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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, conveys no license under any 
patent or other right, and makes no representations that the circuits are 
free from patent infringement. Applications for any integrated circuits 
contained in this publication are for illustration purposes only and 
signetics makes no representation or warranty that such applications 
will be suitable for the use specified without further testing or modifica
tion. Reproduction of any portion hereof without the prior written consent 
of Signetics is prohibited. 

"'Copyright 1980 Signetics Corporation 
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A s one of the world's largest manufacturers of integrated circuits, 
Signetics designs, develops, manufactures, and sells over 1600 differ
ent types of integrated circuits. Signetics produces integrated circuits 
utilizing both bipolar and metal-oxide semiconductor (MOS) manufac
turing processes for Memory, Microprocessor, Digital, and Analog 
applications. 

The Analog division, one of eight divisions, is a major broad line suppli
er of Analog circuits consisting of Signetics' original designs, industry 
standard devices, and custom circuits for EDP, Automotive, Military, 
Communications, Industrial, and Consumer markets. The family of 555 
Timers, the NE5534 High Performance Operational Amplifier, the 
NE5018 and NE5020 microprocessor compatible DAC's and the 
NE5560 Switched Mode Power Supply Regulator are a few examples 
of Signetics' original products. The breadth of the Analog product line 
offers the designer, the component engineer, and the purchasing 
agent a broad Analog circuit product line backed by Signetics' industry 
image as a quality manufacturer to whom the servicing of the custom
ers' needs is paramount. 

The 1981 Analog Data Manual is intended to serve as a single refer
ence for Analog circuits by presenting information necessary to select 
Signetics' Analog products properly. The data manual is updated and 
rewritten to reflect data on new products issued in the past 2 years, as 
well as new package configurations such as the new microminiature 
packages which have recently been released for volume production. 
Designated the SO package (SO = Small Outline), this new package 
offers advantages to the hybrid as well as the P.C. board assembler in 
the purchasing of fully DC- and AC-tested circuits for substrate assem
bly. Complete details on this new package are available in the 
Packaging section at the end of this manual. 

Additions and errata will be generated at periodic intervals as appro· 
priate. 

Your inputs to improve this or any of our publications would be greatly 
appreciated. 

Lou Johnson 
Marketing Manager, Analog Division 
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ORDERING INFORMATION 
Signetics' Analog integrated circuit prod
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics authorized 
distributors. A complete listing is located in 
the back of this manual. 

Minimum Factory Order: 
Commercial Product: 

$1000 per order 
$50 per line item per order 

Military Product: 
$250 per line item per order 

Table 1 provides part number information 
concerning for both Signetics originated 
products and industry standard products. 

Table 2 is a cross reference of both the old 
and new package suffixes for all presently 
existing types, while Table 3 and 4 provide 
appropriate explanations on the various 
prefixes employed in the part number 
descriptions; 

As noted in Table 3, Signetics defines 
device operating temperature range by the 
appropriate prefix. It should be noted 
however, that devices with a SE prefix 
(-55° C to +125° C) indicates only its operat
ing temperature range and not its military 
qualification status. The military qualifica
tion status of any analog product can be 
determined by either looking in the Military 
Section in this manual and/or contacting 
your local sales office. 

PART 
NUMBER 

NE5008N 
/lA741C 

CROSS REF 
PART NO. 

DAC-08E 
lM741CJ 

PRODUCT 
FAMILY 

ANA 
ANA 

Ordering Information 

PRODUCT 
DESCRIPTION 

8-Bit High Speed D/A Converter 
General Purpose OP-AMP 

L_"Ptlo'ot 
Product Function 

ECl Emitter Coupled logic 
I DTl Diode Transistor logic 

ANA Analog Products 
.Product Family MOS Metal Oxide Silicon 

) BIM Bipolar Memory Products 
, Mil Military Products 

TTL Transistor logiC 
Ml2 Military Products 

~ Package Type-See Table 1 

~ Device Number and Temperature Range Suffix 

L----... Device Family and Temperature Range Prefix for 
Industry Standard and Signetics Originated Products-See Table 2. 

Table 1 PART NUMBER DESCRIPTION 

SUFFIX PACKAGE PREFIX DEVICE TEMPERATURE RANGE 

Old N_ DESCRIPTION2 N- 0° to +70°C 

A,AA N 14-lead plastic OIL S- _55· to +125°C 

A N-14 14-lead plastic OIL (Selected NE- 0° to +70·C 
Analog products only) SE- -55° to +125°C 

B,BA N 16-lead plastic OIL SA _40· to +85°C 
- 0 Microminiature package SU -25° to +85·C 
DB HB 3-lead TO-39 
DC EC 4-lead TO-46 Table 3 DEVICE TEMPERATURE 
DE EE 4-lead TO-72 
F F 14, 16, 18,22 and 24-lead 

ceramic (Cerdip) OIL PREFIX DEVICE FAMILY 
I,IK I 14, 16, 18, 22, 28 and 4-lead 

ceramic OIL CA Linear Industry Standard 
K H 10-lead TO-100 OS Linear Industry Standard 
L H 10-lead high-profile TO-100 JB Mil Rel-Jari Qua/ified-

can Old Designator 
NA,NX N 24-lead plastic OIL JM Mil Rei-Jan Qua/ified-
Q,R Q 10, 14, 16 and 24-lead New DeSignator 

ceramic flat LH Linear Industry Standard 
SK SK Microprocessor kit LM Linear Industry Standard 
T,TA H 8-lead TO-99 M Mil Rei-Jan Processed 
U U SIL Plastic power 
V N 8-lead plastiC OIL 
W,WJ W 10, 14, 16 and 24-lead 

. MC Linear I ndustry Standard 

SO Linear DMOS 

ceramic (Cerpac) flat ItA Linear Industry Standard 
XA N 18-lead plastic OIL ULN Linear Industry Standard 
XC N 20-lead plastic 01 L 
XC N 22-lead plastic OIL Table 4 FAMILY PREFIX 
XL,XF N 28-lead plastic OIL 

Table 2 PACKAGE DESCRIPTIONS 
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QUALITY AND RELIABILITY 
Quality and reliability are two important 
measures of a product's merit. Quality is a 
measure of an integrated circuit's confor
mance to agreed-upon criteria at a given 
time, while Reliability is a measure of the 
circuit's ability to continue to conform over a 
period of time. The Signetics SUPR II Pro
gram has. been designed to upgrade the ba
sic product quality through the use of more 
rigorous screening criteria at the critical 
process steps. These additional screens 
constitute the Level A portion of the Pro
gram. A burn-in option is available for those 
users requiring enhanced reliability perfor
mance, and this option is designated as 
Level B. 

Quality 
The quality of an integrated circuit is ap
praised by the user based on the ability of 
the circuit to meet the specified electrical 
criteria and external visual appearance. The 
SUPR II Program focuses on supplying to the 
user a product that has a high probability of 
meeting the user's needs through the sam
pling plans defined in MIL-STD-l05D and the 
quality levels (AQL's) stated in Table II. 
Many of the inspection methods at critical 
process steps are now based on MIL-STD-
883 criteria In order to build, rather than 
test, quality into the product. 

Reliability 
System performance over a period of time is 
the user's measure of an integrated circuit's 
reliability. The SUPR II Program improves 
system reliability by building quality into the 
product via additional manufacturing inspec
tions and the offering of a burn-in screen. In 
addition to the SUPR II Program, Signetics 
performs periodic reliability testing via the 
SURE II I 883A Program to assure continuing 
uniformity and long-term reliability of all 
product lines. This data base is available 
upon request as is the ten-year reliability 
summary, Signetics Product Reliability Re
port, R-363. 

How Do Integrated Circuit 
Failures Occur? 
Results from the Signetics Failure Analysis 
Lab over a three-year period on product re
turned from board checkout, system 
checkout, field usage and accelerated life 
testing are graphically presented in Figure 
1. Under typical system operating condi
tions, random manufacturing defects, as 
outlined in Table 1, are the primary cause of 
true. device failure. Also shown in Table 1 
are the process controls that have been 
added via the SUPR II Program to minimize 
these defects prior to shipment to the cus-

12 

tomer. The device failure models are cate
gorized as: 

Half of the devices analyzed were found to 
be electrically good. They are attributed to 
being "false pulls" that occur during normal 
troubleshooting at the board and system 
levels. 

Devices damaged by electrical over-stress 
account for 25% of the failures. Typical 
causes for electrical over-stress are incor
rect board insertion, board shorts between 
device pins, power supply transients, and 
poor handling techniques. 

The remaining 25% were verified to be true 
failures which occurred as a result of an in
process manufacturing defect or test es
cape. 

SIGNETICS SUPR II LEVEL A 

Improved Quality Benefits 
From the user's point of view, improved inte
grated circuit quality from the supplier 
means a lower cost of ownership. This cost 
saving can be effected through the reduc
tion or elimination of involved ·incoming in
spection testing, reduced PC board rework, 
simplified system checkout, reduced in-line 
inventories, and less complicated part 
tracking by Purchasing Management. 

The SUPR II Program is Corporate in scope 
and covers Logic (Standard TTL, Schottky 
TTL, Low Power Schottky TTL, ECL, aT In
terface), Analog (Industrial, Consumer, In
terface), Bipolar Memories (RAM's, ROM's, 
PROM's), and MOS Memories (RAM's, 
ROM's, Shift Registers), All package op
tions are also available. 

The SUPR II flow is detailed in Figure 5, in
cluding the test methods and Quality accep
tance levels (Table 2 provides the 
electrical I mechanical finished product 
AQL's). Highlights of the flow are visual in-

FAILURE 
MECHANISMS CAUSES 

Die Metalization 

Quality Reliability and Assurance 

FAILURE ANALYSIS 
DATA SUMMARY 

FABRICATION 

TEST 
RELATED 
DEFECTS 

Figure 1 

spections, thermal shock preconditioning, 
hermeticity, and burn-in, all based on MIL
STD-883 criteria. 

A good example 6f the savings which can be 
achieved by purchasing tighter inspection 
levels is given in Figure 2. Here we are com
paring the various levels of inspection 
(AQL's) available for device functionality 
and its impact on the number of PC boards 
which must be reworked during system man
ufacturing. Using the standard commercial 
AQL in functionality of 1.0%, at 120 integrat
ed circuit packages per board, typically 
more than 90% of boards will require rework. 
At 0.15% AQL, rework is reduced to 25%, 
and at 0.1%, typically only 12% rework is 
required. 

SIGNETICS SUPR II LEVEL B 

Infant Mortality Failures 
Failure rates are most severe during the first 
few months of operating life. This is known 
as the "infant mortality" phase. A system 

SUPRII 
CONTROL 

SEM Monitor 
Fabrication Oxide Defects Visual 
Related Mechanical Stabilization Bake 

Scratches Burn-In 
Contamination 

Assembly Bonding, Wire, Preseal Visual 
Related Package and Thermal Shock 

Seal Defects Stabilization Bake 
Hermeticity 
Hot-Rail Testing 

Test Test Escapes Tightened AQL Guarantees 
Related High Temperature 

Testing 

Table 1 
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Quality Reliability and Assurance 

AQL LEVELS ON FUNCTIONALITY RELATIVE FAILURE RATE VERSUS TIME 
VERSUS BOARD REWORK RATES 
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Figure 2 

INFANT 
MORTALITY 

PHASE 

TIME 

WEAR 
OUT 

PHASE 

manufacturer has various options to solve 
problems arising from infant failures. He can 
ship his system to the end customer and 
repair field failures as they occur. He can 
operate the system in-house for this period 
and repair failures. Or he can purchase de
vices which have already been pre con-

Figure 3 

tive method for his particular business. A 
considerable number of the reliabilty de
fects which cause early failures are elimi-

ditioned to eliminate the early failures. Each ANALOG 
customer must choose the most cost-effec-

Plastic 
Ceramic 

Metal Can 

HOT OPENS 100°C .015% -

FUNCTIONALITY 26°C 0.10 0.10 
(NOTE 1) 

HIGH 
0.15 0.15 

D.C. 25°C 0.15 0.15 
PARAMETRIC 

OVER 
TEMPERATURE 

0.40 0.40 

A.C. 
25°C 0.65 0.65 

PARAMETRIC 

MECHANICAL 
MAJOR 0.25 0.25 

MINOR 1.0 1.0 

SEAL TEST FINE LEAK 
NIA 1.0 

(CERAMIC 1 x 10-7cc/s 
METAL GROSS LEAK 

NIA 0.65 
CAN ONLY) 1 x 1O-5cc/s 

NOTE 
1. To insure AQL 'evels 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. Far this reason SUPR II focuses attention on tightened AQL's on tunctionality. 
For analog devices, D.C. parameters, such as input current and offset voltages, tend to be rt:Iore critical to system 
operation than for logiC devices. A 0.25% AQL 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. 

Table 2 SUPRA II AQL GUARANTEE 

9jgnOliC9 

nated by the manufacturing control and pre
conditioning steps of SUPR II Level A 
processing. More persistent defects can be 
removed 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 fail
ure rate curve in Figure 3. 

Burn-In Conditions 
MIL-STO-883A, Method 1015 describes a 
number of different conditions for integrated 
circuit burn·in. For SUPR II Level B, 
Signetics has selected Condition F. This is 
the accelerated burn-in method derived from 
MIL-STO-883A, utilizing a high temperature 
reversed bias condition. This bias scheme is 
preferred for infant mortality screening, 
while operating conditions are generally uti
lized for internal reliability programs orient
ed toward generating MTBF data for the 
system designer. 

Integrated Burn-In Flow 
Signetics SUPR II Level B burn-in is per
formed to provide reliability assurance 
equivalent to a 168-hour/125°C screen. 
This process has been integrated into the 
standard manufacturing flow to provide the 
customer with the most cost effective 
screen and significantly reduced delivery 
times. 
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BURN·IN FLOW 

ASSEMBLY 
The flow from SEM control through 
package seal is common to Levels A 
and B. 

V 
TEST 

The pre-burn-in electrical screen is 
designed to remove assembly rejects 
and increase equipment efficiency. 

V 
BURN-IN 

The 24-hour/155°C sccelerated 
burn-in is well controlled to provide 
maximum screening effectiveness 
without damaging good devices. 

V 
TEST 

The post-burn-in electrical is a 100% 
production DC I function electrical 
test. 

Figure 4 

Marking Format 
Product processed to the SUPR II manufac
turing flow can be identified by an SA for 
Level A, and an SB for the Level B burn-in 
option. 

I=-=ll--=l 
~~ 
NOTE 

SUPRH 
LEVEL A 

SUPR. 
LEVELS 

Marking for Level A in process of being implemented. 

Figure 5 shows the generalized process 
flow for all Signetics integrated circuits pur
chased to the SUPR II program. Esch prod
uct group (Analog, Bipolar Memory, Logic, 
and MOS) may follow slightly different pro
cedures dictated by the specific device 
characteristics. 
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Quality Reliability and Assurance 

SUPR II PROCESS FLOW 

-----

SCANNING ELECTRON MICROSCOPE CONTROl (SEM) 
wafers are Nmpled daily by the Quauty COntrol Laboratory 'rom each 
fabrication lII'e8 and subjected to SEM analylil. This process conkell 
reveals manufacturing detects sLlCh .. contael and ollkie st ... coyerage 
In the metafizatkln proce .. whid'l may result In.arty failur ••• 

DIE SORT VISUAL ACCEPTANCE 
aileria baled on MlL-STD-883, Method 2010, Condition a. are employed 
to detect detects caused during fabrication, wafer t •• llng, 01 the me
chanicae scribe and break operBiion. Crttlcal defects such.s scratches, 
."...., and glas.,ated boltdlng pacta at. Inspected to 8 1% AQl. lot 
acceptance for nooorltical defec18 III to • 4% AQL. 

PRE-5EAL VISUAL ACCEPTANCE 
Cri"''' baaed on MIL-STD·883, Method 2010, Concitlon B, areempfoyed 
to detect any damage ineuned at the eMe attach .,d wire bonding sta
tions. Critical defects IMIch al Icratchel, cOfltamination and emeared 
ball bonds are InslJ8Cled to a 0.65% ACL. Lot acceptance is to 2.5"<> 
ACll. 

STABILIZATION BAKE PRECONDmOHING 
Plaltlc rnoktlld devtcee are baked to &tress wire and die bonds and help 
elimirWte marginal devices. II also enlures an optimum plastic seal 10 
enhanca molslure resistance. 

THERMAL SHOCK PReCONDITIONING 
MlL-BTD-883, Method 101" CondItion A. Devtc .. ara cycled from cold 
to hot ternpereiurellmposlng II very tIII'Iflfe wen wbich weak_loon 
bOttds and IN'Ckage sealll without dagradlng good ctevtces. A loosened 
bond II later detected during trigb ternpe,ature"'HOT-RAILM testing. ThiS 
preconditioning is eapec:ially anacth,e in etimlnating intermittent or 
''HOT --oPENS" protM .... in plaltic devices. 

SEAL TESTS 
Pack898 seal Integrity III ensured by 100"'" groll leak testing pet' MIL
STD-883, Method 1014, Condition C and line leak lampllng per Condi
Uon A orB. 

BURN-IN (LEVEL B OPTKJN) 
Devices are butned In tor theequlvalanl 01168 hOClIS at 12S"C in accor
dance with MlL·S11)...883A, Method 1015, ConditiOft F. 

100"'" PRODUCTION ELECTRICAL TESTING 
Evary devlctl Ie; t .. ted for klnctionaf and DC parameters at 2SOC. room 
ambMlnt. 

HOT RAIL, HIGH TEMPERATURE TESTING 
An pbtstlc devle .. are SIIbjected to testing at 10O"C. In plastic devtces 
thts eliminates ''HOT ..()PENS" and shc.ria resulting from lempel8to,e sen
sitive intermittent bonds. In addition, logic circuits are tested 100°0 to a 
functional patlern that simulates U689II in a system environment 

QA GUARANTEES 
A final QA inspectiOn step guarantees the mechanical and electrical 
AQL's of Table II. Every shipment is sealed and identified by QA person
MI. 

Figure 5 



Quality Reliability and Assurance 

SURE 1I/883B 
RELIABILITY PROGRAM 
Definition 
Signetics is recognized as a manufacturer of 
reliable integrated circuts. Signetics real
ized long ago the need for a comprehensive 
reliability program to provide timely datare
presentative of the entire Signetics product 
line. Thus the establishment of a Systematic 
and Uniform Reliability Evaluation program, 
known as SURE, which provides this data in 
a manner unique to the industry. Further
more, this program is provided at no cost to 
customers. 

The SURE Program is a Signetics in-house 
Qualification Test Program which has been 
in existence since 1963. The SURE Program 
is designed to monitor the continuing uni
formity of all Signetics products and to dem
onstrate via periodic qualifications that 
Signetics products meet or exceed the strin
gent long-term reliability requirements of 
their intended applications. 

The SURE Program is reviewed and modi
fied annually to incorporate appropriate 
changes in military microelectronic test pro
grams, products and demonstrated product 
capabilities, and market requirements. The 

S(gDotiCS 

1978 SURE 11/8838 Reliability Program con
tains minor changes to the 1975 SURE 
1I/883A Program, most significant of which 
is the inclusion of recent changes in military 
microelectronic test programs (i.e., inclu
sion of MIL-SO-8838, Method 5005.4 and 
MIL-M-385100). The SURE 11/8838 Pro
gram continues to incorporate additional en
vironmental tests to fulfill the need for spe
cial reliability assurance of plastic products. 

For more detailed information regarding the 
SURE II program, refer to Section 11 of the 
1979 Signetics Analog Applications Manual. 
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ANALOG CROSS REFERENCE 

Manufacturer INTEL 

TEMPERATURE RANGE CROSS REFERENCE 

Commercial 
Military 

PACKAGE CROSS REFERENCE 

Hermetic DIP F·FE 
Molded DIP N 
Mini-molded DIP N 
Metal can H 

D 
P 
T 
H 

PART NUMBER CROSS REFERENCES 

TYPE fOBE SIGNETICS 
REPLACED REPLACEMENT 

AD741CN IlA741CN 
AD559JD MC1408-8F 
AD559K MC1408-8F 
AD559KD MC1408-8F 
AD559S MC1508·8F 
AD559SD MC1508-8F 
AM555DC NE555F 
AM555DM SE555F 
AM555HC NE555H 
AM555HM SE555H 
AM555TC NE555N 
AM723DC IlA723CF 
AM723DM IlA723F 
AM723HC IlA723CH 
AM723HM IlA723H 
AM741DC IlA741CFE 
AM741DM IlA741FE 
AM747DC IlA747CF 
AM747DM IlA747F 
AM747HC IlA747CH 
AM747HM IlA747H 
AM748DC IlA748CF 
AM748DM IlA748F 
AMLM111H LM111H 
AMLM211D LM211F 
AMLM211H LM211H 
AMLM311D LM311F 
AMLM311H LM311H 
CAlllF LMlllF 
CA111T LM111H 
CA124F LM124F 
CA139AF LM139AF 
CA139F LM139F 
CA211F LM211F 
CA211T LM211H 
CA224F LM224F 
CA239AF LM239F 
CA239F LM239F 
CA301AF LM301AFE 
CA311F LM311F 
CA311T LM311H 
CA324E LM324N 
CA324F LM324F 
CA339E LM339N 
CA339F LM339F 
CA555CE NE555N 
CA555CF NE555F 
CA555CT NE555H 

16 

M 

D C,D 
P P 
T -
H -

TYPE TO BE SIGNETICS 
REPLACED REPLACEMENT 

CA555F SE555F 
CA555T SE555H 
CA723CE IlA723CN 
CA723CT IlA723CH 
CA723E IlA723N 
CA723T IlA723H 
CA741CE IlA741CN 
CA741CF IlA741CFE 
CA741F /LA741 FE 
CA747CF IlA747CF 
CA747CT IlA747CH 
CA747F /LA747F 
CA747T /LA747H 
CA748CE IlA748CN 
CA748CF IlA748CF 
CA748F IlA748F 
CA1458E MC1458N 
CA1458F MC1458FE 
CA1458T MCl458H 
CA1558T MC1558H 
CA3081E CA3081N 
CA3082E CA3082N 
CA3183E CA3183N 
DM7820AJ DS7820AF 
DM7820J DS7820F 
DM7830J DS7830F 
DM7880J DS7880F 
DM8620AJ DS8820AF 
DM8820AN DS8820AN 
DM8820J DS8620F 
DM8620N DS8820N 
DM8830J DS8830F 
DM8830N DS8830N 
DM8680J DS8880F 
DM8880N DS8880N 
DSl488J MC1488F 
DS1489AJ MC1489AF 
DS1489J MC1489F 
DS7820AJ DS7820AF 
DS7820J DS7820F 
DS7830J DS7830F 
DS7860J DS7880F 
DS8820J DS8820F 
DS8820AJ DS8820AF 
DS8820AN DS8820AN 
DS8820N DS8820N 
DS8830J DS8830F 
DS8830N DS8830N 

5!!110tiC5 

MOTOROLA NATIONAL 

14,34,86 
15,35,98 

L 
P2 
Pl 

G,R 

TYPE TO BE 
REPLACED 

DS8860J 
DS8860N 
LM111D 
LMll1H 
LMll1J 
LM111L 
LMl19D 
LMl19H 
LM119J 
LM124D 
LM124J 
LM139D 
LM139J 
LM158H 
LM158JG 
LM158L 
LM161D 
LM161H 
LM161J 
LM193L 
lLM211D 
LM211H 
LM211J 
LM219D 
LM219H 
LM219J 
LM224D 
LM224J 
LM224N 
LM239D 
LM239J 
LM239N 
LM258H 
LM258JG 
LM258L 
LM258P 
LM293L 
LM293P 
LM301AJG 
LM311D 
LM311H 
LM311J 
LM311J-14 
LM311JG 
LM311L 
LM311N 
LM311P 
LM319D 

3,86,88 
1,96,78 

0 
N 
N 
H 

J 
N 
P 
L 

SIGNETICS 
REPLACEMENT 

DS6880F 
DS8680N 
LMlllF 
LMlllH 
LMlllF 
LM111H 
LMl19F 
LMl19H 
LM119F 
LM124F 
LM124F 
LM139F 
LM139F 
LM158H 
LM158FE 
LM158H 
SE529F 
SE529H 
SE529F 
UII193H 
LM211F 
LM211H 
LM211F 
LM219F 
LM219H 
LM219F 
LM224F 
LM224F 
LM224N 
LM239F 
LM239F 
LM239N 
LM238H 
LM258FE 
LM258H 
LM258N 
LM293H 
LM293N 
LM301AFE 
LM311F 
LM311H 
LM311F 
LM311F 
LM311FE 
LM311H 
LM311N 
LM311N 
LM319F 



