilURES (3) CAT. FAilURES 

~L & DTL, Gold Doped Slow A,Al,Bl,J SE 124 181,868,000 0 1 0.0011 0.00048 0.00049 
Sceed Hlah/lOW VoHaae FLIPFLOP jl) 

~L & DTL, Gold Doped Fast Cl,c2,C5,CA 7400 619,788,320 6 4' 0,0019 0.0012 0.0010 
Sceed low Voitaae CB,D,CS GATE (5i (4) 

Schottky, Std. Aluminum R2,S2,Xl,X2 86S62 115;275,000 5 1 0.0062 0.0054 0.0027 

SlM and DlM X6,X7,ZI PARITYG (2) (1) 

Schottky, Silicide R4,S4,X3,X4 82S 10 19,900,000 3 0 0.021 0.021 0.0045 

SlM and DlM lKRAM (0) 

Low Pwr. Schottky, Silicide, P4, V3 74lS 74 141,100,000 2 0 0.0022 0.0022 0.00064 
Ion Implantation, SlM / DlM FLIPFLOP (0) 

PROMS, Std. Non-Schottky T2l E2Cl, C3 8223 14,373,800 1 0 0.0063 0.0063 0.0063 

C 1 Process Plus Nichrome PROM (1) 

PROMS, Std. Aluminum Schottky R5,X5 82S 115 18,290,000 0 0 0.0050 0.0050 0.0050 
DlM Plus Nlchroma Fuaas 4KPROM (4) 

ECL, Std. AlUminum Contacls 01, VI, V2 10131 180,700,000 0 5 0.0035 O.OOOS 0.0005 

SlM and DlM FLIPFLOP (5) 

EeL, Std. AlUminum Contacts, U2 10145 30,200,000 0 0 0.003 0.003 0.003 
Washed Emitter, SlM and DlM RAM 

ECL, Silicide, U4 iOI64 117,000,000 3 0 0:0035 0.0035 0.0028 

Washed EmItter, SlM and DlM MULTIPLX (2) 

Lines" High VoHage M,ME,MX,PX ~A741 172,779,000 4 3 0.0048 0.0030 0.0024 

R P Ml OPAMP (3) (2) 

Lines" Medium Voltage E,EX,EX2 585 25,600,000 0 0 0.0035 0.0035 0.0035 

OX,02 PLL 

Llnesr, Low VoHaga B,B2,C,H,K 558 43,200,000 0 0 0.0021 0.0021 0.0021 

l/L IIL3,W,WI TIMER 

TOTAL FOR BIPOLAR TECHNOLOGIES 1,680,074,120 24 14 0.0023 0.0015 0.00084 

ml (13) 

DMQS, Double DIffused MOS. l21A1B/C SD301 28,450,000 0 0 0.0035 0.0035 0.0035 

N-Channel, Ion lmolanted M2D2/3/4 FET 

CMOS, Compllmantary MOS, Ion C2K 4011 91,519,000 4 4 0.010 0.0056 0.0058 

Implanted, Metal Gate GATe (4) . (4) 

NMOS, MOS Silicon Gate, LOW N3A 2602 26,860,450 0 2 0.012 0.004 0.004 
VoHage, N-channel Ion Implt C2N lKRAM (2) 

NMOS, MOS Silicona Gate High N3B 2604 5,920,000 0 0 0.015. 0.015 0.Ot5 

VoltageN-Channel, Ion Implt 4KRAM 

PMOS, MOS Silicon Gate Low K3A 2580 84,535,000 9 5 0.018 0.011 0.0098 

Voltace PoOhannel C2G 8KAOM m (51 

PMOS, MOS Silicon Gate High K3B 1103 8,955,720 2 0 0.031 0.031 0.031 

Voltaaa P-Channal C2T lKRAM (2) 

TOTAL FOR MOS TECHNOLOGIES 243,240,170 15 11 0.0113 0.0088 0.OOS9 
(13) (,tl 

TOTAL FOR BIPOLAR AND MOS TECHNOLOGIES 1,923,314,290 39 25 0.0034 0.0021 0.0014 
(28) (24) 

NOTES: 
(11 The Signetics Failure Rate Acceleration Factor va. Temperature Graph (Figure 2-21 was used to celculate the TA=25OC equivalent device hours. The cetastrophlc failures are defined as 

opens, shorts or non-(unctlonal parts. All other ''faIlures'' are defined as dagradefional. The total number of catastrophic and dagradationsl failures are listed without parentheses. The 
quantity within the parentheses refsrs to those failures which appear to be related 10 die failure mechanisms (I.e. assembly and package related failure mechanisms are not Includad In the in
parentheses quantHles~ 

(21 The failUre rates are calculated at 60% confldenca and are based upon the combined (HTOl and HTSq250C equivalent data shown. 

(31 Signetics recommands using the failure rate valUes of this column (more typical of realilfel. When using theaa failure rate values, it Is important to realize that the failure rates are constantly 
changing as more data becomes avallabla. Of additional Importance Is the fact lhat the failure rates are somawhat influenced by assembly and packaging failure mechanisms. which are 
random and not unlqua to a partlclar die process.family. 

(41 To date ovar 9 billion (used link hours and over 9 billion un(used link hours hava bean accumulated producing an MTBF (Inverse of FaHure Ratel of 9.4 xl()9 hours for both fused and unlusod 
links. 
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1975 SURE" 
DIE PROCESS 

FAMILY 
I TTL/DTL 

II TTl/DTl 

III Schottky 

IV Schottky 

V low Power 

Schottky 

VI BIPOLAR 

MEMORY 

PROMS 

VII ECl 

VIII ECl 

IX linear 

X linear 

XI linear 

XII DMOS 

XIII CMOS 

XIV NMOS 

XV NMOS 

XVI PMOS 

XVII PMOS 

Table 3-7 
FAILURE RATE PREDICTIONS PER MIL-HDBK-217B, 20 SEPTEMBER 1974, 

"RELIABILITY PREDICTION OF ELECTRONIC EQUIPMENT" 
FAILURE RATE PREDICTIONS PER MIL-HDBK-217B 

ARBITRARY F.R. PARAMETERS PER FAILURE RATE EQUATIONI1l 
FAMILY CANDIDATE PREDICT N ~3~ ~~ ?s~ ~1 ~1 ~~ DESCRIPTION DEVICE TYPES MODEUll 121 

Gold doped. Slow speed SE 124. DTl l.a. G" 150 1 0.2 0.17 .0033 .0064 
Hlah/low Voltaaa FLIP FLOP 4 

Gold Doped. Faet speed 7400. OUAD 2- 1. a. G- 150 1 0.2 0.17 .0033 .0064 

low Voltage tMPUT NAND GATE 4 

74147, to LINE TO 1. a. G- 150 1 0.2 0.33 .013 .013 

4 liNE DECODER 31 

Std. Aluminum Schottky 82 S 62, 9 BrT 1. a. G- 150 1 0.2 0.17 .0061 .0089 

SlMor DlM PARITY GEN. to 

Silicide Schottky, 74 S 40, DUAL 4- 1. a. G- 150 1 0.2 0.17 .0021 .0050 

Single level Metal INPUT NAND BUFFER 2 

(SlM) or Dual level 82 S 10, 1024xl 1. d. B- 150 1 0.2 0.33 .13 .049 

Metal (DlM) BIPOLAR RAM 1024 

Silicide Schottky, Ion 74l S 74, DUAL 1. a. G- 150 1 0.2 0.17 ,0069 .0095 

Implantation, SlM or DlM FLIP FLOP 12 

SId. Aluminum Schottky 82 S 23, 32x8 1. d. B- 150 1 0.2 0.33 .032 .012 

DlM plus Ni-Cr Fuses BIPOLAR PROM 256 

62 S 115, 512x8 1. d. B- 150 1 0.2 0.33 .17 .070 

BIPOLAR PROM 4096 

Standard Silicide, 10109, DUAL 4/5- 1. a. G- 150 1 0.2 0.24 .0033 .0064 

ECl, SLM or DlM INPUT OR/NOR GATE 4 

Silicide, Washad 10164, 8 LINE TO l.a. G- 150 1 0.2 0.24 .0089 .0095 

Emllter, ECl, SlMI DlM 1 liNE MUl TIPlXR 12 

Higher Vollage Process "A741 Operation- 1. b. T_ 150 1 0.2 0.24 .0055 .013 

al Amplifier 20 

Medium Vottage Process 565, PHASE 1. b. T- 150 1 0.2 0.24 .0071 .016 

lOCKED lOOP 28 

low Vollage Process 556, DUAL 1. b. T- 150 1 0.2 0.24 .010 .021 

TIMER 46 

Double Diffused MOS, SO 301, DUAL 1. b. T- 150 1 0.2 0.24 .0016 .0056 

N-Chennel, Ion Implntd GATE DMOS FET 2 

CMOS, Ion Implanted, 4011, OUAD 2- 1. a. G- 150 1 0.2 0.,24 .0033 .0064 

Metal Gate IMPUT NAND GATE 4 

MOS Silicon Gate, 2602, ,024., l.d. B- 150 1 0.2 0.76 .13 .049 

low VoRage N Channel, STATIC RAM 1024 

Ion Implantation 2650,8 BIT l.c. G- 150 1 0.2 0.76 9.35 3.52 

MICROPROCESSOR 1300 

MOS SIHcon Gate, High 2604, 4096., " d, B- 150 1 0.2 0.76 ,30 ,12 

Volt N-Chen. Ion Implnt DYNAMIC RAM 4096 

MOS Silicon Gete. 2521. DUAL 128 1. d. B- 150 1 0.2 0.76 .056 .020 

lowVoliage P BIT STATIC S.A. 256 

Chennel 2560. '2048x4 1. d. B- 150 1 0.2 0.76 .26 .11 

STATIC ROM 8192 

MOS Silicon Gate. 1103. ,024., l.d. B- 150 1 0.2 0.76 .13 .049 

High Vollage P Channel DYNAMIC RAM 1024 

F/1)HR " %F/103HR 
0.276 0.0276 

0.276 0.0276 

1.034 0.1034 

0.423 0.0423 

0.204 0.0204 

7.91 0.791 

0.461 0.0481 

1.94 0.194 

10.52 1.052 

0.311 0.0311 

0.533 0.0533 

O.see 0.0588 

0.735 0.0735 

0.99 0.099 

0.226 0.0226 

0.311 0.0311 

16,29 '1.629 

1171.5 117.15 

37.8 3.78 

6.98 .696 

32.94 3.294 

16.29 1.829 

(1) A p- AT + AM = III IlO (C,IlT + C2IlE). The overall device failure rate A p (Falures/106HOUrs) Is compaaed 01 the lallure rate component A T due to time degradation causes 
(represents dagradetlon mechanisms which are accelerated by temperature and aIecI~csl bias; composed largely 01 pheno(nena which lollow the Arrhenius type rate accsIeretlon) plus the 
lallure rate component A M due to mechenlcsl csuses (application environment Inducss direct or Indirect failure mechanisms from mechanical stresses such as stresses set up by thermal 
expansion). The IlT (temperature acoeleratlon lactor),C, and C2 (elrcut complexity lactors) values are related to davlos technology/elrcut complexlly and their values are computed from 
Section 2.1 01 Mll-HDBK-2t7 B for one 01 the following lour cIasaes 01 devices: 
a. Monolithic Bipolar and NMOS. PMOS. CMOS Dlglial (SSIIMSI. Gates :s 100, Transistors :s 400). 
b. Monolithic Bipolar and DMOS linear. 
c. Monolllhic Bipolar and NMOS. PMOS. CMOS DIgital (lSI). 
d. Monolllhic Bipolar and NMOS, PMOS, CMOS Memorlas (RAMS, ROMS. PROMS. and ~ Dual 8 BII Shift Raglsters~ 

(2) N = # 01 gates (G). aseume 4translstors/gate.lor l.a or l.c.; N=# transistors (T) lor l.b.; N=# bits (B) for l.d. 
(3) 110 = Ousilly lactor can be 1. 2, 5. 10, 16 or 150. 150 was chosen 10 coinCide with commercial (non-military standerd) perla 
(4) III = leamlng factor can be IorIO. 1 was chosen 10 relate 10 products for which production ccndllions/oonlrols heva stabilized. 
(5) liE - The applicable environmental factor csn be 0.2. 1.0.4.0.5.0.6.0 or 10.0. 0.2 chosen 10 reflect a ground benign environment. 
(6) liT - Temparature accelerallon factor b_d on T r25'C (ambient) + 10'C (or 25'C~ 10'C used lor #transistors :s 120. 
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Table 4-1 
SUMMARY OF ALL SURE ENVIRONMENTAL RESULTS (PACKAGE QUALIFICATIONS TESTS) 

-- JANUARY 1963 TO DECEMBER 1969 
RESULTS BY SUBGROUP (TOTAL OTY FAILURESITOTAL OTY OF DEVICES) (1) 

SURE PACKAGE LTPD -.1!.- LTPD=,1L- LTPD r--!L--
FAMILY DESCRIPTIONS Bl (2) B2 (2) B3 (2) 

Melal Cans (K. T) 0/330 - 3/330 1-4A 0/330 -
2-2D 

Plastic DIp. Silicone 0/615 - 14/653 13-1C 0/615 -

(A. B) '1-2D 

Dlp-Cerdlp (F) 0/45 - 0/45 - 0/45 -
Flatpac - Glass. Kovar 

L1dlGlass To Kovar 011530 - 3/1540 1-2D 2/1530 1-4A 

Seal (G. J) 1-4A 1-3E 

1-4B 

Aatpac - Ceramic Body I 

Glas. Seal al Leads. 0/30 - 1/40 l-IC 0/30 -
Ceramic L1d/Gla .. Seal ra) 
Aatpac'Ceramlc Body. 0/20 - 0/20 - 0/20 -
Alloy Seal (P. R) 

TOTAL % REJECTS 0% 0.799% 0.078% 

0/2570 21/2628 212570 

% LOTS WITHOUT 100% 93% 99% 

REJECTS 171/171 158/171 169/171 

NOTES: 
(1) Explanation ot Subgroupa (Per MIL -5-19500 and MIL-STD-75O; Reference SURE BuMetln SOOt) 

B 1: Physical Dimensions 

LTPD -..1!.-. LTPDrJL-- LTPD~ 

B4 (2) B5 (2) B6 (2) 

0/330 - 0/330 - 2/880 2-1C 

0/615 - 0/615 - 5/1640 3-1C 

1-3C 

1-3A 

1-4A 

2/64 2-3F 0/45 - 0/120 -
2-2E 

3-2A 

3/1549 3-3F 2/1540 2-31 9/3994 1-3E, 

1-2B 

l-IB 

l-IC 

1/40 1-3F 0/30 - 1/80 l-IC 

0/20 - 0/20 - 0/80 -

0.229% 0.077% 0.266% 

6/2618 2/2580 18/6774 

98% 99% 90% 

168/171 169/171 152/169 

LTPDr-1L--

B7 _(2) 

0/880 -

3/1640 1-2B 

l-1C 

1-2A 

11120 1-2B 

5/4078 3-2A 

1-2B 

l-IC 

0/80 -
0/40 -

0.132% 

916802 

95% 

162/171 

B2: DC Parameters. Solderability. Temperature Cycling (10 cycles). Thermal Shock (5 cycles~ Moisture ResiStance (10 days). End Point Electrica" with Drift Criteria Applied. 
B3: DC Parameters. Mechanical Shock (1500g). Vibration Fatigue (30g). Vibration Variable Frequency (30g~ Acceleration (30.000g~ End Point Electricals with Drift Cr~erla Applied. 
B4: Terminal Strangth. Hermeticlty (Small Leak & Large Leak) 
B5: SaH Atmosphere (24 hours) 
B6: DC Parameters. SierageUfe (1000 hours TA 2: 150°C). End Point Electrlcals with Drift CrReria Applied. 
B7: DC Parameters. Operating Life (1000 hours. TA - 125°C. Dynamic Conditions). End Point Electricals with Drift Criteria Appned. 

(2) The results of failure analysis are shown via code x~VZ where X is the quantity of failUres with mechanism YZ. The YZ mechanisms are defined as follows: 
1. Bond Problems 

A. Bond Degradation (intermetalllcs) 
B. Poor Bond Adherence (Subotd. Bonds) 
C. Broken Bond Wires (At the Dla or Package) 

2. Ole Problems 
A. Oxide Defects (Shorts. Pits. ~oIds) 
B. Junction (Leakage) Degradation 
C. Mask or Diffusion Defects 
D. Aluminum Metallization (Cracked. Thin. Voided) 
E. Cau .. Unknown. Electrical Degradation 

3. Asaambly and Package Problems 
A. Aluminum Metal Scratches 
B. Die Chips or Cracks 
C. Wire Shorts to Die or Package 
D. Wire Breakage (In the Span) 
E. Lifted DIe From Attach Pad 
F. Hermetic Seal (Fine or Gross) 
G. Extemal lead Broken 
H. Cracked Package 
I. Pitted Leads/Laad Corrosion 

4. Mlscallaneous 
A. Failures Not Analyzad 
B. AlUminUm CorrosiOn (Moisture Ingression. etc. Could bs DIe Fab. Package or Assembly Related) 
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Table 4-2 
SUMMARY OF ALL SURE ENVIRONMENTAL RESULTS (PACKAGE QUALIFICATION TESTS) 

- JANUARY 1970 TO DECEMBER 1974 
RESULTS BY SUBGROUP (TOTAL QTY FAILURESITOTAL QTY OF DEVICES 1) 

SURE PACKAGE LTPD =....!L LTPD =,-lL- LTPD~ LTPD~ LTPD a,..!L- LTPD ':....!L LTPD ;:-JL LTPD =..E-
FAMILY DESCRIPTIONS Bl (2) B2 (2) B3 (2) B4 (2) Cl (2) C2 (2) C3 (2) C4 (2) 

Plasllc Dips, Epoxy (V,A,B, 0/105 - 0/105 - 0/105 - 0/105 - 0/105 - 0/105 - 0/105 - 0/315 -
AA,BA, N, XF) 

Plasllc Dip, Silicone (V,A,B, 0/165 - 0/165 - 0/172 - 3/222 3-4A 15/277 5-4A 4/228 4-4B 0/165 - 3/445 1-20 
XA, XC, N) 5-4B 

HB 2-2E 
4-1C 

Plaslic 01 ,APT IPILL (AH) 0/120 - 0/120 - 0/120 - 1/130 1-3G 0/120 - 0/120 - 0/120 - 0/340 -
Flalpac-Ceramlc Body I 0/225 - 0/225 - 0/225 - 0/225 - 11235 1-4B 0/225 - 1/235 1-3G 0/640 -
Glass Seal al Laads, 

Caramlc LldlGlass Saal (0) 

Flalpac-Cerpac (W) 0/210 - 0/210 - 0/210 - 2/229 2-3G 0/210 - 0/210 - 01210 - 21605 HE 

1-2B 

Flalpac-Glass, Kovar Lldl 01270 - 0/270 - 0/270 - 0/270 - 1/280 1-4A 0/269 - 3/299 1-31 01730 -
Glass 10 Kovar Seal (J) 2-4A 

Flalpac-Ceramlc Body, 

Alloy Seal (P,R) 0/30 - 0/30 - 0/30 - 0/30 - 0/30 - 2/49 2-4A 3/82 3-31 0/80 -
DIP - Cerdlp (F) 0/322 - 0/322 - 0/322 - 13/411 8--3F 12/418 7-3F 0/322 - 0/322 - 2/885 1-2E 

DIP - Ceramic Body, Melal 0/210 - 0/210 - 0/210 -
Lid I Alloy Seal (U 

DIP- Ceramic Body, Ceramic 0/45 - 0/45 - 0/45 -
LldlGlass Seal (I. A, INC) 

Solid Header With Mounting 0/30 - 0/30 - 0/30 -
Holes (DA) 

Melal Cans (T, TA,DB,DC, 0/150 - 0/150 - 0/150 -
DE, L, K) 

TOTAL % REJECTS 0% 0% 0% 

011882 0/1882 0/1889 

% LOTS WITHOUT REJECTS 100% 100% 100% 

125/125 125/125 125/125 

NOTES: 
(1) explanation of Subgroups (Per MIL-STD--883 Groups Band C Environmental Tests. Ref

erence SURE Bullatin 5001A of June 1970). The numbers In parentheses refer to MIL
STD-883 Methods. 
B 1 - Physical Dimensions (2008), Condo A 
B2 - Marking Permanency (2008), Cond. B; Visual and Mechanical (2008~ Condo B; 

Bond Slrength (2011), Condo 0 
B3 = Solderability (2003), 260"C " 10"C 
B4 = Lead Fatigue (2004), Condo B2; 10 x Visual; Hermetlclly (1014), Fine-Cond. A or 

Band Gress-Cond. C 
Cl = P,....Test Electrical Paramelers; Thermal Shock (1011), Condo C, 15 cycle .. 