PART NUMBER CROSS REFERENCES (Cont'd) 

TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS 
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT 

LM319H LM319H LM748J p,A748F MC1723G "A723H 
LM319J LM319F LM1458H MC1458H MC1723L "A723F 
LM319N LM319N LM1458J MC1458FE MC1733CG "A733CH 
LM324J LM324F LM1458N MC1458N MC1733CL "A733CF 
LM324N LM324N LM1496H MC1496H MC1733CP "A733CN 
LM339J LM339F LM1496J MC1496F MC1733G p,A733H 
LM339N LM339N LM1496N MC1496N MC1733L "A733F 
LM358H LM358H LM1558H MC1558H MC1741CPl "A741CN 
LM358JG LM358FE LM1558J MC1558FE MC1741CU p,A741CFE 
LM358L LM358H LM1596H MC1596H MC1741SCG NE535H 
LM358N LM358N LM1596J MC1596F MC1741SCPl NE535N 
LM358P LM358N LM2901J LM2901F MC1741SCU NE535FE 
LM361D NE529F LM2901N LM2901N MC1741SG SE535H 
LM361H NE529H LM2902J LM2902F MC1741SU SE535FE 
LM361J NE529F LM2902N LM2902N MC1741U SE535FE 
LM361N NE529N LM2903L LM2903H MC1747CG "A747CH 
LM361N LM361N LM2903N LM2903N MC1747CL p,A747CF 
LM362N LM382N LM2903P LM2903N MC1747CP2 "A747CN 
LM387N LM367N MCl408L6 MCl408-6F MC1747G "A747H 
LM393H. LM393H MCl408L7 MC1408-7F MC1747L "A747F 
LM393L LM393H MC1408L8 MC1408-8F MC1748CPl "A748CN 
LM393N LM393N MC1408P6 MC1408-6N MC1748G "A748H 
LM393P LM393N MC1408P7 MC1408-7N MC3302L MC3302F 
LM555CH NE555H MC1408P8 MC1408-8N MC3302P MC3302N 
LM555CN NE555N MC1411P ULN2001N MC3458L NE556F 
LM555H SE555H MC1416P ULN2004N MC3458P NE556N 
LM556CD NE556F MC1455G NE555H MC3556L SE556F 
LM556CJ NE556F MC1455Pl NE555N MC75107L 75S107F 
LM558CN NE556N MC1455U NE555FE MC75107P 75S107N 
LM558D SE556F MC1456CP1 MC1456N MC75108L 75S108F 
LM558J SE556F MC1456CU MC1456FE MC75108P 75S108N 
LM585CH NE565H MC1456Pl MC1456N MLMlllG LM111H 
LM585CN NE565N MC1456U MC1456FE MLM111L LM111F 
LM565H SE565H MC1458CG MC1458H MLM111U LM111FE 
LM586CH NE566H MC1458CL MC1458F MLM124L LM124F 
LM566CN NE566N MC1458CP1 MC1458N MLM139AL LM139AF 
LM566H SE568H MC1458CU MC1458FE MLM139L LM139F 
LM567H SE567H MC1458G MCl458H MLM158G LM158H 
LM587CN NE587N MC1458JG MC1458FE MLM158U LM158FE 
LM587H SE587H MC1458P MC1458N MLM211G LM211H 
LM723CD "A723CF MC1458Pl MC1458N MLM211L LM211F 
LM723CH p,A723CH MC1458SG NE5535H MLM211U LM211FE 
LM723CJ "A723CF MC1458SL NE5535F MLM224L LM224F 
LM723CN "A723CN MC1456SPl NE5535N MLM224P LM224N 
LM723D "A723F MC1458U MC1458FE MLM239AL LM239AF 
LM723H p,A723H MCl488L MC.1488F MLM239AP LM239AN 
LM723J "A723F MC1489AL MC1489AF MLM239L LM239F 
LM723N "A723N MC1489L MCl489F MLM239P LM239N 
LM733CD p,A733CF MC1496G MC1496H MLM258G LM258H 
LM733QH "A733CH MC1496L MC1496F MLM258Pl LM258N 
LM733CJ "A733CF MC1496P MC1496N MLM258U LM258FE 
LM733CN "A733CN MC1508L8 MCl508-8F MLM301APl LM301AN 
LM733D p,A733F MC1555G SE555H MLM301AU LM301AFE 
LM733H "A733H MC1555U SE555FE MLM311G LM311H 
LM733T "A733F MC1556U MC1558FE MLM311L LM311F 
LM741CJ "A741CFE MC1558G MC1558H MLM311Pl LM311N 
LM741CN "A741CN MC1558JG MC1558FE MLM311U LM311FE 
LM747CD "A747CF MC1558SG SE5535H MLM324L LM324F 
LM747CH "A747CH MC1558SL SE5535F MLM324P LM324N 
LM747CJ "A747CF MC1558U MC1558FE MLM339AL LM339AF 
LM747D p,A747F MC1596G MC1598H MLM339AP LM339AN 
LM747H "A747H MC1596L MC1596F MLM339L LM339F 
LM747J "A747F MC1723CF "A723CH MLM339P LM339N 
LM748CJ "A748CF MC1723CL "A723CF MLM358G LM358H 
LM748CN "A748CN MC1723CP "A723CN MLM358Pl LM358N 
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PART NUMBER CROSS REFERENCES (Cont'd) 

TYPE TO BE SIGNETICS TVPE.TO BE SIGNEnCS TYPE TO BE SIGNETICS 
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT 

MLM358U LM358FE "A08020M-1 MC1508-8F SN72747J "A747CF 
MLM585CP NE585N "A0802PC-1 MC1408-8N SN72747L "A747CH 
MLM2901P LM2901N "A0802PC-2 MC1408-7N SN72747N "A747CN 
MLM2902P LM2902N ItA0802PC-3 MC1408-8N SN72748J "A748CF 
1tA111HM LM111H "A 1458HC MC1458H SN72748P "A748CN 
/iA1240M LM124F ItA 1458TC MC1458N SN72771N MC1458N 
1tA2240M LM224F 1tA1558HM MC1558H SN75107AT 75S107F 
1tA301ANC LM301AN 1tA2901PC LM2901N SN75107AN 75S107N 
1tA311HC LM311H 1tA2902PC LM2902N SN75108AT 75S108F 
1tA311TC LM311N NE555JG NE555FE SN75108AN 75S108N 
1tA3240C LM324F NE555L NE555H SN75182J OS882OF 
"A324PC LM324N NE555P NE555N SN75182N OS882ON 
1tA339AOC LM339AF NE592G NE592H SN75183J OS8830F 
1tA3390C LM339F NE592L NE592F SN75183N OS8830N 
"A339PC LM339N RC7230 1tA723CF SN75188J MC1488F 
"A555HC NE555H RC723T "A723CH SN75188N MC1488N 
"A555HM SE555H RC7330 IIA733CF SN75189AT MC1489AF 
IIA555TC NE555N RC733T 1tA733CH SN75189AN MC1489AN 
"A5580C NE558F RC7410N "A741CN SN75189J MC1489F 
1tA5560M SE556F RC7470 1tA747CF SN75189N MC1489N 
1tA556PC NE556N RC747T "A747CH SN75207J 75S207F 
IIA723CJ 1tA723CF RC14580N MC1458N SN75207N 75S207N 
"A723CL 1tA7123CH RC1458T MC1458H SN75208J 75S20SF 
1tA723CN 1tA723CN RC14880C MC1488F SN75208N 75S208N 
IIA7230C "A723CF RC1489AOC MC1489AF TB80747 "A747CH 
"A7230M 1tA723F RC14890C MC1489F TBB0748B "A748CN 
IIA723HC 1tA723CH SE555JG SE555FE TBB1458 MC1458H 
1tA723HM 1tA723H SE555L SE555H TBB1458B MC1458N 
1tA723MJ "A723F SE592G SE592H TBC0747 IIA747H 
1tA723ML 1tA723H SE592L SE592F TBC1458 MC1558H 
IIA723PC "A723CN SFC2111M LM111H TOB0555 NE555H 
"A733CJ "A733CF SFC2211 LM211H TOB0555B NE555N 
IIA733CL 1tA733CH SFC2301 ADC LM301 AN TDB0558A NE556N 
1tA733CN "A733CN SFC2311 LM311H TOB0723 1tA723CH 
IIA7330C "A733CF SFC27410C 1tA741CN TOB0723A "A723CN 
"A7330M 1tA733F SFC2741EC "A741CN TOC0555 SE555H 
1tA733HC "A733CH SFC2741EM "A741N TOC0723 1tA723H 
1tA733HM 1tA733H SFC27480C "A748CN ULN2001A ULN2001N 
1tA733MJ "A733F SN52555L SE555H ULN2003A ULN2003N 
1tA733ML "A733H SN52558L MC1558H ULN2004A ULN2004N 
"A74OHC "A74OCH SN52723J 1tA723F 556CJ NE556CN 
1tA741CJG "A741CFE SN52723L 1tA723H 723BE "A723H 
1tA741CP "A741CN SN52733J IIA733F 723CE 1tA723CH 
1tA741MJG "A741FE SN52733L IIA733H 723CT "A723CN 
"A741TC IIA741CN SN52747J IIA747F 723CL "A723CF 
"A747CJ "A747CF SN52747L IIA747H 733BE "A733H 
1tA747CL "A747CH SN52748J "A748F 733CE. 1tA733CH 
1tA747CN 1tA747CN SN55182J OS7820F 733CJ "A733CN 
1tA747DC 1tA747CF SN55182N OS7820N 747BE "A747H 
1tA7470M "A747F SN55183J OS7830F 747BL 1tA747F 
"A747HC 1tA747CH SN55183N OS7830N 747CE 1tA747CH 
1tA747HM "A747H SN72301AP LM301AN 747CJ "A747CN 
IIA747MJ "A747F SN72311J LM311F 747CL IIA747CF 
IIA747ML "A747H SN72311L LM311H 748BL 1tA748F 
"A747PC IIA747CN SN72311P LM311N 748CL 1tA748CF 
"A748CJ 1tA748CF SN72555L NE555H· 1458CE MC1458H 
1tA748CP "A748CN SN72555P NE555N 1458CP MC1458N 
"A7480C IIA748CF SN72558L MC1458H 1458E MC1458H 
"A7480M "A748F SN72558P MC1458N 1458P MC1458N 
"A748MJ "A748F SN72723L "A723CH 1558E MC1558H 
1tA748TC IIA748CN SN72723N "A723CN 2740CE IIA740CH 
"A796HC MC1496H SN72733J IIA733CF 98650C ULN2001F 
1tA08020C-1 MC1408-8F SN72733L "A733CH 0665PC ULN2001N 
IIA08020C-2 MC1408-7F SN7.2733N "A733CN UA3089N .CA3089N 
IIA08020C-3 MC1408-6F SN72741P IIA741CN UA3089 CA3089N 
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PART NUMBER CROSS REFERENCES (Cont'd) 

TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS TYPE TO BE SIGNETICS 
REPLACED REPLACEMENT REPLACED REPLACEMENT REPLACED REPLACEMENT 

UA760HM NE527H UA756PC UA758N SN7512N NA733N 
UA760DC NE527N UA798HM LM158H SN76689N CA3089N 
UA798TC NE532N UA739PC LM387N ULN2210A UA758N 
UA740HM NE536N UA739PC LM382N ULN2244 ItA758N 
UA556PC NE556N UA796PC MC1496N UA740HC ItA740CH 
UA0801 DAC·08N UA760HC NE529N 
UA0801 A DAC'08AN SN7512L NA733CH 
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Section 1-0PERATIONAL AMPLIFIERS 
LF355!356 High Performance JFET Inpul Operational Amplifiers ................................ 28 
LM 124! 224! 324 General Purpose Single Supply Operational Amplifier ............................... 37 
LM158!258!358 Dual Operational Amplifier Single or Dual Power Supply Operation .................... 67 
LM301A High Performance Amplifier ...................................................... 41 
LM13600! 13600A Dual Operational Transconductance Amplifier ...................................... 45 
MC1456! 1556 High Performance Operational Amplifier ........................................... 48 
MC1458! 1558 General Purpose Operational Amplifier ......... , ............... '" ................ 51 
NE! SE530! 5530 High Slew Rate Operational Amplifier ............................ , . . . . . . . . . . . . . . .. 56 
NE I SE531 High Slew Rate Operational Amplifier ........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 61 
NE! SE! SA532 Dual Operational Amplifier Single or Dual Power Supply Operation. . . . . . . . . . . . . . . . . . .. 67 
NE/SE535/5535 Single or Dual High Slew Rate Operational Amplifier ................................ 71 
NE! SE538! 5538 Single or Dual High Slew Rate Operational Amplifier ....... . . . . . . . . . . . . . . . . . . . . . . . .. 76 
NE!SE5512 Dual High Performance Operational Amplifier ...................................... 81 
NE 1 SE5514 Quad High Performance Operational Amplifier ..................................... 87 
NE5517 15517 A Dual Operational Transconductance Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 92 
NE I SE5532! 5532A Internally Compensated Dual Low Noise Operational Amplifier ....................... 98 
NE/SE5533!5533A Single and Dual Low Noise Operational Amplifier ................................... 104 
NE!SE5534!5534A Single and Dual Low Noise Operational Amplifier ................................... 104 
NE I SE5539 Ultra High Frequency Operational Amplifier ................. : ..................... 109 
SA534 General Purpose Single Supply Operational Amplifier ............................... 37 
,uA741/741C/SA741C General Purpose Operational Amplifier ............................................ 119 
,uA7471747C/SA747C Dual Operational Amplifier ....................................................... 124 
,uA748!748C General Purpose Operational Amplifier ............................................ 130 
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OPERATIONAL AMPLIFIERS DEFINITIONS 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150·e is standard for silicon devices. 

TSTG 
Storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 
Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25·e. The dissipa
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

VCC(-VCC) 
Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Acquisition Time 

The time required to acquire a new analog input voltage with an 
output step of 10V. Note that acquisition time is not just the time 
required for the output to settle, but also includes the time required 
for all internal nodes to settie so that the output assumes the proper 
value when switched to the hold mode. 

Aperture Delay Time 

The time elapsed from the hold command to the opening of the 
switch. 

Aperture Jitter 

Also called "aperture uncertainty time", it's the time variation or 
uncertainty with which the switch opens, or the time variation in 
aperature delay. 

Aperture Time 

The delay required between "hold" command and an input analog 
transition, so that the transition does not affect the hold output. 

Bandwidth 

The frequency at which the gain is down 3dB from its dc value. It's 
measured in sample (track) mode with a small-signal sine wave that 
doesn't exceed the slew rate limit. 

Effective Aperture Delay 

The time difference between the hold command and the time at 
which the input signal is at the held voltage. 

Figure Of Merit 

The ratio of the available charging current during sample mode to 
the leakage current during hold mode. 

Hold-Mode Droop 

The output voltage change per unit of time while in hold. Commonly 
specified in V Is, p.V I p.s or other convenient units. 

Hold-Mode Feed Through 

The percentage of an input sinusoidal signal that is measured at the 
output of a sample-hold when it's in hold mode. 

Hold Settling Time 

The time required for the output to setlle within 1 mV of final value 
after the "hold" logic command. 

Sample-To-Hold Offset Error 

The difference in output voltage between the time the switch starts 
to open, and the time when the output has settled completely. It is 
caused by charge being transferred to the hold capacitor switch as 
it opens. 

Slew Rate 

The fastest rate at which the sample & hold output can change 
(specified in V I p.s). 

Hold Step 

The voltage step at the output of the sample and hold when switch
ing from sample mode to hold mode with a steady (dc) analog input 
voltage. Logic swing is 5V. 

Dynamic Sampling Error 

The error introduced into the held output due to a changing analog 
input at the time the hold command is given. Error ia expressed in 
mV with a given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 

Gain Error 

The ratio of output voltage swing to input voltage swing in the 
sample mode expressed as a percent difference. 

Threshold 

Level shall be defined as that level which causes the switch control 
to change state. 

Average Input Offset Current TO coeff. 

The change in input offset current divided by the change to ambient 
temperature producing it. 

Average Input Offset Voltage TO coeft. 

The change in input offset voltage divided by the change in ambient 
temperature producing it. 

Common Mode Input Resistance 

The resistance looking 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 msximum frequency at which the full sinewave output might be 
obtained. 

Input Bias Current 

The average of the two input currents at zero output voltage. In 
some cases, the input current is measured for either input indepen
denlly. 
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OPERATIONAL AMPLIFIERS DEFINITIONS (Cont'd) 

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 apecifications. 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 

24 

at frequencies above a few hundred cycles to eliminate the influ
ence of drift and thermal feedback. 

Output Short-Circuit Current 

The maximum output current available from the amplifier with the 
output shorted to ground or to either supply. 

Output Voltage Swing 

The peak output swing, referred to zero, that can be obtained. 

Power Consumption 

The dc power required to operate the amplifier with the output at 
zero and with the output at zero and with n'o 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 maximum variation of the voltage gain over the specified tern-
, perature range. 

NOTE 
Refer to Section 3 of the 1979 Analog Applications Manual for an in depth explanation of 
Operational Amplifiers and their applications 



UII 
C5 = 1:1 -n 
UII 

I\) 
U1 

Com-
Device # plexily 

NE536 Sing 

8U536 Sing 

NE530 Sing 

8E530 Sing. 

8E538 Sing. 

NE538 Sing 

NE5534! A Sing 

8E55341 A Sing. 

j1A740C Sing. 

j.l.A741 Sing 

pA741C Sing. 

IJ.A748 Sing 

j.<A748C Sing 

LM158 Dual 

LM258 Dual 

LM358 Dual 

MC1458 Dual 

MCI558 Dual 

SA 1458 Dual 

NE532 Dual 

8A532 Dual 

8E532 Dual 

pA747 Dual 

J.1A747C Dual 

SE5535 Dual 

NE5535 Dual 

LM124 Quad 

LM224 Quad 

LM324 Quad 

8A534 Quad 

LM2902 Quad 

8E5538 Dual 

NE5538 Dual 

SE5530 Dual 

NE5530 Dual 

NE5532' A Dual 

NE5533: A Dual 

NOTE8 
1 Military ~-55°C-+125°C 

Extended -25°C-+85°C 

IndustriaIO°C-+70°C 

Temp. 
Range 

Ind. 

Exl 

Ind. 

Ind. 

Mil. 

Ind. 

Ext. 

Mil. 

Ind. 

Mil 

Ind 

Mil 

Ind. 

Mil 

Exl 

Ind 

Ind 

Mil 

Ext 

Ind. 

Ext, 

Mil 

Mil. 

Ind. 

Mil 

Ind 

MIl. 

Ext 

Ind 

Exl 

Ext. 

MiL 

Ind. 

Mil. 

Ind 

Ind 

Ind 

Max. Input 
Voltage 

Offset Drift 
mV ,VI'C 

30. 30. 

30 20. 

6.0 6. 

3.0 15 

3.0 15 

6.0 6. 

4.0. 

3.0 

30. 

60 

7.5 

6.0 

7.5 

7.0 7. 

9.0 7. 

9.0 7e 

7.5 

60 

75 

7.5 7. 

75 7.5. 

70 7. 

6.0 

7.5 

3.0 15 

60 6. 

7.0 7. 

9.0 7. 

9.0 7. 

9.0 7e 

15.0 7. 

3.0 15 

6.0 6. 

3.0 15 

6.0 6. 

50 

5.0 

Max. Input Typ. 
Curr'nl Min. Typ. BW Slew 

Offset Bias A VOL Ay=1 Rate 
nA nA V/mV MHz Vlp.a 

SpA. 0.1 .. 25 10 6.0 

5pA. 3.0 50 10 6.0 

80 200 25 3.0 35 

20 100 25 3.0 35 

20 100 25 6.0 60 

80 200 25 6.0 60 

300. 1500· 30- 10.0 13 

500 1500 25 10.0 13 

0.06. 100 500. 10 6.0 

500 1500 25 1.0 0.5 

300 800 .5 10 0.5 

500 1500 25 1.0 05 

300 800 25 1.0 0.5 

100 300 25 1.0 

150 500 15 1.0 

150 500 15 1.0 

300 800 15 1.0 0.8 

500 1500 25 1.0 0.5 

500 1500 15 1.0 0.8 

150 500 15 1.0 

150 500 15 1.0 

100 300 25 1.0 

500 1500 25 1.0 .05 

300 800 15 10 0.5 

20 100 25 • 1.0 15 

80 200 25 1.0 15 

100 300 25 1.0 

150 500 15 10 

150 500 15 1.0 

150 500 15 1.0 

200 1000 15 1.0 

20 100 25 6.0 60 

80 200 25 6.0 60 

20 100 25 3.0 35 

80 200 25 3.0 35 

200 1000 to 10 9 

400 2000 15 10 13 

2. Specifications guaranteed over full temperature range unless otherwise indicated by following marks: 
• Typical over full temperature range ... Guaranteed at 25°C • Typical at 25°C 

Diff. 
Inp. 
Voli. 

V 

±30 

±30 

±30 

±30 

±30 

±30 

±5 

±5 

±30 

±30 

±30 

±30 

±30 

32 

32 

32 

~30 

±30 

±30 

32 

32 

32 

±30 

±30 

±30 

±30 

32 

32 

32 

32 

26 

±3Q 

±30 

±30 

±30 

±5 

±5 

Typical Common Supply 
Mode Rej. Voll Typ. Voll. Typ. Qutp. 

Ratio Range PSRR Min. Max. Curro 
dB V dB V V mA 

SO ± 11 80 ±6 ±20 5.0 

80 ±11 86 ±6 ± 18 5.0 

90 ± 13 70 ±15 ± 18 25_ 

90 ±13 70 ± 15 ± 18 25_ 

90 ± 13 70 ±15 ± 22 25-

90 ± 13 70 ± 15 ± 18 25_ 

100 ± 13 100 ±3 ±22 38_ 

100 ± 13 100 ±3 ±22 38_ 

80 ± 12 80 ±5 ±22 5.0 

90 ± 13 100 ±3 :t 22 50 

90 ± 13 100 =3 -t 18 5.0 

90. ± 13 90 ±3 ±22 5.0 

90 ±13 90 ±3 ± 18 5.0 

70 Vs-1.5 100 3 30 40 

65 Vs -l.5 100 3 30 40 

65 Vs -l.5 100 3 30 40 

90 ±13 90 ±3 ± 18 5.0 

90 ± 13 90 ±3 ±22 5.0 

90 ± 13 90 =3 ± 18 5.0 

70 Vs -1.5 100 3 30 40 

70 Vs -1.5 100 3 30 40 

70 Vs-l.5 100 3 30 40 

90 ± 13 90 ±3 ±22 50 

90 ~ 13 90 ±3 ± 18 5.0 

90 ± 13 70 ±3 ::t 22 5.0 

90 ±13 70 ±3 ±lB 5.0 

85 Vs-1-5 100 3 30 40 

85 Vs -l.5 100 3 30 40 

85 Vs -l.5 100 3 30 40 

85 Vs -l.5 100 3 30 40 

85 Vs-1.5 100 3 26 40 

90 ±13 70 ± 15 ±22 25-

90 ±13 70 ± 15 ±18 25-

90_ 70 ,,3 1: 22 

90_ 70 ±3 ± 18 

tOO 80 ±5 ±22 

100 80 =5 ±22 

Max Min. Inl. 
Supply Oulp. Com-
Curro Volt. penu-
mA Swing V tlon 

B.O .. ± 12 yes 

5.5. ±12 yes 

3.0 ± 12 yes 

3.0 ± 12 yes 

3.6 ± 12 yes 

2.2e ± 12 yes 

6.5 ... ± 12 yes 

9.0 ± 12 yes 

B.O. ± 12 yes 

25 ± 12 yes 

2.84 ± 12 yes 

2.8 ±12 no 

2.8 ± 12 no 

2.0 Vs~2 yes 

2.0 Vs-2 yes 

20 Vs-2 yes 

5.6 .... ± 12 yes 

5.0. ± 12 yes 

5.0. ± 12 yes 

1.2 Vs -2 yes 

1.2 Vs -2 yes 

1.2 Vs-2 yes 

3.3 ± 12 yes 

3.3 ±12 yes 

3.3 ±12 yes 

2_0. ± 12 yes 

2.0 Vs -2 yes 

2.0 Vs -2 yes 

2.0 Vs -2 yes 

2.0 Vs -2 yes 

20 Vs-2 yes 

3.6 ± 12 yes 

2.2e ± 12 yes 

36 ± 13 yes 

2.2 ± 13 yes 

16 ± 15 yes 

8 I ±15 yes 

Input 
Nolte 
Voli. 

Nv'HZ 

4.5 

4.5 

6 

4.5 

I 

I 

Package. ' 

H 

H 

H.N.FE 

H.N.FE 

H.N.FE 

H.N.FE 

H.N.FE 

H.N.FE 

H 

N.FE 

N.FE 

N.F 

N.F 

H 

H.N.FE 

H.N.FE 

H.N.FE 

H.N.FE 

N 

H.N.FE 

N 

H.FE 

F.H.N 

F.H.N 

H.N 

H.N 

F 

F.N 

F.N 

N.F 

N 

H.N 

H.N 

H.N 

H.N 

H.FE.N 

N.F 

~ 
m 
2J 

~ 
i • ,... 
• I: 
"U ,... 
:;; 
m 
2J 

en m 
In g 
i 
G) 
c: 
~ 



SIGNETICS REPLACEMENT STANDARDS 

MC14S8 DUAL OPERATIONAL AMPLIFIER 

INDUSTRY 
SIGNETICS SIGNETICS QR&A 

COMPETITION 
VALUE 

KEY PARAMETER AVAILABLE ORIGINATED COMMENTS 
VALUE DEVICES SURE II SUPRII 

MOTOROLA ,,--) { 5530 Yes NE/SE 
5538 Yes FAIRCHILD 

.8 101060 
RAYTHEON r Yes 

VI", sec 5532A Yes 
NE 

N.S.C. 5533 Yes 

,.,,'-) 
5533A Yes 

T.I. 

NE/SE { 5530 Yes 
14 3010300 5538 Yes 

r Yes 

kHz NE 5532A Yes 
5533 

, •.. ) 5533A 

r 45 4,5 5532A 
NE 

5533 Yes 
5533A Yes 

nV/fo 

0_"':> {"" 5532A 6 4 NE 5533 Yes 
5533A Yes 

mv 

~oo~) 6010 150 NE/SE { 5530 Yes 500 5538 Yes 

na 

G';"~":> 
{ 5530 Yes NE/SE 

1.5 5538 Yes 
1 • 15 r Yes 

5533A Yes 
NE 5532 

MHz 5532A 

·'··'·'7 r 5533A Yes 
2,000 600 NE 5532 Yes 

5532A 

OHM 
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SIGNETICS REPLACEMENT STANDARDS 

,.,.a741 SINGLE OPERATIONAL AMPLIFIER 

INDUSTRY 
SIGNETICS SIGNETICS OR&A 

COMPETITION KEY PARAMETER AVAILABLE ORIGINATED COMMENTS 
VALUE 

VALUE DEVICES SURE II SUPRII 

MOTOROLA 

,,--) """ I 530 Yes 
FAIRCHILD 

0.5 10 to 600 538 Yes 
5534 Yes Yes 

RAYTHEON 5534A Yes Yes • Not pin for pin 
VI,.. sec replacement. 

N.S.C. 

"'''-,) 
NE 5539' 

T.I. 

I 
530 Yes 

300 to 
NE/SE 538 Yes 

10 350,000 5534 Yes Yes 
5534A Yes Yes • Not pin for pin 

replacement. 
kHz 

NE 5539' 

", .. ) 45 4,5 NE/SE { 
5534 Yes Yes 

5534A Yes Yes 

nV/.JHz 

~."2> 5 4 NE/SE { 
5534 Yes Yes 

5534A Yes Yes 

mv 

.. ,,":> 500 60 to 150 NE/SE { 
530 Yes 
538 Yes 

na 

G.'~':> .,,~ I 530 Yes 
1.5 538 Yes 1 ~ 

1200 
5534 Yes Yes 

5534A Yes Yes • Not pin for pin 
replacement. 

MHz 

~.m.m~~ 
NE 5539' 

2,000 600 NE/SE { 
5534 Yes Yes 

5534A Yes Yes 

OHM 
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DESCRIPTION 
The LF355 and LF356 operational amplifiers 
employ well matched, high voltage JFET 
input structures on the same monolithic 
chip as bipolar devices. These amplifiers 
feature low input bias and offset currents, 
loW offset voltage and offset voltage drift, 
coupled with offset adjust which does not 
degrade drift or common mode rejection. 
The devices are also designed for high slew 
rate, wide bandwidth, extremely fast settling 
time and low noise. 

EQUIVALENT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 

Power dissipation 

Operating temperature range 

Tj (Max) 

Input voltage range1 

Output short circuit duration 

Storage temperature range 

Lead temperature (soldering 10 sec,) 

NOTE 

COMMON FEATURES 
(TYPICAL) 
• Low Input bias current SOpA 
• Lowlnput offset current 10pA 
• High Input Impedance 1012{1 
• Low input offset voltage 3mV 
• LowVos temperature drift 5p.V/·C 
• Low Input noise current O.01pA/v'Hi 

APPLICATIONS 
• Precision high speed integrators 
• Fast AID, D/A converters 
• High Impedance buffers 
• Wideband, low nOise, low drift amplifier 

(7) 

(6) 

OUT 

RATING UNIT 

±18 V 

500 mW 

o to +70 ·C 

100 ·C 

±20 V 

Continuous 

~5 to +150 ·C 

300 ·C 

1. Unless otherwise specified, the absolute maximum negative input Yoltage is equal to the negative 
power supply voltage. 
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LF355 I 35S-H,N 

PIN CONFIGURATION 

H PACKAGE" 

NC 

BALANCE Y+ 

INVERTING OUTPUT 
INPUT 

NONINYEATING BALANCE 
INPUT 

y. 

ORDER PART NO. 

LF355H LF356H 
*Metal cans (H) not recommended for new designs 

N PACKAGE 

BALANCE Os NC 
INVERTING 

INPUT 2 7 V+ 

NONINYERTING 3 6 OUTPUT 
INPUT 

V - 4 5 BALANCE 

ORDER PART NO. 
LF355N LF356N 



HIGH PERF.' FtE lEE I "" U I 0' 1M'S If ISS,iSB 

LF355/356-H.N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ± 15V unless otherwise specified. I 

TEST LF355 
PARAMETER 

CONDITIONS Min Typ Max Min 

SR Slew rate Av = 1 5 

GBW Gain bandwidth 2.5 
product 

ts Settling timel 
to 0.01% 4 

en Equiv. input 
noise volt. Rs = lOOn 

f = 100Hz 25 
f = 1000Hz 20 

in Equiv. input 
noise current f = 100Hz 0.01 

f = 1000Hz 0.01 
CIN Input capacitance 3 

NOTE 

1. Settling time is defined here, for a un ity gain Inverter connection using 2kn resistors for the LF355/6. It 
is the time required for the error Yoltage {the Yoltage at the inverting input pin on the amplifier' to settle 
to within 0.01% of its final value from the time a 10V step input is applied to the inverter. 

TYPICAL DC PERFORMANCE CHARACTERISTICS 

INPUT BIAS CURRENT 

1OOkr---r---r---r---r---r--, 

INPUT BIAS CURRENT 

10G1e r---r---r---,---,---r--, 

i 10k I---t---t---t---t---t-~ 

i 1kl---~~t---t---t-~ 
a 
~ 1001---t---t-~~~ 

i 10 I---+---,K~ "'--1----1----1 

LF356 

LF356 

Typ 

12 

5 

1.5 

15 
12 

0.01 
0.01 

3 

-55 -25 5 35 85 St5 125 
0.1 '---"'---"'---"'----'---'----' 

-55 -35 35 85 85 125 

CASE TEMPERATURE (,CI CASE TEMPERATURE (,CI 

VOLTAGE SWING SUPPLY CURRENT .. 
RL·2k 

.... TA • 2s"C 

/ 
V 

/ TC~-SS"C 

/ 
V 

V" 

~ V TC·~+2s"C 

~ ~ ~+12s"C ~ 
i"""" 

LF358 
1 

10 15 o 10 15 20 

SUPPLY VOLTAGE (tV) SUPPLY VOLTAGE ( tV) 

ssgnOliCS 

UNIT 
Max 

i 
I-
Z .. 
0: 
0: 

" u ., 
:!! 
II 
l-

i 
!! 

Vlp.s 

MHz 

P.s 

nVlVHZ 
nVIVHZ 

pAlVHZ 
pA/VHZ 

pF 

INPUT BIAS CURRENT 

80 

TO 

60 

50 

.. 
30 

20 

Vs= :t15Y 
TA • +2s"C 

V AL = SOk 

./" 
~F3581 ./ V 

-FREEA~ 
LF358 ~ ./ • ITH HEAT SINK 

"" LF355 

~ ...... :/ FREE AIR / - ~ "" ./ 10 - LF355 

o 
-10 

WITH HEAT ~INK 

-5 5 10 

2 
o 

COMMON-MOOE VOLTAGE (V) 

SUPPLY CURRENT 

V' ~LJc 
/ 

v ~L+tc 
/ 

,/ 

"'" 
....... 

+ " /V 
/ v TC·· 

~ " , 
.J r35j 

10 15 20 

SUPPLY VOLTAGE (tV) 

25 

29 



LF355 I 35S-H,N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

LF355/356 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Va. Input offset voltage A.= 500 3 10 mV 
13 mV 

tNo.II1T Avg. TC of input offset As= 500 5 p.V/oC 
voltage 

I1TC/l1Vos Change in average TC2 A. = 500 0.5 p.V/oC 
with Va. adjust per mV 

los Input offset current1.3 TJ = 25°C 3 50 pA 
TJ :5 Thigh 2 nA 

18 Input bias current1,3 TJ = 25°C 30 200 pA 
TJ:5 Thigh 8 nA 

RIN Input resistance TJ = 25°C 0 
Ai/OL Large signal voltage gain Vs =±15V 25 1012 V/mV 

Va = ± 10V, AL = 2kO 200 
Over temp. 15 V/mV 

Va Output voltage swing V. = ± 15V, AL =10kH ±12 ±13 V 
V. =± 15V, RL =2kO ±10 ±12 V 

VCM Input common mode +15.1 V 
Voltage range Vs = ± 15V ±10 V 

-12 V 
CMRR Common-mode rejection ratio 80 100 dB 
PSRR Supply volt. rej. rati04 80 100 dB 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V. = ±15V unless otherwise specified. 

LF355 
PARAMETER 

Min Typ Max 

Supply current 2 4 

NOTES 
1. These specifications apply for Vs=±15V andO· CST,S +70·C. Vas, IBand losare 

measuredatVCM= O. 
2. The Temperature Coefficient of the adjusted input offset voltage changes only a small 

amount (O.SIlV/o C typically> for each mV, of adjustment from its original unadjusted 
value. Common mode rejection and open loop voltage gain are also unaffected by 
offset adjustment 

LF356 
UNIT 

Min Typ Max 

5 10 mA 

3. The input bias currents are junction leakage currents which approximatelydoublefor 
every 10°C increase in the junction temperature. TJ. Due to limited production test 
time, the input bias currents measured are correlated to junction temperature. In 
normal operation the junction temperature rises above the ambient temperature as a 
result of Internal power dissipation, Pd. Tj = TA + 6jA Pd where 9jA is the thermal 
resistance from junction to ambient. Use of a heat sink is recommended if input bias 
current is to be kept to. a minimum. 

4. Supply Voltage Rejection is measured for both supply magnitudes increasing or 
decreasing simultaneously, in accordance with common practice. 
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IIIGH PEIFollI'NGE JfET INPUT oP IMPS 

TYPICAL DC PERFORMANCE CHARACTERISTICS (Cont'd) 

NEGATIVE CURRENT LIMIT 

-IS 

~ 

" ~ 
..... VSro±1S~ 

z 
i .. 
w -10 " e 
!:i 
0 
> " ~ '" " \ 1"\ I'\.'''C 
I-

" .. 
I-

" -S 0 
w 

\2"C \ 
+125"C , 

> ;: 
e 
~ z 

10 15 20 25 30 35 

OUTPUT SINK CURRENT (rnA) 

NEGATIVE COMMON-MODE INPUT 
VOLTAGE LIMIT 

-20 

~> -15 

~; 
Z:! 
0-' 
liw 
~~ -10 
u!:i 
wO » 
;:1-
e" 
S t -5 z-
~ 

-5 

A 

" TAo -5 .. "....! , , 
~~ T A = +2So C 

" 
T A = +125°C 

-10 -15 -20 

NEGATIVE SUPPLY VOLTS (V) 

POSITIVE CURRENT LIMIT 

IS 
Vs= :t15V 

> 

" Z 

~ 
w 

I. " 
...... " \ 1"""1 

e 

~ 
- ... C 

> .. 
" .. +2s"C 
I-

" 0 
W 
> ;: 

+125~C 

~ \ 
10 15 20 25 30 35 40 

OUTPUT SOURCE CURRENT (mA) 

OPEN LOOP VOLTAGE GAIN 

10M 

A L :: 2kt! 

" RS ~ 50!! 

~ TA =-55 C 
Z 
;;: ./ " 1M 

10k L._L._L..._L..._.L_...L._..J 

5 10 

SUPPLY VOLTAGE (~V! 

TYPICAL AC PERFORMANCE CHARACTERISTICS 

GAIN BANDWIDTH 

\. LF355 

~~ 
~S= ±10V 

~_vso.,.v 
VS o'20V ~~ 

--
1 
-55 :-35 -15 5 25 45 85 85 105 125 

CASE TEMPERATURE (0 C) 

UNITY GAIN BANDWIDTH 

l\ 
I~ 
~ 
'i:\. LF358 

~ 
.~ -

. ±20V ~ 
±10V 

....... ~5V -
~ =::::: 

-55 -35 -15 5 25 45 65 85 105 125 
CASE TEMPERATURE (oe) 

9!!1DOtiCS 

tfl55 1355 

LF355 I 35S-H,N 

POSITIVE COMMON-MODE INPUT 
VOLTAGE LIMIT 

20 
-5S0C ? T A ~ +125°.C V 

~ 
!: I. 
:Ii 
::l 
w 

" 

/ 
V 

~ 
0 
> I. I-

" .. 
~ 

V 
V 

5 
/ 

5 10 15 

POSITIVE SUPPLY VOLTS (V) 

OUTPUT VOLTAGE SWING 

2. 
VS=±ISV 
T A = 2S C ."....... -2. 

20 

,. 
12 I 

I 

V 
1.0 

OUTPUT LOAD RL (kJ!) 

NORMALIZED SLEW RATE 

1.8 

'\ Vs = :l:15V 

~F358 

1.& 

1.4 

1.2 --...... 
1.0 LF355 

0.8 

0.& 

0.4 

0.2 

-55 -35 -15 5 25 45 as 85 105 125 
TEMPERATURE (oC) 

20 

10 

31 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 

32 

;;-

~ 
~ 
" z 
~ 
"' " i! 
5 
> .. 
~ 
" o 

iii 
~ 
z 
~ 
IU 

" ~ 
g .. 
0 
9 
z 
f 
0 

LF355 SMALL SIGNAL 
PULSE RESPONSE, AV = +1 

I .. 

TIME (O.Sill/DIV) 

LF356 LARGE SIGNAL 
PULSE RESPONSE, AV = +1 

I \ 
I 

J 1\ 
1\ 

TIME" (1MS/DIY) 

OPEN LOOP FREQUENCY 
RESPONSE 

110 

~ 

80 ~ 
Vs = ±15Y 

~ 
70 ~ 

~ 

50 
~ LF358 

LF355 ~ 

30 ~ 
~ 

10 

-10 

~ 
~ 

" 10 100 1k "10k 100k 1M 10M 

FREQUENCV (Hz) 

i! 
:I 
0 
IE 
~ 

" i 
.... 
::I 

I!: 
::I 
0 

10 

-5 

iii 
~ -10 

~ 
-20 

-25 

-30 

LF356 SMALL SIGNAL 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 
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LF355/356-H,N 

TYPICAL AC PERFORMANCE CHARACTERISTICS (Cont'd) 
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III De 

APPLICATIONS 
The LF355 and LF356 are op amps with 
JFET input devices. These JFETs have large 
reverse breakdown voltages from gate to 
source and drain eliminating the need for 
clamps across the inputs. Therefore large 
differential input voltages can easily be 
accommodated without a large increase in 
input current. The maximum differential 
input voltage is independent of the supply 
voltages. However, neither of the input vol
tages should be allowed to exceed the nega
tive supply as this will cause large currents 
to flow which can result in a destroyed unit. 
Exceeding the negative common-mode lim
it on either input will cause a reversal of the 
phase to the output and force the amplifier 
output to the corresponding high or low 
state. Exceeding the negative common
mode limit on 'both inputs will force the 
amplifier output to a high state. In neither 
case does a latch occur since raiSing the 
input back within the common-mode range 
again puts the input stage and thus the 
amplifier in a normal operating mode. 

Exceeding the positive common-mode limit 
on a single input will not change the phase 
of the output; however, if both inputs ex-

TYPICAL CIRCUIT CONNECTIONS 

VOS ADJUSTMENT 

v-

• Vas is adjusted with a 25k potentiometer 
• The potentiometer wiper is connected to V+ 

• For potentiometers with temperature 
coefficient of 1 OOppm/' C or less the 
additional drift with adjust is ~ O.5p.VI 
'C/mV of adjustment 

• Typical overall drift: 5p.V/'C ± to.5p.V/ 
'C/mV of adj.l 

ceed the limit, the output of the amplifier will 
be forced to a high state. 

These amplifiers will operate with the 
common-mode input voltage equal to the 
positive supply. In fact, the common-mode 
voltage can exceed the positive supply by 
approximately 100mV independent of sup
ply voltage and over the full operating 
temperature range. The positive supply can 
therefore be used as a reference on an input 
as, for example, in a supply current monitor 
and/or limiter. 

Precautions should be taken to ensure that 
the power supply for the integrated circuit 
never becomes reversed in polarity or that 
the unit is not inadvertently installed back
wards in a socket as an unlimited current 
surge through the resulting forward diode 
within the Ie could cause fusing of the 
internal conductors and result in a de
stroyed unit. 

Because these amplifiers are JFET rather 
than MOSFET input op amps they do not 
require speCial handling. 

All of the bias currents in these amplifiers 
are set by FET current sources. The drain 
currents for the amplifiers are therefore 

~-------------------. 

DRIVING CAPACITIVE LOADS 

.> 

Due to a unique output stage design these amplifiers 
have the ability to drive large capacitive loads and still 
maintain stability. CL max:5 O.Olp.F. 
Overshoot S 20% 
Selting time Ilsl 2: 5p.S 

SrnDotiCS 

LF355/356-H,N 

essentially independent of supply voltage. 

As with most amplifiers, care should be 
taken with lead dress, component place
ment and supply decoupling in order to 
ensure stability. Forexample, resistors from 
the output to an input should be placed with 
the body close to the input to minimize 
"pickup" and maximize the frequency of the 
feedback pole by minimizing the capaci
tance from the input to ground. 

A feedback pole is created when the feed
back around any amplifier is resistive. The 
parallel resistance and capacitance from 
the input of the device (usually the inverting 
input) to ac ground set the frequency of the 
pole. In many instances the frequency of 
this pole is much greater than the expected 
3dS frequency of the closed loop gain and 
consequently there is negligible effect on 
stability margin. However, if the feedback 
pole is less than approximately six times the 
expected 3dS frequency a lead capaCitor 
should be placed from the output to the 
input of the op amp. The value of the added 
capaCitor should be such that the RC time 
constant of this capaCitor and the resistance 
it parallels is greater than or equal to the 
original feedback pole time constant. 

TYPICAL APPLICATIONS 

WIDE BW LOW NOISE, 
LOW DRIFT AMPLIFIER 

Rl 

I 

Cl :~: 
-:!:-

C2 

R2 

y+ 

y-

Sr 
Power BW: fMAX = - ::II 240kHz 

2,,/p 

• Parasilic input capacilance Cl "13pF for LF355 and 
LF356, plus any addilional layout capacitancel 
interacts with feedback elements and creates un
desirable high frequency pole. Tocompensate add 
C2 such Ihat: R2C2 e Rl Cl. 
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TYPICAL APPLICATIONS (Cont'd) 

HIGH IMPEDANCE, LOW DRIFT 
INSTRUMENTATION AMPLIFIER 

+15V 

R R3 

+15V 

-15V 

R 
>"'-~-o VOUT 

A3 -15V 

-15V 

R3 [2R2 ] • VOUT = - - + 1 AV, V- +2V:5 V,N Common-Mode,; V+ 
R Rl 

• System Vos adjusted via A2 Vos adjust 
• Trim R3 to boost up CMRR to 12OdB. 

HIGH ACCURACY SAMPLE AND HOLD 

Rl 
51k 

>~"""-<>VOUT 

-15V 

• By closing the loop through A2 the VOUT accuracy will bedeterm;ned uniquely by 
Al. No Vos adjust required for A2. 

• TA can be estimated by same conSiderations as previously but, because of the 
added on propagation delay in the feedback loop IA2) the overshoot is not 
negligible. 

• Overall system slower than fast sample and hold. 
• A1, Cc: additional compensation 
• Use LF356 for 

36 

A Fast settling time 
A Low Vos 

s~nDtics 

LF355/356 

LF355/356-H,N 

HIGH Q NOTCH FILTER 

V+ 

>-+-OVOUT 
·R 

c c 

• 2Rl = R = 10MO 
2C = Cl = 300pF 

• Capacitors should be matched to obtain high Q 

• fNOTCH = 120Hz, notch = 55dB, Q > 180 

• Use LF355 for 
A Low Ie 
A Low supply current 

FAST LOGARITHMIC CONVERTER 

+15V 

-15V 

2' 

IVoUTI= [1+ ~ J~ In v.r ~J = log VI_l_ 
R q LltREF Rj Ri IR 

R2 = 15.71, R1 = 1k, O.3%OC (for temperature compensation) 

• Dynamic range: 100~A'; I, :51mA 15 decades, IVol = lV/decades) 
• Transient response: 3~s for A, = decades 
• C1, C2, R2, R3: added dynamic compensation 
• Vas adjust the LF356 to minimize quiescent error 
• RT: Tel Labs type 081 + 0.3%/oC. 



_ OPERA IIONAL AMPliFIER - '1IIIIIIIIIIIIIIIIIIIIIMIJZi41/ZIZI411'lll41115AI51341 

DESCRIPTION 
The LM124/SA534 series consists of four 
independent, high gain, internally frequen
cy compensated operational amplifiers de
signed specifically to operate from a single 
power supply over a wide range of volt
ages. 

UNIQUE FEATURES 
In the linear mode the input common-mode 
voltage range Includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply voltage. 

The unity gain cross frequency is tempera
ture compensated. 

The input bias current is also temperature 
compensated. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ Supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

N package 
F package 

Output short-circuit to GND 
1 amplifier2 
V+ < 15Vdc and TA = 25°C 

Input current (VIN < -0.3V)3 
Operating temperature range 

LM324 
LM224 
SA534 
LM124 

Storage temperature range 

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 supplles-(±1.SVdc to ±1SVdc) 

• Very low supply current drain
essentially independent of supply volt
age (1mW/op amp at +5Vdc) 

• Low input biasing current-(4SnAdc 
temperature compensated) 

• Low input offset voltage-(2mVdc) and 
offset current-(SnAdc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+-
1.SVdc swing) 

• LM124 Mil std 883A,B,C available 

RATING UNIT 

32 or ±16 Vdc 
32 Vdc 

-0.3 to +32 Vdc 

570 mW 
900 mW 

Continuous 

50 mA 

o to +70 °C 
-25 to +85 °C 
-40 to +85 °C 
-55 to +125 °C 
-65 to +150 °C 

Lead temperature (soldering, 10sec) 300 °C 

NOTES 

1. For operating at high temperatures. all devices 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 ina still air ambient. 

LM 124/224 can be derated based on a +150°C maximum junction temperature. 
2. Short circuits from the output to V+ can cause excessive heating and eventual 

destruction. The maximum output current is approximately 40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc continuous short~ 
circuits can exceed the power dissipation ratings and cause eventual destruction. 

3. The direction of the input current is out of the Ie 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. 

9~nl!tiG9 

LM124/224/324/SA534-F,N 
LM324-D 

PIN CONFIGURATION 

D,F,N PACKAGE 

ORDER PART NO. 

LM 124N LM224N LM324N 
LM124F LM224F LM324F 
SA534N SA534F LM324D 
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DC ELECTRICAL CHARACTERISTICS V+ = 5V, TA = 25"C unless otherwise specified. 

LM124/LM224 
PARAMETER TEST CONDITIONS 

Min Typ Max 

VOS Offset voltage 1 RS=oo ±2 ±5 
RS = 00, over temp. ±7 

VOS Drift RS = 00 7 

'B'AS Input current2 I,N(+) or "N(-) 45 150 
',N(+) or I'N(-), over temp. 40 300 

lOS Offset current ',N(+) - I'N(-) ±3 ±30 
',N(+) - "N(-), over temp. ±100 

lOS Drift 10 

VCM Common mode voltage V+ = 30V 0 V+-1.5 
rangeS V+ = 30V, over temp. 0 V+-2 

CMRR Common mode rejection 70 85 
ratio 

VOUT Output voltage swing RL = 2kO, V+ = +30V, 26 
over temp. 