-65"C to 150"C; Temperature cycle (1010), Condo C, 10 cycle .. -65"C to 
150"C; Harmeticlty (1014), Fln ... COnd. A or Band Gross-COnd. C; Moisture All" 
sistanos (1004t, Vlbralion and Inilial Conditioning Omitted; End Point Electrical 
Parameters Recorded, 25"C D.C. and Funcllonal. 

C2 - Pre-Test Electrical Parameters; Mechanical Shock (2002), Cond. B, 1500G's; Vi
bration Variable Frequency (2007), COndo A (200 pkt, Constant Acceleration 
(2001), Condo E (30 KGt, End Point Electrical Parameters Recorded, 25"C D.C. 
. and functional. 

C3 - Salt Almosphere (1009), Condo A, Omil Initial COndilioning; 10 x Visuallnspec-
tlon 

C4 = Pre-Test Electrical Paramelers; High Temparature Storage (1008), TA = 150"C, 
+ = 1000 hours; End Point Electrical Parameters Recorded, 25"C D.C. and Func
lional. Drift crilerla appllelf. 

Notethet lhe Hermetlclly Test does not apply to solid molded packages. 

3-4A 

5-3G HA 1-20 

HA 

0/210 - 1/210 1-3H 3/210 3-30 0/210 - 1/590 1-4A 

0/45 - 3/55 1-3F 2/45 2-1C 0/45 - 0/135 -
1-2B 

HE 

0/30 - 1/30 1-3B 0/30 - 0/30 - 2/90 1-3A 

1-3B 

1/160 1-4A 0/150 - 1/150 l-1C 0/150 - 0/430 -

0.97% 1.80% 0.61% 0.36% 0.19% 

20/2067 3412120 12/1963 711973 10/5285 

90% 86% 95% 97% 92% 

113/125 107/125 118/125 121/125 115/125 

(2) The results of failure analysis are shown via code X-YZ where X is the quantHy of fanures 
wllh mechanism YZ. The YZ mechanisms are defined as follows: 
1. Bond PrOblems 

A. Bond Degradation (intermetalllcs) 
B. Poor Bond Adherenos (Substd. Bonds) 
C. Broken Bond Wires (At the Ole Of Package) 

2. Ole Problems 
A. Oxide Defects (Shorts, Pits, Voids) 
B. Junction (Leakage) Degradation 
C. Mask or DIffusion Delects 
D. Aluminum Metalll.ation (Cracked, Thin, Voided) 
E. Cause Unknown, Electrical Degradation 

3. Assembly and Package Problems 
A. Aluminum Metal Scratches 
B. DIe Chlpa or Cracks 
C. Wire Shorts to. Dte or Package 
D. Wire Breakage (In the Span) 
E. Lifted Dte From Attach Pad 
F. Hermetic Seal (Ane or Gross) 
G. External Lead Broken 
H. Cracked Package 
I. PItied LeadslLead Correslon 

4. Miscellaneous 
A. Failures Not Analyzad 
B. Alumlnum Corrosion (Moisture Ingression, etc. Could ba Ole Fab, Package, or 

Assembly Related). 
(3) Changed from a LTPD 01 15to a LTPD 015 In 1973. 
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Table 5;'1 
ENCAPSULANT VS RELIABILITY VS "MANUFACTURING" CONSIDERATIONS 

PLASTIC ENCAPSULANT 'CONSIDERATIONS , 
(COMPOSITION, PROPERTIES, PROCESSING) 

I.' Chemical Composition 
1, Resin (Type and Hardener)' 
2. Catalyst 
3. Mold Release 
4. Flame retardant Syste'Tl 
5. Filler (Type, Amount and Particle Size Distribution) 

II. Chemical - Physlcal'Propertles 
1. Thermal Stability 
2. Impurities (Ionic Conductance and, PH of water extract, 

Total Halogens, Total Metallic Impurities). 

III. Thermomechanlcal Properties 
1. Thermal Expansion Coeflclents (a1, a2) 
2. Glass Transition Temperature (T G) 

IV. Thermal Conductivity 

V. Mechanical and Electrical Properties 
1. Molded Material 
2. Post Cured Material 

VI. Process Conditions Affecting Package Properties 
1. Preheating 
2. Encapsulant Flow Characteristics. 
3. Molding (Temperature, time, and pressure). 
4. Post molding curing (Temperature and time). 
5. Finish Operations (Deflash, cutapart, lead bend, lead 

dipping/plating). 

NOTES: 
(1) Typical Signelics reiiability "tools" include 

APPLICABLE RELIABILITY 
CONSIDERATIONS (1) 

1. Dry environment paramet
riC stability (leakage cur
rent, threshold voltage, 
bond resistance, etc.) 
a. Evolution of contami

nants during molding 
and cure. (Mobile ionic 
Impurities, polar organic 
groups, etc.) 

b. Post cure thermal deg
radation of encapsulant. 

2. Humid environment para
metriC stability· (measure of 
the encapsulants ability to 
resist water absorption by 
the bulk material or mOis
ture Ingression along the 
leadframe/bond wirel en
capsulant interfaces.) 
a. EI~rolytlc metal (usu

ally aluminum) corro
sion. 

b. Leach of contaminants 
producing "extended 
gate" affect, conductive 
glass, depletlonllnver
slon or accumulation of 
silicon surface. 

c. Decrease In encapsulant 
electrical reSistance. 

3. Effect of thermomechan
Ical stress of encapsulant 
on the bond/bond wire 
system. (Room, "window", 
and hot opens or shorts). 
a. Wire grain growth 

("Creep"). 
b. Decrease In bond 

strength. 
c. Wire to wire shorts 

("Wire Sweep" related). 
d. Wire to die shorts. 

4. Flammability 

POSSIBLE MANUFACTURING 
INTERACnONS (2) 

1. Die Process Technology 
(Sensitivity to contami
nants and corrosion) 
a. Gold doped bipolar digi

tal. 
b. Non-gold doped bipolar 

digital. 
c. Bipolar linear. 
d. NMOS, PMOS, DMOS, 

CMOS 

2. Glass Integrity 
a. Porosity 
b. Phosphorous leach 
c. Gettering ability 

3. Metal Integrity 
a. Retarding effect of oxi

dized metal on metal 
corrosion 

b. Grain size, etc. 

4. Bond Integrity Factors of 
table 1-2 paragraph II. C. 

5. Lead frame 
a. Material 
b. Plating 

a. HTOL or HTRB (8S'C or 12S'C). and HTSL (lS0'C) to evaluate the electrical compatibility ot the encapsulating material In a dry environment. 
b. Temperature humidity str ..... (8S'C and 8S% RH .. ,121'C and 100% RH .• cyclic 2S'C to 6S'C with 80 to 98% RH.) wnh or wnhout electrical bias. 
c. Power Cycle (PO ma. and either as min. or al0 min. cycle). Temperature cycle (0 to 12S'C. -SS'C to 12S'C. -6S'C to lSO'C). and thermal shocl< (0 to lOO'C. -SS'C to 

12S'C. -6S'C to lSO'C). . 

(2) Refer to Table 1·2 for a more comprehensive coverage of "manufacturing" factors . 
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Table 5-19 
A GENERAL COMPARISON OF EPOXY DIP TO CERDIP APPLICATION CONSIDERATIONS 

APPLICATION OR PERFORMANCE GENERAL COMPARISON (1) 

CONSIDERATION EPOXY DIP CERDIP COMMENTS 

Cost lower Higher 

Failure Rate for Steady Same Same Refer to Section 5.3 and Table 5.2 for 
State non~Humld Environment (0.0024%/1000 Hour) (0.0024%/1000 hour) datails 

Thermal Resistance (Ellect on Usually Higher Standard Medium Power Plastic Packages with a 

T J During Operationl 8JA comparable to CerDlp are aVailable 

Storage'Temperature 150'C 200'C E-Dlp limited by Au-AI bonding system 
(Maximum Rating) and epoxy thermal stability. ReI. Sec. 5.1 

Temperature Limit lor Reverse ~'25'C 150'C E-Dip~'25'C to keep TJ~150'C lor 
Bias Stresses extended stress times. 

Resistance to Mechanical Abuse High Strength Package Strength CerDips could lose their hermetic seal with 

Encapsulant is rel.ted to the abnorm.1 h.ndllng. board Insertion. etc. 

seal area 

Mechenlcal Shock Solid Package Cavity Package BOTH packages easily meet SURE subgroup 
Mechanical Vibration c2 requirement 01 Table 4-2. (ReIer to 
Constant Acceceratlon Sactlon 5.6 also) 

Salt Almosphere (For Lead Same Same BOTH packages heve Alloy 42 leadlrames. 
Corrosion) CerDip has tin plated. E-Dlp has solder 

dipped leads. See Subgroup 0-3 01 Table 
4-2. 

Thermal Shock. 15-.-65 to 150'C Excellent Good See Subgroup 0-1 01 Table 4-2. The possi-

Temperature Cycle. 10-. -65 to billty 01 CerDip loosing hermetic seal 

150'C. Moisture Resist.nce. 10 days increa ... slightly with larger seal .r .... 

Extended Power Cycle. 5 minlcycle No Bond Problems No Bond Problems Refer to llgure 5-3 lor E-Dip. See note 

ATJ .. 80'C. .t 20.000 cyeles Expected.t 10.000 (2) lor Cerdlp. 

cycles 

Extended Temperature Cycle (Ex- 4000 cye. 0 to 125'C For E-Dlp. concern is bond Integrity. ReIer 
pected S.1e Performance Levels) 1000 cye. -55 to 125'C 200 cycles. -55 to 125'C to figure 5-3 lor E-Dlp. For CerDlp. concern 

500 cye. 0 to 150'C Is loss 01 hermetiC seal (3). 

Extendad Thermal Shock (Expected 2000 Shocks. 0 to l00'C 200 Shocks. 010 100'C For E-Dlp. concern Is bond integrity. ReIer, 

Sale Performance Levels) 1000 Scks. -55 to 125'C to liQure 5-4 lor E-Oip. lor 'CerDip concern 

250 Scks. -65 to 150'C Is hermetic seal loss (3) 

Extended Temper.'ure (85'C) Huml- 2000 Hour. 2 % Re- Hermetic For E-Dip. reler to Ilgure 5-1. CerDip will 
dity (85%R.H.) with 5V Bias. lects (4) also fall if hermetic seal Is lost. 
(Expected Performance) 

Pressure Cocker. 30 PSIA (15 PSIG). 24 hour. 0% Rejects Hermetic For E-Dip. reler to figure 5-2. CerDlp will 

12t'C (Expected Perlormance) 96 hour. 2% rejects also lall if hermetic seal Is lost. 

(4) 

NOTES: 
0) Refer 10 T.ble 1-2 and Table 5-1, for an overview of m.nulacturlng factors .nd .ncapsulant considerations vs. potential impect on I.C. Reliability. CerDip paekages have a glass seal at the 

leadframe and use ultrasonic aluminum wire bonding. The Epoxy Dip packages use Nevolac I encapsulant and thermocompresslon gold wira bonding. 
(2) A November 30. 1970 NASA (MSFC) Report. TMX-64566. showed that 2N2222A transistors (vandor unknown) with 1 mil aluminum uRrasonlc bondad wire can devaIop 5.8 CUM. % bond 

failures (.t the heel of the bond) alter 10.000 cycles (0% al 8.000 cycles) 016 minute power cycles 01 APd .; 500mW. Alc _ qIlmA. The aluminum wire in air can be expected to sea a 
higher temperature than the gold wire which Is surrounded by epoxy. Aluminum wire lead, movament caused by Joulian heating (t"R) and die power dissipation ean resuR In latlgue If exoes
siva mlcrocrackltool marks exist. 

(3) Signetics peckages were tested to and passed 200 cycles 01-65'C to 150'C thermal shook. However. a report by W. T. FKch. "The Degradation 01 Bonding'Wlres and Seafing Glasses with 
Extended Thermal Cycling". appearing in the April 1975 13th Annual Proceedings Reliability Physics. states that 0 to lOO'C thermal shock lesta perfonned on CerDlp packages from 6 ven-
dors showed one vendor having a 50% hermetiC seal failUre problem alter 110 shocks. Seal integrity is related to the amounl 01 extended thermel shock testing. ..' 

(4) Refer to Sactlon 5-4 for an Interpretation of these reject levals. 
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Table 6-6 
MIL-HDBK-217B RELIABILITY IMPROVEMENT FACTORS 

VIA· SCREENING 
100% SCREENING AFFECT ON 
I.C. FAILURE RATES 
Considering the various screening flows, the 
failure mechanisms, the lot to lot variations, 
etc., it is extremely difficult to predict with 
any certainty to what extent a specific 
screen will Improve product reliability. If 
general criteria are required, Signetlcs sug
gests using MIL-HDBK-217B, "Reliability 
Prediction Of Electronic Equipment", Table 
2.1.5-1 ITQ Quality Factors. Since ITQ is a 
direct multiplier In the failure rate equations 
of MIL-HDBK-217B, Table 2.1.5-1 of the 
MIL-HDBK can be translated as shown in 
Table 6-6. 

RELIABILITY 
IMPROVEMENT 

FACTOR 

1 

9 (1) 

9.4 

15 

25(1) 

30 

75 

150 

NOTE: 

SCREENING LEVEL USED EXAMPLEOFA 
(Quality Level) SIGNETICS 

PROD.UCT 

Commercial part with no screening be-
yond the manufacturer's regular quality N7400A 
asurance practices. 

SIGNETICS SUPR II Level A m S N7400A 

MIL-M-38510, Class C (JAN) JM38510/XXXXXCZZ 

Manufacturer equivalent of MIL-STD-883, 
METHOD 5004, Class B S5400F/883B 

SIGNETICS SUPR II Level B (1) SoB N7400A 

MIL-STD-883, Method 5004, Class B M38510/5400BZZ 

MIL-M-38510, Class B (JAN) JM38510/XXXXXBZZ 

MIL-M-38510, Class A (JAN) ----

(1) These Reliability Improvement Factors and associated Screening Levels are not from MIL·HDKB-217B but rather from the 
Signetics Upgraded Reliability (SUPR II) Program for commercial and Industrial products. These are approximate Reliability 
Improvement Factors which Signelics has estimated for these two screening levels. 

SURE II - THE SIGNETICS 883A RELIABILITY 
PROGRAM 

SURE II BULLETIN 5005 
Bulletin 5005 dated March, 1975 and titled "SURE II The Signetics 
883A Reliability Program Covering All Product Lines" details the 
philosophy and procedures used for the SURE II In-house qualifica
tion Program designed to continually qualify all Signetics die 
process families and all Signetics package families. Bulletin 5005 
contains three sections. 

Section 1: 100% Product Screen Tests and Lot Acceptance 
Tests 

Section 2: Signetics SURE 1I/883A Reliability Program 

Section 3: Optional High Reliability Screening 

Bulletin 5005 Is available as a separate publication and as such is 
not reproduced here. However, a few excerpts from Bulletin 5005 
which are considered basic to understanding the ongoing Signetics 
SURE II Program are Included here for quick reference purposes. 

What I. SURE II For? 
SURE II provides fingertip data that demonstrates the reliability of 
Signetics Products. Data summaries from each SURE II Qualifica
tion Test are available for customer Inquiries. Quarterly com
prehensive summaries are also available for customer Inquiries. 

SURE II allows the customer to qualify Signetics products based 
upon testing at Signetics. This Is a cost effective approach as it al
lows many customers to use the same qualification results. 

SURE II provides assurance that all Signetics Fab Processes meet 
established reliability standards on a continual basis. 

SURE II provides assurance that all Signetics Packages meet estab
lished reliability standards on a continual basis. 

SURE II provides the basic attributes data quoted in Product Relia
bility Reports and Is used for failure calculations. 

SURE II provides variables data on key drift parameters (as well as 
additional parameters) for all storage and operating life tests. This 
data Is available for Inspection at Signetics and can be obtained at 
a nominal fee. 

A Briel Deecrlptlon of SURE II Procadurea 
For 1975, grouping of similar die processes and similar packages at 
Signetics resulted In 27 unique generic families to be qualified peri
odically. Throughout 1975, 88 unique qualification tests ware 
scheduled. The number of generic families can and will change from 
year to year as new fab processes and packages are Introduced 
and old ones obsoleted .. A description of each of the 27 unique 
generic families for 1975 as wall as the candidate products that 
were scheduled throughout the year are shown in Tables 2.5, 2.6, 
and .2.7. Similar generic family descriptions and schedules of prod
ucts to be sampled on the SURE II program will be available at the 
start of each new year. 

For die process family qualifications, a representative device from 
each generic die process family Is evaluated once every 90 days (4 
times a year) per Table 2.1. Post stress failures are defined via the 
criteria of Table 2.4. References to additional Tables within Tables 
2.1 and 2.4 refer to additional tables contained in Bulletin 5005. 

Similarly, a representative device (representative package with a 
common die for electrical testing) from each generic package family 
Is evaluated bl-annually per Table 2.2 or Table 2.3. References to 
additional tables within Tables 2.2 and 2.3 refer to additional tables 
contained In Bulletin 5005. 
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Table 2.1 
SIGNETICS SURE II PROGRAM FOR DIE PROCESSES (REFERENCING MIL-STD-883A, GROUP C) 

MIL-STD-883A 
GROUPC MIL-STD-883A 

SUBGROUP TEST DESCRIPTION METHOD CONDITIONS LTPD 

- Pre Test Electrical Parameters - Subgroup Al & A4 or A7 as 
applicable. Refer to Table 1.3 

- High Temperature Storage 1008.1 Test Condition C. TA=150·C, >.=5 
t= 1000 hours. 