VOH RL::S 10kn, over temp. 27 28 

VOL RL ::s 10kn, V+ = 5V, over temp. 5 20 

ICC Supply current RL = 00, VCC = 30V, over temp. 1.5 3 
RL = 00, on all op amps, 0.7 1.2 

over temp. 

AVOL Large signal voltage gain V+ = +15V (for large Vo swing), 50 100 
RL;::: 2kn 

V+ = +15V (for large Vo swing), 25 
RL ;::: 2kn, over temp. 

Amplifier-to-amplifier f = 1kHz to 20kHz, -120 
coupling5 input referred 

PSRR RS ::s 00 65 100 

Output current 
Source V,N+ = +lVdc, V'N- = OVdc, 20 40 

V+ = 15Vdc 
V,N+ = +Wdc, V,N+ = OVdc, 10 20 

V+ = 15Vdc, over temp. 
Sink V'N- = +lVdc, V,N+ = OVdc, 10 20 

V+ = 15Vdc 
V'N- = + Wdc, V,N+ = OVdc, 5 8 

V+ = 15Vdc, over temp. 
V,N+ = OVdc, V'N- = +Wdc, 12 50 

Vo = 200mV 

ISC Short circuit current4 40 60 

Differential input voltageS V+ 

NOTES 

LM 124/224/3241 SA534-F,N 
LM324-D 

LM324/SA534 

Min Typ Max 
UNIT 

±2 ±7 mV 
±9 mV 

7 pV I·C 

45 250 nA 
40 500 nA 

±5 ±50 nA 
±150 nA 

10 pA/·C 

0 V+-l.5 V 
0 V+-2 V 

85 70 dB 

26 V 

27 28 V 

5 20 mY' 

1.5 3 mA 
0.7 1.2 

25 100 V/mV 

15 V/mV 

-120 dB 

65 100 dB 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 

12 50 p,A 

40 80 mA 

V+ V 

I. Vo ~ 1.4Vdc, Rs = on with V+ from 5V to 30V and over full input common mode range 
IOVdc+ to V+ -1.SVI. 

2. The direction of the input current is out of the Ie 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. 

magnitude of V+. At values of supply voltage in excess of +15Vdc continous short
circuits can exceed the power dissipation ratings and cause eventual destruction. 
Destructive dissipation can result from simultaneous shorts on all amplifiers. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common~mode voltage range 
is V+ -1.5, but either or both inputs can go to +32V without damage. 

4. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 40mA independent of the 

5. Due to proximity of external components, insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitive increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 
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EQUIVALENT SCHEMATIC 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LARGE SIGNAL 
FREQUENCY RESPONSE 

a ~-----,---------------, 

'i' ~~ ~15~--+.1N v. 

I ~ ~ ~. 
~ 10 r-----~-------;-------; 
~ o 
I 
~ • r------;--~---;-------; 

,. 10K 100K 1M 
FREQUENCY (Hz) 

INPUT CURRENT 

90 

80 

] 70 

1 .0 

1 1 V~M =Iovo'c_ 
, , f 

v+ '= +:!ov~ 
I-

iii 50 
II: 

B 40 

I-"'" I I 
v+l~ +jsv~ 

~ 30 

19 
20 

10 

v+ +SVDC 

·1 1 1 

I I o 
-55 -35 -15 5 25 45 65 85 105 125 

T A - TEMPERATURE ("c) 

40 

~ 4 
w 

" 3 
~ 
o 
> 
I
:J 

~ o 
1 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

RL:::: 2K t. = 15Vdc 

J 1\ 
1 \ 

--J "" 
" E 3 

w 

" ~ 2 

1 
g 
I-

~ 
a; 0 

I--

10 a 30 

TIME ~.) 

COMMON MODE REJECTION 
RATIO 

40 

! 
120 r----,----,---,---, 

0 
f; 100 
II: 
Z 
0 
1= 
u 90 

~ +7.5VOC 

8 60 

" :I: 
40 0 

ft Y,N 

I 20 
II: 
II: 

" U 0 
100 

!ijgDotiC!i 

u 
~ 
+1 
w a g 
I-
:J .. a; 
I 

~ 
+ 

LM 124122413241 SA534-F,N 
LM324-D 

INPUT VOLTAGE RANGE 

,. 

10 

5 10 15 

v+ OR v- -POWER SUPPLY VOLTAGE (± Vec) 

VOLTAGE FOLLOWER PULSE 
RESPONSE (SMALL SIGNAL) 

500 

r-

r-

300 

250 
o 

r1>t.~ 
eIN I 50pF A r-1.. ..". 
- I -, INPlIT 

Ol'+PUT 

~ 

\J TA = +2SOC 
v+ = +30Voc 

3 4 5 

1- TIME (.0) 



DESCRIPTION 
The LM301A is a high performance opera
tional amplifier featuring high gain, short 
circuit protection, simplified compensation 
and excellent temperature stability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage 
LM301A 

Power diSSipation 
Differential input voltage 
Input voltage1 

Output short circuit duration 
Operating temperature range 

LM301A 
Storage temperature range 

FEATURES 
• Short circuit protection 
• Offset voltage null capability 
• Large common-mode and differential 

voltage ranges 
• Low power consumpfion 
• No latch up 
• LM101, LM101A, LH2101, LH2101A 

Mil std 883A,B,C available 
• LM101A, LH2101A Mil std 38510 (JAN) 

available 

RATING UNIT 

±18 V 
500 mW 
±30 V 
±15 V 

Indefinite 

o to +70 °C 
-65 to +150 °C 

Lead temperature (soldering 60secl 300 °C 

NOTES 

1. For supply voltages less then ±15V. the absolute maximum input voltage is equal to the 
supply voltage. 

EQUIVALENT SCHEMATIC 

COIIP. N\A.L COMPo 

lMSDIA 

LM301A-N,FE,D 

PIN CONFIGURATIONS 

D,N,FE PACKAGE 

FREQ. COIIP.I 
QFFSETMlLL 

INVERTING 
INPUT 

NON-ItVERTlNG 
III'UT 

ORDER PART NO. 
LM301AN 
LM301AFE 
LM301AD 

r-----~~------~--~~~----._----------_.--------_Ov+ 

INVERTING III'UT 0---+-------+------£ 

NOW INVERTING llPUT 0---+-----< 

~250D 

+ 

Ra 
101<!l 

OFFSET NULL 

"5 
401<0 

Gi!lIDbCG 

L---t-----_----1:)OUTPUT 

"7 
10k!! 

lIS 
IkO 
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LM301 A-N,FE,O 

DC ELECTRICAL CHARACTERISTICS O°C:5 TA < 70°C, ±5V,:5 Vs:5 ±15V and Cl = 30pF 

PARAMETER CONDITIONS MIN TYP MAX UNIT 

Vos Input Offset Voltage TA = 25°C, Rs < 50KO 2.0 7.5 mV 

los Input Offset Current TA= 25°C 3 50 nA 

ISlAS Input Bias Current TA = 25°C 70 250 nA 

los Input Resistance TA= 25°C 0.5 2 MO 

Icc Supply Current TA = 25°C, Vs = ±15V 1.8 3.0 mA 

AVOL Large Signal Voltage TA = 25°C, Vs = ±15V 
Gain VOUT = ±10V; RL > 2kO 25 160 VlmV 

Vos Input Offset Voltage' Rs<50kO 10 mV 

Vos Average Temperature 
Coefficient of Input Orift 6.0 30 p.VloC 
Offset Voltage 

los Input Offset Current 70 nA 

los Average Temperature 25°C < TA < 70°C 0.01 0.3 nN°C 
Coefficient of Input O°C < TA < 25°C 0.02 0.6 nN°C 
Offset Cu rrent 

ISlAS Input Bias Current 300 nA 

AVOL Large Signal Voltage Vs = ±15V, VOUT =±10V 15 VlmV 
Gain RL> 2kO 

VOUT Output Voltage Swing 
Vs = ±15V, RL = 10kO ±12 ±14 V 

RL=2kO +10 +13 V 
VIN Input Voltage Range Vs = ±15V ±12 V 

CMRR Common Mode Rs<50kO 70 90 dB 
Rejection Ratio 

PSRR Supply Voltage Rs <50kO 70 96 dB 
Rejection Ratio 

'NOTE 
Unless otherwise specified. all specifications for LM301 A are ±SV S Vs S ±1SV. 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY LARGE SIGNAL FREQUENCY VOLTAGE FOLLOWER 
RESPONSE RESPONSE PULSE RESPONSE 

,,. 
" " LM30IA LM30IA LM301A r-::::- t--.... · '00 

~ '" · " r- r --r- -80 · ~,~ > \ :\ INP T 
I / .. > .. " II \C'.JPF 2 : \ I 

1\ z 

"" 
i r OUTPUT 

B , .. Cl-]O~F\ r \ ij 40 r-

~ ~ 
::> -2 

S \ SIN l( POLE : \ I 
20 0 -. , 

GAIN""" 

~ 
. - -- \,. 

$INGLEPOLE -. , r-COT"NSAT SINGLE POLE 

\ TIA, = "25°C TA=25°C TA"25 C r--.. -. 
Ys= ±15V vs"":t1!'>V ~r- t--. Vs ='+15V 

-20 , -" , 
" '" " '''' " .. 'M 'ON " ", .. " .. ,. 10M , 

" 20 30 40 " 60 lO 80 

FREOUENCV H1' FREQUENCY - Hz TIME-II' 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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COMPENSATION CIRCUITS 

SINGLE POLE 
COMPENSATION 

R2 

Cl ~ R~~ ~S2 
Cs = 30pF 

VOUT 

TYPICAL APPLICATIONS 

INVERTING AMPLIFIER WITH 
BALANCING CIRCUIT 

R, 
INPUT o-""'I\r-T-WI<-, 

C, 
30pF 

OUTPUT 

tMay be zero or equal to parallel combination 
of R, and R. for minimum offset. 

44 

TWO POLE 
COMPENSATION 

R' 

Rl Cs 
Cl ~ A1 + R2 
Cs == 30pF 

C2 == lOC1 

R2 

LOW DRIFT SAMPLE 
AND HOLD 

OUTPUTo-_-----_ __=; 

INPUT 

Cl 
30pF 

• Polycarbonate Dielectric Capacitor 

9sg00tiC9 

v+ 

LMBUII 
LM301 A-N,FE,D 

FEED FORWARD 
COMPENSATION 

C2 

R2 

150pF 

VPUT 

1 
C2 '" 21ffoR2 

fo =3MHz 



LM13600/13600A-D,N 

DESCRIPTION 
The LM 13600 series consists of two current 
controlled transconductance amplifiers 
each with differential inputs and a push pull 
output. The two amplifiers share common 
supplies but otherwise operate indepen
dently. Linearizing diodes are provided at 
the inputs to reduce distortion and allow 
higher input levels. The reault is a 10 dB 
signal-to-noise improvement referenced to 
0.5 percent THO. Controlled impedance 
buffers are provided which are specifically 
designed to complement the dynamic range 
of the amplifiers. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 1 
LM13600 
LM13600A 

Power diasipation2 TA = 25·C 
LM13800N, LM13800AN 

Differential input voltage 
Diode bias current (10) 
Amplifier bias current (lABC) 
Output short circuit duration 
Buffer output current3 
Operating temperature range 

LM13600N,LM13600AN 
DC input voltage 
Storage temperature range 
Lead temperature (Soldering, 10 Seconds) 

BLOCK DIAGRAM 
v+ 

FEATURES 
• gm adjustable over 6 decades 
• Excellent gm linearity 
• Excellent matching between ampllllers 
• LInearizing diodes 
• Controlled Impedance buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 
• See Signetics NE5517 for typical circuit 

applications InformaUon 

APPLICATIONS 
• Current controlled ampllllers 
• Current controlled Impedances 
• Current controlled filters 
• Current controlled oscillators 
• Multiplexers 
• Timers 
• Sample and hold circuits 

RATING UNIT 

36 VDC or ± 18 V 
44 VDC or ±22 V 

570 mW 
±5 V 
2 mA 
2 mA 

Indefinite 
20 mA 

O·C to +70 ·C 
+VS to -VS 

-6S·C to +150 ·C 
300 ·C 

PIN DESCRIPTION 

D,NPACKAGE 

ORDER PART NO. 

LM l3800N LM 138000 
LM13600AN LMl3600AO 

110---------~--~----------------~------~--------------~------------~--_, 

8.9 

'. 15 o---~--+_--+__--___, 

VOOTl'UT 

-INPUT 0----1:. +INPUT 5,12 

4.13 -.... ...... __ ~ 

AMP BIAS l'O'· __ ~_--t: 
INPUT ....... 

IABC 

D5 

V-o-----4-----+-------------------~------~--------------_+----~~----~ 
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ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

Input offset voltsge (Vas) 
Over specified temperature range 

IABC 5/LA 

Vas including diodes Diode Bias Current (10) = 500 p.A 

Input offset change 5/LA :S IABC :S 500 p.A 

Input offset current 

Input bias current 
Over specified temperature range 

Forward 
Transconductance (gm) 

Over specified temperature range 

gm tracking 

Peak output current RL = 0, IABC = 5p.A 
RL = 0, IABC = 500 p.A 

RL = 0, Over specified temp range 

Peak output voltage 
positive RL = 00, 5 /LA :S IABC :S 500 p.A 
negative RL = 00, 5 /LA :S IABC :S 500 p.A 

Supply current IABC = 500 p.A, Both channels 

Vas sensitivity 
positive ~VOS/~ V+ 
negative !!VOS/!! V-

CMRR 

Common mode range 

Crosstalk Referred to input5 
20Hz<f<20KHz 

Oiff. input current IABC = 0, Input = ±4V 

Leakage current IABC = 0 (Refer to test circuit) 

Input resistance 

Open loop bandwith 

Slew rate Unity gain compensated 

Buff. input current 5 

Peak buffer output voltage 5 

NOTES 
1. For selections to a supply voHage above ± 22V. contact factory. 
2. For operating at high temperatures, the device must be derated baaed on a 150°C 

maximum junction temperature and 8 thermal resistance of 1750 CI W which applies for 
the device soldered in a printad circuR board. oparating in 8tlll air. 

3. Buffer outpui current 8hould be limited so as 10 not exceed package dissipation. 
4. These speclflcslions apply for Vs ~ ± 1SV. T A = 2S'C, amplifier bias currenl (IABCI = 

5OO1tA. pins 2 and 15 open unless otherwise specified. The Inputs to the buffers are 
grounded and outputs are open. 

5. These specHlcailons apply for Vs = ± 1BV. IABC = 500,.,.. ROUT = 511 connected 
from Ihe buffer oulput to -vS and the input of the buffer 18 connectad to the 
transconductance amplifier output. 
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LM13800 

Min Typ 

0.4 

0.3 

0.5 

0.1 

0.1 

0.4 
1 

6700 9600 
5400 

0.3 

5 
350 500 
300 

+12 +14.2 
-12 -14.4 

2.6 

20 
20 

60 110 

±12 ±13.5 

100 

0.02 

0.2 

10 26 

2 

50 

0.4 

10 

LM136oo/13600A-0,N 

LM13800A 

Max Min Typ Max 
UNIT 

5 0.4 2 mV 
5 mV 

5 0.3 2 mV 

5 0.5 2 mV 

0.1 3 mV 

0.6 0.1 0.6 p.A 

5 0.4 5 p.A 
8 1 7 p.A 

13000 7700 9600 12000 p.mho 
4000 p.mho 

0.3 dB 

3 5 7 p.A 
650 350 500 650 /LA 

300 /LA 

+12 +14.2 V 
-12 -14.4 V 

2.6 mA 

150 20 150 p.VIV 
150 20 150 p.VIV 

80 110 dB 

±12 ± 13.5 V 

100 dB 

100 0.02 10 nA 

100 0.2 5 nA 

10 26 Kn 

2 MHz 

50 V/p.Sec 

5 0.4 5 p.A 

10 V 



CONNECTION DIAGRAM 
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DESCRIPTION 
The MC1456/1556 is an internally compen
sated precision monolithic operational am
plifier featuring extremely low offset and 
bias currents and offset null capability. The 
MC1456/1556 is short circuit protected and 
its high common mode and differential in
put voltage range provides exceptional per
formance when used as an integrator, sum
ming amplifier, and voltage follower. 

FEATURES 
• Low input bias current-15nA maximum 
• Low Input offset current-2.OnA maxi

mum 
• Low input offset voltage-4.0mV maxi-

mum 
• High slew rate-2.5V1t's typical 
• Large power bandwidth-40kHz typical 
• Low power consumption-45mW maxi-

mum 
• Offset voltage null capability 
• Output short circuit protection 
• Input over-voltage protection 
• Mil std 883A,B,C, available 

EQUIVALENT SCHEMATIC 

4K 

....... ,......, 

~7 
3 

500 

~ 

.~ 
1.SK 

...... 

t--1) 
,.... 

,.--

1.7K lK 

I 
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OFFSET ADJUST CIRCUIT 

v-

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage MC1556 
MC1456 

Differential input voltage 
Common mode input voltage 
Load current 
Output short circuit duration 
Power dissipation 

Derate above T A = 25° C 
Operating temperature range 

MC1556 
MC1456 

Storage temperature range 

lK 

17 
~ 
...... 

1~ 

500 k 
r>- 56K 

>-1 17 

MC1456/1556-N 

PIN CONFIGURATION 

N PACKAGE 

~ 2 _ . 7 Y+ 
-=~ 8.8 FREQ.COIIP. 

--~ 3 6 OIITPUT 

lK 

340 

y- 4 5 OFFSET NULL 

oA .... 
... ... 

ORDER PART NO. 
MCl456N 
MC1556N 

RATING 

±22 
±18 

± Vee 
± Vee 

20 
Continuous 

680 
4.6 

-55 to +125 
o to +70 

-65 to +150 

7 
y+ 

V 

30 

6 
~VOUT 

50 

UNIT 

V 
V 
V 
V 

mA 

mW 
mW/oC 

°C 
°C 
°C 

_ 35pF 

~ 1 ....... 

k 
V ....... ....... 

"'-...J f0- r 39K lK 7.7K 17 39K 50 
4 

v-
5 

s~nDtics 



----------- II 
MC1456/1556-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ± 15V unless otherwise specified 

MC1556 MC1456 
UNIT PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Vas Offset voltage 2.0 4.0 5.0 10.0 mVdc 
Over temperature 6.0 14.0 mVdc 

los Offset current 1.0 2.0 5.0 10.0 nA 
O°C $: TA $: 70°C 14 nA 

25°C $: TA $: 125°C 3.0 nA 
-55°C < TA < 25°C 5.0 nA 

ISlAS Input current 8.0 15 15.0 30.0 nA 
Over temperature 30 40 nA 

VCM Common mode voltage range ±12 ±13 ±11 ±12 V 
CMRR Common mode rejection RsS;10kfl. TA = 25°C. f = 100Hz 80 110 70 110 dB 

ratio 
liN Common mode input f = 20Hz 250 250 Mfl 

impedance 

VOUT Output voltage swing RL = 2kn ±12 ±13 ±11 ±12 V 
Icc Supply current 1.0 1.5 1.3 3.0 rnA 

Po DC quiescent power 30 45 40 90 mW 
dissipation (Va = OJ 

PSRR Supply voltage rejection Rs $: 10kU 50 100 75 200 INN 
ratio 

Large signal voltage gain RL $: 2kn. VOUT = ±10V. TA = 25°C 100 200 70 100 VlmV 
Over temperature 40 40 V/mV 

AC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ± 15V unless otherwise specified. 

PARAMETER TEST CONDITIONS MC1556 MC1456 
UNIT 

Min Typ Max Min Typ Max 
Differential input impedance 

cp Parallel input capacitance Open loop f = 20Hz 6.0 6.0 pF 
rp Parallel input resistance 5 3 Mn 
en Equivalent input noise Av = 100. Rs = 10kn. f = 1.0kHz. 

voltage BW= 1.0kHz 45 45 nV/.JHz 

BWp Power bandwidth Av = 1. RL = 2kn. THD $: 5% 
VOUT = ±10V 40 40 kHz 

Phase margin (open loop. 70 70 degrees 
unity gain) 

Gain margin 18 18 dB 
SR Slew rate (unity gain) 2.5 2.5 V/p.sec 

ZOUT Output impedance f = 20Hz 1.0 2.0 1.0 2.5 kn 
BW Unity gain crossover 1.0 1.0 MHz 

frequency (open loop) 
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HIGH PElf OIIIANIE OPEIATIONAL AMPLIFIEI 

TYPICAL PERFORMANCE CHARACTERISTICS 

50 
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DESCRIPTION FEATURES 
The MC1458 is a high performance 
operational amplifier with high open loop 
gain, internal compensation, high common 
mode range and exceptional temperature 
stability. The MC1458 is short-circuit pro
tected and allows for nulling of offset vol
tage. 

• Internal frequency compensation 
• Shorl circuit protection 
• Excellent temperature stability 
• High input voltage range 
• No latch-up 
• 1558/1458 are 2 "op amps" in space of 

one 741 package 

The MC1458/SA1458/MC1558 consists of a 
pair of741 operational amplifiers on asingle 
chip. 

• MC1558 Mil std 883A,B,C available 

EQUIVALENT SCHEMATIC 

ONE AMPLIFIER OF MC1458, SA1458, MC1558 

~--------~----~-----r------------~~V+ 
7 

r---r---J::, °'4 

NON·INVERTING 
INPUT 

OFFSET NULL , 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
MC1458 
SA1458 
MC1558 

Internal power dissipation 
N package 
H package1 

F,FE package 
Differential input voltage 
Input voltage2 

Output short-circuit duration 
Operating temperature range 

MC1458 
SA1458 
MC1558 

Storage temperature range 
Lead temperature (soldering 60sec) 

NOTES 

RATING 

±18 
±18 
±22 

500 
800 
1000 
±30 
±15 

Continuous 

o to +70 
-40 to +85 
-55to+125 
-65to+150 

300 

1. Ratings based on thermal resistances, junction to ambient, of 240°C/W, 
150°C/W, 110°C/W for N, H. F and FE packages respectively, and a maximum 
junction temperature of 1500 C. 

2. Forsupply voltages less than ±15V, the absolute maximum input voltage Is equal to the 
supply voltage. 

SegOotiCS 

". 2SH 

"'0 son 

OUTPUT 

UNIT 

V 
V 
V 

mW 
mW 
mW 

V 
V 

·C 
·C 
·C 
·C 
·C 

MC1458/1558-N,H,FE,F 
SA1458-N 
MC1458-D 

PIN CONFIGURATIONS 

FPACKAGE 

ORDER PART NO. 

MC1458F 
MC1558F 

H PACKAGE· 

y+ 

INVERTING 
INPUT A 

INVERTING 
INPUT B 

NON~INVERTING 

INPUT B 

y-

ORDER PART NO. 
MC1458H 
MC1558H 

*Metal cans (HI not recommended for new designs 

D,N,FE PACKAGE 

INVERTING 
INPUT A 

NON-INVERTING r:;-~~r"I'''i-~ 
INPUT A 

ORDER PART NO. 

MC1458N 
MC1558N 
SA145BN 

MC1458FE 
MC1558FE 
MC1458D 

INVERTING 
INPUT B 
NON-INVERTING 
INPUT B 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Vcs Offset voltage Rs = 10kO 
Rs = 10kO, over temp. 

los Offset cu rrent 
Over temp. 

IBIAS Input bias current 
Over temp. 

VOUT Output voltage swing RL = 10kO, over temp. ±12 
RL = 2kO, over temp. ±10 

AVOL Large signal voltage gain RL = 2kO, Vo = ±10V 50 
RL = 2kO, Vo = ±1 OV, over temp. 25 

Offset voltage adjustment 
range 

PSRR Supply voltage rejection ratio Rs:5 10kO 

CMRR Common mode rejection ratio 70 
Icc Supply current 

VIN Input voltage range ±12 
Pd Power consumption 

Channel separation 
ROUT Output resistance 
Isc Output short-circuit current 

MC1458/1558-N,H,FE,F 
SA1458-N 
MC1458-D 

MC1558 
UNIT 

Typ Max 

1.0 5.0 mV 
6.0 mV 

20 200 nA 
500 nA 

80 500 nA 
1500 nA 

±14 V 
±13 V 

100 VlmV 
VlmV 

±30 mV 

30 150 p.VIV 

90 dB 
2.3 5.0 mA 

+13 V 
70 150 mW 

120 dB 
75 ° 25 mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25D C, Vr;, = ±15V, unless otherwise specified. 

MC1458 SA1458 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage Rs = 10kO 2.0 6.0 2.0 6.0 mV 
Rs = 10kO, over temp. 7.5 7.5 mV 

los Offset current 20 200 20 200 nA 
Over temp. 300 500 nA 

IBIAS Input bias current 80 500 80 500 nA 
Over temp. 800 1500 nA 

VOUT Output voltage swing RL = 10kO ±12 ±14 ±12 ±14 V 
RL = 2kO, over temp. ±10 ±13 ±10 ±13 V 

AVOL Large signal voltage gain RL - 2kO, Vo - ±10V 25 200 20 200 V/mV 
RL = 2kO, Vo = ±10V, over temp. 15 15 V/mV 

Offset voltage adjustment ±30 ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs:5 10kO 30 150 30 150 p.VIV 

CMRR Common mode rejection ratio 
70 90 70 90 dB 

Icc Supply current 2.3 5.6 2.3 5.6 mA 

VIN Input voltage range ±12 ±13 ±12 ±13 V 
RIN Input resistance MO 

Pd Power consumption 70 170 70 170 mW 

Channel separation 120 120 dB 
Isc Output short-circuit current 25 25 mA 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V, unless otherwise specified. 

MC1458/1558-N,H,FE,F 
SA1458-N 
MC1458-0 

MC1458 
PARAMETER TEST CONDITIONS SA1458. MC1558 UNIT 

Min Typ Max 

Parallel input resistance Open loop, f = 20Hz 0.3 Mn 

Common mode input impedance f = 20Hz 200 Mn 
Equivalent input noise voltage Av -100, Rs - 10kn, Bw - 1.0kHz 45 nVVHz 

f = 1.0kHz 

Power bandwidth Av = 1, RL = 2.0kn, THO $ 5% 14 kHz 
VOUT = 2OVp-p 

Phase margin 65 degrees 
Gain margin 11 dB 

Unity gain crossover frequency Open loop 1.0 MHz 

Transient response unity gain VIN = 20mV, RL = 2kn, CL $ 100pf 
Rise time 0.3 p's 
Overshoot 5.0 % 

Slew rate C $ 100pf, RL ~ 2k, VIN = ±10V 0.8 V/p.s 

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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DESCRIPTION 
The 530/5530 are new generation opera
tional amplifiers featuring high slew rates 
combined with improved input charac
teristics. Internally compensated, the 
SE530/5530 guarantee slew rates of 25V/p.s 
with 2mV maximum offset voltage. Industry 
standard pinout and internal compensation 
allow the user to upgrade system perform
ance by directly replacing general purpose 
amplifiers such as the 741, 747, 1458,4558 
and LF356 types. 

FEATURES 
• Gain bandwidth product-3MHz 
• 35Vlp.s slew rate (Gain = -1) 
• Interna.1 frequency compensation 
• Low input offset voltage 2mV max 
• Low input bias current-60nA max 
• Short circuit protection 
• Offset null capability 
• Large common mode and differential 

voltage ranges 

EQUIVALENT SCHEMATIC EACH A,""PLlFIER 

r---------~~----------~------r__,----_.----_.--_oycc 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE530/5530 ±22 V 
NE530/5530 ±18 V 

Internal power dissipation 
N Package 500 mW 
H Package 800 mW 
FE Package 1000 mW 

Differential input voltage ±30 V 
Input voltage ±15 V 
Operating temperature range 

SE530/5530 -55 to +125 °C 
NE530/5530 o to +70 °C 

Storage temperature range -65 to +150 °C 
Lead temperature range 300 °C 

(Solder,60sec) 
Output short circuit Indefinite 

56 ssgnOIiCS 

NE/SE530-FE,N,H. NE/SE5530-H,N 

PIN CONFIGURATIONS 

FE,N PACKAGE 

OFFSET 
ADJUST 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

ORDER PART NO. 
NE530FE. NE530N 
SE530FE. SE530N 

HPACKAGE· 
Ne 

v
ORDER PART NO. 
NE530H SE530H 

OUTPUT 

OFFSET 
ADJUST 

"Metal cans (H) not recommended for new designs. 

INVERTING 
INPUT A 

NON -INVERTING 
INPUT A 

N PACKAGE 

ORDER PART NO. 

y+ 

INVERTING 
INPUT A 

NON INVERTING 
INPUT A 

NE5530N 
SE5530N 

HPACKAGE· 
Ne 

v-

INVERTING 
INPUTB 
NON -INVERTING 
INPUTB 

y+ 

INVERTING 
INPUT B 

NON - INVERTING 
INPUT B 

ORDER PART NO. 
NE5530H 
SE5530H 

"Metal cans (HI not recommended for new designs. 



HIGH StEW RIlE OfFa IIII,.lt IlI,liElE a HE/SFnD/5UD 
NE/SE530-FE,N,H. NE/SE5530-H,N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±15V unless otherwise specified. 1 

PARAMETER TEST CONDITIONS 
SE530/5530 NE530/5530 

UNIT 
Min Typ Max Min Typ Max 

Input offset voltage Rs:::; 10kU 0.7 4.0 2.0 6.0 mV 
Over temperature 5.0 7.0 mV 

Temperature coefficient of 3 15 6 J.l.VloC 
input offset voltage 

Input offset current 5 20 15 40 nA 
Over temperature 40 80 nA 

Input bias current 45 80 65 150 nA 
Over temperature 200 200 nA 

Input resistance 3 10 1 6 M!l 
Input voltage range ±12 ±13 ±12 ±13 V 

Large signal voltage gain RL ~ 2kU, Vo = ±10V 50 200 50 200 VlmV 
Over temperature 25 25 VlmV 

Output voltage swing RL ~ 10kU ±12 ±14 ±12 ±14 V 
Rl ~ 2kU ±10 ±13 ±10 ±13 V 

V 
Output short circuit current 25 25 rnA 
Output resistance 100 100 U 

Supply current Each amplifier 2.0 3.0 2.0 3.0 rnA 
Over temperature 2.2 3.6 2.2 rnA 

Common mode rejection ratio Rs S 10k!! 70 90 70 90 dB 
Over temperature 

Power supply rejection ratio Rs:::; 10k!! 30 150 30 150 J.l.V/v 
Over temperature 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = ±15V unless otherwise specified. 

SE530/5530 NE530/5530 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Transient response 
Small signal rise time .06 .06 J.l.s 
Small signal overshoot 13 13 % 
Settling time TO 0.1% (10V step) 0.9 0.9 J.l.S 

Slew rate ±15V supply, Vo = ±10V,RL ~ 2kU 
Unity gain inverting 25 35 20 35 V/J.l.s 
Unity gain non-inverting 18 25 12 25 V/J.l.s 

Power bandwidth 5% THD, Vo = ±10V, 360 500 280 500 kHz 
RL ~ 2kfl 

Small signal bandwidth Open loop 3 3 MHz 

Channel separation 120 120 dB 

NOTE 

1. OperatlOg temperature range for the SE530!5530 is -55DC to +"125"'C. 
Operating temperature range for the NE530/5530 is ooe to HOoe. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

100 

80 

80 

40 

20 

NE530 OPEN-LOOP GAIN 
AND PHASE vs FREQUENCY 

~IH 
"{ 

..... ~ " ..... 
" PHAS~, 

"r-.... ~ 
~ 

\ 

50 

100 

150 

200 

10 100 1K 10K lOOK 1M 10M 

FREQUENCY (Hz) 

INPUT VOLTAGE STEP vs 
SETTLING TIME TO 10mV 

20 

15 

10 

5.0 

o 
0.1 

J 
J 
I 

1.0 

SETTLING TIME (IJs) 

10.0 

TYPICAL CIRCUIT CONNECTION 

OFFSET ADJUST CIRCUIT 

50 

40 

30 

20 

10 

GAIN-BANDWIDTH PRODUCT 
AND PHASE MARGIN vs 

LOAD CAPACITANCE 

-r--
-'" i/"'GBW 

1\"\ 
\ ~ 

OM/ \ 

\. 
10 I •• 1000 

SLEW RATE-VOLTAGE FOLLOWER 

VIN= :t10V 

SQUARE WAVE 220kHz 

segnDtics 

ME/SESSI/S531 
NE/SE530-FE,N,H. NE/SE5530-H,N 

25 

20 

15 

10 

o 
100 

POWER BANDWIDTH 

Vs ~ +15V 
TA"25'C -
Rl 2kn 

, 
\ 
\ 

lK 10K lOOK 1M 

FREQUENCY (Hz) 

SLEW RATE (-1 AMPLIFIER) 

1J.1.S/DIV 

59 



TEST LOAD CIRCUITS 

SMALL SIGNAL TRANSIENT RESPONSE 

+1SV 
Vee 

O.1I1F 

1 
OUTPUT ,-, 

I 
INPUT 

I ,~' 

I 50K 
O.1JJf 

RL I S5PF -15V~ 2K 
':" ':" 

VEE 

Pms not shown are not connected. 
All resistor values are typical and in ohms. 

SLEW RATE-INVERTING AMPLIFIER 

+15 

10K 

>-i--t-- VOUT 

-15 

VOLTAGE WAVEFORMS 

NE I SE530-FE.N.H • NE I SE5530-H.N 
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'Match to within 0.01%. 
• 'Open for slew rate. 
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DESCRIPTION 
The 531 is a fast slewing high performance 
operational amplifier which retains dc 
performance equal to the best general pur
pose types while providing far superior 
large signal ac performance. A unique 
input stage design allows the amplifier to 
have a large signal response nearly identical 
to its small signal response. The amplifier is 
compensated for truly negligible overshoot 
with a single capacitor. In applications 
where fast settling and superior large signal 
bandwidths are required, the amplifier out 
performs conventional designs which have 
much better small signal response. Also, 
because the small signal response is not 
extended, no special precautions need be 
taken with circuit board layout to achieve 
stability. The high gain, simple compensa
tion and excellent stability of this amplifier 
allow its use in a wide variety of instrument
ation applications. 

EQUIVALENT SCHEMATIC 

INPUT 

OFFSET 1 

ADJUST o----~ 

Rll '·5 Ra ,·8 

FEATURES 
• 35VI/Lsec slew rate at unity gain 
• Pin for pin replacement for /LA709,/LA748 

or LM101 
• Compensated with a single capacitor 
• Same low drift offset null circuitry as 

JLA741 
• Small signal bandwidth 1MHz 
• Large signal bandwidth 500KHz 
• True op amp dc characteristics make the 

531 the Ideal answer to all slew rate lim
ited operational amplifier applications. 

". 1.8 
"13 
1.5 

RS ·2 

INPUT 

"27 
6.5 

"1. 
6.8 

NE/SE531-N,H,FE 

PIN CONFIGURATIONS 

H PACKAGE" 

@
",a~aM' 

OFFSET NULL 0 0 v' 

'NVf:ATING ,NPUT ' . 6 OuTPUT 

NON 'NV<"'NG 'N'U'~ a"'" NU" 

ORDER PART NO. 
NE531 H/SE531 H 

*Metal cans (H) not recommended for new designs 

N,FE PACKAGE 

0"'" NU"~. • ",a GaM' 

INVE~~~~ 1 1 v' 

NON INVE~Z;~~ l 6 OUTPUT 

V • 5 OFFSET NULL 

ORDER PART NO. 

NE531N SE531N 
NE531 FE SE531 FE 

a 25 

a 27 R24 ·04 

a 36 OUTPl)T 

6 

a37 "22 
R26'04 3.3 

vo----~~~~-~---~~~_+_+~---~_+--~~--~--~--------------~ 

OFFSET ADJUST 

8 
FREQUENCY 

COMPENSATION 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage ±22 
Internal power dissipation1 300 
Differential input voltage ±15 
Common mode input voltage2 ±15 
Voltage between offset null 

and V- ±D.5 
Operating temperature range 

NE531 o to +70 
SE531 -55 to +125 

Storage temperature range -65 to +150 
Lead temperature 

(soldering, 60 sec) 300 
Output short circuit duration3 indefinite 

NOTES 
1. Rating applies for case temperature to 12S· C, derate linearly at 6.SmWI" C for ambient 

temperatures above +75°C. 
2. For supply voltages less than ±1SV, the absolute maximum Input voltage is equal to the 

supply voltage. 
3. Short circuit may be to ground or either supply. Rating applies to +12S·C case 

temperature or to +75°C ambient temperature. 

UNIT 

V 
mW 

V 
V 

V 

°C 
°C 
°C 

°C 

DC ELECTRICAL CHARACTERISTICS Vs = ±15V unless otherwise specified. 

PARAMETER 

Vos Offset voltage 

los Offset current 

IBIAS Input current 

VCM Common mode voltage range 
CMRR Common mode rejection ratio 

RIN Input resistance 

VOUT Output voltage swing 

Icc Supply current 

Po Power consumption 

PSRR Power supply rejection ratio 

ROUT Output resistance 
AVOL Large signal voltage gain 

NOTE 
1. Temperature range: 

62 

SES31 -SS·C:5 TA :512S·C 
NES31 O·C:5 TA:5 70·C 

TEST CONDITIONS 
SES.31, 

Min Typ 

Rs:5 10kn, TA = 25°C 2.0 
Rs:5 10kn, over temp 

TA = 25°C 30 
TA= HIGH 
TA=LOW 

TA- 25°C 300 
TA= HIGH 
TA= LOW 

TA = 25°C ±10 
TA = 25°C, Rs:5 10kn 
Over temp Rs :5 10kn 70 90 

TA = 25°C 20 
RL;::: 10kn, over temp ±10 ±13 

iA = 25°C 
TMAX 

TA = 25°C 

Rs:5 10kn, TA = 25°C 
Rs:5 10kn, over temp 10 

TA = 25°C 75 
TA-25°C, RL;:::10kn,VOUT-±10V 50 100 
RL;:::10kn.vOUT=±10V, over temp 25 

GjglDtiCG 

NE/SE531-N,H,FE 

NE531 
UNIT 

Max Mrn Typ Max 

5.0 2.0 6.0 mV 
6.0 7.5 mV 

200 50 200 nA 
200 200 nA 
500 300 nA 

500 400 1500 nA 
500 1500 nA 
1500 2000 nA 

±10 V 
70 100 dB 

dB 

20 M!) 
±10 ±13 V 

7.0 10 mA 
7.0 10 mA 
210 300 mW 

10 150 p.VN 
150 p.VIV 

75 n 
20 60 VlmV 
15 VlmV 



NE I SE631-N,H,FE 

AC ELECTRICAL CHARACTERISTICS TA = 25°C. Vs = ±15V unless otherwise specified. 

NE531 SE531 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Full power bandwidth 500 500 kHz 

Settling time (1%) Av = +1, VIN = ±10V 1.5 1.5 p.a 
(.01%) 2.5 2.5 /.IS 

Large signal overshoot Av = +1, VIN = ±10V 2 2 % 
Small signal overshoot Av = +1, VIN = 400mV 5 5 % 

Small signal risetime Av = +1. VIN = 400mV 300 300 ns 

Slew rate Av = 100 35 35 V/p.a 
Av= 10 35 35 V//Jos 

Av = 1 (noninverting) 30 20 30 V/p.a 
Av= 1 (inverting) 35 25 35 V/p.a 

NOTE 

1. All AC testing Is performed in the transient response test circuit. 

TEST LOAD CIRCUITS 

OFFSET NULL CIRCUIT TRANSIENT RESPONSE CIRCUIT 

TYPICAL PERFORMANCE CHARACTERISTICS (Vs = ±15V, TA = +25°C, unless otherwise specifiedJ 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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NE I SE531-N.H.FE 

TYPICAL APPLICATIONS (Cont'd) 
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.10K 

,OK r 
,OK ,Ok 

J,022 t·~ 

'Reference-EON Dec. 15, 1970 
Simplify 3-Pole Active Filter Design 
A. Paul Brokaw 

to.. 'OOpF I I :::'Sl. t""1 '0' 'KH, 
53' 

t,O: 

RESPONSE OF 3-POLE ACTIVE 
BUTTERWORTH 

MAXIMALLY FLAT FILTER 

ill , 
~ -10 f--+-+-+-H-+-H\-f++-I-I 

~ , r5
1-....-1-H+++......:'It-+H-+-1 

-~I-~-H+++-+-+H-+-1 

100 300 1K 3K 10K 

FREQUENCY - Hz 

PRECISION RECTIFIERS 
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10K I'll 