End Point Electrical Parameters Subgroups A 1 & A4 or A7 as 
FAILURE CRITERIA Note 2 applicable. Refer to Table 2.4 

Cl High Temperature Operating Life 1005.1 Test Condition D or E as >.=5 
applicable. TA=+125·C or +85·C 
as applicable. t= 1000 hours. 

End Point Electrical Parameters Subgroups A 1 & A4 or A7 as 
FAILURE CRITERIA Note 2 applicable Refer to Table 2.4 

Table 2.2 
SIGNETIC.S SURE II PROGRAM FOR HERMETIC PACKAGES (PER MIL-STD-883A, GROUP B & D) 

MIL-STD-883A 
GROUPB&D MIL-STD-883A 
SUBGROUP TEST DESCRIPTION METHOD CONDITIONS 

Dl Physical Dimensions 2016 Attributes data per appropriate 
Signetics package outline 

Bl Resistance to Solvents 2015 
B2 Internal Visual and Mechanical 2014 No Photograph 
B3 Bond Strength 2011.1 Test Condition D 

Stabilization Bake 1008.1 Condition B, 160 hours minimum. 
B4 Solderability 2003.1 Solder Temperature 260·C ± 10·C 

D2 Lead Integrity 2004.1 Test Condition B2 
Seal 1014.1 
a. Rne Test Condition A 
b. Gross Note 2 Test Conditi.on C 

D3 Thermal Shock 1011.1 15 cycles, Test Condition C, 

\ 
+150·C to -65·C 

Temperature Cycle 1010.1 10 cycles, Test Condition C, 
150·C to -65·C 

Moisture Resistance 1004.1 
Seal 1014.1 
a. Fine Test Condition A 
b. Gross Test Condition C 
Visual Examination Note 3 
End Point Electrical Parameters Note 2 Subgroups A 1 & A4 to A7 as 

applicable. Refer to Table 1.3 

D4 Mechanical Shock 2002~1 Test Condition B 
Vibration Variable 
Frequency 2007 Test Condition A 
Constant Acceleration 2001.1 Test Condition E 
Seal 1014.1 
a. Fine Test Condition A 
b. Gross Test Condition C 
Visual Examination Note 3 
End Point Electrical Parameters Note 2 Subgroups A 1 & A4 or A7 as 

applicable. Refer to Table 1.3 

D5 Salt Atmosphere 1009.1 Test Condition A 

NOTES: 
(1) Preconditioning of Solderability sample satisfies the time/temperature requirement of Class B screening (Burn-In). 
(2) Only electrically and/or hermetically acceptable parts (as applicable) are to be subjected to this test subgroup. 
(3) Visual examination shall be In aocordanca with Method 1010.1 or 1011.1 at a magnlflcatlon 5X to lOX. 
(4) All test equipment calibrated to meet requirements of MIL-Q-9858A and MIL~5662A . 

.••. e. 

L TPD/MAX. ACC. 

15 

3 devices/no failure 
1 device/no failure 

15 (10 devices min.) 

Note 1 
15 (3 devices min.) 

15 

15 

15 

15 
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Table 2.3 
SIGNETICS SURE II PROGRAM FOR PLASTIC PACKAGES (REFERENCING MIL-STD-883A, GROUP B & D) 
MIL-STD-883A 
GROUPBaD MIL-STD-883A 
SUBGROUP TEST DESCRIPTION ME1'HOD C.ONDITIONS LTPD/MAX. ACC; 

01 Physical Oim~~slons 2016 Attributes data per appropriate 15 
Signetics package outline 

B1 Resistance to Solvents 2015 3 devices/no failure 
B2 Internal Visual and Machanlcal 2014 No Photograph 1 device/no failure 

B4 Stabilization Bake 1008.1 Condition B, 160 hours min. Note 1 
Solderability 2003.1 Solder. Temperature 260·C ,: 10·C 15 (3 devices min) 

02 Lead Integrity 2004.1 Tes" Condition B2 15 

P3 Pre Test Electrical Perameters Subgroup A7 & Thermal Scan. 
Note 2 5 

Thermal Shock, Extended 1011.1 200 cycles, Test Condition C, 
+150·C to-65·C 

End POint Electrical Perameters Subgroup A7 & Thermal Scan. 10 for T0-220 
Note 2 

03 Pre Test Electrical Parameters Subgroup A7 & Thermal Scan. 
Note 2 

Temperature Cycle,. Extended 1010.1 1000 cycles, Test Condition B, 
125·C to -55·C 5 

End Point Electrical Parameters Subgroup A7 & Therm81 Scan. 10 for T0-220 
Note 2 

D3 Moisture Resistance 1004.1 Subgroup A 1 & A4 or A7 as 15 
End POint Electrical Parameters Note 3 applicable. Refer to Table 1.3 

04 Machanlcal Shock 2002.1 Test Condition B 15 
Vibration Variable 
Frequency 2007 Test .Condltlon A 
Constant Acceleration 2001.1 Test Condition E 
End Point Electrical Parameters Note 3 Subgroup A 1 & A4 or A7 as 

app1icable. Refer to Table 1.3 

05 Salt Atmosphere 1009.1 Test Condition A 15 
End Point. Electrical Parameters Note 3 Subgroup A1 & A4 or A7 as 

applicable. Refer to Table 1.3 

96 hours, 30 PSIA, Note 4 
- Pressure Cooker - Subgroup A 1, A4 or A7 as 10 

End POint Electrical Parameters Note3 .' applicable. Refer to Table 1.3 

- Temperature-Humidity, Note 5 - 85· C/65% R.H. with bias :505 volts, 
t = 2000 hours 
Subgroup A1; A4 or A7 as 10/2 

End POint Electrical Parameters Note 3 applicable. Refer to Table 1.3 

NOTES: 
(I) PrecondHlonlng of solderability sample satisfies the tlmellemperaiure requirement of Ciass B screening (Burn·ln~ 
(2) ReIer to Table 1.3 lor subgroup A7 deftnHlon. Thennal Scan refers to a teoIthal monHors bond oonflnuHy continuously over the temperature range of 25"C to 125"C. 
(3) Where endpoint measurements are required, only electrically acceptable parts to same measurement criteria are subjected to the prior st_· 
(4) 24 houn! 30 PSIA lor TG-220 
(5) Not appllcabia to TG-220 
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TABLE 2.4 
SIGNETICS SURE II FAILURE CRITERIA FOR DIE PROCESS FAMILIES 

LOGIC - DTL AND TTL ECL (EMITTER COUPLED LOGIC) 

Parameter alimit Parameter alimit 

"1" Input Current 5X initial value or 25% of "1" Input Current %20% of Initial value or 
limit. whichever is greater %35,.A. whichever is greater 

"1" Output Voltage %20% of initial value "1" Output Voltage %20% of initial value or 

"0" Input Current %20% of initial value %25mV. whichever is greater 

"0" Output Voltage %100mV "0" Input Current %20% of initial value or 
% 15/tA. whichever is greater 

ICC (Supply .Current) %20% of initial value 
"0" Output Voltage %20% of initial value or 

%45mV. whichever is grElater 

IE (Supply Current) %20% of initial value 

LOGIC - SCHOTTKY AND LOW POWER SCHOTTKY MOS (N-CHANNEL. P-CHANNEL. AND COMPLIMENTARY) 

Parameter 

"1" Input Current 

"0" Input Current 

"1" Output Voltage 

"0" Output Voltage 

VOS (Offset Voltage) 

ICC (Supply Current) 

alimit Parameter 

5X Initial value. or 25% of Input & Clock leakage 
limit. whichever Is greater 

%20% of Initial value "0" Input Voltage 

%20% of initial value "1" Input Voltage 

%100 mV "0" Output Voltage 

% 10% of initial value "1" Output Voltage 

%20% of initiai value 100 or ICC (Supply Current) 

DMOS (DOUBLE DIFFUSED MOS) 

Parameter allmit 

VT %30"A. of initial value or 
%200mV. whichever Is greater 

Rds(on) %20% of initial value 

BVOS %20% of initial value 

Io<off) 5X initial value or % 100nA. 
wnich is greater 

NOTES: 
(t) All products are tested to subgroups At, A4, or A7 as applicable. Refer to Table 1.3. 

The detailed tests. conditions and limits applicable to aach product are listed In the SIg
netlcs Data Book ELECTRICAL CHARACTERISTICS table. All paramaters must meet the 
minimax limits as well as the <I. limits shown. 

(2) Alilusible products (PROM'S) are programmed prior to stress and !use pallerns verified 
after stress. 

alimit 

5X initial value or % 100nA. 
whichever is greater 

%20% of initial value 

%20% of initial value 

%20% of initial value 

%20% of initial value 

%20% of initial value 
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TABLE 2.4 (Continued) 
S.lGNETICS SURE II FAILURE CRITERIA FOR DIE PROCESS FAMILIES 

Operational and Video & 
Applicable Differential Sense RF/IF 
Parameter Amplifiers Ampllfer Ampllfers 

Power Supply .. 20% of inillal .. 20% of .. 20% of 
Of Quiescent vaiu8: initial value Initial value 
current 

Input Offoet ,,'mV 
Voltage (Vio) 

Input Bias .. 30% of 
Current (I In) Initial value 

Input Threshold "'mV 
Vottage(VT) 

Voltage Gain .. 20% of 
initial value 

Output Voltage 

Initial Accuracy 

Trigger VoKage 

High Leva! Output .. 20% of 
Voltage (VOH) initial value 

Low Level OUlput .. ,OOmV 
Voltage (VOL) 

High Level Input ~5Xinnlal 
Current (IIH) valUe or> 

::I: SpA 

Low Level Input .. 20% of 
Current (ilL) initial vatue 

Output Leakage 
Current (IOH) 

OUtput Breakdown 
Voltage 

Center Frequency 
of OscIllation 

NOTES: 

(I) Radios. Receivers. Modulators, Demodulators. Detectors 
(2) MOB Clock Drivers. Line Drivers, Line Receivers 

Linear/Analog Product Family - Parameter.1 Limits 

Consumer 
Communications 

Circuits & Voltage Phase Locked 
Comparators Function Gen (1) Timers Regulators Loops 

.. 20% of .. 20 % of Initial \l8lue .. 20% of .. 20% of .. 20% of 
initial value Initial inKla1 InKlal\l8lue 

value value 

"'mV 

.. 20% of 
initial value 

.. 0.20 .. 20% of 
volts Initial 

value 

.. ,% .• 
(absolute 
value 

.. 0.10 
vofts 

.. 10% of 
InKla1 value 

Per. Gas Table 
Interface Decoder/ 

Circuits (2) Drivers 

.. 20% of .. 20% of 
innlal InKla1 value 
\l8lue 

20% of 
Initial value 

.. ,OOrnV 

~5XlnKlai ~ 5Xinltial 
valUe or > value or > 
.. 5,.A .. 5,.A 

.. 20% of .. 20% ofln~ 
Initial value tlalvalue 

.. 300nA 

.. 20% ofl~ 
llal value 

(3) All products are tested to subgroups AI. M. or A7 as applicable. Refer to Table 1.3. The detailed tests. conditions and limits appHcable to each product are listed in the Slgnetlcs Deta 
Book ELECTRICAL CHARACTERISTICS Table. AI! parameters must meet the minimax limits as well as the a limits shown. 
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Table 2.5 
1975 SURE II QUALIFICATION PROGRAM - DIE PROCESS FAMILIES - DEFINITIONS AND SCHEDULE 

SURE Family SURF Fab Candidate 
Quarter I Quarter Ii Quarter III Quarter IV 

Family Description Prooass Codes Davloa Types Davloa Date (2) Devloa Date (2) DevIoa Dat8(2) Devloa DaI8(2) 

I Gold Doped A 7490,74121,7420, 7420 2-17-75 
TIL Slow Speed 8Tt6 
OTL -High/Low AI 7426 7426 5-12-75 

Voltage Bl 8TBO 8T80 8-18-75 
J SE124 SE124 12-8-75 

11 Gold Doped Cl 8242,74175,74H76, 74175 9-29-75 
TTL Fast Speed 8233,7474,8293 
OTL low Voltage C2 74193, 74164 74193 11-24-75 

C5 7406,7416,7407, 
7417 

CA 74107 
CB 74160,74161 74161 6-2-75 
0 74147,74148 74147 3-3-75 

III Std. Aluminum R2 82S226·· 828226 7-1-75 
Schottky Schottky, Single S2 C2272 (82805)" 

Level Metal (SlM) X2 C2237, 3207A ••• 
or Dual Level 521·",522'" 
(OlM) X7 82S62" 82S82 3-10-75 82S62 10-6-75 

ZI 8204',8205", 8205 4-1-75 
8208" 

Xl 3207'" 3207 4-1-75 
X6 527"',529'" 

IV Silicide Schottky R4 82S25·· 
Schottky (SLM) or (OLM) S4 82S16",82817'·, 82S10 2-3-75 

82808B",82810" 
X3 54800, 54540 54SOO 5-19-75 54840 11-3-75 
X4 54S112 54S112 8-25-75 

V Silicide Schottky, P4 10144' 
lS Ion Implantation V3 74lS00, 74LS74 74lSoo 2-10-75 74LS74 4-21-75 7.4lS40 8-4-75 74LS20 11-24-75 

(SlM) or (OLM) 74lS40, 74LS20 

VI Std. AlUminum R5 82823,82S123, 82S23 2-3-75 82S115 4-8-75 82S130 7-8-75 828126 10-13-75 
Bipolar Schottky,OlM, 82S126,82S129, 
Memory plus NI:Cr fuses 82S114,82S115, 

82S130, 82S27 

VII Standard Silicide, Y3 10105, 10109, 10110 10109 2-24-75 10110 9-1-75 
ECl ECL Y4 10131, 10133, 10191 10133 5-26-75 10131 12-22-75 

(SlM) or (OlM) 

VIII Silicide, Washed U4 10141, 10145, 10141 2-17-75 10145 4-28-75 10160 7-28-75 10164 11-17-75 
ECl Emitter, ECl 10160, 10164 

(SLM) or (DlM) 

IX High Voltage M lM311 lM311 11-17-75 
Linear Process ME OM8880 

MX p.A723, p.A723 p.A723 2-17-75 "A741 12-1-75 
PX 536 536 8-11-75 
R lMl08 lMl08 5-5-75 

X Medium Voltage E 585, 588, 562 585 4-21-75 
linear Process EX 545,532 545 3-17-75 532 7-1-75 

EX2 ,.A78loo 
QX "A7800 "A7800 10-20-75 
Q2 lMl09 

XI low Voltage B "A711 
Linear Process B2 75453 75453 6-9-75 

C OM8880 
H 7524 7524 12-22-75 

K "A733 
l 556,587, "A758 558 3-10-75 567 6-2-75 "A758 9-22-75 
W CG388, CG451 

XII Double Dlffllsed L21A 505000, S0211 S05000 4-7-75 50211 7-14-75 
OMOS MaS, N-Channel L21B S06OOO, S0303 soeooo 2-10-75 S0303 10-27-75 

Ion Implanted L21C SD301 

XIII CMOS, Ion Implanled C2K 4015, 4050, 4528 4015 2-24-75 4050 4-28-75 4528 7-21-75 4014 11-10-75 
CMOS Metal Gate 4014,4027,4025 

XIV MOS Silicon Gale N3A 2602, 2806, 2608, 2602B 2-24-75 2602F 6-9-75 2602B 9-15-75 2602F 12-15-75 
MaS low Voltage N 2650 

Channel, Ion Implanl 
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Table 2.5 (Continued) 
1975 SURE II QUALlFICATIONPROGRAM·i DIE PROCESS FAMILIES - DEFINITIONS AND . SCHEDULE 

SURE Family SURFFab Ca..dldata 
Quarter I Quarter II Quarter 11/ Quarter IV 

Fanlily Daacrlptlon P,ocaes Codaa .{)avIceTypaa DevIce D8ta (2) DevIce Data (2) DevIce Date (2) DevIce ·0.18(2) 

XV MOS Silicon Gate N3B 2604 2604 
MOS High Voltage N 

Chennel, Ion Implant 

XVI MOS Silicon Gate K3A 251S, 2521, 2522, 2521 
MOS low Voltage P 2525, 2532, 2533 

Channel 2580 

XVII MOS SHlcon Gate K3B 1103,2504,2527 1103 
MOS HlghVoIIage P 

Channel 

NOTES: 
(1) SURE Die Quais Involve N i!: 45 to HTSl, N i!: 45 to HTOl, R & R Pre and Post .1000 hours. 
(2) The date refers to scheduled start date. 
(3) A developmental test Is scheduled In lieu of a SURE Qual test. 
(4) This family has only one devlce and thus requires qualification every six months. 

3-3-75 
(3) 

3-10-75 

3-17-75 
(3) 

• This device Is Included In the ECl produclilne even though fabricated per die process family shown. 

(4) 

2533 

1103 

•• This device Is Included In the Bipolar Memory product line even though fabrlceted per die process family shown . 
••• This davlce Is Included In the Unear product line even though fabricated par die process family shown. 

Table 2.6 

2604 7-21-75 
(4) 

S-p-75 2580 9-8-75 2525 12-29-75 

4-14-75 2504 7-7-75 1103 10-27-75 

1975 SURE II QUALIFICATION PROGRAM - PLASTIC PACKAGES - DEFINITIONS AND SCHEDULE 
1975 SCHEDULE 

SURE PACKAGE PACKAGES IN FAMILY QUARTERS I " II QUARTERS 1114 IV 

FAMILY DESCRIPTION (CODE DESIGNATION) PACKAGE DATE (1) PACKAGE DATE (1) 

I Plastic Dip (Epoxy) v- 8 lead N-24 lead . 

A-14 lead XF-28 lead 
B-16 lead A 3-10-75 V 7-1-75 
AA-14 lead Medium Power 
BA-16 lead Medium Power 

II PlastiC Dip (Silicone) V- 8 lead XA-18 lead 
A-14 lead SC-22 lead B 3-10-75 XA 8-4-75 
B-16 lead N-24 lead 

III Plastic Power, 
Flange Mounted TO-220 3 lead TO-220 6-2-75 TO-22O 10-27-75 

(1) The date relars 10 scheduled package quallflcelion start dale. 
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Table 2.7 
1975 SURE II QUALIFICATION PROGRAM - HERMETIC PACKAGE - DEFINITIONS AND SCHEDULE 

1975 SCHEDULE 

SURE PACKAGE PACKAGES IN FAMILY QUARTERS I & " QUARTERS III & IV 

FAMILY DESCRIPTION (CODE DESIGNATION) PACKAGE DATE (1) PACKAGE DATE (1) 

I (a) Flatpac-Ceramlc aF-10 lead 
Body!Glass Seal at aH-14 lead 
Leads/Ceramic Lid! aJ-16 lead aH 5-19-75 aN 7-14-75 
Glass Seal aN-24 lead 

II (W) Flatpac-Cerpac WF-10 lead 
WH-14 lead WH 3-17-75 WJ 8-25-75 
WJ-16 lead 

III (F) Dip-Cerdip FH-14 lead, SSI or MSI FH 3-31-75 FJ 9-15-75 
FJ-16 lead, SSI or MSI or LSI (SSI) (LSI) 
FN-24 lead 

IV (I) Dip-Ceramic Body! IE-8lead IM-22 lead 
Metal Lid! Alloy Seal IH-14 lead INB-24 lead 

IJ 4-7-75 INB 10-6-75 IJ-16 lead la-28 lead 
IK-18 lead IW-40lead 

V (I) Dip-Ceramic Body! IEA-81ead IMA-22 lead 
Ceramic Lid!Glass Seal IHA-14 lead INC-24 lead 

IJA 4-21-75 INC 11-10-75 IJA-16 lead laA-28 lead 
IKA-18lead IWA-40lead 

VI Solid Header With DA-2 lead TO-3 DA 5-12-75 DA 12-1-75 
Mounting Holes 

VII Metal Can T -8 lead TO-5, 200 mil diameter 
TA-8lead T0-5, 230 mil diameter 
DB-3 lead, TO-5 Solid Header 
DC-4 lead TO-46 K 3-3-75 TA 12-15-75 
DE-4 lead T0-72 
L-10 lead TO-5 Tall Can 
K-10 lead TO-5 Short Can 

(1) The date refers to scheduled package qualification start date • 
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SIGNETICS SUPR II 
FOR ANALOG, LOGIC, MEMORY AND MOS PRODUCTS 
Signetics' Upgraded Product Reliability (SUPR) program is de
signed to provide Industrial manufacturers with Integrated circuits 
of a higher leval of quality and reliability ttian is available with 
standard commercial product. Improvements In quality and reliabil
Ity will result In significant cost savings to the integnited circuit user 
by: 

Eliminating the n .. d for Incoming electrical inspection 

Eillminatlng the need for outside testing laboratories 

Reducing In-process Inventory 

Reducing P.C. board rework 

Simplifying system check-out 

Reducing warranty repeir work 

Reducing field service cells 

Reducing customer dis.tisfactlon 

SUPR Ills a corporate program covering a comprehensive selection 
of device types In Ceramic, metal can and plastic packages from all 
of Signetics' product groups. 

Logic (nL, Schottky nL, low power schoHkY nL, 
CMOS) 

Analog (Industrial, conaumer and interface) 

Bipolar memory (ROMs, RAMs, PROMs) 

MOS (ROMs, RAMs and MicroproClllOrl) 

SUPR II OPTIONS 
SUPR II combines both quality and reliability improvements by 
Imposing more stringent controls and raising inspection criteria at 
all stages of manufacturing and testing. Two levels of quality and 
reliability are offered, each tailored to different user needs. . 

LEVEL A - Coal/Effective Program 
Improved In-process controls and tighter Inspection levels, are 
combined with thermal stresSing and high temperature testing to 
Insure ttie maximum Improvement in quality and reliability which 
can be achieved at nominal cost. 

Highlights of Level A processing Include: 

MIL-STD-883 die and pm .. 1 visual inapeetion criteria 

MIL-STD-883 thermal ahock preconditioning 

100% D.C. testing 

100% high temperature testing 

The tightest commercial outgoing inspection criteria in the 
Industry 

QUALITY AND RELIABILITY 
Quality and Reliability are two Important measurements of II prod
ucts merit. "Quallty" provides information concerning the 
probability of faulty ·I.e.s existing In a given lot arriving at your 
plant, while "Reliability" Is a measurement of how well an initially. 
good part will remain so over time. 

1. IMPROVING QUALITY 

Some percentage of defective deviCes will always exist in any lot 
of mass produced Items. The number of defective units received 
by the customers can be reduced by the use of tightened 
Inspection criteria at the vendors outgoing quality control sta
tion. 

A good example of the savings which can be achieved by pur
chasing tighter Inspection levels is given in Figure 1. Here we are 
comparing the Various levels of inspection (AQL) available for 
device functionality and Its impact on the number of p.e. boards 
which must be reworked during system manufacturing. Using the 
standard commercial AQLon functionality of 1.0%, at 120 inte
grated circuit packages per board, typically more than 90% of 
boards wlli require rework. At 0.15% AQL, rework is reduced to 
25%, and at 0.1%, typically over 12% rework is required. 
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LEVEL B - MaxImum Reliability Program Figure 1 
SUPR II Level B provide, the maximum level of reliability which can 
be achieved at costs compatible with the needs of manufacturers of 
Industrial equipment. 2. IMPROVING RELIABILITY 

Level B processing provides in addition to all the steps of Level A: 

100% burn-In to MIL-STD-883A test conditions equivalent 
to 188 hours at 125°C 

SUPR II procedures have been developed as a result of Signetics' 
many years of supplying Integrated circuits to the exacting require
ments of large mainframe computer, automotive, Industrial and 
military customers. 

Your local Signetics sales office or distributor can supply details of 
device types currently included In the SUPR II program. 

Reliability is a measurement of how well a device that meets all 
electrical requirements initially will continue to operate over the 
life of a system. In general, if an Integrated circuit is gOing to fail, 
It wlli occur during the early stages of its life. The SUPR II pro
gram employs Improved manufacturing screens to identify 
potential defects that would result in early operational failure 
together with stresses which subject the circuit to conditions 
equivalent to an accalerated period of actual use. 
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QUALITY VERSUS RELIABILITY 
Quality and Reliability are two measurements which are often mis
takenly used Interchangeably. 

The Interrelation between the two only occurs in the steps the I.C. 
vendor takes to Improve them. Thus controls designed to enhance 
the long term reliability of a device may also help reduce the num
ber of marginal devices produced. It is important to realize that a 
shipment of circuits of high quality (few defects), may possibly be of 
low reliability (high failure rate). Signetics' SUPR II program ad
dresses both of these attributes. 

HOW DO INTEGRATED CIRCUIT FAILURES OCCUR 
Results of a three years failure analysis performed on Signetlcs 
product returned from board check-out, systems check-out, field 
usage, environmental life tests, etc., revealed the pattern shown in 
Figure 2. 

FAILURE ANALYSIS 
DATA SUMMARY 

TEST 
RELATED 
DEFECTS 

Figure 2 
50% of the deYlca. ware found to be eIecIrlcally good. They are attributed to 
being "falae pulls" that occur during normal trouble shooting at the board and 
system levels. 

25% of the devlcee were damaged by eIecIrical 0-.1 ..... Caueae tor electrical 
o_.treaa are Incorrect Insertion, board shorts between _ pins, power sup
ply transients, poor handling techniques. etc. 

The remaining 25% were verified to be true failures. Theaa occur as a resu~ of an 
In-proca .. manufacturing defact or a _ escapa. The failure mechanisms ware 
groupad Into three major categories: Wafar fabrication. assembly and packaging, 
and leal problems. Table I shows lhe SUPR II progrem prOC8P flows and AQL 

guaranleae designed 10 reduce the number of failures resuiling from Ihls category 
of defact8. 

Table I. 

Failure SUPR" 
Mechani.m. Cau.e. Control 

Die Metalization SEM Monitor 
or Oxide Defects Die Visual 

Fabrication Mechanical Stabilization 
Related Scratches Bake (PlastiC only) 

Contamination Burn-In (Option) 

Preseal Visual 
Thermal Shock 

Assembly Bonding, Wire, Stabilization Bake 
Related Package and Hermeticity 

Seal Defects (Non Plastic) 
Hot-Rail Testing 
(Plastic Only) 

Test Escapes AQL Guarant~s 
Test Specification High Temperature 
Related Errors Testing 

INFANT MORTALITY FAILURES 
The relative failure rate for a given lot of standard commercial inte
grated circuits over a period of time after delivery to a customer is 
Illustrated In Figure 3. 

Failure rates are most severe during the first few months of operat
Ing life. This Is known as the "infant mortality" phase. Beyond this 
time, a very low failure rate can be expected until the old age or 
"wear-out" phase Is reached. 

A system manufacturer has various alternate approaches to solving 
problems arising from Infant failures. He can ship his system to the 
end customer and repair field failure as they occur. He can operate 
the system In-house for this period. Or he can purchase devices 
which have already been preconditioned to eliminate most of the 
weak units. Each customer must choose the most cost effective 
method for his particular business. A considerable number of the 
reliability defects which cause early failures are eliminated by the 
manufacturing control and preconditioning steps of SUPR II Level A 
processing. More persistent defects can be accelerated by the use 
of "burn-In" techniques. The "burn-in" processing of SUPR II, 
Level B effectively allows the system manufacturer to ship his 
equipment at point 3 on the failure rate curve. SUPR II Level B pro
cessing Is generally only applicable to systems where a field failure 
Is extremely expensive or hazardous. 
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RELATIVE FAILURE RATE VERSUS TIME 
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"Burn-In" consists of placing the integrated circuit in an oven at a 
high temperature for a specified period o.tlme: During this period, 
electrical power Is supplied to the device. 

This process Is designed to accelerate the aging of a device beyond 
the Infant mortality life stage. After burn-In, Integrated circuits 
should have a very low failure rate. There are a number of ways of 
burning-In a device. SlgnetlCs' program Is based upon a MIL-STD 
883A regression curVe whi.ch provides options based upon temper
ature levels versus time. From the curve, a program designed 
around an accelerated temperature that will provide an equivalent 
test to 168 liours at 125 ° C Is utllized~ 

BURN-IN CONDITIONS 
Test data accumulated on Signetics devices indicates that point 3 
on Figure 3 can be reached with a b.urn-In equivalent to 168 hours 
at 125°C. 

MIL-STD-883A, Method 1015 describes a number of different con
ditions for Integrated circuit burn-Ili'~ For SUPR II Level B, Signetics 
has selected Condition F. This Is an accelerated burn-in derived 
from military programs which uses a high temperature reversed 
bias condition together with a temperature-time regression curve. 
This allows the f1exablllty of using a higher temperature to reduce 
the time required In the oven. 

Figure 4 shows the MIL-STO-883A curve normalized to 25°C. It can 
be seen that every hour at 125°C Is equivalent to 2.5 x 104 hours 
(or approximately 3 years) at 25°C. Similarly, 21 hours at 155°C is 
equivalent to 168 hours at 125°C. 

Signetics SUPR II Level B burn-In preconditioning is performed at 
an appropriate point on this curve to provide the same reliability 
assurance as 168 hours at 125°C. The shorter time allows maxi
mum utilization of equipment resulting In cost effective pricing for 
the commercial market place. In addition, delivery lead times cen 
be reduced significantly. . 
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HOW TO ORDER 
Your local Signetics distributor or sales office can advise price and 
availability of SUPR II Integrated circuits. 

Many Signetics distributors will be able to supply some of the more 
popular devices processed to Level A off the shelf. Level B devices 
are built to order. SUPR II prices are quoted as adders to the 
standard commercial device price. Product should be ordered by 
the same procedure as Is outlined for standard I.C.s in the Signetlcs 
Catalog with the addition of the identifier for the desired level of 
SUPR II proceSSing, 

EXAMPLE. To order a plastiC 7400 TIL Circuit:' 

N 7400 A sUPRII-e 

I I 
TEMPERATURE PART 14 PIN PLASTIC SUPR II LEVEL e 

RANGE IDENTIFICATION PACKAGE PROCESSING 

.... -



SUPR II PROGRAM PROCESS FLOWS 
Figure 5 shows the generalized process flow for all Signetics Inte
grated circuits purchased to the SUPR II program. Each product 
group (Analog. Bipolar Memory. Logic and MOS) may follow slightly 
different procedures dictated by the specific device characteristics. 

Each of these steps has been designed to provide the most compre
hensive program for upgraded quality and reliability in the integrated 
circuit Industry. 

LEVEL 
B 

ONLY 

I 

WAFER 
FABRICATION 

AND TEST 

¢ 
I PLATE I 

¢ 
l DIE ATTACH 

WIRE BOND 

¢ 
HERMETIC I I PLASTIC I SEAL MOLDING 

PACKAGING PACKAGING 

0----8= 

I 100% I 
TESTING I 

BURN 
·IN 

¢ 
OUTGOING QUALITY 

- CONTROL 
AND 

SVMBOLIZATION 

I SHIPMENT I 

SCANNING ELECTRON MICROSCOPE MONITOR 

Wafers are taken daily from the production area and subjected to SEM analysis. This will reveal any 
manufacturing defects such as contact and step coverage in the metalization process which CQuid result 
in field failures. 

DIE SORT VISUAL ACCEPTANCE 
Criteria based on MIL-STD-883 Method 2010, Condition B. Ole are inspec.ted at a m.anificatlon of 
75X minimum to detect any damage caused during 100% electrical wafer testing or during ~e 
mechanical scribe and break operation. Lot acceptance is to a :4% A.Q.L. Critical random defects 
such as scratches. smean, and glassivated bonding pads are inspeCted to a 1% A.O:L. 

.. 

PRE·SEAL VISUAL ACCEPTANCE 

Criteria based on MI L·STD-883 Method 2010. Condition 8. Magnification of :iox to 50X is employed 
to detect any damage incurred at the'die attach and wire bonding stations. Inspection is to a 2.5% 
A.Q.L. with critical defects to a 0.65% A.Q.L. Critical defects incll.lde scratches, contamination and 
smeared ball bonds. 

STABILIZATION BAKE PRECONDITIONING 

Plastic molded devices are baked at 175°C for 4 hours. This stresses wire and die bonds and helps 
eliminate marginal devices. It also en~res an excellent seal of epoxy to enhance moisture resistance. 

THERMAL SHOCK PRECONDITIONING 

MIL-STD-883, Method 1011 Condition A or MIL-STD-883, Method 1010, Condition C for ceramic 

,-- packages. Devices are cycled from cold to hot temperatures imposing a very severe stress which 
weakens loose bonds, and package seals without degrading good devices. A loosened bond is later 
detected during high temperature "HOT-RAIL" functional testing. This preconditioning is especially 
effective in eliminating intermittent or "HOT OPENS" problems in plastic devices. 

CENTRIFUGE MONITOR 

This monitor is used to stress weak bonds in hermetic package devices only. 

SEAL TESTS 

I 
All hermetic devices are tested for fine leak 1 x 10-7 cc/sec (MIL-STD·883 Method 1014, Condition 
8) and gross leak 1 x Hr5 a:/sec (MIL-STD·883 Method 1014, Condition C) conditions. This is to 
ensure package seal integrity under severe environmental conditions. 

--1 100% PRODUCTION ELECTRICAL TESTING 

Every device is tested for functional and D.C. parameters at 25°C, room ambient. 

BURN·IN (SUPR " LEVEL B ONLY) 

Devices are burned-in for the equivalent of 168 hrs. at 125°C in aa:ordance with MIL-STD-883A 
(Method 1015, Test Condition F) and marked. 

HOT RAIL. HIGH TEMPERATURE AND FUNCTIONAL TESTING 

Ail plastic devices are subjected to testing at 100°C. In plastic devices this eliminates "HOT-OPENS" 

r- and shorts resulting from temperature sensitive intermittent bonds. 
In addition logic circuits are tested 100% to a functional pattern that simulates usage in a system 
environment. 

TIGHTENED D.A. GUARANTEES 

The thorough nature of the processing steps described above allows Signetics to guarantee the A.Q.L. 
levels of Table II for SUPR II integrated circuits. Every shipment is sealed and identified by Q.A. 
personnel. 

Figure 5 
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Table II 
SUPR II AQL GUARANTEES 

ANALOG BIPOLAR MEMORY LOGIC MOSILSI 

CERAMIC CERAMIC CERAMIC CERAMIC 
PLAsnc METAL CAN PLASTIC METAL CAN PLASTIC METAL CAN PLASTIC METAL CAN 

HOT OPENS 100°C 0.015% - 0.015% - 0.015% - 0.015% -

FUNCTIONALITY 25°C 0.15 0.15 0.25 0.25 0.10 0.10 0.25 0.25 

(NOTE 1) HIGH 
0.25 0.25 0.10 0.10 0.25 0.25 

TEMPERATURE - -

D.C. 25°C 0.25 0.25 0.65 0.65 0.65 0.65 0.65 0.65 

PARAMETRIC OVER 
0.65 0.65 .0.65 0.65 0.65 0.65 0.65 0.65 

TEMPERATURE 

A.C. 
25°C 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

PARAMETRIC 

MECHANICAL 
MAJOR 0.25 0;25 0.25 0.25 0.25 0.25 0.25 0.25 

MINOR 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

SEAL TEST FINE LEAK 
N/A 1.0 N/A 1.0 N/A 1.0 N/A 1.0 

(CERAMIC 1 X 10.7 eels 

METAL ·GROSS LEAK 
N/A 0.65 N/A 0.65 N/A 0.65 N/A 0.65 CAN ONLY) 1 x 10.5 eels 

NOTE 1: 
To Insure AOL levels tighter than 0.65% on D.C. parameters usually requires continual correlation of test equipment between customer and vendor to avoid test interpretation problems. If the 
objective Is to reduce system rework costs. functional operation of a device .(does It switch or toggle in the system) Is often more critical than the absolute value of a parameter. For this reason 
SUPR II focuses attention on tightened AOLs on functionality. 

For analog devices. D.C. parameters. such as Input curr~nt and offset vonagas. tend to be more crHlcal to system operation than for logic devices. A 0.25% AOL Is therefore offered on analog 
D.C. parameters, with the realization that careful attention must be paid to establishing correlation at the customer's incoming inspection, 
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INTRODUCTION 
The following information applies to all packages unless otherwise 
specified on Individual package outline drawings. 

GENERAL: 

1. Dimensions shown are metric units (millimeters), except 
those in parentheses which are English units (Inches). 

2. Lead spacing shall be measured within this zone. 

3. Tolerances non-cumulative. 

4. Thermal resistance values are determined by utilizing the 
linear temperature dependence of the forward voltage drop 
across the substrate diode in a digital device to monitor the 
junction temperature rise during known power application 
across VCC and ground. The values are based upon 120 
mils square die for plastiC packages and a 90 milS square 
die in the smallest available cavity for hermetic packages. 
All units were solder mounted to P.C. boards, with standard 
stand-off, for measurement. 

PLASTIC ONLY: 

5. Lead material: Alloy 42 or equivalent, solder dipped. 

6. Body material: Plastic 

7. Round hole in top corner denotes lead NO.1. 

8. Body dimensions do not include molding flash. 

HERMETIC ONLY: 

9. Lead material: 

a. Alloy 52 - gold plated, tin plated, or solder dipped. 

b. ASTM alloy F-15 (KOVAR) or equivalent - gold plated, tin 
plated, or solder dipped. 

c. ASTM alloy F-30 (Alloy 42) or equivalent - tin plated. 

d. ASTM alloy F-15 (KOVAR) or equivalent - gold plated. 

e. ASTM alloy F-15 (KOVAR) or equivalent - tin plated. 

10. Body Material: 

a. 1010 Steel - nickel plated or tin plate over nickel. 

b. Eyelet, ASTM alloy F-15 or equivalent - gold or tin 
plated. 

c. Eyelet, ASTM alloy F-15 or equivalent - gold or tin plat-
ed, glass body. 

d. Ceramic with glass seal at leads. 

e. BeO ceramic with glass seal at leads. 

f. Ceramic with ASTM alloy F-15 or equivalent. 

11. Lid Material: 

a. 1010 steel, nickel plated, or tin-plate over nickel, weld 
seal. 

b. Nickel or tin plated nickel, weld seal. 

c. Ceramic, glass seal. 

d. ASTM alloy F-15 or equivalent, gold plated. 