10K 10K 
IN o--'\M-t_---_-'V...,.".--1r-<l OUT 

IN o-_--"V...,..,-f 

~~~~-+-OOUT 

AC MILLIVOLTMETER SAMPLE AND HOLD 

SIGI4AL <r-+-.""'" I. ~r-~OOUTP\JT 

lOGIC IN o----+-t; 

10K 

-15 ·15 
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DESCRIPTION 
The 532/358 consists of two independent, 
high gain, internally frequency compensat
ed operational amplifiers designed specifi
cally to operate from a single power supply 
over a wide range of voltages. Operation 
from dual power supplies is also possible 
and the low power supply current drain is 
independent of the magnitude of the power 
supply voltage. 

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.SVdc to 
±1SVdc) 

• Very low supply current drain (400I'A)
essentially independent of supply volt
age (1mW/op amp at +SVdC) 

• Low input biasing current-{4SnA dc 
temperature compensated) 

• Low Input offset voltage-{2mVdc) and 
offset current-{SnA dc) 

• Differential input voltage range equal to 
the power supply voltage 

• Large output voltage-(OVdc to V+--
1.5Vdc swing) 

• SE532 Mil std 883A,B,C available 

UNIQUE FEATURES 
In the linear mode the input common-mode 
Yoltage range includes ground and the out
put voltage can also swing to ground, even 
though operated from only a single power 
supply Yoltage. The unity gain cross fre
quency is temperature compensated. The 
input bias current is also temperature 
compensated. 

PIN CONFIGURATIONS 

NON INVERTING 
INPUT A 

H PACKAGE" 

v+ 

v-
ORDER PART NO. 
LM158/258/358H 

NElSE532H 

NON INVERTING 
INPUTS 

"Metal cans (Hl not recommended for new designs 

EQUIVALENT CIRCUIT 

INVERTING 
INPUT A 

NE/SE532-N,H,FE/SA532-N 
LM158/258/358-N,H,FE 

N,FE PACKAGE 

NON INVERTING INVERTING 
INPUT A INPUT B 

ORDER PART NO. 
LM158/258/358N.FE 

SA532N 
NE/SE532N,FE 

NON INVERTING 
INPUT 8 

v'o-~r-------------~--~--~-------'---, 

\ 6,.A 

"sc 

OUTPUT 

INPUTS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply Yoltage, V+ 32 or ±16 Vdc 
Differential input Yoltage 32 Vdc 
Input Yoltage -0.3 to +32 Vdc 
Power dissipation1 

FE package 900 mW 
H package 680 mW 
N package 500 mW 

Output short-circuit to GND5 
V+ < 15 Vdc and TA = 25°C Continuous 

Operating temperature range 
NE532/LM358 o to +70 ·C 
LM258 -25 to +85 ·C 
SA532N -40 to +85 °C 
SE532/LM158 -55 to +125 °C 

Storage temperature range -65 to +150 ·C 
Lead temperature 300 °C 

(soldering, 10sec) 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +5V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE532, LM158/258 

Min Typ Max 

Vas Offset voltage1 Rs:500 ±2 ±5 
Rs :5 00, over temp. ±7 

Vas Drift Rs = 00, over temp. 7 

los Offset current IIN(+) - IINH ±3 ±30 
Over temp. ±100 

los Drift 10 

ISlAS Input current2 IIN(+) or IINH 45 150 
Over temp., IIN(+) or IIN(-) 40 300 

VCM Common mode voltage range3 V+ = 30V 0 V+-1.5 
Over temp., V+ = 30V a V+-2.0 

CMRRCommon mode rejection ratio 70 85 

VOUT Output voltage swing (VOH) RL 2: 2kO, V+ = 30V, over temp 26 
RL 2: 10kO, V+ = 30V, over temp 27 28 

VOUT Output voltage swing (VOL) RL:5 10kO, over temp. 5 20 

Icc Supply current RL = "', V+ = 30V 1.0 2.0 
RL = '" on all amplifiers, over temp 0.5 1.2 

AVOL Large signal voltage RL 2: 2kO, VOUT ± 10V, V+ = 15V 50 100 
Gain (for large Va swing) Over temp. 25 

PSRR Supply voltage Rs:5 on 65 100 
rejection ratio 

Amplifier-to-amplifier f = 1 kHz to 20kHz (input referred) -120 
coupling4 

Output current VIN+ = +1Vdc, VIN- = OVdc, 
Source V+ = 15Vdc 20 40 

VIN+ = +1Vdc, VIN- = OVdc, 
V+ = 15Vdc, over temp. 10 20 

Sink VIN- = +1Vdc, VIN+ = OVdc, 
V+ = 15Vdc 10 20 

VIN- = +1Vdc, VIN+ = OVdc, 
V+ = 15Vdc, over temp. 5 8 

VIN+ = OV, VIN- = +1 Vdc, Va = 200mV 12 50 

Isc Short circuit currentS 40 60 

Differential input voltage6 V+ 

NOTES 

NE/SE532-N,H,FE/SA532-N 
LM158/258/358-N,H,FE 

NE/SA532/LM358 
UNIT 

Min Typ Max 

±2 ±7 mV 
±9 mV 

7 p.V/oC 

±5 ±50 nA 
±150 nA 

10 pA/oC 

45 250 nA 
40 500 nA 

0 V+-1.5 V 
a V+-2.0 V 

65 70 dB 

26 V 
27 28 V 

5 20 mV 

1.0 2.0 mA 
0.5 1.2 mA 

25 100 V/mV 
15 V/mV 

65 100 dB 

-120 dB 

20 40 mA 

10 20 mA 

10 20 mA 

5 8 mA 

12 50 p.A 

40 60 mA 

V+ V 

1. Vo '" l.4V. Rs = on with v+ from 5V to 30V; and over the full input common-mode 
range 10V to v+ -1.5VI. 

2. The direction of the input current is out of the Ie due to the pnp input stage. This 
current is essentially constant, independent of the state of the output 50 no loading 
change exists on the input lines. 

5. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately40mA independent of the 
magnitude of V+. At values of supply voltage in excess of +15Vdc, continuous short~ 
circuits can exceed the power dissipation ratings and case eventual destruction. 

3. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than o.av. The upper end 01 the common-mode voltage range 
Is V+ -1.5V, but either or both inputs can go to +32V without damage. 

4. Due to proximity of external components. insure that coupling is not originating via 
stray capacitance between these external parts. This typically can be detected as this 
type of capacitance coupling increases at higher frequencies. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to +32Vdc without damage. 

7. For operating at high temperatures, all devices 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. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT CURRENT LIMITING 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT VOLTAGE RANGE 
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DESCRIPTION 
The 535 and 5535 are new generation opera
tional amplifiers featuring high slew rates 
combined with improved input characteris
tics. The 535 is a single device while the 
5535 is a dual configuration. Internally 
compensated for unity gain, the SE535 and 
SE5535 feature a guaranteed unity gain 
slew rate of 10Vl"s with 2mV maximum 
offset voltage. Industry standard pin out and 
internal compensation allow the user to 
upgrade system performance by directly 
replacing general purpose amplifiers, such 
as 741,747 and 1558. 

FEATURES 
• 15V/"s unity gain slew rate 
• Inlernal frequency compensation 
• Low Input offset voltage-2mV 
• Low Input bias current BOnA max 
• Short circuit protected 
• Offset null capability 
• Large common mode and differential 

voRage ranges 
535 5535 

• Pin out 741 747,1558 
• Configuration Single Dual 

PIN CONFIGURATIONS 

INVERTING 
INPUT A 

NONINYEATING 
.. PUT A 

H PACKAGE· 

Ne 

v-

ORDER PART NO. 
SE5535H NE5535H 

N PACKAGE 

ORDER PART NO. 
SE5535N NE5535N 

INVERTING 
INPUTB 
NONINYERTING 
INPUTB 

EQUIVALENT SCHEMATIC (One Amplifier) 

Smlll!liCS 

• v-

NElSE535N,H,FE • NElSE5535-H,N 

OFFSET 
NULL 

INVERTING 
INPUT 

NONINVEAT· 
ING INPUT 

FE, N PACKAGE 

ORDER PART NO. 
SE535N. FE NE535N, FE 

H PACKAGE· 

Me 

OFFSET 
NULL 

OUTPUT 

y-

ORDER PART NO. 
SE535H NE535H 

'Metal cans (HI not recommended for new designs 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER 
SE5351 NE5351 
SE5535 NE5535 

Supply voltage ±22 ±18 
Internal power dissipation1 

N Package 500 500 
H Package 800 800 
F Package 1000 1000 

Differential input voltage ±30 ±30 
Input voltage2 ±15 ±15 
Operating temperature range -55 to +125 o to +70 
Storage temperature range -65 to +150 -65 to +150 
Lead temperature (solder, 60sec) 300 300 
Output short circuit3 Indefinite Indefinite 

NOTES 
1. Rating applies for thermal resistances junction to ambient of 240°CIW and 1500 CIW 

for Nand H packages, respectively. Maximum chip temperature is 150°C.' 
2. For supply voltages less than ±15V, the absolute maximum input voltage Is equal tothe 

supply voltage. . 
3. Short circuit may be to ground or either supply. Rating applies to 125'C case 

temperature or 75°C ambient temperature. 

NE/SE535N,H,FE • NElSE5535-H,N 

UNIT 

V 

mW 
mW 
mW 

V 
V 
·C 
·C 
·C 

DC ELECTRICAL CHARACTERISTICS TA = 25·C, Vs = ±15V unless otherwise specified." 

PARAMETER 

Vos Input offset voltage 

tJ,Vos Input offset voltage drift 

los Input offset current 

Is Input current 

VCM Common mode voltage range 
CMRR Common mode rejection ratio 

PSRR Power supply rejection 
RIN Input resistance 

AVOL Large signal voltage gain 

VOUT Output voltage 

Icc Supply current 

Po Power dissipation 

Isc Output short circuit current 
ROUT Output resistance 

'NOTE 
Temperature range 
SE types -55'C 5 TA 5125'C 
NE types O'C 5 TA 5 70'C 

72 

TEST CONDITIONS 

Rs $10kO 
Rs $ 10kO, over temp. 

Rs - 00, over temp. 

Over temp. 

Over temp. 

Rs $ 10kO, over temp. 

Rs $ 10kO, over temp. 

RL ~ 2kO, VOUT = ±10V 
RL ~ 2kO, VOUT = ±10V, over temp. 

RL ~ 2kO, over temp. 
RL ~ 10kO, over temp. 

Per amplifier 
Per amplifier, over temp. 

Per amplifier 
Per amplifier, over temp. 

stgnotil:s 

SE535/SE5535 

Min Typ Max 

0.7 4.0 
5.0 

4.0 
5 20 

40 

45 80 
200 

±12 ±13 
70 90 

30 150 
3 10 

50 500 
25 

±10 ±13 
±12 ±14 

1.8 2.8 
2 3.3 

54 84 
60 99 

25 
100 

NE535/NE5535 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 p.V/·C 
15 40 nA 

80 VnA 

65 150 nA 
200 nA 

±12 ±13 V 
70 90 dB 

30 150 p.VN 
1 6 MO 

50 500 VlmV 
25 V/mV 

±10 ±13 V 
+12 +14 V 

1.8 2.8 mA 
2 mA 

54 84 mW 
60 mW 

25 mA 
100 0 



NE/SE535N,H,FE • NE/SE5535-H,N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Gain/bandwidth product 

Transient response 
Small signal rise time 
Small signal overshoot 
Settling time To 0.1% 
Slew rate TA = 25C, RL 2: 10k!}, unity gain, 

non-inverting 

TYPICAL PERFORMANCE CHARACTERISTICS 
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SE535/SE5535 NE535/NE5535 

Min 

10 

10 

Typ Max Min Typ 

1 1 

0.25 0.25 
6 6 
3 3 
15 10 15 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 

FREQUENCY 

Vs = !15V 

,rr-. GAIN 
TA=25~C 

10 

.1\ ~ 
\ ~ 
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10 
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, "\. " ~ 
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1 
~ 1\ 
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10 
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40 
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FREQUENCY (Hz) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

Vs o::±lSV 
TA=25°C 

L. ....... I--

I 
V 

V 
J 

II 
I 

II 
0.1 0.2 0.5 1.0 2.0 

LOAD RESISTIANCE (kill 

-' 

I 
6.0 10 

UNIT 

MHz 

I-'s 
% 
I-'s 

Vll-'s 
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NElSE535N,H,FE • NE/SE5535-H,N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

OUTPUT SHORT-CIRCUIT CURRENT INPUT NOISE VOLTAGE INPUT NOISE CURRENT 
AS A FUNCTION OF AS A FUNCTION OF AS A FUNCTION OF 

AMBIENT TEMPERATURE FREQUENCY FREQUENCY 
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SINGLE OR 01111 HIGH SLEW RITE OP AIIP NElSE~ 

VOLTAGE WAVEFORMS 

SETTLING TIME MEASUREMENT 

·,0Vr-----'" 
INPUT 50% 

-lOY 

OUTPUT 

FALSE 
SUMMING _ 

NODE 

- - - --10mV 

SLEW RATE MEASUREMENT 

'NtJ 50% 

-10V 

SLEW RATE 
VHTO Vj+) 

(MEASUREMENT 
PERIODI 

\"----

~ 
SLEW RATE 
V(~l TO V(-J 

(MEASUREMENT 
PERIOD) 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

50mV ~ _______ .., 

INPUT 

50% 50% 

90% 

RISE TIME 

NElSE535N,H,FE • NElSE5535-H,N 

TEST CIRCUITS 

SLEW RATE AND SMALL SIGNAL TRANSIENT RESPONSE 

10k 

RS 

50 

NOTE 
Pins not shown are not connected. 
All resistors values are typical and in ohms. 

~ -b 
10k· 

Vee:= 15V 

INPUT (O>J--t-~>IIr-""-f 

10k 

+15V 
Vee 

O.1pF 

1 

SETTLING TIME 

~'0Vn..-
---U-10V-

>---t---t-.... --1"'"""~O) OUTPUT 

FALSE 
SUMMING 

NODE 

·Match to within 0.01%. 

NOTE 

Pins not shown are not connected. 

VEE 

...--"'...--Q-15V 

2 .... F 

IN916 
OR EQUIV, 

All resistors values are typical and in ohms. 

Sjgnotics 

100pF 

10k-
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DESCRIPTION PIN CONFIGURATIONS 

INVERTING 
INPUlA 

NONINVERTING 
INPUT A 

N PACKAGE 

ORDER PART ND. 

INVERTING 
INPUTB 
NONINVERTING 
INPUTB 

The NE/SE538/5538 are new generation 
operational amplifiers featuring high slew 
rates combined with improved input char
acteristics. Internally compensated for 
gains of 5 or larger, the SE538/5538 offers 
guaranteed minimum slew rates of 40Vl!,s 
or larger. Featuring 2mV max input offset 
voltage, the 538 is a single amplifier while 
the 5538 is a dual amplifier. Industry stand
ard pin out and internal compensation allow 
the user to upgrade system performance by 
directly replacing general purpose amplifi
ers, such as 748, 101A, 741, 747 and 1458. 

SE5538N. NE5538N 

FEATURES 
• 2mV input offset voltage 
• 80nA max input offset current 
• Shorl circuit protected 
• Offset null capability 
• Large common mode and differential 

voltage ranges 
• 60Vl!,s slew rate (gain of +5, --4 min) 

OFFSET 
NULL 

INVERTING 
INPUT 

NONINYERT· 
ING INPUT 

FE, N PACKAGE 

ORDER PART NO. 

6 OUTPUT 

OFFSET 
NULL 

• 6MHz gain bandwidth product 
(gain +5, --4 minimum) SE538N. FE NE538N. FE 

• Internal frequency compensation 
(gain of +5, --4 minimum) 

• Pin out: 538 same as 741 (single) 
5538 same as 747, 1458 (dual) 

ABSOLUTE MAXIMUM RATINGS1,2,3 

PARAMETER 

Vee Supply voltage 
SE military grade 
NE commercial grade 

Po Internal power dissipation 
FE package 

Po Internal power dissipation1 

N package 
Po Internal power dissipation1 

H package 
Differential input voltage 
Input voltage2 
Operating temperature range 
SE military grade 
NE commercial grade 
Output short circuit3 
Storage temperature range 
Lead temperature (solder, 60sec.) 

NOTES 

RATING 

±22 
±18 

1000 

500 

800 

±30 
±15 

-55 to +125 
o to 70 

indefinite 
-65 to +150 

300 

1. Rating applies for thermal resistances of 240°CIW and 150°C/W junction to 
ambient for Nand H packages. Maximum chip temperature is 150°C. 

2. For supply voltages less than ±15V, the absolute maximum input voltage Is equal tethe 
supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies to 125°C case 
temperature or 75° C ambient temperature. 
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UNIT 

V 
V 

mW 

mW 

mW 

V 
V 

·C 
·C 

·C 
·C 

NE/SE538-N,H,FE • NE/SE5538-H,N 

INVERTING 
INFIJT 

NON·INVERTING 
INPUT 

H PACKAGE" 

NC 

v-

ORDER PART NO. 
SE53BH NE538H 

H PACKAGE" 

NC 

v+ 

OUTPUT 

OFFSET ADJUST 

y+ 

INVERTING 
INPUTS 

y+ 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

NONINVERTING 
INPUTS 

y-

DRDER PART NO. 

SE5538H NE5538H 

*Metal cans CH) not recommended for new designs 



NE/SE538-N,H,FE • NE/SE5538-H,N 

EaUIVALENT SCHEMATIC (EACH AMPLIFIER) 
Vee 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

PARAMETER 

Vas Input offset voltage 

!:Nos Input offset voltage drift 

los Input offset current 

18 I nput current 

VCM Input common mode voltage range 

CMRR Common mode rejection ratio 

PSRR Power supply rejection 

AIN Input resistance 

AVOL Large signal voltage gain 

VOUT Output voltage 

Icc Supply current 

Pc Power dissipation 

Isc Output short circuit current 

AOUT Output resistance 

NOTE 
Temperature Range 

SE Types -SS·C S TA S 12S·C 
NE Types aoc ~ TA::;: 700 e 

TEST CONDITIONS 

As:S 10kO 
As :s 10kO, over temp. 

As = 00, over temp. 

Over temp. 

Over temp. 

As:S 10kO, over temp. 

As:S 10kO, over temp. 

AL :2: 2kO, VOUT = ±10V 
Over temp., 

AL:2: 2kO, VOUT = ±10V 

Over temp., AL :2: 2kO 
Over temp., AL :2: 10kO 

Per amplifier 
Over temp., per amplifier 

Per amplifier 
Over temp., per amplifier 

SiQnoliCS 

SE538/SE5538 

Min Typ Max 

0.7 4.0 
5.0 

4.0 

5 20 
40 

45 80 
200 

±12 ±13 

70 90 

30 150 

3 10 

50 200 
25 

±10 ±13 
±12 ±14 

2 3 
2.2 3.6 

60 90 
66 108 

25 

100 

NE538/NE5538 
UNIT 

Min Typ Max 

2.0 6.0 mV 
7.0 mV 

6.0 p.V/oC 

15 40 nA 
80 nA 

65 150 nA 
200 nA 

±12 ±13 V 

70 90 dB 

30 150 p.VIV 

1 6 MO 

50 200 V/mV 
25 VlmV 

±10 ±13 V 
±12 ±14 V 

2 3 mA 
2.2 mA 

60 90 mW 
66 mW 

25 mA 

100 0 
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ACELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE53.8/SE5538 

Min Typ Max 

Gain bandwidth product 
(Gain +5, -4 minimum) 6 

Transient response 
0.25 Smail signal rise time 

Smail signal overshoot 6 

Settling time To 0.1% 1.2 

Slew rate Minimum gain = 5 
Noninverting RL ~ 2kfl 

40 60 

TYPICAL PERFORMANCE CHARACTERISTICS 
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OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 
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FREQUENCY - Hz 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

28 

>28 , 
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! 22 
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o 14 

i 12 
10 

o 

Va -±15V 
TA =25Q C 

I 
/ 
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1/ 
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1/ 
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LOAD RESISTANCE - kn 

6.0 10 
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Z 111' 
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w 
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10 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
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~ 
GAIN Vs =+15V 

h.. TA=25"C 
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~ ~ 

" "' PHASE I, '-
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-20 

-40 

-80 

-80 

-100 

-120 

-140 
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OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

35 
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30 
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........ 

25 

~ 
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20 

1'0. 
I' 

15 

10 
-60 -20 20 80 100 140 

TEMPERATURE _ c C 

Si!lDotiCS 

NE/SE538-N,H,FE • NElSE5538-H,N 

.. 

SE538/NE5538 

Min Typ Max 

6 

0.25 

6 

1.2 

60 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

-S5°C~ TA'"" +1aoC 

UNIT 

MHz 

,..s 

% 

,..s 

VI,..s 

36 
::- 32 

RL~·2ku 

7 
.;, 
j28 

~24 
~20 
0 
l< 18 

ill 
~ 12 
0 
0-

~ 

OJ 

" 

8 

4 

100 

~ 10 

~ o z 

i 
;!; 

1 

7 
/ 

~ 

V 
V 

/" 

10 15 

SUPPLY VOLTAGE -tv 

INPUT NOISE VOLTAGE 
AS A FUNCTION OF 

FREQUENCY 

'" 
10 

Vs::: ±15V 
TA = 25°C 

100 

FREQUENCY - Hz 

20 

1000 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

.01 

100 

INPUT NOISE CURRENT 
AS A FUNCTION OF 

FREQUENCY 

1\ 
10 

Vs:: ±15Y 
TA = 25"C 

100 lk 10k 
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BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 
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AS A FUNCTION OF 

AMBIENT TEMPERATURE 

Vs = :t:15V 

r-.... .... .... 
1'0 .... 

20 

-60 -20 20 60 100 140 
TEMPERATURE _ "C 

SLEW RATE MEASUREMENT 
VCC=±20V 

';3 50% 

-3V 

+10V 

-tOY 

-15 
OUTPUT 

SLEW RATE 
V(-)TOV(+) 

(MEASUREMENT 
PERIOD) 

\'----

SLEW RATE 
V(+) TO V(-) 

(MEASUREMENT 
PERIOD) 
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TYPICAL PERFORMANCE 
CHARACTERISTICS (Cont'd) 

10mV 

INPUT 

50% 

80 

SMALL-SIGNAL TRANSIENT 
RESPONSE DEFINITIONS 

50% 

NE/SE538-N,H,FE • NE/SE5538-H,N 

TEST LOAD CIRCUITS 

SLEW RATE AND SMALL SIGNAL 
TRANSIENT RESPONSE TEST CIRCUIT 

2.SK 'Ok 

,-, 

RS 

'Ok 

50 rI~ 
VEE 

NOTE 
Pins not shown are not connected. 
All resistors values are typical and in ohms. 

TEST LOAD CIRCUITS (Cont'd) 

SETTLING TIME TEST CIRCUIT 

10k-

Vee = 15V 

---':-'OV~ 

-U-10:-

+2.~ 
- l.:!!v 

INPUT rO'~ .............. "",-~ 

>--....... --t-+-...,----I~JOUTPUT 

-=-
'Ok' 

FALSE 
SUMMING 

NODE 

'Match to within 0.01%. 
NOTE 

-=-

-=-

Pins not shown are not connected. 

-=-

All resistors values are typical and in ohms. 

G~nDtil:G 

100pF 

10k" 

-=-

IN916 
OR EQUIV. 



NF1SE5512 

NE/SE5512·0,N,FE 

DESCRIPTION 
The 5512 series o~ high performance oper· 
ational amplifier "'Provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved CMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella· 
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Battery operation 
• Instrumentation applications 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low Input bias < ± 3nA 
• Low Input offs.t current < ± 3nA 
• Low Input offs.t voltage < 1mV 
• Low VOS temperature drift 4/tV/"C 
• Low Input bias t.mperature drift 

3OpA/·C 
• Low Input voltage noise 25nV I y'Hz 
• Low supply current 1.5mA/amp 
• High slew rate 1.0V I /ts 
• High CMRR l00dB 
• High Input Impedance l00MD 
• High PSRR 110dB 
• High differential Input voltage limit 
• No cross-over distortion 
• Indefinite output short circuit 

protection 
• Internally compensated for unity gain 

ABSOLUTE MAXIMUM RATINGS 
Paramet.r 

VCC Supply Voltage 
Vo Power dissipation 
TA Operating temperature range 

NE5512 
SE5512 

TSTG Storage temperature range 
TSOLO Lead temperature soldering 

PIN CONFIGURATIONS 

D,N,FE PACKAGE 

OUTPUT. ~8 v+ 
-INPUT 1 2 - 7 OUTPUT 2 

+IHPUT 1 3 - 6 -INPUT 2 

y- 4 5 +INPUT 2 

ORDER PART NO. 
NEISE5512N 
NEISE5512FE 

NE5512D 

Rating 

±16 
500 

o to 70 
-55 to +125 
-65 to +150 

300 

Unit 

V 
mW 

·C 
·C 
·C 
·C 

(ONe OPAIIP) 
r-~r-~~--~r---------------------~~--~~----------~-----------ov+ 

+VIN 

~---+-------oO~T 

~------~------~----------------------~----+-~~~~r---__ ~ __________ ~_V 
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I 

NE/SE5512-D,N,FE 

ELECTRICAL PERFORMANCE CHARACTERISTICS vcc = ± 15V, F.R ... -SSOC to +125°C (SE), O°C to +70°C (NE) 

PARAMETER TEST CONDITIONS 

VOS Input offset voltage RS" 1000 .. 
TA" +25°C 

TA = F.R. 

lOS Input offset current RS = 100kll 
TA = +25°C 

TA = F.R. 

Ie Input bias current RS = 100kll 
TA = +25°C 

TA = F.R. 

RIN 
Input resistance 

TA = 25°C Differential 

VCM 
Input common TA = 25°C 
mode range TA = F.R. 

VCC = ±15V 
CMRR Input common-mode VIN .. ±13.5V (RM) 

rejection ratio TA" 25°C 
VIN = ± 13V (F.R.) 

TA = F.R. 

AVOL Large-signal RL'" 2kO TA = 25°C 
GAIN voltage gain Vo = ±10V TA = F.R. 

S.R. Slew rate TA = 25°C 

Small-signal 
GBW unity gain TA = 25°C 

bandwidth 

8M Phase margin TA" 25°C 

VOUT 
Output voltage RL = 2kO 
swing TA" 25°C 

TA = F.R. 

VOUT 
Output voHage RL = 6000· 
swing TA = 25°C 

TA = F.R. 

ICC 
Power supply RL = Open 
current TA = 25°C 

TA = F.R. 

PSRR 
Power supply TA = 25°C 
rejection ratio TA = F.R. 

AA 
Amplifier to f = 1 kHz to 20kHz 
amplifier coupling TA = 25°C 

f = 10kHz 
HD Totai harmonic TA = 25°C 

distortion Vo = 7VRMS 

VINN 
Input noiae f = 1kHz 
voltage TA = 25°C 

liNN 
Input noise f = 1kHz 
current TA = 25°C 

NOTE 