12. Signetics symbol, angle cut, or lead tab denotes Lead NO.1. 

13. Recommended minimum offset before lead bend. 

14. Maximum glass climb .010 inches. 

15. Maximum glass climb or lid skew is .010 inches. 

16. Typical four places. 

STANDARD DUAL-IN-LiNE PLASTIC PACKAGES 

NO. OF PACKAGE 
LEADS CODE 8ja/8jc("C/W) DESCRIPTION1 PAGE 

8 V 162/65 3 
14 A 150/65 TO-116/MO-001 3 
16 B 137/53 MO-001 3 
18 XA 135/53 3 
20 NL2 135/53 3 
22 XC 120/53 3 
24 N 116/53 MO-015 4 
28 XF 116/53 MO-015 4 
40 NW2 110/50 MO-015 4 
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PLASTIC POWER PACKAGES 
NO. OF PACKAGE 
LEADS CODE IIja/9jc(OC/W) DESCRIPTION' /. PAGE 

3 S 200/70 TO-92 4 
3 U 75/3 TO-220 4 
3+GND GB2 95/15 Slngle-ln-Line(STL) 5 
4+GND GC2 95/15 Slngle.:.ln-Line(SIL) 5 

12 + GND PH/PHA 95/15 Batwing 5 
14 AA3 95/33 Butterfly 5 
16 BA3 95/33 Butterfly 5 
18 XAA2 90/26 Butterfly 5 
20 NLA2 90/26 Butterfly 6 
24 NA3 60/23 Butterfly 6 
28 XL3 56/21 Butterfly 6 

HERMETIC PACKAGES 
METAL HEADERS 

NO. OF PACKAGE 
LEADS CODE IIjallljc·C/mW DESCRIPTION PAGE 

2 DA TBD TO-3 Solid Header 7 
3 DB TBD TO-39 Solid Header, Short Can 7 
4 DC TBD TO-72 Solid Header 7 
4 DE TBD TO-72 Glass Filled Header 7 
8 T .150/.025 TO-99 Header (.200 Dia.) 8 

10 K .. 150/.025 TO-100 Header, Short Can 8 
10 L .150/.025 TO-100 Header, Tall Can 8 

FLAT PACKS 

10 WF .240/.050 Flat Ceramic 9 
14 WH .205/.050 Flat Ceramic 9 
16 WJ .200/.050 Flat Ceramic 9 
16 RJ .133/.030 Flat Ceramic, Bed Base 9 
24 WN .155/.040 Flat Ceramic 9 
10 QF .230/.055 Flat Ceramic 9 
14 QH .185/.045 Flat Ceramic 10 
16 QJ .170/.045 Flat Ceramic 10 
24 QN .155/.044 Flat Ceramic 10 
10 QFA .230/.055 Flat Ceramic Laminate 10 
14 QHA .185/.045 Flat Ceramic Laminate 10 
16 QJA .1701.045 Flat Ceramic Laminate 10 
24 QNA .155/.044 Flat Ceramic Laminate 11 

CERDIP FAMILY 
14 FH .110/.030 Dual-In-Line Ceramic 11 
16 FJ .100/.030 Dual-In-Line Ceramic 11 
18 FK .093/.027 Dual-In-Llne Ceramic 11 
22 FM .075/.027 Dual-In-Line Ceramic 11 
24 FN .060/.026 Dual-In-Line Ceramic 12 

LAMINATED CERAMIC, SIDE BRAZED LEAD PACKAGES 
8 lEA .10DI.030 Dip Laminate 12 

14 IHA .095/.025 Dip Laminate 12 
16 IJA .0901.025 Dip Laminate 12 
18 IKA .088/.025 Dip Laminate 12 
22 IMA .080/.025 Dip Laminate 13 
24 INC .065/.025 Dip Laminate 13 
28 IQA .0601.025 Dip Laminate 13 
40 IWA .055/.025 Dip Laminate 13 

NOTES: 
1. Dual-ln-Line packages unless otherwise _bed. 
2. Package not yet available; scheduled lor 1976 re_ 
3. Package OUlllne Is lhe same as corresponding standard DuaI-In-Line package with Identical number 01 lead .. 
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PLASTIC: Standard Dual-In-Line 
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.---- [!] 

NL Package 

t available Package not ye 
Scheduled for 1976 release 

LEAONO.l 

[!] 

o 

~~1918I.75,,-J V VI r-~ 
""'7451~ I ,"TTl I 

----~---- _1°·891.0351 3~8('1251 
O.3BlrSJ 2r'·115J 

I!JIIIIII. 

-~35) 
3.06(.120) 

-----L 

2.16(.085) 
1.65 (,06li) 

r-LEADNO.10 

9.63 (.375) 
&:261.3251 

3 



PLASTIC: Standard Dual-ln~Line (cont' d.) 

N Package 

NW Package 

Package not yet available 
Scheduled for 1976 release 

PLASTIC: Power 

S Package 

4 

XF Package 

U Package 

105(.120) 
2.64(ToOi 

14O(066) 1.14 (.G46) 

1Ml~~ :]1 ":84Cli25) 

_~~----I--"70(.600(M(N _I 

1r::~=3====3--t'--Tt 5.33(.210) II- WI:1iO) 

-L~==~~~ ____ ~~~_~~ 
3.68(.14610IA .MI.026IR 

2.79(.110) 
Uii1iiii) 

iiiCi411 

~!:.!!!! 
4.061.180) 

SEATING PLANE ----'L--.f-l:±::!;;l+-----L+-. 

NOTE: 1. LEAD MATERIAL - COPPER, NICKEL PLATED. SOLDER DIPPED • 

..... 

.761.0301 

~3if"F1ii 

~U 
1~] 
.301.0121 



PLASTIC: Power (cont' d.l 

GB Package 

Package not yet available 
Scheduled for 1976 release 

PH/PHA Package 

2.791.1HI) 
~ 

BA Package 
~LEADNO.1 

! 0 

GC Package 

Package not yet available 
Scheduled for 1976 release 

AA Package 

XAA Package 

Package not yet available 
Scheduled for 1976 release 

5 



PLASTIC: Power (cont' d.) 

NLA Package 

Package not yet available 
Scheduled for 1976 release 

XL Package 

6 

NA Package 

.. --



HERMETIC: Metal Headers 

DA Package 122.23 (0.875) MAX. DIA.l 
'--------1 -

~1.4501 

rIL'-------n-II---------..J~~_ 
7.93.Jjc..I.'_12_'M_'_N. _______ U 

!!:.!! (.4401 
10.67 (.4201 

TERMINAL CONNECTIONS 
PIN 1-INPUT 
PIN 2 - OUTPUT 
CASE - GROUND 

PIN NO. 1 
CONSTRUCTION NOTES: ga, 10., 118 

2 PINS ~ t:: CIA. 

DC Package 
OIA. 

~ :::: :: !~::--I 

1~ S.33 (.2101 

4.321.17'01 0.76(.030) 

1 --' MAX. 

1 ~ 
14.22 1.560' j 
12.10 (.500) n n n 4 LEADS 

U U U 0.48 (.Ol91 
_ 5.84 1.2301__ 0.40 1.016) 

5.31 (.209) 
DIA. 

CONSTRUCTION NOTES: 9b, 1Ob. l1b 

3.01 (.115IDIA 

4.78 (.188) R. MAX. 
80th Ends 

2 MOUNTING 
HOLES 4.09 {.1611 

i'iil.151,OIA. 

DB PaC$kage 

~::~: Tarmlral 
ConnecIionl 
PIn, -lnPlAt 
Pln2-Output 
c.. -Ground 

---<A-+l--.L 

0.88[.0341 
D.71[:ii2i1 

CONSTRUCTtoN NOTES: SIt. lOb, l1b 

DE Package 
DIA. 

~::: ::!~::"I 

t~ 6.33 (.2101 

4.32 (.1701 .0.761.0301 1 ---.f MAX. 

1 .~ 

14'22~'5601 j 
12.10 f.5001 n n n 4 LEADS 

U U U 0.48 1.019) 

t 

~5.84 (,2301__ 0:41 (.0161 

5.31 (,209) 
DIA. 

1.17 (.046) -0450T,P ..... __ .. --' 

0.92 1.0361 ~ "" ", 

L.. 1.22(.0481 
0.71 (.0281 

CONSTRUCTION NOTES: 9b, lOb, l1b 

7 



HERMETIC: Metal Headers (cont' d.) 

T Package 
I &28 ~ DIA..--J -- aoo (.316) . I 

-t~ 4.70 (.186) '·'1r·'65

1 _ 14.28 1.562) , 

"'1- ~~:~ •• ~ 

t 
5.33 (.210) 

4.83 [j9Oj_90-'-f __ 7"'<'-___ ~ 

CONSTRUCTION NOTES: 9b, lOe. 11b 

L Package 

CONSTRUCTION NOTES: Bb, 10e, l1b 

8 

0.76 I.OOOl 

ro.·'1.-

-I 

t 
~:!: t~:: INSULATOR 

~:~ ::~~:~ DIA. 
S LEADS 

\ j" .. TYP. 

K Package L8.2111.3261 _I 
li.OOl.3t&IDIA~ 

~ 10451 INSULATOR t::;:;;::;:;::;;:;;:;::;:J ___ I Q.38 10161 

10 LEADS 

~ (.0191 OIA. 
0,41 1.0161 

//~ 1.021.~) 
Y z~ ~ ~074 1.028' 

CONSTRUCTION NOTES: 9b. ,Oe. ',b 



HERMETIC: Flat Packs 

WF Package 
o 

0.51 (.0201 
1.40(.0551 
f.'ii1.045) I!!IL ~ LEADNO.l 1 

~'~~~~lj MIN~ 

Hj::::-.t--~::=:--J I 
I+----"'::...::=-----".:.:..::=--~~:: ::::---1 

1 1+-~ 

~====~I~==~I==_===-=--~!~~: ['!,1!( .... , J I ~(.D40IJ 2.'6(.085IJ 
0.08 (.003) f-.-@] Q.76 (.0301 0.51/.0201 1.40 {.0551 

CONSTRUCTION NOTES: 9c, 1ad, 11c 

WJ Package 
LEAD NO. 1 

~ 

CONSTRUCTION NOTES: ie, 1011, 11c 

WN Package 
~511.02OJ_ -0 L~ 

If II 

Jill 

[!] 
D.Slf.o20) 

1..--~9.40(.37o.l ____ !:.?!(.275)_ I 
1_ 8.38 (.330) ~ 6.22 (.245) -

1--------- :::::::: ----------1, 

t ~'6(.OOOI 
-:"fl!!l i== 0.76 (.03OJ 

i 
0.08 (.0031 

CONSTRUCTION NOTES: Ie, lOcI. 11c 

~(.0S51 
1.14 {.0451 

C!II r 
9.14(.36011D.03{.3951 
i'iif:340lwfml 

t!M!(.018) 
'0.38(.015) 

~t=:TVP. 0 

J, .. J.'801 + 13.12:(.540) 
---.L 10.03 (.395) 

9.'10 (.37OJ 

~4B(.0191 
0.38(.015) 

f 
1.02 {.0401 
cliff.OZO) 

I 

L.lO(.OO4IMIN ~ 
2.29(.080) 
1.401.0551 

WH Package 
0.13 (.005) MIN 

~ @] LEAD NO.' 

o 
0.51 (.OZO) ---"'1 ~ 

1.40 1.0551 
1,14(.0451 

[!] 
+ J 7.75 (.305) 9.141.3601 
~ 7.49 (.295) 8.38 (.330) 

--r 0.48 (.01" I 
0.38(.0151 ~ 

~ 7.87 (,310) ...... 1.-...- 6.60 (,2601----....1 I t 
7.24 (.2851 5.97 1.2351 

'f 21.84(.8601-----__ .. ~(.035) 
21.34 (.8401 0.25 (.0101 

--II-~ 
~=~I~~~= 
lO.15 1.0081 II j 

0.081.003) ----..- r--- 0.76 (.030) 1.02 (.040) 5!l 0.51 (.020) 

CONSTRUCTION NOTES: Dc, lOd, 11c 

RJ Package 
LEAD NO.1 I!!I ---1 1--0 0.5' (.0201 

L~I.085) 
1.40 (.055) 

r-0.OOMIN I!!J 
I 

o : 1.52 :.0601 10.,,13951 
~'.02 (.040) 9.40 (.370) 

t~(·3701 1 ~(.2")_1 I 
8.38 (.330) ---t-- 8A8 (.266) 

I----------~ "i'.iii::::~:---------r 
0.15(.006) j(._' --J r-§i ~76 (.0301 

I 

9.141.380) 
8.64 1.340) 

OA8 (.019) TVP I 
0.38(.015) . + 

~t028) 
0.25(.010) 

± 
t 

(.030) MIN. 

CONSTRUCTION NOTES: Be. lOe, l1d 

OF Package 
I LEA~O.' 

'2 

D L 
~, .t,,, 1--~(.31D1 L~(·2601 J 

MIN 7.37 1.290) 6.10 (.24OJ 

21,84 (.860) 
21.34(.840) 

--I l--- 0.76 (.0301 MIN. I 
~ -I 0.51 (.020) 

CONSTRUCTION NOTES: 9d, lOd. l1c 

0.48 (.01S) TVP 1 0.38 (.0151 . 

=--
t 

~ 
I 

1 
8.60(. 

~ &lOf 
2601 
2401 

L L ~(.0551 
1.14(.0451 

0.97 (.038) 
0.31 (.012) 
~(.031) 

0.51 (,020) 

1.91 (.075) 
WI.0501 

9 



HERMETIC: Flat Packs (cont' d.) 

OH Package 
-j I+- •.• , ( .• 201 0 11.40(,0&51 r-LEADNO.1 1.14(.0451 @] 

~[!l ,.J."'I 
t 7.49 (.295) 

0.48(.019) 
8.891. 

-----.£ 0.38 (.0151 UBr 
L ~ 

3601 
3301 

I ~ ~!!! (.31.1 --+-~ (.2601 -1 o 13 7.24 (.285) 6.10 1.24D) 
lW,t01 0281 

21 
1.0051 21.841.8601 
MIN 21.34 (.840) 

~ 1.911.0751 

-.I ~ 0.78 (.030) 

1.27 (.05OJ 

f 
0.791.031' 
0.51 (.020J I!!I 

CONSTRUCTION NOTES: 911, 'Od. 111;: 

ON ~ackage 
~,1(,0201- 1--0 LI!!l 

II II 

D J'4.J .... 1 r 13.72(.540) 
1 ' •. 03( .... 1 

----L 9.40 1.370) 

~8( •• ,.!1 
0.38(.015) 1 

JI II 
8.38 (.330" -r-- 6.221.2461 ..... ~ ~""('3'.1 .1_ ~(.27'!_ I 

1---------:::t:: --------+j. L-.l01.004)MIN ~ 

1 
0.101.004) 

t§J 
I 

CONSTRUCTION NOTES: Be, 1Od, 11e 

OHA Package 
LEAD NO. 1 l!!I-!...I,~----!~::::::----~,.j1 

1 
8.89 (.350) 
8.3a{.330) 

I 

t 
2.16 (.085) 
1.27 f.060) 

0.791.031) 
0:&1 (.020) 

!:!!!(~m 
1.14(.046) 

7.87 (.310) 
7.37 {.290) 

. ...l 
l~ ~·.'4 (.045) MAX I 6.60 (.260) ~ L~ (.019) 

L-- 7.87 (.3101 ii:"iO (:2401 r.;"1 0.381.0151 
1 IT4 ( 2951 .51 {.0201 t.!J 

1 I!!I r-.. 7B (.0301@] * J r:::;rl-----..l...~-~~:7.::~:.N.::: 
•. '.( .... I:} U .~ .... ( .. 25IJ f 
0.10 1.004) 0.26 (']'iijj 

4.70 {.18S1 1.27~ 
Uii (.166) ffi 1.O3O) 

CONSTRUCTION NOTES: 9d, 10f, 11e 

OJ Package 
LEADNO.ll!!1 

I 
-I r0 ... , (.0201 

r-0,OOMIN I!!J 

IT] 
]3) 

l '.62 ( .... 1 ,~ .. (.3861 
~,.D2 '.040) 9.40 1.3701 

c~ (.3701_1 .... (.27.I~1 I I 8.38 (.330) ~ 6.22 f.2i61 

I--------~ :::::,.~::'~.:I_-------+-I 

o.15l.(106) 1 r-~ -! t-I!!l 0.76(.030) 0.10(.004) 

j I I 

CONSTRUCTION NOTES: 9d, lOd, l1e 

CONSTRUCTION NOTESl 9d. lOf. 11e 

OJA Package 
24.38 (.960) 

9.14 '.360) 
8.64 {.3401 

0.48 (.0191 TYP. I 
0.38 (.015) + 

± 
t 

0.78(.0311 
6.51(.0201 

0.71 ;'0281 
ii:25{.0101 

[2.,61.0851 
1.271.0501 

I
· 23.88 (.9401 I 

LEAD.D.' @].F\.I....~----...:::::::c=::..-----~. tt~t::: 0 

T Dl+j~ 
I 9.40(.370) 7.24(.285) I ==~4(.045)MAX 

1 i:3iT.33ill iiAiT.256l 1---.• ' (.0201 ill '0,38 ( .• ,61 

I 1 ~I.; 16 ~! ~ .76(.03OI@]t, j . ~,I- ..l... ~::::=: 
~~:= --W ~ ~:t:P t 

5.08 1.200) 1.27 (.050) 
4.571.180) 0.78 (.030) 

CONSTRUCTION NOTES: ad, 1Of. 11c 

10 ...... 



QNA Package 
-~---

I!!l ~ 
0.'01.0041 I 
- ~~-~ 

ft =t~~~~~~~~~flfffT1~~~~~ '3·T·
5401

9:521(.3751 

0.15(.006) =i=1-----±-
I I_I..!..=J I I ~ ~('O'91 VIOI.O",I! --1 k-'i5' --1 k-.761.0301 ='3 

0541.0"'} -L' r=;l I I 0.381.0151 

="" ~_ I Yl-~;~ t ~:~ 
8.381:3301-1 ~:~:r 

CONSTRUCTION NOTES; 9d, 101, lie 

HERMETIC: Cerdip 

FH Package 

-t 
-"S:;:rC;-;J1::-;:n:""'JT,.,..,..,~-J =r MAX 

CONSTRUCTION NOTES: 9c, lOcl,11c 

FK Package LEADNO.l ~ 

I 
17c;:;n:;7l:;-;r't:;":lTTf~~-J -=r' MAX 

4.46(.176) 
3.68(.145) 

FJ Package 

7.87 (.3~OI MAX 

l:?';:~("JT""""""'~ ~ 
• I 1.02 (,0401

1

_ 8.13 (.320) 

Fr~=~~~~=~~~~=:===:Ji- ~ 1020M:" 7.~7{.2901 'I ~::::~:: I 1 ~ III 
-~¥J- 2.29(.090) 

! 4.191."51 t _ ~I 0.36 (.014) Iffi' _ I 0.20 l.onS{ 
2.79 (.110) 1.27 (.050) 
2.29 (.090) 0.38 (.0151 

CONSTRUCTION NOTES: ge, IOd, lie 

FM Package 

[::::~~J+ 
C== ____ ~_7:_:_:1,_:~_I0_:_~==~:I::J II ~~ i ~ 

! _~ 0,381.0141 4'0'" 
0.20 t.008) 

_ 1.021.0401 
0.311(.0151 

4.19 (.l85J 
3.18(.125) 

CONSTRUCTION NOTES: 9c, lOcI, 11c lagonl CONSTRUCTION NOTES: 9c. IUd. llc 

11 



HERMETIC: Cerdip (cont' ~.) 