• For operation at eleyated temperatur., N package muat be derated baaed on a thermal 

resietance of 120o ,W junction to ambient. Thermal re.i8tance of the FE package is 
12So,W. 
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Min 

±13.5 
±13 

70 

50 
25 

0.6 

±13 
±12.5 

±10 
±8 

80 
80 

SE5512 NE5512 

Typ Max Min Typ Max UNIT 

0.7 1.5 1 3 
mV 1 2.5 1.5 4 

3 10 6 20 
nA 4 20 8 30 

3 10 6 20 
nA 4 20 8 30 

100 100 MO 

±13.7 ± 13.5 ±13.7 
V ±13.2 ±13 j: 13.2 

100 70 100 dB 

200 
50 

200 V/mV 
25 

1 1 V//J.s 

1 1 MHz 

45 45 Degree 

± 13.5 ±13 ±13.5 
±13 ±12.5 ±13 

V 

± 11.5 ±10 ± 11.5 
±9 ±8 ±9 

V 

3.4 5 3.4 5 
3.6 5.5 3.6 5.5 

mA 

110 80 110 
dB 

100 80 100 

-120 -120 dB 

0.01 0.01 % 

nVI 
30 30 y'Hz 

pAl 
.2 .2 y'Hz 



BRIDGE TRANSDUCER AMPLIFIER 
In applications involving strain gauges, 
accelerometers and thermal sensors a 
bridge transducer is often used. Frequently 
the sensor elements are high resistance 
units requiring equally high bridge resis
tance for good sensitivity. This type of cir
cuit then demands an amplifier with high in
put impedance, low bias current and low 
drift. The circuit shown represents a possi
ble solution to these general requirements 
(Figure 1). 

For Vs = 10 volts, the common mode volt
age is approximately +5 volts, well within 
the common mode limits of the NE5512. 

The sensitivity of the input stage is approxi
mately 

RF· Vs 

2R 
to a change in transducer resistance AR. 
This gives a gain factor of "'" 50 for V S = 10V 
and R = 25kO. The second stage gain is 
Xl00 giving a total gain of "",5000. 

Noise is minimized by shielding the 
transducer leads and taking special care to 
determine a good signal ground. Common 
mode noise rejection is particularly impor
tant making matched differential impedance 
critical. The NE5512 typically provides 
loode of common mode rejection and will 
considerably reduce this undesirable effect. 

The following are sensitivity figures for the 
transducer circuits. 

AR ~ 
leg 1 100 -2.BV 

50 -1.3V 
leg 2 100 +2.4 

50 +1.2 

Temperature compensation of the bridge 
element is accomplished by using low drift 
metal film resistors and also by providing a 
complimentary non-active sensor element to 
thermally track the offset in the active 
element. 

High frequency roll-off provides attenuation 
of unwanted noise above the pass band of 
the transducer. The shunt capacitors across 
both stage feedback resistors are for this 
purpose. 

CURRENT TO VOLTAGE 
CONVERTER 
Taking advantage of the very low bias cur
rent and offset of the NE5512 is demon
strated in its adaptation to a current to volt
age converter as shown below (Figure 2). 

The lower limit of measuring accuracy is de
termined by Ie (inverting) which is typically 
6nA. In order to attain a measurement accu-

NE/SE5512-D,N,FE 

NE/SE5512 BRIDGE TRANSDUCER AMPLIFIER 

+Ys 

2501<U 
RF 

100pF 

250kD 

100k0 

.01p.F 

o 
1kO 

100kU 

[

Transducer/Preamp ]-=- IIH· <p ~ -HII 
Gain .,!"1 bj"" 

RF.6 Vs -15 +15 

:0=,",;-~o (2 + A)/1(1 + A) + R/RF) 

[
Example: ] 

AR = 50 4eo ~ 1.2V 
Vs = +1OY 

o NOTE 
Thermal compensation transducer (non-active) 

Figure 1 

NE/SE5512 CURRENT TO VOLTAGE CONVERTER WITH 1% ACCURACY 
[SENSITIVITY: 1 VOLT PER MICROAMP] 

IS 

100pF (POLYSTYRENE) 

1MEG.01% 
METALFLM 

fe;;:;;: 160Hz 

r~~·': -

tlf~ 
-15V +15V 

Figure 2 

racy of 1% the following inequality must 
hold, 

RF +RS 

"f'iS 

101<D 

>-...... ...,.-0 -. = IsRF 

o 
101<0 

Ie <: (.01) ISmin 
which"", 1 for RS » RF. 

Where Ie = input bias current, ISm in = mini
mum measured current. For Ie = BnA and 
ISmin = lILA, 

The measured results for this circuit appear 
below (VCC = ± 15 volts). 

BnA <: (.01) l"A = 10nA 

and the inequality hold. 

DC offset and current noise gain is deter
mined by 

9~nltie9 

INPUT CURRENT 

lILA 
5ILA 

10.001LA 

OUTPUT VOLTAGE 

1.008 Volts 
5.00 Volts 

10.00 Volts 
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NE5512 OPERATIONAL 
DIFFERENTIA TOR 
By utilizing the very high input impedance 
characteristic of the NE5512, an excellent 
active differentiator can be realized. Using 
the circuit shown (Figure 3), good results 
were obtained as shown by the wave forms 
in figures 4, 5 and 6. One of the primary 
problems with such circuits is the tendency 
toward instability and distortion either due 
to loading caused by input bias currents or 
amplifier non-linearity. In addition, gain in
creases with frequency requiring low input 
noise in the amplifier. 

The relative stability is shown by the output 
signal wave forms mentioned above. Adding 
R1 provides added compensation in the 
form of a zero near the amplifier unity gain 
frequency. Frequency range is 100Hz to 
10kHz. 

In order to obtain good differentiation, the 
network time constant, RC, must be small 
relative to the period of the highest frequen
cy present at the Input. Since the 
differentiator will a"enuate the signal by a 
factor of wRC which may be 100:1 in the 
operating region, the second amplifier stage 
Is used to compensate for this loss. Various 
circuits are easily Interfaced with the 
differentlator block due to the inherently low 
output impedance of the NE5512. 
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NE/SE5512-0,N,FE 

NE/SE5512 ACTIVE DIFFERENTIATOR WITH INVERTING X10 BUFFER 

IOkD 

':' 

fif~ 
-15 +16-

Figure 3 

DIFFERENTIA TOR WAVEFORMS 

TRIANGLE WAVE 
INPUT 

SQUARE WAVE 
OUTPUT 

SQUARE WAVE 
INPUT 

IMPULSE 
OUTPUT 

Ii,gDDliCI 

Figure 4 

Figure 5 

':' 

'>=+-t""""--o Lv-o 
100 

IN 

200mV/cm 

OUT 

500mV/cm 

H = 20jt6/in 

20mV/cm 

2V/cm 

H = 20jts/cm 



THE OPERATIONAL INTEGRATOR 
The operational compliment of the active 
differentiator is the active integrator. The 
NE5512 is easily adapted to this function as 
shown in the circuit below (Figure 7). To 
obtain satisfactory integration the time con
stant must fulfill the following requirement: 

Res: 15T 

Where T is the period of the input wave form. 
For the ideal integrator 

1 
eout = RC f ein dt 

The factor 11 RC represents an attenuation 
of the input signal. The low signal level is 
increased by using the second half of the 
NE5512 as a gain stage following-the oper
ational integration. The wave forms in Fig
ures 8 and 9 show the input-output relation
ship for both a sine wave and a square wave 
function. A good integrator must exhibit a 
phase shift of >890 for sine wave input over 
the active frequency range. For a square 
wave the resultant output must be a linear 
ramp. The circuit shown fulfills this require
ment (see Figure 7). No external compensa
tion is required since the amplifier is unity 
gain stable. 

"[/8[5512 

NE/SE5512-0,N,FE 

DIFFERENTIATOR WAVEFORMS 

Vin = sin wt 200mV/cm 

VO"'" coswt 
1V/cm 

Figure 6 

NE/SE5512 ACTIVE INTEGRATOR WITH INVERTING BUFFER 

.1"" 

1MEG 

fin> 200Hz 

INTEGRATOR WAVEFORMS 

SQUARE WAVE 
INPUT 

TRIANGLE WAVE 
OUTPUT 

9!DOtiG9 

101<0 

-15 +15 

Figure 7 

Figure 8 

IN 

10V/cm 

OUT 

1V/cm 

H = 1ma/cm 
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INTEGRATOR WAVEFORMS 

86 

SINE WAVE 
INPUT 

COSINE WAVE 
OUTPUT 

Flgur.9 

IN 

5V/cm 

OUT 

O.SV/cm 

H = 1ms/cm 

9~l!tiG9 

NE/SE5512-D,N,FE 



NE/SE5514-F,N 

DESCRIPTION 
The NE/SE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The smplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
LM324/LM348 which facilitates direct 
product substitution for improved system 
performance. Output characteriatics are 
similar to a "A741 with improved slew and 
drive capability. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC Supply voltage 
VDIFF Differential input voltage 
Y,N Input voltage 

Output short to ground 
TS Storage temperature range 
TSOLD Lead soldering temperature 
TA Operating temperature range 

NE5514 
SE5514 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low Input bias current: < ± 3nA 
• Low Input offset current: < ± 3nA 
• Low input offset voltage: <1mV 
• Low supply current: 1_SmA/Amp 
• 1 V I "sec slew rate 
• High Input Impedance: 100MO 
• High common mode Impedance: 10GO 
• Internal compensation for unity gain 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Instrumentation amplifier 

RATING UNIT 

±16 V 
32 V 

Oto 32 V 
Continuous 

-65 to +150 ·C 
300 ·C 

o to 70 ·C 
-55 to +125 ·C 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 
NE5S14F.N 
SE5514F.N 

r-~(mE~~~A=MP~) ____ ~ ______________________ ~ __ ~~ __________ ~ __________ -cV+ 

+VIN 

~---+-------o~ 

~------~------~----------------------~----+-~--~~~----~----------~-v 
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ELECTRICAL CHARACTERISTICS VCc=± 15V. F.R. = -55°C to +125°C (SE) O°C to 7.0°C (NE) 

PARAMETER TEST CONDITIONS 

VOS Input offset voltage RS = 1()(){!. TA = +25°C. 
TA = F.R. 

lOS Input offset current RS = l00kD. T A = +25°C. 
TA = F.R. 

IB Input bias current RS = 100kD. TA = +25°C. 
TA = F.R. 

RIN Input resistance differential TA = 25°C 

VCM Input common mode range TA = 25°C. TA = F.R. 

CMRR Input common-mode VCC = ± 15V. 
rejection ratio VIN = ± 13.5V (RM). 

TA = 25°C. 
VIN = ± 13V (F.R.). 

TA = F.R. 

AVOL Large-signal voltage gain RL = 2kO. TA = 25°C 
GAIN Vc = ± 10V. TA = F.R. 

S.R. Slew rate TA = 25°C 

GBW Small-signal unity TA = 25°C 
gain bandwidth 

.8M Phase margin TA = 25°C 

VOUT Output voltage swing RL = 2kD. TA = 25°C 
TA = F.R. 

VOUT Output voltage swing RL = 6000'. TA = 25°C 
TA = F.R. 

ICC Power supply current RL = Open. TA = 25°C 
TA = F.R. 

PSRR Power supply rejection ratio TA = 25°C. TA = F.R. 

AA Amplifier to amplifier coupling f = 1kHz to 20kHz. TA = 25°C 

HD Total harmonic distortion f = 10kHz. TA = 25°C 

Vo = 7VRMS 

VINN Input-noise voltage f = 1kHz. TA = 25°C 

NOTE 
·For operation af elevated temperature, N package must be derated based on a thermal 
resistance of 95 0 C I W junction to ambient. 
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SE5514 

Min Typ Max Min 

0.7 2 
1 3 

3 10 
4 20 

3 10 
4 20 

100 

±13.5 ±13.7 ±13.5 
±13.5 ±13.2 ±13 

70 100 70 

50 
200 

50 
25 25 

0.6 1 0.6 

1 

45 

±13 ±13.5 ±13 
± 12.5 ±13 ±12.5 

±10 ± 11.5 ±10 
±8 ±9 ±8 

6 10 
7 12 

80 110 80 
80 100 80 

-120 

0.01 

30 

NE/SE5514-F.N 

NE5514 

Typ Max 
UNIT 

1 5 
mV 

1.5 6 

6 20 
nA 

8 30 

6 20 
nA 

8 30 

100 MD 

± 13.7 
V 

± 13.2 

100 dB 

V/mV 

1 VIILS 

1 MHz 

45 Degr 

±13.5 
V 

±13 

± 11.5 
V 

±9 

6 10 
mA 

7 12 

110 
dB 

100 

-120 dB 

0.G1 
% 

30 nVl..;Hz 



FOUR QUADRANT PHOTO
CONDUCTIVE DETECTOR 
AMPLIFIER 
When operating a photo diode in the photo
conductive mode (reverse biased) very 
small currents in the micro ampere range 
must be sensed in the photo active operat
ing region_ Dark currents in the nano am
peres are common. Generally, for this 
reason, J-FET input preamps are used to 
prevent interaction and accuracy degrada
tion due to input bias currents. 

The 5514 has sufficiently low input bias cur
rent (6na) to allow its use under these circuit 
constraints as shown in a possible design 
used to sense four quadrant motion of a light 
source. By proper summing of the signals 
from the X and Y axes, four quadrant output 
may be fed to an X-Y plotter, oscilloscope or 
computer for simulation. (See figure 1). 

Thewide input common mode voltage range 
of the device allows a + 10 volt supply to be 
used to drive the signal bridge giving high 
sensitivity and improved signal to noise. Ob
viously, input balancing is critical to achiev
ing common mode signal rejection in addi
tion to adequate shielding of the sensor 
leads. The sensor head itself must be 
shielded and the shield grounded to signal 
common to avoid unwanted noise pick up 
from power line and other local noise 
sources. Amplifier response may be shaped 
to aid in noise reduction by more complex 
filter configurations. If possible the 5514 
should be located in close proximity to the 
sensor head. 

System balance may be done under dark 
field conditions if adequate photo detector 
tracking results. However, for high accuracy 
systems a bipolar balance adjust added to 
the non-inverting output stage is more desir
able. With this latter method the signal 
bridge is balanced for a null output under 
uniform light field conditions using the 
bridge balance pot as shown. D.C. offset is 
then adjusted using the balance pot on the 
output amplifier under dark field conditions. 

MULTI-TONE BANDPASS FILTER 
FOR PLL TONE DECODER 
In the design of a multiple tone signaling 
system, particularly where signals are trans
mitted over long lines, noise and adjacent 
channel interference may be a significant 
barrier to reliable communications. 

By the use of narrow band active pre-filters 
to attain selectivity and gain, the effective 

NE/SE5514-F,N 

FOUR QUADRANT PHOTO DETECTOR 

X-AXIS 

V·AXIS 

1MEG 

.05% 

1 MEG -= 
.05% 

lMEG 

.05% 

25pF 

lMEG 

.001,u 

':" 0 --'VV'v-- 0 
+ DC 

NUll. 

NE5514 

lMEG 

lK 

o @ 
~t .,~~ 

+15 l' -15 

(-,+) (+.+) 

(-,-) (+,-) 

PHASING 

Figure 1 

signal to noise ratio is greatly improved. The 
NE/SE5514 is easily adapted to such filter 
configurations due to its inherent stability. In 
addition its very high input impedance dras
tically reduces loading on the passive net
works and allows for increased "a" and 
large value resistors. 

The circuit in Figure 2 demonstrates multiple 
feedback filters operating at four of the 
standard signaling frequencies. More chan
nels may be added to increase the capacity 
of the system. 

SRIOliGS 

Test results obtained from this filter configu
ration were as follows: 

Wide band signal to noise 
Gain (Mid band) 
a (effective) 
Output 

63dB 
30dB 
= 30 
OdBM 
(.775vrms) 

Note that the amplifiers are operated from a 
single + 12 volt supply and are biased to half 
VCC by a simple resistive divider at point B 
which connects to all non-inverting inputs. 
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4-STATION 0-50" TEMPERATURE 
SENSOR 
By using an NPN transistor as a temperature 
sensing element, the NE5514 forms the ba
sis for a multi-station temperature sensor lis 
shown in Figure 3. The principle used is fun
damental to the current-voltage relationship 
of a forward biased junction. The current 
flow across the base-emitter junction is de
termined by absolute temperature in the fol
lowing way: 

Ie .. -(Ie + IB) kt 

and Ie 00 IS exp (VBe'VT); VT = II 
therefore, VBe 00 VT In Ie liS 

Where IE is the forward current and IS is the 
saturation current inherent in the junction, IE 
must be high enough such that the IS vari
ation with temperature ia small relative to IE 
(IE > > IS)· IS Is typically ,05 pA, therefore, 
setting IE to 1 or 2 p.A gives the desired 
condition. 

Diode 01 serves to substantially reduce er
ror due to power supply variation by giving a 
fixed voltage reference. To calibrate the 
sensor adjust R4 for ·0· volts output from 
the NE5514 at O·C. Adjust RS tracking re
sistor for a scale factor of 100 millivolts per 
·C output. 

Only the transistor need be placed in the 
temperature controlled environment. Figure 
4 shows the addition of an AID converter 
and display to give a digital thermometer. 
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R2 
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R3 
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DESCRIPTION 
The NE5517 contains two current controlled 
transconductance amplifiers. each with a 
differential input and push-pull output. The 
NE5517 offers significant design and perfor
mance advantages over similar devices for 
all types of programmable gain applications. 
Constant impedance buffers are provided 
which effectively eliminate changes in out
put offset voltage as the amplifier bias cur
rent is varied. Circuit performance is en
hanced through the use of linearizing diodes 
at the inputs which enable a 10 dB signal to 
noise improvement referenced to .5 percent 
THD. The NE5517 is suited for a wide variety 
of industrial and consumer applications and 
is recommended as the preferred circuit 
in the Dolby' HX (Headroom Extension) 
system. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage 1 

NES517 
NE5517A 

Power Dissipation2 TA = 25·C 
NE5517N.NE5517AN 

Differential Input Voltage 
Diode Bias Current (10) 
Amplifier Bias Current (IABC) 
Output Short Circuit Duration 
Buffer Output Current3 

Operating Temperature Range 
NE5517N.NE5517AN 

DC Input Voltage 
Storage Temperature Range 
Lead Temperature (Soldering. 10 Seconds) 

CIRCUIT SCHEMATIC 

v+ 

FEATURES 
• Constant Impedance buffers 
• AVSE of buffer Is constant with 

amplifier ISlAS change 
• Pin compatible with LM13600 
• Excellent matching between amplifiers 
• Linearizing diodes 
• High output slgnal-to-nolse ratio 

APPLICATIONS 
• Multiplexers 
• Timers 
• Electronic music synthesizers 
• Dolby' HX Systems 
• Current-controlled amplifiers, filters 
• Current-controlled OSCillators, 

Impedances 

NOTE 
• Dolby is • registered trademark 01 Dolby Laboratorle. 
Inc., San Francisco, Calif. 

RATING UNIT 

36 VDC or ± 18 V 
44 VDC or ±22 V 

570 mW 
±5 V 
2 mA 
2 mA 

Indefinite 
20 mA 

O·Cto +70 ·C 
+VS to -VS 

-65·C to +150 ·C 
300 ·C 

NE5517 I 5517A-D.N 

PIN CONFIGURATION 

N PACKAGE 

ORDER PART NO. 
NE5617N NE5517D 

NE5517AN NE5517AD 

11o---------~--~----------------~------~--------------~----------~----._-----

.,. 

','0 O--r----I--+--, 
VOUTPUT 

-.uT o---...... C 5,12 

'," ~ ..... ---
AMP8IAS 1'0·· __ ..... __ -£ 

INPUT _ 

'ABC 

DO 

v-o-----+---__ ~----------------__ +_------...... --------------...... ----~ ______ ~ 
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PIN DESIGNATION 
PIN NO. SYMBOL 

1 IABCa 

2 Da 

3 +INa 

4 -INa 

5 Voa 

6 V-

7 INBuffer (a) 

8 VOBuffer (a) 

9 VOBuffer (b) 

10 IN Buffer (b) 

11 v+ 

12 Vob 

13 - INb 

14 +INb 

15 Db 

16 IABCb 

CONNECTION DIAGRAM 

B 
AMP 
BIAS 

INPUT 

16 

B 
DIODE 
BIAS 

15 

B 
INPUT 

(+) 

14 

NAME AND FUNCTION 

Amplifier bias input A 

Diode bias A 

Non·inverting input A 

Inverting input A 

Output A 

negative supply 

Buffer input A 

Buffer output A 

Buffer output B 

Buffer input B 

Positive supply 

Output B 

Inverting input B 

Non·inverting input B 

Diode bias B 

Amplifier bias input B 

B 
INPUT B 

(_) OUTPUT v+ 

11 

B 
BUFl'E11 
INPUT 

10 

AMP 
BIAS 

INPUT 

DIODE 
BIAS 

A 

INPUT 
(+) 
A 

INPUT OUTPUT v- BUFFER 
INPUT 

A 
(-) A 
A 

A 

ItgDDbl1 

B 
BlFFER 
OUTPUT 

BUFFER 
OUTPUT 

A 

NE5517/5517A·D,N 
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ELECTRICAL CHARACTERISTICS4 

PARAMETER TEST CONDITIONS 

Input offset voltage (V OS) 
Over temperature range 

IABC 5p.A 

Vas including diodes Diode bias current (10) = 500p.A 

Input offset change 5p.A :s IABC :s 500p.A 

Input offset current 

Input bias current 
Over temperature range 

Forward 
Transconductance (gm) 

Over temperature range 

gm tracking 

Peak output current RL = 0, IABC = 5p.A 
RL = 0, IABC = 500p.A 

RL = 0, 

Peak output voltage 
Positive RL = 00, 5p.A :s IABC :s 500p.A 
Negative RL = 00, 5p.A :s IABC :s 500p.A 

Supply current IABC = 500p.A, both channels 

Vas sensitivity 
Positive ~ VOS/~ V+ 
Negative ~ VOS/~ V-

CMRR 

Common mode range 

Crosstalk Referred to inputS 
20Hz < f < 20kHz 

Dill. input current IABC = 0, input = ± 4V 

Leakage current IABC = 0 (Refer to test circuit) 

Input resistance 

Open loop bandwidth 

Slew rate Unity gain compensated 

Buff. input current 5 

Peak buffer output voltage 5 

~ VBE of buffer 6 Refer to Buffer VBE test circuit 

NOTES 
1. For selections to a supply Yoltage above ± 22V, contact factory. 
2. For operating at high temperatures, the device must be derated baaed on a 150°C 

maximum junction temperature and a thermal resistance of 1750 C/W which applies for 
the device aoldered in a printed circuit board, operating in 8tlll air. 

3. Buffer output current should be limited 80 8S to not exceed package dissipation. 
4. These specifications apply for Vs l1li ± 16V. TA l1li 25°C. amplifier bias current (IABC) = 

5OO"A, pins 2 and 15 open unless otherwise specified. The inputa to the buffers are 
grounded and outputs are open. 

S. These specifications apply for Vs = ± 15V, 'ABC = SOOpA, ROUT = SkU connecled 
from the buffer output to -VS and the input of the buffer is connected to the 
transconductance amplifier output. 

6. Vs = ± 15. ROUT - 5!l connecled from Buffer oulpullo -VS and S~A .:5 'ABC .:5 
5OO~A. 
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NE5517 

Min Typ 

0.4 

0.3 

0.5 

0.1 

0.1 

0.4 
1 

6700 9600 
5400 

0.3 

5 
350 500 
300 

+12 +14.2 
-12 -14.4 

2.6 

20 
20 

80 110 

±12 ±13.5 

100 

0.02 

0.2 

10 26 

2 

50 

0.4 

10 

0.5 

NE5517/5517A-O,N 

NE5517A 

Max Min Typ Max 
UNIT 

5 0.4 2 mV 
5 mV 

5 0.3 2 mV 

5 0.5 2 mV 

0.1 3 mV 

0.6 0.1 0.6 p.A 

5 0.4 5 p.A 
8 1 7 p.A 

13000 7700 9600 12000 p.mho 
4000 p.mho 

0.3 dB 

3 5 7 p.A 
650 350 500 650 p.A 

300 p.A 

+12 +14.2 V 
-12 -14.4 V 

2.6 rnA 

150 20 150 /LV/V 
150 20 150 /LV IV 

80 110 dB 

±12 ± 13.5 V 

100 dB 

100 0.02 10 nA 

100 0.2 5 nA 

10 26 KO 

2 MHz 

50 V/p.Sec 

5 0.4 5 /LA 

10 V 

5 0.5 5 mV 



TYPICAL PERFORMANCE CHARACTERISTICS 

! : 
!i 0 a -1 

~ -2 
.. -3 

I!; -4 
~ t -5 

-6 

-7 

-8 
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INPUT OFFSET VOLTAGE 
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/ 
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NE6617 f6617A·D,N 

TYPICAL PERFORMANCE CHARACTERISTICS (f~nt'd) 

AMPLIFIeft BIAS VOl.TAGE VI 

AMPI.IFIER BIAS CURRENT 
INPUT AND OUTPUT CAPACITANCE DISTORTION v.DIFFERENTIAL 

INPUT VOLTAGE 
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NE5517/5517 A-D,N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

LEAKAGE CURRENT TEST CIRCUIT DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 

+36V +15V 

-15V 

BUFFER VBE TEST CIRCUIT 

y+ 

Skn 

y-
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DESCRIPTION 
The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 

This makes the device especially suitable 
for application in high quality and profes
sional audio equipment, instrumentation and 
control circuits, and telephone channel am
plifiers. The op amp is internally compen
sated for gains equal to one. If very low 
noise is of prime importance, it is recom
mended that the 5532A version be used 

, which has guaranteed noise specifications. 