HERMETIC: Laminated Ceramic, Side Brazed Lead 

lEA @ LEAD NO. 1 

I 
7.87(.3101 

'-'-=-.::=r=:::T"""I::=-,LJ ~WI 
I 13.97j.5S01 I 
1-----12.95 (.5101------1 

1.40·(.0551 
0.63(,0251 ~12.95t.5101_______1 

I 12.451.490) I 

~,c;;;;;:;:;;;;:;::;;;;;;:;;:;;;;~ 
T * 

.13 (.005) MIN 

IJA 

2.791.'101 0 
2.291.0901 

I I~~~~JJj 
I 21.G8(.830} I 

18.a1(.740) 

CONSTRUCTION NOTE&: ... lOf. ,, .. 

12 

CONSTRUCTION NOTES:~. lQf,,'c 

CONSTRUCTION NOTES: lilt, 1Of, n. 

,,1111 



HERMETIC: Laminated Ceramic, Side Brazed Lead (cont' d.) 

INC Package 

13 





SAlES orrlCES 9 





SIGNETICS REPRESENTATIVES KANSAS OREGON 

Lenexa Portland 

HEADQUARTERS ALABAMA Buckman & Associates Western Technical Sales 
Huntsville Phone: (913) 492·8470 Phone: (503) 297·1711 

811 East Arques Avenue 20th centurr Marketing, Inc. Wichita 
Sunnyvale, California 94086 Phone: (205 772-9237 Buckman & Associates TEXAS 
Phone: (408) 739·7700 Phone: (316) 267·3655 

Houston ARIZONA 

Phoenix 
MARYLAND Cunningham Company 

Phone: (713) 461·4197 
Chaparral·Dorton Glen Buroi 

Richardson Phone: (602) 263·0414 Microcom8' Inc. 
Phone: (3 1) 761·4600 Cunningham Company 

CALIFORNIA Phone: (214) 231·2686 
ARIZONA MASSACHUSETTS 

Phoenix San Diego 
Reading UTAH 

Mesa Engineering Phone: (602) 971·2517 Phone: (714) 278·8021 Kanan Associates Salt Lake City 

She rman Oaks 
Phone: (617) 944·8484 Parker !Webster Company CALIFORNIA 

Astralonics MICHIGAN Phone: (801)486·3737 
Encino Phone: (213) 990·5903 

Phone: (213) 990·2610 Bloomfield Hills WASHINGTON 

Irvine CANADA Ellinger Sales 
Bellevue Phone: (313) 642·0203 Phone: (714) 833·8980 Calgary, Alberta Western Technical Sales (213) 924·1668 Philips Electronics Industries Ltd. MISSOURI Phone: (206) 641·3900 

San Diego Phone: (403) 243·7737 
St. Charles Phone: (714) 560·0242 Montreal, Quebec Buckman & Associates WISCONSIN 

Sunnyvale Philips Electronics Industries Ltd. Phone:·(314) 724·6690 Greenfield 
Phone: (408) 736·7565 Phone: (514) 342·9180 L·Tec, Inc. 

Ottawa, Ontario NEW HAMPSHIRE Phone: (414) 545·8900 
FLORIDA Phillips Electronics Industries Ltd. Portsmouth 
Pompano Beach Phone: (613) 237·3131 J. J. Theobald, Inc. 

Phone: (305) 782·8225 Toronto, Ontario Phone: (603) 731·8450 DISTRIBUTORS 
Philips Electronics Industries Ltd. 

NEW JERSEY ILLINOIS Phone: (416) 425·5161 

Rolling Meadows Vancouver, B.C. Bayonne ALABAMA 

Phone: (312) 259·8300 Philips Electronics Industries Ltd. J. J. Theobald, Inc. Huntsville 
Phone: (604) 435·4411 Phone: (201)823·2866 Hamilton! Avnet Electronics 

INDIANA Phone: (205) 533·1170 
COLORADO NEW MEXICO 

Indianapolis 
Albuquerque ARIZONA 

Phone: (317) 293·4777 Denver 
Parker! Webster Company The Staley Company, Inc. Phoenix 

MASSACHUSETTS Phone: (303) 770·1972 Phone: (505) 821·4310/ll Hamilton! Avnet Electronics 
Phone: (602) 275·7851 

Lexington CONNECTICUT NEW YORK Kierulff Electronics 
Phone: (617)861·0840 Great Neck Phone: (602) 273·7331 

Newtown Pacent! Di Blasi MICHIGAN Kanan Associates c! 0 J. J. Theobald, Inc. CALIFORNIA 
Southfield Phone: (203) 426·8157 Phone: (516) 482·4040 Costa Mesa 

Phone: (313) 559·9166 
FLORIDA UPSTATE NEW YORK Schweber Electronics 

(313) 559·9167 Phone: (714) 556·3880 

MINNESOTA Altamonte Springs DeWitt Culver City Semtronic Associates Tri·Tech Electronics, Inc. Hamilton Electro Sales 
Minneapolis Phone: (305) 831·8233 Phone: (315) 446·2881 Phone: (213) 558·2131 

Phone: (612) 884·7451 Ft. Lauderdale East Rochester 
Semtron ic Associates Tri·Tech Electronics, Inc. EI Segundo 

NEW JERSEY Phone: (305) 771·0010 Phone: (716) 381·2722 Liberty Electronics 

Cherry Hill Largo Larchmont 
Phone: (213) 322·8100 

Phone: (609) 665·5071 Semtronic Associates Tri·Tech Electronics, Inc. Los Angeles 

Piscataway 
Phone: (813) 586·1404 Phone: (914) 834·4423 Kierulff Electronics 

New Rochelle Phone: (213) 685·5511 
Phone: (201)981·0123 GEORGIA Tri·Met Electronics Inc. Mountain View 

NEW YORK Douglasville Phone: (914) 632·5600 Hamilton! Avnet Electronics 

Wappingers Falls 20th Century Marketing, Inc. NORTH CAROLINA 
Phone: (415) 961·7000 

Phone: (914) 297-4074 Phone: (404) 942·6483 Palo Alto 

Woodbury, L.I. 
Cary Kierulff Electronics 

ILLINOIS Montgomery Marketing Phone: (415) 968·6292 
Phone: (516) 364·9100 

Chicago 
Phone: (919) 467·6319 

San Diego 
OHIO L·Tec Inc. OHIO Hamilton! Avnet Electronics 

Worthington 
Phone: (312) 286·1500 

Centerville 
Phone: (714) 279·2421 

Phone: (614) 888·7143 Norm Case Associates Kierulff Electronics 
INDIANA Phone: (513) 433·0966 Phone: (714) 278·21l2 

TEXAS Indianapolis Fairview Park Sunnyvale 
Dallas Ellinger Sales Norm Case Associates Intermark Electronics 

Phone: (214) 661·1296 Phone: (317) 251·2757 Phone: (216) 333·4120 Phone: (408) 738·1111 

lIagnoliell 1 



CANADA GEORGIA MINNESOTA CENTRAL NEW JERSEY 

Calgary, Alberta Atlanta Edina 
AND PENNSYLVANIA 

Paar Industrial Electronics, ltd. Schw.eber Electronics Hamilton! Avnet Electronics Somerset, N.J. 
Phone: (403) 287-2840 Phone: (404) 449-9170 Phone: (612) 941-3801 Schweber Electronics 

Downsview, Ontario Norcross Schweber Electronics Phone: (20ll 469-6008 
Cesco Electronics Hamilton! Avnet Electronics Phone: (612) 941-5280 
Phone: (416) 661-0220 Phone: (404) 448-0800 Minneapolis NORTH CAROLINA 

Mississauga, Ontario 
ILLINOIS 

Semiconductor Specialists Greensboro 
Hamilton! Avnet Electronics Phone: (612) 854-8841 Hammond Electronics 
Phone: (416) 677-7432 Elk Grove Phone: (919) 275-6391 

Montreal, Quebec Schweber Electronics MISSOURI 
Cesco Electronics Phone: (312) 593-2740 Hazelwood OHIO 
Phone: (514) 735-5511 Elmhurst Hamilton! Avnet Electronics 

Beechwood 
Zentronics Ltd. Semiconductor Specialists Phone: (314) 731-1144 

Schweber Electronics 
Phone: (514) 735-5361 Phone: (312) 279-1000 

NEW MEXICO Phone: (216) 464-2970 
Ottawa, Ontario Schiller Park Cleveland 

Cesco Electronics Hamilton! Avnet Electronics Albuquerque Arrow Electronics 
Phone: (613) 729-5118 Phone: (312) 671-6082 Hamilton! Avnet Electronics Phone: (216) 464-2000 
Hamilton! Avnet Electronics Phone: (505) 765-1500 

INDIANA Hamilton! Avnet Electronics 
Phone: (613) 226-1700 NEW YORK Phone: (216) 461-1400 
Zentron ics Ltd. Indianapolis 

Pioneer Standard Electronics 
Phone: (613) 238-6411 Semiconductor Specialists Buffalo 

Phone: (317) 243-8271 Summit Distributors Phone: (216) 587-3600 
Quebec City Phone: (716) 884-3450 Dayton 

Cesco Electronics KANSAS East Syracuse Arrow Electronics 
Phone: (418) 524-3518 Phone: (513) 253-9176 

Toronto, Ontario Lenexa Hamilton! Avnet Electronics 
Hamilton! Avnet Electronics Phone: (315) 437-2642 Hamilton! Avnet Electronics 

Zentronics Ltd. Phone: (913) 888-8900 Farmingdale, U. Phone: (513) 433-0610 
Phone: (416) 789-5111 

Vancouver, B.C. 
Arrow Electronics Pioneer Standard Electronics 

MARYLAND Phone: (516) 694-6800 Phone: (513) 236-9900 
Bowtek Electronics Co., Ltd. 

Baltimore Johnson City Phone: (604) 736-1141 
Ville SI. Laurent, Quebec 

Arrow Electronics Wilshire Electronics TEXAS 
Phone: (301) 247-5200 Phone: (607) 797-1236 

Hamilton! Avnet Electronics 
Gaithersburg Rochester 

Austin 
Phone: (514) 331-6443 Schweber Electronics 

Pioneer Washington Electronics Hamilton! Avnet Electronics Phone: (512) 837-2890 
COLORADO Phone: {30ll 948-0710 Phone: (716) 442-7820 

Dallas 
Denver Hanover Schweber Electronics Component Specialties 

Hamilton! Avnet Electronics Hamilton! Avnet Electronics Phone: (716) 461-4000 Phone: (214) 357-4576 
Phone: (303) 534-l2l2 Phone: (30 II 796-5000 Westbury, L.I. Hamilton! Avnet Electronics 

lakewood Rockville Hamilton! Avnet Electronics Phone: (214) 661-8661 
Schweber Electronics Phone, (516) 333-5800 

Acacia Sales, Inc. Phone: (30ll 881-2970 Schweber Electronics Schweber Electronics 
Phone: (303) 232-2882 Phone: (516) 334-7474 Phone: (214) 661-5010 

CONNECTICUT MASSACHUSETTS Houston 
Burlington 

NORTHERN NEW JERSEY Component Specialties 
Danbury Phone: (713) 771-7237 

Schweber Electronics Arrow Electronics Cedar Grove 
Phone: (203) 792-3500 Phone: (617) 273-0100 Hamilton! Avnet .Electronics Hamilton! Avnet Electronics 

Georgetown Hamilton! Avnet Electronics Phone: (20ll 239-0800 Phone: (7l3) 526-4661 

Hamilton! Avnet Electronics Phone: (617) 273-2120 Saddlebrook Schweber Electronics 
Phone: (203) 762-0361 Waltham Arrow Electronics Phone: (713) 784-3600 

Hamden Schweber Electronics Phone: (2'Oll 797-5800 
Arrow Electronics Phone: (617) 890-8484 

SOUTHERN NEW JERSEY UTAH 
Phone: (203) 248-3801 

MICHIGAN AND PENNSYLVANIA Salt Lake City 
FLORIDA Cherry Hill, N.J. 

Alta Electronics 
Farmington Phone: (801) 486-7227 

Hollywood Semiconductor Specialists Milgray-Delaware Valley 
Hamilton! Avnet Electronics Phone: (609) 424-1300 Hamilton! Avnet Electronics Phone: (313) 478-27'00 Phone: (80ll 262-8451 

Phone: (305) 925-5401 Livonia Moorestown, N.J. 
Schweber Electronics Hamilton! Avnet Electronics Arrow! Angus Electronics 

WASHINGTON Phone: (305) 922-4506 Phone: (313) 522-4700 Phone: (609) 235-1900 
Orlando Troy MI. Laurel, N.J. Bellevue 

Hammond Electronics Schweber Electronics Hamilton! Avnet Electronics Hamilton! Avnet Electronics 
Phone: (305) 241-6601 Phone: (313) 583-9242 Phone: (609) 234-2133 Phone: (206) 746-8750 
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INTERNATIONAL FRANCE JAPAN SPAIN 

SALES OFFICES RJ.C. Signetics Japan, Ltd. Copresa S.A. 
Paris Tokyo Barcelona 

ARGENTINA Phone: 355·44·99 Phone: (03) 230·1521 Phone: 329 63 12 

Fapesa Ly.C. 
GERMANY 

KOREA SWEDEN Buenos·Aires 
Phone: 652·7438/7478 Valvo 

Kumho & Co. Elcoma A.B. Seoul 
Hamburg Phone: (76) 5271·5 Stockholm 

AUSTRIA Phone: (040) 3296·1 Phone: 08/67 97 80 

Osterreichische Philips MEXICO 
Wien HONG KONG Electronica S.A. de C.V. SWITZERLAND 
Phone: 93 26 11 

Philips Hong Kong, Ltd. Mexico OJ. Philips A.G. 
AUSTRALIA Kwuntong Phone: 533·1180 Zurich 

Phone: 3·427232 Phone: 01/4422 11 
Philips Industries·ElCDMA NETHERLANDS 

Lane·Cove, N.S.W. INDIA Philips Nederland B.V. TAIWAN 
Phone: 421261 Eindhoven 

Semiconductors, Ltd. Phone: (040) 793333 Philips Taiwan, Ltd. 
BELGIUM (REPRESENTATIVE ONLY) Taipei 

Bombay NEW ZEALAND Phone: (02) 551·3101·5 
M.B.l.E. Phone: 293·667 

Bruselies E.D.A.Il., Ltd. 
Phone: 523 00 00 Wellington THAILAND/LAOS 

INDONESIA Phone: 873 159 Saeng Thong Radio, Ltd. 
BRAZIL P.T. Philips·Ralin Electronics Bangkok NORWAY 
Ibrape, S.A. Jakarta Phone: 527195,519763 

Sao Paulo Phone: 581058 Electronica A.S. 
Phone: 287·7144 Oslo UNITED KINGDOM 

IRAN 
Phone: (02) 15 05 9'0 

CANADA Mu liard, Ltd. 
Berkeh Company, Ltd. PHILIPPINES London 

Philips Electron Devices Tehran Philips Industrial Dev., Inc. Phone: 01·580 6633 
Toronto Phone: 831564 
Phone: 425·5161 Makata·Rizal 

Phone: 868951·9 UNITED STATES 
DENMARK ISRAEL 

SINGAPORE/MALAYSIA Signetics International Corp. 
Miniwatt A/S Rapac Electronics, Ltd. 

Philips Singapore Pte., ltd. 
Sunnyvale, California 

Kobenhavn Tel Aviv Phone: (408) 739·7700 
Phone: (01) 69 16 22 Phone: 477115·6·7 Toa Payoh 

Phone: 538811 

FINLAND ITALY 
VENEZUELA, PANAMA, 

SOUTH AFRICA ARUBA, TRINIDAD 
Oy Philips Ab Philips S.p.A. E.D.A.C. (pm, ltd. Instrulab C.A. 

Helsinki Milano Johannesburg Caracas 
Phone: 1 72 71 Phone: 2·6994 Phone: 24·6701·3 Phone: 614138 
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Index 

DEVICE 
AMPLIFIERS 

510 Dual Differential Amplifier 
511 Dual Differential Amplifier 
515 Differential Amplifier 
NE501 Video Amplifier 
NE592 Video Amplifier 
uA733 Differential Video Amplifier 
8T25 Tri-State Dual Sense Amplifier/Latch 
75S207 High Speed Dual Sense Amplifier for MaS Memories 
75S208 High Speed Dual Sense Amplifier for MaS Memories 
7520 Dual Core Memory Sense Amplifier 
7521 Dual Core Memory Sense Amplifier 
7522 Dual Core Memory Sense Amplifier 
7523 Dual Cote Memory Sense Amplifier 
7524 Dual Core Memory Sense Amplifier 
7525 Dual Core Memory Sense Amplifier 
ARITHMETIC ELEMENTS 
54n480 Gated Full Adder 
54n483/83A 4-Bit Binary Full Adder 
54n485 4-Bit Magnitude Comparator 
54n4180 8-Bit Odd/Even Parity Generator/Checker 
54n4181 4-Bit Arithmetic Logic Unit 
54n4182 Look-Ahead Carry Generator 
54n4280 9-Bit Odd/Even Parity Generator/Checker 
54n4283 4-Bit Binary Adder 
9324 5-Bit Comparator 
8260 Arithmetic Logic Element 
8261 Fast Carry Expander 
8268 Gated Full Adder 
8282 4-Bit BCD Arithmetic Unit 
82583 4-Bit BCD Adder 
10160 Checker-Generator Circuit (12-Bit Parity) 
10170 9-Bit Parity Circuit (with 2 Carry Inputs) 
10179 Look-Ahead Carry 
10181 4-Bit Arithmetic Logic Unit/Function Generator 
COMPARATORS 
521 
522 
526 
527 
529 
LM111 
LM211 
LH2111 
LH2211 
LH2311 
LM311 
LM119 
LM129 
LM319 
LM139 
LM239 
LM339 
LM139A 
LM239A 
LM339A 
MC3302 
uA710 
uA711 
8269 

High Speed Dual Differential Comparator/Sense Amplifier 
High Speed Dual Differential Comparator/Sense Amplifier 
Analog Voltage Comparator 
Analog· Voltage Comparator 
Analog Voltage Comparator 
Analog Voltage Comparator 
Analog Voltage Comparator 
Dual Voltl\ge Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Analog Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Dual Voltage Comparator 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator/Buffer 
Quad Voltage Comparator 
Differential Voltage Comparator 
Dual Voltage Comparator 
4-Bit Comparator 

.",'.1 

CHAPTER PAGE 

Analog 106 
Analog 107 
Analog 109 
Analog 166 
Analog 167 
Analog 172 
Interface 56 
Interface 138 
Interface 141 
Interface 144 
Interface 144 
Interface 144 
Interface 144 
Interface 144 
Interface 144 

Logic 92 
Logic 93 
Logic 95 
Logic 178 
Logic 178 
Logic 183 
Logic 221 
Logic 222 
Logic 235 
Logic 275 

. Logic 278 
Logic 288 
Logic 310 
Logic 304 
Logic 393 
Logic 399 
Logic 407 
Logic 408 

Analog 177 
Analog 180 
Analog 183 
Analog 184 
Analog 187 
Analog 190 
Analog 190 
Analog 191 
Analog 191 
Analog 191 
Analog 192 
Analog 194 
Analog 194 
Analog 195 
,Analog 197 
Analog 197 
Analog 197 
Analog 198 
Analog 198 
Analog 198 
Analog 200 
Analog 202 
Analog 203 
Logic 291 
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DEVICE CHAPTER PAGE 
CONSUMER PRODUCTS 
SD200 D-MOS FET Single Gate N-Channel Enhancement Analog 204 
SD201 D-MOS FET Single Gate N-Channel Enhancement Analog 206 
SD202 D-MOS FET Single Gate N-Channel Enhancement '. Analog 206 
SD203 D-MOS FET Single Gate N-Channel Enhancement Analog 206 
SD210 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD211 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD212 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD213 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD214 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD215 D-MOS FET Switch N-Channel Enhancement Analog 209 
SD300 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD301· D-MOS FET Dual Gate N-Channel Enhancement Analog 21.2 
SD303 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD3ci4 D-MOS FET Dual Gate N-Channel Enhancement Analog 212 
SD305 D-MOS FET Dual Gate N-Channel Enhancement Analog 218 
SD306 D-MOS FET Dual Gate N-Channel Enhancement Analog 221 
SD5000 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5001 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD51 00 D-MOSFET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5101 D-MOS FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD5200 D-MOD FET Quad Switch Array, Multiplexers, Drivers Analog 224 
SD6000 D-MOS Dual Gate FETs N-Channel Enhancement Analog 228 
540 Power Driver Analog 223 
542 Dual Low-Noise Preamp Analog 241 
543 . Servo Driver Analog 245 
546 AM Radio Receiver Subsystem Analog 247 

COUNTERS 
5417490 Decade Counter Logic 100 
5417492 Divide-by-Twelve Counter Logic 102 
5417493 4-Bit Binary Counter Logic 104 
54174160 Synchronous 4-Bit Decade Counter with Direct Clear Logic 151 
54174161 Synchronous 4-Bit Binary Counter . Logic 153 
54174162 Synchronous 4-Bit Decade Counter Logic 156 
54174163 Synchronous 4-Bit Binary Counter Logic 160 
54174176 Presettable Decade and Binary Counter/Latch Logic 176 
54174177 Presettable Decade and Binary Counter/Latch Logic 176 
54174190 Synchronous BCD Up/Down Counter Logic 184 
54174191 Synchronous Binary Up/Down Counter Logic 187 
54174192 Synchronous Decade Up/Down Counter Logic 190 
54174193 Synchronous 4-Bit Binary Up/Down Counter Logic 192 
54174196 3MHz Presettable Decade Counter/Latch Logic 200 
54174197 Presettable Binary Counter/Latch Logic 201 
54174290 Decade Counter Logic 223 
54174293 4-Bit Binary Counter Logic 225 
8280 BCD Decade Counter/Storage Element Logic 306 
8281 4-Bit Binary Counter/Storage Element Logic 306 
8284 Binary Hexadecimal Synchronous Up/Down Counter Logic 308 
8285 BCD Decade Synchronous Up/Down Counter Logic 318 
8288 Divide-by-Twelve Counter/Storage Element Logic 321 
8290 Presettable High Speed Decade Counter Logic 323 
82S90 Presettable High Speed Decade Counter ' Logic 323 
8291 Presettable High Speed Binary Counter Logic 323 
82S91 Presettable High Speed Binary Counter Logic 323 
8292 Presettable Low Power Decade Counter Logic 328 
8293 Presettable Low Power Binary Counter Logic 328 
10136 Universal Hexadecimal Counter Logic 385 
10137 Universal Decimal Counter Logic 385 
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DEVICE 
DATA SELECTORS/MULTIPLEXERS 
54n4150 
54n4151 
54n4152 
54n4153 
54n4157 
54n4158 
54n4251 
54n4253 
54n4257 
54n4258 
54n4298 
9309 
9312 
DECODERS 

16-Line to 1-Line Data Selector/Multiplexer 
8-Line to 1-Line Data Selector/Multiplexer 
8-Line to 1-Line Data Selector/Multiplexer 
Dual 4-Line to 1-Line Multiplexer 
Quad 2-Line to 1-Line Data Selector/Multiplexer (Non-Inverting) 
Quad 2-lnput Data Selector (Inverting) 
Data Selector/Multiplexer with 3-State Outputs 
Dual 4-Line to 1-Line Data Selector/Multiplexer 
Quad 2-Line to 1-Line Data Selector/Multiplexer 
Quad 2-Line to 1-Line Data Selector/Multiplexer 
Quad 2-lnput Multiplexer with Storage 
Dual 4-lnput Multiplexer 
8-lnput Multiplexer 

54n442 BCD-to-Decimal Decoder (1-of-10) 
54n443 Excess 3-to-Decimal Decoder 
54n444 Excess 3-Gray-to-Decimal Decoder 
54n445 BCD-to-Decimal Decoder/Driver 
54n446A BCD-to-Seven Segment Decoder/Driver 
54n447A BCD-to-Seven Segment Decoder/Driver 
54n448 BCD-to-Seven Segment Decoder/Driver 
54n4138 3-to-8 Line Decoder/Demultiplexer 
54n4139 Dual 2-to-4 Line Decoder/Demultiplexer 
54n4145 BCD-to-Decimal Decoder/Driver 
54n4154 4-Line to 16-Line Decoder/Demultiplexer 
54n4155 Dual 2-Line to 4-Line Decoder/Demultiplexer 
54n4156 Dual 2-Line to 4-Line Decoder/Demultiplexer 
54n4261 Multiply/Decoder 
9301 One-of-Ten Decoder 
8250 Binary-to-Octal Decoder 
82S50 Binary-to-Octal Decoder 
8251 BCD-to-Decimal Decoder 
82551 BCD-to-Decimal Decoder 
8252 BCD-to-Decimal Decoder 
82S52 BCD-to-Decimal Decoder 
8T04 Seven Segment Decoder/Driver 
8T05 Seven Segment Decoder/Transistor Driver 
8T06 Seven Segment Decoder/Display Driver 
DRIVERS/RECEIVERS/TRANSLA TORS/TRANSCEIVERS 
10114 
10115 
10116 
10124 
10125 
10190 
10191 
10192 
10216 
8T09 
8T13 
8T14 
8T15 
8T16 
8T23 
8T24 
8T26A 
8T28 
8T30 
8T34 
8T37 
8T38 
8T100 
8T101 

Triple Differential OR/NOR Line Receiver 
Quad Differential Line Receiver 
Triple Differential OR/NOR Line Receiver 
Quad Differential Line Driver/Quad TTL to ECL Translator 
Quad Differential Line Receiver/Quad ECL to TTL Translator 
Quad Differential Receiver/MST-ECL Translator 
Hex ECL/MST Translator 
Quad Current-Mode Bus Driver 
High Performance Triple Differential OR/NOR Line Rec~iver 
Tri-State Quad Bus Driver . 
Dual Line Driver 
Triple Line Receiver with Hysteresis 
Dual Communications EIA/MIL Line Driver 
Dual Communications EIA/MIL Receiver with Hysteresis 
Dual Line Driver 
Triple Line Receiver with Hysteresis 
Tri-State Quad Bus Receiver 
Tri-State Quad Bus Receiver 
Dual TTL/DTL to MOS Transceiver/Port Controller 
Quad Bus Transceiver with Tri-State Outputs 
Hex. Bus Receiver with Hysteresis-Schmitt Trigger 
Quad Bus Transceiver (Open Collector) 
Quad Differential Line Driver 
Quad Differential Line Driver 

..... 1 

CHAPTER PAGE 

Logic 140 
Logic 142 
Logic 143 
Logic 145 
Logic .149 
Logic 150 
Logic 212 
Logic 214 
Logic 215 
Logic 216 
Logic 228 
Logic 234 
Logic 234 

Logic 69 
Logic 70 
Logic 71 
Logic 72 
Logic 73 
Logic 74 
Logic 76 
Logic 134 
Logic 135 
Logic 136 
Logic 147 
Logic 147 
Logic 148 
Logic 218 
Logic 233 
Logic 271 
Logic 271 
Logic 271 
Logic 271 
Logic 271 
Logic 271 
Interface 17 
Interface 20 
Interface 23 

Logic 366 
Logic 367 
Logic 368 
Logic 373 
Logic 374 
Logic 410 
Logic 412 
Logic 413 
Logic 415 
Interface 26 
Interface 33 
Interface 35 
Interface 38 
Interface 40 
Interface 51 
Interface 53 
Interface 59 
Interface 59 
Interface 62 
Interface 78 
Interface 80 
Interface 82 
Interface 90 
Interface 90 
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DEVICE CHAPTER PAGE 
DRIVERS/RECEIVERSITRANSLATORSITRANSCEIVERS (Confd.) 
8T110 Quad Differential Line Receiver with Tri-State Outputs. Interface 92 
8T111 Quad Differential Line Receiver with Tri-State Outputs .. Interface. 92 
8T380 Quad Bus Receiver with Hysteresis-Schmitt Trigger Interface 97 
NE582 Hex Universal Driver Interface 99 
NE584 Cathode Driver Interface 101 
NE585 Anode Driver . Interface 101 
DM7820 Dual Line Receiver Interface 103 
DM8820 Dual Line Receiver Interface 103 
DM7830 Dual Differential Line Receiver Interface 105 
DM8830 Dual Differential Line Receiver Interface 105 
DM8880 High Voltage 7-Segment Decoder/Driver Interface 107 
MC1488 Quad Line Driver Interface 110 
MC1489 Quad Line Receiver Interface 112 
MC1489A Quad Line Receiver Interface 112 
75S107 High Speed Dual Line Receiver Interface 114 
75S108 High Speed Dual Line Receiver Interface 117 
55175450B Dual Peripheral Positive Driver Interface 121 
55175451B Dual Peripheral Positive-AND Driver Interface 126 
55175452B Dual Peripheral Positive-NAND Driver Interface 128 
55175453B Dual Peripheral Positive-OR Driver Interface 130 
55175454B Dual Peripheral Positive-NOR Dr!ver Interface 132 
3207A Quad Bipolar-to-MOS Clock Driver Interface 134 
3207A-1 Quad Bipolar-to-MOS Clock Driver Interface 136 
75324 Memory Driver with Decode Input Interface 151 
55175325 Memory Drivers Interface 156 
75361 A Dual TTL-to-MOS Driver Interface 170 

ENCODERS 
54174147 10-Line to 4-Line Priority Encoder Logic 137 
54174148 8-Lineto 3-Lilie Priority Encoder Logic 138 
10165 8-Line to 3-Line Priority Encoder Logic 397 

EXPANDERS 
5417460 Dual 4-lnput Expander Logic 81 
5417461 Triple 3-lnput Expander Logic 82 
54/7462 3-2-2-3-lnput AND-OR Expander Logic 82 

FLIP-FLOPS 
5417470 J-K Flip-Flop Logic 84 
5417471 J-K Master-Slave Flip-Flop Logic 84 
5417472 J-K Master-Slave Flip-Flop Logic 85 
5417474 Dual D-Type Positive Edge-Triggered Flip-Flop Logic 87 
5417476 Dual J-K Flip-Flop Logic 90 
5417478 Dual J-K Negative Edge-Triggered Flip-Flop Logic 91 
54174101 J-K Edge-Triggered Flip-Flop Logic 111 
54174102 J-K Edge-Triggered Flip-Flop Logic 112 
54174103 J-K Edge-Triggered Flip-Flop Logic 114 
54174106 Dual J~K Edge-Triggered Flip-Flop Logic 115 
54174107 Dual J-K Master-Slave Flip-Flop Logic 116 
54174108 Dual J-K Edge-Triggered Flip-Flop Logic 117 
54174109 Dual J-K Positive Edge-Triggered Flip-Flop Logic 118 
54174112 Dual J-K Negative Edge-Triggered Flip-Flop Logic 119 
54174113 Dual J-K Negative Edge-Triggered Flip-Flop Logic 121 
54174114 Dual J-K Negative Edge-Triggered Flip-Flop Logic 122 
54174175 Quad D-Type Edge-Triggered Flip-Flop Logic 175 
10131 Dual D-Type Master-Slave Flip-Flop Logic 379 
10135 DuaIJ-K Master-Slave Flip-Flop Logic· 384 
10176 Hex D-Type Master-Slave Flip-Flop Logic 405 
10231 Dual D-Type Master-Slave Flip-Flop Logic 416 
8T10 Tri-State Quad D-Type Bus Flip-Flop Interface 29 

FPLAs 
FPLA Product. Family Introduction Memories 57 
82S100 Bipolar Field-Programmt-ble Logic Array Memories 59 
82S101 Bipolar Field-Programmable LogiC Array Memories 59 
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DEVICE CHAPTER PAGE 
GATES 
54174125 Quad Bus Buffer Gate Logic 130 
54174126 Quad Bus Buffer Gate Logic 131 

HIGH PERFORMANCE 
10210 Dual 3-lnput 3-0utput High Performance Gate Logic 414 
10211 Dual 3-lnput 3-0utput High Performance Gate Logic 414 
10212 Dual 3-lnput 3-0utput High Performance Gate Logic 414 

AND 
5417408 Quad 2-lnput AND Gate Logic 57 
5417409 Quad 2-lnput AND Gate with Open Collector Outputs Logic 58 
5417411 Triple 3-lnput AND Gate Logic 59 
5417415 Triple 3-lnput AND Gate with Open Collector Outputs Logic 61 
5417421 Dual 4-lnput AND Gate Logic 63 
10104 Quad 2-lnput AND Gate Logic 356 
10108 Dual 4-lnput ANDINAND Gate Logic 360 

AND-OR 
5417452 4-Wide 2-2-2-3-lnput AND-OR Gate Logic 78 
5417464 4-2-3-2-lnput AND-OR Gate Logic 83 
54/7465 4-2-3-2-lnput AND-OR Gate Logic 83 

AND-OR-INVERT 
5417450 Expandable Dual 2-Wide 2-lnput AND-OR-INVERT Gate Logic 77 
5417451 Dual 2-Wide 2-lnput AND-OR-INVERT Gate Logic 77 
5417453 4-Wide 2-lnput AND-OR-INVERT Gate Logic 79 
5417454 4-Wide 2-lnput AND-OR-INVERT Gate Logic 80 
5417455 2-Wide 4-lnput AND-OR-INVERT Gate Logic 81 

OR 
5417432 Quad 2-lnput OR Gate Logic 66 
5417486 Quad 2-lnput Exclusive-OR Gate Logic 98 
54174135 Quad Exclusive-OR/NOR Gate Logic 133 
54174136 Quad Exclusive-OR Gate with Open Collector Outputs Logic 134 
54174386 Quad 2-lnput Exclusive-OR Gate Logic 230 
8241 Quad Exclusive-OR/NOR Gate Logic 264 
82S41 Quad Exclusive-OR/NOR Gate Logic 264 
8242 Quad Exclusive-OR/NOR Gate Logic 264 
82S42 Quad Exclusive-OR/NOR Gate Logic 264 
10101 Quad 2-lnput/OR/NOR Gate (Complementary Outputs) Logic 353 
10103 Quad 2-lnput Gate (3 OR, 1 OR/NOR) Logic 355 
10105 Triple 2-3-2 ORINOR Gate Logic 357 
10107 Triple Exclusive ORINOR Gate Logic 359 
10109 Dual 4-5-lnput ORINOR Gate Logic 360 
10110 Dual 3-lnput 3-0utput OR Gate Logic 362 
10112 Dual 3-lnput OR/2 NOR Output Gate Logic 364 
10113 Quad Exclusive OR Gate (with Enable) Logic 361 
10117 Dual 2-Wide, 2,3-lnput OR-AND/OR-AND-INVERTGate Logic 369 
10118 Dual 2-Wide, 3,3-lnput OR-AND Gate Logic 370 
10119 4-Wide, 3,3,3,3-lnput OR-AND Gate Logic 371 
10121 4-Wide, 3,3,3,3-lnput OR-AND/OR-AND-INVERT Gate Logic 372 

NAND 
5417400 Quad 2-lnput NAND Gate Logic 53 
5417401 Quad 2-lnput NAND Gate with Open Collector Outputs Logic 53 
5417403 Quad 2-lnput NAND Gate with Open Collector Outputs Logic 55 
5417410 Triple 3-lnput NAND Gate Logic 58 
5417412 Triple 3-lnput NAND Gate with Open Collector Outputs Logic 59 
5417420 Dual 4-lnput NAND Gate Logic 63 
5417422 Dual 4-lnput NAND Gate with Open Collector Outputs Logic 64 
54/7426 Quad 2-lnput NAND Gate with Open Collector Outputs Logic 64 
5417430 8-lnput NAND Gate Logic 66 
54/74133 13-lnput NAND Gate Logic 132 
54174134 12-lnput NAND Gate Logic 133 
8T18 Dual 2-lnput NAND Gate (High Voltage to TTL Interface) Interface 43 
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DEVICE CHAPTER PAGE 
NOR 
54fl402 Quad 2~.Input NOR Gate Logic 54 
54fl427 Triple 3-lnput NOR Gate Logic 65 
54fl4135 Quad Exclusive-OR/NOR Gate Logic 133 
54fl4260 Dual 5-lnputNOR Gate Logic 217 
54fl4266 Quad 2-lnput ExcllJsive-NOR Gate with OPEln Collector Outputs Logic 276 
10100 Quad 2-lnput NOR Gate Logic 352 
10102 Quad 2-lnput NOR Gate Logic 354' 
10106 Triple 4-3-3 NOR Gate Logic 358 
10111 Dual 3-lnput 3-0utput NOR Gate Logic 363 
GENERATOR/CHECKER 
8262 8-Bit Parity Generator/Checker Logic 280 
82S62 8-Bit Parity Generator/Checker Logic 280 
HEX INVERTERS/BUFFERS 
54fl404 Hex Inverter Logic 55 
54fl405 Hex Inverter with Open Collector Outputs Logic 56 
54fl406 Hex Inverter Buffer/Driver Logic 56 
54fl407 Hex Buffer/Driver Logic 57 
54fl416 Hex Inverter/Buffer Logic 62 
54fl417 Hex Buffer/Driver Logic 62 
54fl4125 Quad Bus Buffer Gate Logic 136 
54n4126 Quad Bus Buffer Gate Logic 131 
8T93 High Speed Hex Inverter (PNP Inputs) Logic 85 
8T94 Hex Inverter High Speed Open Collector (PNP Inputs) Logic 86 
8T95 High Speed Hex Tri-State Buffer Logic 87 
8T96 High Speed Hex Tri-State Buffer Logic 87 
8T97 High Speed Hex Tri-State Inverter Logic 87 
8T98 High Speed Hex Tri-State Inverter Logic 87 
NAND 
54n437 Quad 2-lnput NAND Buffer Logic 67 
54fl438 Quad 2-lnput NAND Buffer Logic 68 
54n439 Quad 2-lnput NAND Buffer Logic 68 
54n440 Dual 4-lnput NAND Buffer Logic 69 
NOR 
54n428 Quad 2-lnput NOR Buffer Logic 65 
54fl433 Quad 2-lnput NOR Buffer with Open Collector Outputs Logic 67 
54n4128 Quad 2-lnput NOR Buffer Logic 131 
INTERFACE ELEMENTS 
8T20 Bidirectional One Shot Logic 45 
8T22 Retriggerable One Shot Logic 49 
8T31 8-Bit Bidirectional Port Logic 71 
8T32 Interface Vector (IV) Byte Logic 71 
8T33 Interface Vector (IV) Byte Logic 71 
8T80 Quad 2-lnput NAND Interface Gate Hex .Inverter Interface Element Logic 83 
8T90 Quad 2-lnput NAND Interface Gate Nex Inverter Interface Element Logic 84 
8T63 Dual Zero Crossing Detector Logic 94 
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DEVICE CHAPTER PAGE 
LATCHES 
54/7475 Quad Bistable Latch Logic 88 
5477 Quad Bistable Latch Logic 91 
54174100 4-Bit Bistable Latch Logic 110 
54174116 Dual 4-Bit Latch with Clear Logic 123 
54174176 Presettable Decade and Binary Counter/Latch Logic 176 
54174177 Presettable Decade and Binary Counter/Latch Logic 176 
54174196 3MHz Presettable Decade Counter/Latch LOQic 200 
54174197 Presettable Binary Counter/Latch Logic 261 
54174279 Quad S-R Latch Logic 221 
9334 8-Bit Addressable Latch Logic 236 
10129 Quad TTL/IBM Bus Receiver/Latch Logic 376 
10130 Dual D-Type Latch Logic 377 
10132 Dual Multiplexer/Latch (with Reset) Logic 381 
10133 Quad D-Type Latch (with Gated Outputs) Logic 382 
10134 Dual Multiplexer/Latch (with Independent Selects) Logic 383 
10173 Quad 2-to-1 Multiplexer Latch Logic 402 
10175 Quint Latch Logic 404 
MEMORIES 
7488 256-Bit Read-Only Memory Logic 99 
7489 64-Bit Read/Write Memory (RAM) Logic 99 
54174200 TTL 256x1 RAM (Tri-State) Memories 268 
54174201 TTL 256X1 RAM (Tri-State) Memories 209 
54174206 TTL 256X1 RAM (Open Collector) Memories 209 
54174301 TTL 256X1 RAM (Open Collector) Memories 229 
82S12 32-Bit Multiport Memory Memories 7 
82S112 32-Bit Multiport Memory Memories 7 
82S25 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 8 
3101A 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 8 
74S89 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 11 
74S189 64-Bit Bipolar Scratch Pad Memory (16X4 RAM) Memories 12 
82S21 64-Bit Bipolar Write-While-Read RAM (32X2) Memories 14 
82S16 256-Bit Bipolar RAM (256X1) Memories 16 
82S17 256-Bit Bipolar RAM (256X1) Memories 16 
82S116 256-Bit Bipolar RAM (256X1) Memories 16 
82S117 256-Bit Bipolar RAM (256X1) Memories 16 
54174S200 256-Bit Bipolar RAM (256X1) Memories 17 
54174S201 256-Bit Bipolar RAM (256X1) Memories 17 
54174S301 256-Bit Bipolar RAM (256X1) Memories 17 
82S09 576-Bit Bipolar RAM (64X9) Memories 19 
82S10 1024-Bit Bipolar RAM (1024X1) Memories 20 
82S11 1024-Bit Bipolar RAM (1024X1) Memories 20 
93415 1024-Bit Bipolar RAM (1 024X1) Memories 20 
93425 1024-Bit Bipolar RAM (1 024X1) Memories 20 
10145 ECL 16X4 RAM Logic 290 
25L01 256-Bit Low Power Static Read/Write RAM Memories 96 
2101 1024-Bit Static MOS RAM (256X4) Memories 97 
2101-1 1024-Bit Static MOS RAM (256X4) Memories 97 
2101-2 1024-Bit Static MOS RAM (256X4) Memories 97 
2601 1024-Bit Static MOS RAM (256X4) Memories 97 
2111 1024-Bit Static MOS RAM (256X4) Memories 99 
2111-1 1024-Bit Static MOS RAM (256X4) Memories 99 
2111-2 1024-Bit Static MOS RAM (256X4) Memories 99 
2611 1024-Bit Static MOS RAM (256X4) Memories 99 
2112 1024-Bit Static MOS RAM (256X4) Memories 101 
2112-1 1024-Bit Static MOS RAM (256X4) Memories 101 
2112-2 1024-Bit Static MOS RAM (256X4) Memories 101 
2612 1024-Bit Static MOS RAM (256X4) Memories 101 
2606 1024-Bit Read/Write Static MOS RAM (256X4) Memories 103 
2606-1 1024-Bit Read/Write Static MOS RAM (256X4) Memories 103 
1103 1024cBit Dynamic Decoded MOS RAM (1024X1) Memories 105 
1103-1 1024-Bit Dynamic Decoded MOS RAM (1024X1) Memories 105 
2102 1024-Bit Read/Write Static MOS RAM (1024X1) Memories 108 
21 L02-1 1024-Bit Read/Write Static MOS RAM (1024X1) Memories 108 
21 L02-3 1024-Bit Read/Write Static MOS RAM (1024X1) Memories 108 
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21 F02 1 Q24-Bit ReadlWrite Static MOS RAM (1 o.24X1) 
2680. 4o.96-Bit ReadlWrite Dynamic MOS RAM (4o.96X1) 
2680.-1 4o.96-Bit ReadlWrite Dynamic MOS RAM 
2680.-2 4o.96-Bit ReadlWrite Dynamic MOS RAM 

Memories 10.8. 
Memories 110. 
Memories 110. 
Memories 110. 

MUL TIPLEXERS/DEMUL TIPLEXERS 
8230. 8-lnputDigital Multiplexer Logic 259 
82S3o. 8-lnput Digital Multiplexer LogiC 259 
8231 8-lnput Digital Multiplexer Logic 259 
82831 8-lnput Digital Multiplexer ,Logic 259 
8232 8-lnput Digital Multiplexer Logic 25.9 
82832 8-lnput Digital Multiplexer Logic 259 
8233 2-lnput 4-Bit Digital Multiplexer Logic 262 
82S33 2-lnput 4-Bit Digital Multiplexer Logic 262 
8234 2-lnput 4-Bit Digital Multiplexer Logic 262 
82834 2-lnput 4-Bit Digital Multiplexer Logic 262 
8235. 2-lnput 4-Bit Digital Multiplexer LogiC 262 
82835 2-lnput 4-Bit Digital Multiplexer Logic 262 
8263 3-lnput 4-Bit Digital Multiplexer Logic 282 
8264 3-lnput 4-Bit Digital Multiplexer Logic 282 
8266 2-lnput 4-Bit Digital Multiplexer Logic 285 
82866 2-lnput 4-Bit Digital Multiplexer Logic 285 
8267 2-lnput 4-Bit Digital Multiplexer 
82S67 2-lnput 4~Bit Digital Multiplexer 

Logic 285 
Logic 285 

10.158 Quad 2-to-1 Multiplexer Logic 392 
10.159 Quad 2-to-1 Multiplexer 
10.161 1-of-8: Demultiplexer IDecoder (Selected Output is Low) 

LogiC 392 
Logic 394 

10.162 1-of-8 Demultiplexer/Decoder (Selected Outputs is High) Logic 395 
10.164 8-Line to 1-Line Multiplexer (with Enable) Logic 396 
10.171 ·Dual 1-of-4Demultiplexer/Decoder (Selected Outputs is Low) Logic 40.0. 
10.172 DuaI1-of-4 Demultiplexer/Decoder (Selected Output is High) LogiC 40.1 
10.173 Quad 2-to-1 Multiplexer/Latch Logic 40.2 
10.174 Quad 4-Line to 1 Multiplexer (with Enable) Logic 40.3 
MONOSTABLE MUL TIVIBRATORS 

54n4121 Monostable Multivibrator 
74122 Retri.ggerable Monostable Multivibrator with Clear 

Logic 124 
Logic 128 

54n4123/123A Retriggerable Monostable Multivibrator with Clear Logic 129 
54n4221 Dual Monostable Multivibrator with Schmitt Trigger Inputs 
960.1 Retriggerable Monostable Multivibrator 

LogiC 210. 
LogiC 231 

960.2 Dual Retriggerable Resettable Monostable Multivibrator LogiC 239 

OPERATIONAL AMPLIFIERS 

531 High Slew Rate Operational Amplifier Analog 42 . 
532 Dual Operational Amplifier - Single or Dual Power Supply Operation 
535 High Slew Rate Operational Amplifier 

Analog 47 
Analog 50. 

536 FET Input Operational Amplifier Analog 51 
LH21o.1A Dual Operational Amplifier Analog 54 
LH22o.1 A Dual Operational Amplifier Analog 54 
LH23o.1A Dual Operational Amplifier Analog 54 
LH21 0.8 Dual Operational Amplifier 
LH22o.8 Dual Operational Amplifier 

Analog 55 
Analog 55 

LH23o.8 Dual Operational Amplifier Analog 55 
LH21o.8A Dual Operational Amplifier Analog 55 
LH22o.8A Dual Operational Amplifier 
LH23o.8A Dual Operational Amplifier 

Analog 55 
Analog 55 

LM1o.1 High. Performance Amplifier Analog 56 
LM2o.1 High Performance Amplifier Analog 56 
LM1o.1A High Performance Operational Amplifier 
LM2o.1 A High Performance Operational Amplifier 

Analog 60 
Analog' 60. 

LM3o.1 A High Performance Operational Amplifier Analog 60 
LM1o.7 General Purpose Operational Amplifier 
LM2o.7 General Purpose Operational Amplifier 

Analog 69 
Anal()g 69 

LM3o.7 General Purpose Operational Amplifier . Analog 69 
LM1o.8 Precision Operational Amplifier Analog 72 
LM2o.8 Precision Operational Amplifier Analog 72 
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OPERATIONAL AMPLIFIERS (Cont'd.) 
LM308 Precision Operational Amplifier Analog 76 
LM108A Precision Operational Amplifier Analog 80 
LM208A Precision Operational Amplifier Analog 80 
LM308A Precision Operational Amplifier Analog 80 
LM124 Quad Operational Amplifier Analog 82 
LM224 Quad Operational Amplifier Analog 82 
LM324 Quad Operational Amplifier Analog 82 
MC1456 High Performance Operational Amplifier 85 
MC1556 High Performance Operational Amplifier Analog 85 
MC1458 Dual Operational Amplifier Analog 87 
MC1558 Dual Operational Amplifier Analog 87 
uA709 Operational Amplifier Analog 89 
uA740 FET Input Operational Amplifier Analog 91 
uA741 General Purpose Operational Amplifier Analog 93 
uA747 Dual Operational Amplifier Analog 96 
uA748 General Purpose Operational Amplifier Analog 100 
8A534 Quad Operational Amplifier Analog 103 
PHASE LOCKED LOOPS 
560 Phase Locked Loop Analog 257 
561 Phase Locked Loop Analog 262 
562 Phase Locked Loop Analog 267 
565 Phase Locked Loop Analog 274 
566 Function Generator Analog 279 
567 Tone Decoder/Phase Locked Loop Analog 292 
uA758 FM Stereo Multiplex Decoder/Phase Locked Loop Analog 292 
LM381 Dual Low-Noise Preamplifier Analog 296 
LM381A Dual Low-Noise Preamplifier Analog 296 
LM382 Dual Low-Noise Preamplifier Analog 299 
LM387 Dual Low-Noise Preamplifier Analog 302 
5596 Balanced Modulator Demodulator Analog 305 
MC1496 Balanced Modulator Demodulator Analog 305 
MC1596 Balanced Modulator Demodulator Analog 305 
PA239 Dual Low-Noise Preamplifier Analog 307 
ULN2111 FM Detector and Limiter Analog 307 
ULN2208 FM Gain Block Analog 315 
ULN2209 FM Gain Block Analog 318 
TBA1208 8-Stage Amplifier with Balanced Demodulator Analog 321 
TBA1440 TV Video Amplifier with Demodulator Analog 324 
TBA440N TV Video Amplifier with Demodulator Analog 324 

PROMs 
82823 256-Bit Bipolar PROM (32X8) Memories 33 
82S123 256-Bit Bipolar PROM (32X8) Memories 33 
10139 256-Bit ECL PROM (32X8) Memories 36 
82S27 1024-Bit Bipolar PROM (256X4) Memories 39 
82S126 1024-Bit Bipolar PROM (256X4) Memories 43 
82S129 1024-Bit Bipolar PROM (256X4) Memories 43 
828130 2048-Bit Bipolar PROM (512X4) Memories 46 
82S131 2048-Bit Bipolar PROM (512X4) Memories 46 
82S114 2048-Bit Bipolar PROM (256X8) Memories 49 
82S115 4096-Bit Bipolar PROM (512X8) Memories 59 
82S136 4096-Bit Bipolar PROM (1024X4) Memories 53 
82S137 4096-Bit Bipolar PROM (1024X4) Memories 53 
82S184 8192-Bit Bipolar PROM (2048X4) Memories 55 
82S185 8192-Bit Bipolar PROM (2048X4) Memories 55 
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ROMS/CHARACTER GENERATORS 
82S226 1024-Bit Bipolar ROM (256X4) Memories 25 
82S229 1024-Bit Bipolar ROM (256X4) Memories 25 
82S214 2048-Bit Bipolar ROM (256X8) Memories 25 
82S215 2048-Bit Bipolar ROM (256X8) Memories 25 
82S230 2048-Bit Bipolar ROM (512X4) Memories 27 
82S231 2048-Bit Bipolar ROM (512X4) Memories 27 
8228 4096-BitBipolar ROM (1024X4) Memories 28 
82S280 8192-Bit Bipolar ROM (1024X8) Memories 28 
82S281 8192-Bit Bipolar ROM (1024X8) Memories 28 
2513 256Q-Bit Static Character Generator (64X8X5) Memories 116 
2516 3072-Bit Static Character Generator (64X6X8) Memories 121 
2530 4096-Bit High Speed Static ROM (512X8) Memories 126 
2526 5184-Bit Static ROM/Character Generator (64X9X9) Memories 128 
2580 8192-Bit Static ROM (2048X4) Memories 133 
2608 8192-Bit Static MOS ROM (1024X8) Memories 136 
2608-1 8192-Bit Static MOS ROM (1024X8) Memories 136 
SCALER 
8243 B-Position Scaler Logic 267 
SCHMITT TRIGGER 
5417413 Hex Schmitt Trigger Logic 60 
5417414 Hex Schmitt Trigger Logic 60 
54174132 Quad 2-lnput NAND Schmitt Trigger Logic 132 
54174232 Quad NOR Schmitt Trigger Logic 212 

REGISTERS 
5417491 8-Bit Shift Register Logic 102 
5417494 4-Bit Shift Register Logic 105 
5417495B 4-Bit Parallel-Access Shift Register Logic 106 
5417496 5-Bit Shift Register Logic 108 
54174164 8-Bit Parallel-Out Serial Shift Register Logic 162 
54174165 Parallel-Load 8-Bit Shift Register Logic 164 
54174166 8-Bit Shift Register Logic 167 
54174170 4X4 Register File with OR Outputs Logic 169 
74172 16-Bit Multiple Port Register File Logic 172 
54174178 4-Bit Parallel-Access Shift Register Logic 177 
54174179 4-Bit Parallel-Access Shift Register Logic 177 
54174194 4-Bit Bidirectional Universal Shift Register .Logic 195 
54174195 4-Bit Parallel-Access Shift Register 199 
54174198 8-Bit Shift Register Logic 203 
54174199 8-Bit Shift Register Logic 206 
54174295A 4-Bit Right-Shift Left-Shift Register,with 3-State Outputs Logic 227 
54174670 4X4 Register File with 3-State Outputs Logic 230 
9300 4-Bit Shift Register Logic 232 
8200 Buffer Register Logic 255 
8201 Buffer/Register Logic 255 
8202 Buffer/Register Logic 255 
8302 Buffer/Register Logic 255 
8270 4-Bit Shift Register Logic 292 
82S70 4-Bit Shift Register Logic 292 
8271 4-Bit Shift Register Logic 292 
82S71 4-Bit Shift Register Logic 292 
8273 10-Bit Serial-In Parrallel-Out Shift Register Logic 297 
8274 10-Bit Parallel-In Serial-Out Shift Register Logic 299 
8275 Quad Bistable Latch Logic 301 
8276 8-Bit Shift Register Logic 302 
8277 Dual 8-Bit Shift Register Logic 305 
10141 4-Bit Universal Shift Register Logic 389 
2518 Hex 32-Bit Static Shift Register Memories 74 
2519 Hex 4-Bit Static Shift Register Memories 75 
2509 Dual 50-Bit Static Shift Register (Tri-State Output) Memories 77 
2532 Quad 80-Bit Static Shift Register Memories 79 
2532-1 Quad 80-Bit Static Shift Register Memories 79 
2510 Duall00-Bit Static Shift Register (Tri-State Output) Memories 80 
2521 Dual 128-Bit Static Shift Register Memories 82 
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SHIFT REGISTERS (Cont'd.) 
2522 . Dual 132-Bit Static Shift Register Memories 83 
2511 Dual 2-Bit Static Shift Register (Tri-State Output) Memories 85 
2529 Dual 240-Bit Static Shift Register Memories 86 
2528 Dual 250-Bit Static Shift Register Memories 87 
2527 Dual 256-Bit Static Shift Register Memories 88 
2533 1024-Bit Static Shift Register Memories 89 
2506 Dual 100-Bit Dynamic Shift Register Memories 90 
2507 Dual100-Bit Dynamic Shift Register Memories 90 
2517 Dual100-Bit Dynamic Shift Register Memories 90 
250511405 512-Bit ReCirculating Dynamic Shift Register Memories 91 
2524 512-Bit Recirculating Dynamic Shit Register Memories 92 
2502/1402A 1024-Bit Multiplex Dynamic Shift Register Memories 93 
2503/1403A 1024-Bit Multiplex Dynamic Shift Register Memories 93 
2504/1404A 1024-Bit Multiplex Dynamic Shift Register Memories 93 
2512 1024-Bit Recirculating Dynamic Shift Register Memories 94 
2525 1024-Bit Recirculating Dynamic Shift Register Memories 95 
TIMERS 
553 Quad Timer Analog 155 
554 Quad Timer Analog 155 
555 Timer Analog 158 
556 Dual Timer Analog 162 

VOLTAGE REGULATORS 
550 Precision Voltage Regulator Analog 112 
uA723 Precision Voltage Regulator Analog 116 
uA7800 Three-Terminal Positive Voltage Regulator Analog 122 
uA78LOO Three-Terminal Positive Voltage Regulator Analog 130 
uA78MOO Three-Terminal Positive Voltage Regulator Analog 139 
LM109 Five Volt Regulator Analog 147 
LM209 Five Volt Regulator Analog 147 
LM309 Five Volt Regulator Analog 147 
LM340 Three-Terminal Positive Voltage Regulator Analog 151 
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