EACH AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vs Supply voltage 
Y,N Input voltage 
VOIFF Differential input voltage 1 
TA Operating temperature range 
TSTG Storage temperature 
TJ Junction temperature 
Po Power diasipation 

5532FE 

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capability: soon, 10Y 

(rms) 
• Input noise voltage: 5nY l$z 
• DC voltage gain: 50000 
• AC voltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 
• Slew-rate: gy I ItS 
• Large supply voltage range: ± 3 to 

±20Y 

EQUIYALENT SCHEMATIC 

RATING UNIT 

±22 V 
±V supply V 

±.5 V 
Oto 70 ·C 

-65 to +150 ·C 
150 ·C 

1000 mW 
Lead temperature (soldering, 10 sec) 300 ·C 

NOTES: 

1. Dlodea protect the inputa againlt oyer·voHage. Therelore, unle .. current-limiting reol8' 
tors are uoed, large currents will flow il the dillerentiel input voHage exceedo O.6V. 
Maximum current ahould be limited to ± 10mA. 

2. Thermal resistance 01 the FE package la 12soC/W. 
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NE5532/5532A-FE,N, SE5532/6532A-FE 

PIN CONFIGURATION 

INVERTING 
INPUT A 

N, FE PACKAGE 

NON-INVERTING INVERTING 
INPUT A INPUT B 

ORDER PART NO. 

NON-INVERTING 
INPUT B 

NE5532FE,N, SE5532FE 
NE6632AFE,N, SE6632AFE 



NE5532/5532A-FE,N, SE5532/5532A-FE 

DC ELECTRICAL CHARACTERISTICS T A = 25°C, Vs = ± 15V unless otherwise specified. 1. 2 

SE5532/5532A NE5532/5532A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

.5 2 .5 4 mV 
VOS Offset voltage Over temperature 3 5 mV 

100 10 150 nA 
lOS Offset current Over temperature 200 200 nA 

200 400 200 800 nA 
IB Input current Over temperature 700 1000 nA 

8 16 mA 
ICC Supply current Over temperature 13 mA 

VCM Common mode input range ±12 ±13 ± 12 ±13 V 

CMRR Common mode rejection ratio 80 100 70 100 dB 

PSRR Power supply rejection ratio 10 50 10 100 ",V/V 

RL 2': 2kO Vo = ± 10V 50 25 100 V/mV 

AVOL Large signal voltage gain Over temperature 25 15 V/mV 
RL 2': 6000, Vo = ± 10V 40 15 50 V/mV 

Over temperature 20 10 V/mV 

VOUT Output swing RL 2': 6000 ±12 ±13 V 
RL 2': 6000, Vs = ± 18V ±15 ±16 V 

RL 2': 2kO ±12 ±13 V 

RIN Input resistance 30 300 30 300 kO 

ISC Output short circuit current 38 38 mA 

NOTES 

1. For NE5532. NE5532A. TMi" - O"C. TMa. - 70"C. 
2. For SE553215532A. TMI" = -55"C. TMa. = +125"C. 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
NE/SE5532/5532A 

UNIT 
Min Typ Max 

AV = 30dB Closed loop 
ROUT Output resistance f = 10kHz, RL = 6000 0.3 0 

Overshoot Voltage follower 
VIN = l00mV pop 

CL = 100pF RL = 6000 10 % 

Gain f = 10kHz 2.2 V/mV 

Gain bandwidth product CL = 100pF RL = 6000 10 MHz 

Slew rate 9 Vlp.s 

Power bandwidth VOUT = ± 10V 140 kHz 
VOUT = ± 14V, RL = 6000, 100 kHz 

VCC = ±18V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

NE/SE5532 NE/SE5532A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input noise voltage to = 30Hz 8 8 12 nV/vHz: 
to = 1kHz 5 5 6 nV/vH'z 

Input noise current to = 30Hz 2.7 2.7 pANHz 
to = 1kHz 0.7 0.7 pANHz: 

Channel separation f = 1kHz, RS = 5kO 110 110 dB 
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NE5532/5532A·FE,N, SE5532/5532A·FE 

TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE CLOSED LOOP FREQUENCY RESPONSE LARGE·SIGNAL FREQUENCY 
RESPONSE 

120 eo 40 
TYPICAL VALUES .1 J ,1 TVPICAL VALUES 

VS:;:: :1:15 
TYPICAL VALUES 

'\ 
RF:;:: 10kn ; RE:;:: 1000' 

80 , 40 

AF = 90,,! AE Jon 

30 

'\ 
(V) 

40 20 

L=10n;L", 

Vo(p-P) 20 

\ 
i,\ 

0 1 0 

I 
10 

1 , 
-40 -20 0 

10 1()2 1CP 104 10S 101 10' 10' '0' 10' 10' 10' 10' III' 10' 10' 10' 10' 10' 

I(Hz) I (Hz) I (Hz) 

OUTPUT SHORT-CIRCUIT CURRENT INPUT BIAS CURRENT INPUT COMMON MODE 
VOLTAGE RANGE 

90 1.' 30 
Va:;:: :t15Y Vs= !15V 

TYPICAL VALUES 

eo 1.2 

20 

........ ......... II / (!~) 40 0.8 VIN (V) r- .!!! {J.1.A} 

/ 

" 
10 

20 0.' / ......... r-..... 
/ 

0 0 0 
-55 -25 0 25 50 75 100 +125 55 -25 0 2. 50 75 100 125 0 10 20 

TA(oC) TA(OC) VP;-VN (V) 

SUPPLY CURRENT INPUT NOISE VOLTAGE DENSITY 

12 10' 

'0= 0 

10 
TYP - --... TV. 

a -Ip f V 
IN 

(nVIVHz) 1 (mAl 

• 
10" 

0 10-1 

0 10 20 10 10' 10' 10' 
Vp; -VN (VI 

I (Hz) 
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TEST CIRCUITS 

CLOSED LOOP FREQUENCY RESPONSE 

RS 

2511 

100pF r ':' aoo n 

Si!lDOliCS 

• 
NE5532 /5532A-FE,N, SE5532 / 5532A-FE 

VOLTAGE FOLLOWER 

OVERSHOOT 

y+ 

I J_ 5 555:3. 
VIN ~ VOUT 

~-~¥IK~--11~:~_~lr,o-o~-ra-oo--

':' -==-
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APPLICATIONS 
The Signetics 5532 High Performance Op 
Amp is an ideal amplifier for use in high qual
ity and professional audio equipment which 
requires low noise and low distortion. 

The circuit included in this application note 
has been asaembled on a P.C. board, and 
tested with actual audio input devices 

COMPONENT VALUE TABLES 

(Tuner and Turntable). It consists of an RIAA 
pre-amp, input buffer, 5-band equalizer, and 
mixer. Although the circuit design is not new, 
its performance using the 5532 has been 
improved. 

The RIAA pre-amp section is a standard 
compensation configuration with low fre
quency boost provided by the Magnetic car-

RIAA-EQUALIZER SCHEMATIC 

R13 

R9 = 25k R9=50k R9 = 100k 
R8 = 2_4k R10 = 240k R8 = 5_1k R10 = 510k R8 = 10k R10 = 1 meg 

fo C5 C6 fo C5 C6 fo C5 C6 

23Hz 1~F .1~F 25 Hz .47~F .047~F 12 Hz .47~F .047~F 

50 Hz .47~F .047~F 36 Hz .33~F .033~F 18 Hz .33~F .033~F 

72 Hz .33~F .033"F 54 Hz .22~F .022~F 27 Hz .22~F .022~F 

108Hz .22~F .022"F 79Hz .15"F .015~ 39 Hz .15~F .015~F 

158 Hz .15~F .015"F 119 Hz .1~F .Q1~F 59 Hz .1~F .01~F 

238Hz .1~F .01~F 145 Hz .082~F .0082~F 72 Hz .082~F .OO82~F 

290Hz .082~F .0082~F 175 Hz .068~F .0068~F 87 Hz .068~F .OO88~F 

350Hz .068~F .OO68~F 212 Hz .056~F .OO56~F 106Hz .056~F .0056~F 

425Hz .056~F .0056~F 253Hz .047~F .OO47~F 126 Hz .047"F .0047~F 
506 Hz .047~F .0047~F 360 Hz .033~F .OO33~F 180 Hz .033~F .OO33~F 

721 Hz .033~F .0033~F 541 Hz .022~F .0022~F 270Hz .022~F .OO22~ 

1082 Hz .022~F .0022~F 794 Hz .015"F .0015"F 397Hz .015~F .OO15~F 

1588 Hz .015~F .OO15~F 1191 Hz .01~F .001~F 595 Hz .01~F .OOl~F 

2382 Hz .01~F .OOl"F 1452 Hz .0082~F 820pF 726Hz .OO82~F 820pF 
2904 Hz .0082"F 820pF 1751 Hz .OO68~F 680pF 875 Hz .0068~F 680pF 
3502 Hz .0068"F 680pF 2126 Hz .0056~F 560pF 1063 Hz .0056~F 560pF 
4253 Hz .OO56~F 560pF 2534 Hz .0047~F 470pF 1267 Hz .OO47~F 470pF 
5068 Hz .0047~F 470pF 3609 Hz .OO33~F 330pF 1804 Hz .0033~F 330pF 
7218 Hz .OO33~F 330pF 5413 Hz .0022~F 220pF 2706 Hz .0022~F 220pF 
10827 Hz .0022~F 220pF 7940 Hz .0015~F 150pF 3970 Hz .OO15~F 150pF 
15880 Hz .0015~F 150pF 11910 Hz .001~F 100pF 5955 Hz .OO1~F l00pF 
23820 Hz .OO1~F 100pF 14524 Hz 820pF 82pF 7262 Hz 820pF 82pF 

17514 Hz 680pF 68pF 8757 Hz 680pF 68pF 
21267 Hz 560pF 56pF 10633 Hz 560pF 56pF 

12670 Hz 470pF 47pF 
18045 Hz 330pF 33pF 

Figure 1 
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tridge and the RC network in the op amp 
feedback loop. Cartridge loading is accom
plished via R1. 47k was chosen as a typical 
value, and may differ from cartridge to 
cartridge. 

The Equalizer -section consists of an input 
buffer, 5 active variable band pass/notch 
(depending on R9's setting) filters, and an 

"::' 

COIFONINT VALUI!II 
R1 47. C1 .22pF 
R2 , .... ca 7_ 
R3 1_ C3 .GCI38pF 
R4 , .... C4 22pF 
R6 1.1' C& IEETAaE 
A8 1_ ce _TABLE 
R7 

,_ 
C7 Upi' 

A8 IEETAaE 
R8 (pot) lEE TAaE 
R10 SEETAaE 
R11 

,_ 
R12 

,_ 
R13 _(58T_I 



output summing amplifier. The input buffer is 
a standard unity gain design providing im
pedance matching between the pre amplifi
ers and the equalizer section. Because the 
5532 is internally compensated, no external 
compensation is required. The 5-bsnd ac
tive filter section is actually 5 individual ac
tive filters with the same feedback design 
for all 5. The main differance in all five 
stages is the values of C5 and ce which 
are responsible for setting the center fre
quency of each stage. Linear pots are rec
ommended for R9. To simplify use of this 
circuit, a component value table is provided, 
which lists center frequencies and their as
sociated capacitor values. Notice that C5 

equals (10) ce, and that the Value of R8 and 
RIO are related to R9 by a factor of 10 as 
well. The values listed in the table are com
mon and easily found standard values. 

The final stage is the summing amplifier I 
buffer stage, to sum the individual filters 
(Figure 2). Note the original signal is sub
tracted from the sum by a factor dependant 
on the number of filter stages. This subtrac
tion is necessary to maintain a unity gain 
configuration at the output with all pots set 
to the flat position. If R 13 were omitted the 
output with 1 volt at each stage would equal 
5 volts (in this case) instead of the desired 1 
volt. Full boost and cut using the table val-

NE5532/5532A-FE,N, SE5532/5532A-FE 

ues is about ± 15dB. Although 5 bands were 
chosen for this application, the user may 
have as many bands as are required. Please 
note that the subtracting resistor R 13, must 
be adjusted to meet the unity requirement 
using R13 = # ~CX:K i.e. 5 stages = 20k. 

osages 

The remainder of the circuit employs the 
Philips TCA 730H volume, balance, and 
loudness-control circuit and the Signetics 
NE540 power driver circuit, which as shown 
will net about 35 watts per channel RMS. 
The NE540 can be found in the Signetics 
Analog Data Manual, and Applications Man
ual.lnformation on the TCA730A may be ob
tained from Signetics Analog Division. 

VOLUME, BALANCE, LOUDNESS & POWER AMPS 
r---------....,.-----i~+2SV 

V+ 
R2. 

R3 R30 

-IIAL C17 

lIB R31 

- VOt.. -Cl.~ 

-=-
C7 RlQHTOUT 8 

R32 

4 

lIB AI C4 

R27 R33 

R12 LDUDNES8 2N3788 
Rl1 OFF 

+ 
C3 -=- R28 

~ 

=1 

cIa 

RIa C& 
R14 + 

C14 R35 

LDUDNES8 I R38 
canER 

PARTS LIS11NG 

Rl 10K R21 5.111( Cl 10j<F 

+C13 
R2 10K (POl) R22 UK C2 .1j<F 

R3 4.3K R23 lOOK C3 47j<F 
~LEl'TOUT R4 7.SK R24 12K C4 .0047j<F 

AS 10K (POT) R2S 4.7K C& l00pF 

R20 lIB UK R28 UK CB l00pF 
R7 270K R27 10K C7 10pF 

LOUDNESS R8 22K R28 100 OHMS C8 .1j<F 
OFF All lOOK RII .,a OHMS (2W1 C8 10j<F 

RIO 2.2K R30 58 OHMS Cl0 .0047~F 

C12 
Rl1 5.111( R31 a.2K Cl1 l00pF 

Cl1 R12 2.2K R32 lKTRlMPOT C12 l00pF 
R23 R24 R13 lOOK R33 10K C13 10j<F 

R14 22K -8.2K C14 SO~F 

R15 UK R35 58 OHMS C15 10pF -I LOUONE8S 
R25 Rle 4.7K R38 • 18OHMS(2W) Cl • .0047j<F canER 

R17 270K 
R18 22K 

NOTE R19 lOOK 

All resistors % W 1 % to 5% unless otherwise noted H2O 2.2K 

For additional information on the NE540, refer to Signetics Analog Data and Applications Manuals. 

For additional information on the SAA730, contact Signetics Analog Division, Philips Representative. 

Figure 2 

SijllbCS 

C17 SOOpF 

cIa SOOpF 

OUT 
Rl =8 

-25V 
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DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifi
ers. Compared to other operational amplifi
ers, such as TL083, they show better noise 
performance, improved output drive capa
bility and considerably higher small-signal 
and power bandwidths. 

This makes the devices especially suitable 
for application in high quality and profes
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com
pensated for gain equal to, or higher than, 
three. The frequency response can be op
timized with an external compensation ca
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 

EQUIVALENT SCHEMATIC 

:~ 

+ 

~ 

v 
-

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capability: 600n, 10V (rmsl 

at Vs = ±18V 
• Input noise voltage: 4nV/ vHi 
• DC voltage gain: 100000' 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V1/ls 
• Large supply voltage range: ±3 to ±20V 

~ 
r--K w 

-'L .. 
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........ v ........ Y 
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~ 

PIN CONFIGURATIONS 

INVERTING 
INPUT A 

NONINVERTING 
INPUT A 

BALANCE 
A 

v
BALANCE 

B 
NOMNVERnNG 

B 

INVERTING 
B 

INVERTING 
INPUT 

NONINYERTING 
INPUT 

--K 
p---

~ 
~ 

V ..... 
' ..... ...... 

F,N PACKAGE 

ORDER PART NO. 
NES533N,F 

NES533AN,AF 

D,N,FE PACKAGE 

ORDER PART NO. 
NE/SES534N,FE 

NE/SESS34AN,AFE 
NES534D 

v 

~ 
-<l 

r----

r 

0 
' .... 

BALANCE 
COMPENSATION A 
COMPENSATION 
A 
OUTPUT 
A 

OUTPUT 
B 
COMPENSATION 
B 
BALANCE/ 
COMPENSATION B 

BALANCEI 
COMPENSATION 



NE5533/5533A-N,F • NE/SE5534/5534A-N,FE 
NE5534-D 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vs Supply voltage ±22 V 
VIN Input voltage ±V supply V 
VOIFF Differential input voltage 1 ±.5 V 
TA Operating temperature range 

SE5534 I 5534A -55 to +125 °C 
NE5533/5533AI 55341 5534A o to +70 °C 

TSTG Storage temperature -65 to +150 °C 
TJ Junction temperature 150 
Po Power dissipation at 25°C2 

5533N, 5534N, 5534FE 800 

5533F 1000 
Output short circuit duration 3 indefinite 
Lead temperature 

(soldering 10 sec) 

NOTES 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting 
resistors are used, Jarge currents will flow if the differential input voltage exceeds 
O.6V. Maximum current should be limited to ±10mA. 

300 

°C 

mW 
mW 

°C 

a-pin ceramic (FE) 140°C/W 
14-pin ceramic IFll10'C/W 
8-pin plastic INI162'C/W 

14-pin plastic INI150'C/W 
2. For operation at elevated temperature, derate packages based on the following 

junction-ta-ambient thermal resistances; 
3. Output may be shorted to ground at Vs = ±15V, TA = 25°C. Temperature and/or 

supply voltages must be limited to ensure dissipation rating is not exceeded. 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified.1•2 

SE5534/5534A NE5533/5533A 
PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage .5 2 .5 4 mV 
Over temperature 3 5 mV 

los Offset current 10 200 20 300 nA 
Over temperature 500 400 nA 

18 Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

Icc Supply current 4 6.5 4 8 mA 
Per op amp Over temperature 9 mA 

VCM Common mode input range ±12 ±13 ±12 ±13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 IJ.VlV 

AVOL Large signal voltage gain RL 2: 600n, Vo = ±10V 50 100 25 100 Vim V 
Over temperature 25 15 V/mV 

VOUT Output swing RL 2: 600n ±12 ±13 ±12 ±13 V 
RL 2: 600n Vs = ±18V ±15 ±16 ±15 ±16 V 

RIN Input resistance 50 100 30 100 kn 
Isc Output short circuit current 38 38 mA 

NOTES 

1. For NE5533/5533A/6634/5534A. TMIN = O'C. TMAX = 70'C 
2. For SE5534/5534A. TI,UN = -55'C. TMAX = +12S'C 

Si!l0otiCS 105 
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NE5534-D 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified; 

SE5534/5534A 
NE5533/5533A 

PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

ROUT Output resistance Av = 30dB closed loop 
0.3 0.3 0 f = 10kHz, RL = 6000, Cc = 22pF 

Transient response Voltage follower, VIN = SOmV 
RL =6000, Cc=22pF, CL =l00pF 

TR Rise time 20 20 ns 
Overshoot 20 20 % 

Transient response VIN = 50mv, RL = 6000 
Ce = 47pF, CL = 500pF 

TR Rise time 50 50 ns 

Overshoot 35 35 % 

AC Gain f= 10kHz, Ce = 0 6 6 V/mV 
f = 10kHz, Cc = 22pF 2.2 2.2 V/mV 

Gain bandwidth product Ce = 22pF, CL = 100pF 10 10 mHz 

Slew rate Ce=O 13 13 V/p.S 
Cc = 22pF 6 6 V/p.S 

Power bandwidth VOUT = ±10V, Ce = 0 200 200 kHz 
VOUT = ±10V, Ce = 22pF 95 95 kHz 
VOUT = ±14V, RL = 6000 70 70 kHz 
Ce = 22pF, Vee = ±18V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

5533/5534 5533A15534A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

fo = 30Hz 7 5.5 7 nV/VHz 
Input noise voltage fo = 1kHz 4 3.5 4.5 nV/v'Hz 

Input noise current 
10 = 30Hz 2.5 1.S PAl~ 
fo = 1kHz 0.6 0.4 pAl.,jHz 

Broadband noise figure f = 10Hz - 20kHz, RS = Skl1 0.9 dB 

Channel separstion f = 1kHz, RS = SkI) 110 110 dB 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT NOISE CURRENT DENSITY TOTAL INPUT NOISE DENSITY 

'II' 10' 
TYPICAL VALUES 

'0' 

'0 '0' 

/ 10Hz 

~ 
'0' 

C/: 1kHz 

'::J~' Vn(rmsJ 102 / 
~p (nY/.rHi) ......: ~ '" ,. 

THERMAL NOISE OF 

10-t 
'r' 

V - SOURCE RESISTANCE 

10-1 

10-:1 10-2 

'0 '0' 'II' ,.- '0 ,II' 1CI' '0' '0' , .. 
• (Hz) AS(ll) 

TEST LOAD CIRCUITS 

NE5533/5533A-N,F. NElSE5534/5534A-N,FE 
NE5534-D 

BROADBAND INPUT NOISE VOLTAGE 

'0' 

~ TYPICAL VALUES 

'0 
'OHzITO~ V 

Vn(rmaJ 
(~Y) , 

:::::: ~T04kHZ 
10- 1 

10-2 

'0' '0' '0' '0' '0' 
AS (ll) 

FREQUENCY COMPENSATION AND 
OFFSET VOLTAGE ADJUSTMENT 

CIRCUIT 

CLOSED LOOP FREQUENCY RESPONSE 

Y+ 

22kn 
IDCN1:n 

Y-

9!!1DOIIC9 

AS 

25n 
AF 

600n 
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TYPICAL PERFORMANCE CHARACTERISTICS 

OPEN LOOP FREQUENCY RESPONSE 

iii' 
~ 

120 

60 

z 40 

~ 

-40 

TYPICAL VALUES 

,~ 

" ~C=O 
CC= 22P~ ~ 

~~ 
:~ 

10 102 103 1()4 10S 10' 107 

f(Hz) 

40 

30 

(V) 
Vo(P-p) 20 

10 

o 

LARGE·SIGNAL FREQUENCY 
RESPONSE 

'IS - 1:15V 
TYPICAL VALUES 

CC= 
OpF 

, l:t~2PF 47pF 

1\ 
1\ 
\\\ 
~ ~ 

102 103 104 10S 106 107 

30 

20 

VIN(V) 

10 

o 
o 
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I (Hz) 

INPUT COMMON MODE 
VOLTAGE RANGE 

TYPICAL VALUES 

~ 
~ 

11;:'0. 

g '/' 

~ 
10 20 

Vp;-VN (V) 

SLEW-RATE AS A FUNCTION OF 
COMPENSATION CAPACITANCE 

16 

12 

1\ 
(v?,..) 8 

1 

" 
40 

TYP 

........ 

80 

CC(pF) 

'Is::: ±15V 

tt-

CLOSEO LOOP FREQUENCY RESPONSE 

60r--r--~-'--'---r--------' 
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-20~-L __ ~-J __ ~ __ L-~ __ ~~ 
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DESCRIPTION 
The Signetics NE5539 is a very wide 
bandwidth, high slew rate, monolithic oper
ational amplifier for use in video amplifiers, 
RF amplifiers, and extremely high slew rate 
amplifiers. 

Emitter follower inputs provide a true differ
ential high input impedance device. Proper 
external compensation will allow design op
eration over a wide range of closed loop 
gains, both inverting and non-inverting, to 
meet specific design requirements. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Po Internal power dissipation 

TSTG Storage temperature range 
TJ Max junction temperature 
TA Operating temperature range 

NE 
SE 

Lead temperature 

(-) 14 

INY ERTING INPUT 

V {+11 r-... 
N-INVERTING NO 

INPUT 

J 
r-... 

V 
r-... 

FEATURES 
• Gain bandwidth product: 1_2GHz 
• Slew rate: 600V / Ilsec 
• Full power response: 48MHz 
• AVOL: SOdB 

APPLICATIONS 
• Fast pulse amplifiers 
• RF oscillators 
• Fast sample and hold 
• High gain video amplifiers 

CBW> 20MHz) 

RATING 

±12 
550 

-65 to +150 
150 

o to 70 
-55 to +125 

300 

UNIT 

V 
mW 
·e 
·e 

·e 
·C 
·e 

EQUIVALENT CIRCUIT 

F > 
r-... V 

NE/SE5539-F,N 

PIN CONFIGURATION 

F,NPACKAGE 

ORDER PART NO. 

(12) FREQUENCY COMPo 

(10) 

NEISE5539F 
NEISE5539N 

+Vcc 

FREQUENCY 
COMPENSATtON 

+VSUPPlY 

K (t- I "L V 

...... 
r--<> (8) OUTPUT 

2.2K 

{7)GND 

~ 

(3) -Vee 
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DC ELECTRICAL CHARACTERISTICS vcc = ±8V, TA = 25°C unless otherwise specified 

PARAMETER TEST CONDITIONS 

VOS Input offset voltage Vo = OV, RS = 1000 Over temp 

TA = 25°C 

lOS Input offset current 
Over temp 

TA = 25°C 

IB Input bias current 
Over temp 

TA = 25°C 

CMRR Common mode rejection ratio F = 1 kHz, RS = 1000, VCM = 1.7V 

RIN Input impedance 

ROUT Output impedance 

VOUT Output voltage swing RL = 1500 to GND +Swing 

and 4700 to -VCC -Swing 

Over temp 
+Swing 

-Swing 
VOUT Output voltage swing RL = 20 to GND 

TA = 25°C 
+Swing 

-Swing 

ICC+ Positive supply current Vo = 0, R1 = co 
Over temp 

TA = 25°C 

ICC- Negative supply current Vo = 0, R1 = co 
Over temp 

TA = 25°C 

PSRR Power supply rejection ratio ~VCC = ±1V 
Over temp 

TA = 25°C 

Vo = +2.3V, -1.7V 
AVOL Large signal voltage gain 

RL = 1500 to GND, 4700 to -VCC 

AVOL Large signal voltage gain Vo = +2.3V, -1.7V 
RL = 2K to GND 

AVOL Large signal voltage gain Vo = +2.5V, -2.0V 
RL = 20 to GND 

NOTE 
1. Differential input voltage should not exceed 0.25 volts to prevent excessive input bias 

current and common mode voHage 2.6 volts. These Yoltage limits may be exceeded If 
current limit is lOrnA. 

Over temp 

TA = 25°C 

Over temp 

TA = 25°C 

SE5539 

Min Typ 

2 

2 

.1 

.1 

8 

5 

70 80 

100 

10 

+2.3 +3.0 

-1.5 -2.1 

+2.5 +3.1 

-2.0 -2.7 

14 

14 

11 

11 

300 

48 

48 53 

NE I SE5539-F,N 

NE5539 

Max Min Typ Max 
UNIT 

5 
mV 

3 2_5 5 

3 
p.A 

1 2 

25 
p.A 

13 5 20 

70 85 dB 

100 kO 

10 0 

+2.3 +2.7 
V 

-1.7 -2.2 

V 

V 

18 
mA 

17 14 18 

15 
mA 

14 11 15 

1000 
p.V/V 

200 1000 

47 52 57 dB 

dB 
47 52 57 

60 
dB 

58 

AC ELECTRICAL CHARACTERISTICS VCC = ±8V, RL = 1500 to GND & 3900 to -VCC unless otherwise specified 

SE5539 NE5539 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Gain bandwidth product ACL = 7 Vo = 0.1 Vp-p 1200 MHz 

Small signal bandwidth ACL = 2 RL = 1500 110 MHz 

Settling time ACL = 2 RL = 1500 15 nSec 

Slew rate ACL = 2 RL = 1500 330 800 V/p.Sec 

Propagation delay ACL = 2 RL = 1500 10 7 nSec 

Full power response ACL = 2 RL = 1500 20 48 MHz 

Full power response AV = 7, RL = 1500 20 MHz 

Wide band noise (RMS) BW = 5MHz, RS = 500 5 p.V 
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NE I SE5539-F,N 

DC ELECTRICAL CHARACTERISTICS vcc = ±6V, TA = 25°C unless otherwise specified 

SE5539 NE5539 
PARAMETER TEST CONDInONS 

Min Typ Max Min Typ Max 
UNIT 

Vas Input offset voltage 
Over temp 2 5 

mV 
TA = 25°C 2 3 

lOS Input offset current 
Over temp .1 3 

/LA 
TA = 25°C .1 1 

IB Input bias current 
Over temp 5 20 

/LA 
TA = 25°C 4 10 

CMRR Common mode rejection ratio VCM = ± 1.3V, RS = 1000 70 85 dB 

ICC+ Positive supply current 
Over temp 11 14 

mA 
TA = 25°C 11 13 

ICC- Negative supply current 
Over temp 8 11 

mA 
TA = 25 a C 8 10 

PSRR Power supply rejection ratio ~VCC = ±lV 
Over temp 300 1000 

/LV IV 
TA = 25 a C 

Over +Swing +1.4 +2.0 
V 

VOUT Output voltage swing RL = 1500 to temp -Swing -1.1 -1.7 GND and 
3900 to +Swing +1.5 +2.0 
-VCC TA = 25 a c V 

-Swing -1.4 -1.8 

AC ELECTRICAL CHARACTERISTICS VCC = ±6V, RL = 1500 to GND and 3900 to -VCC unless otherwise specified 

PARAMETER 

Gain bandwidth product 

Small signal bandwidth 

Settling time 

Slew rate 

Propagation delay 

Full power response 

NE5539 COLOR VIDEO AMPLIFIER 
The NE5539 wide band operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown (figure 1) 
along with the Vectors cope photograph 
showing the amplifier response to a stan
dard NTSC color signal. (Note that the input 
reference vectors are displayed simulta
neously with the output.) The polar repre
sentation indicates amplifier differential 

SE5539 
TEST CONDITIONS 

Min Typ 

ACL = 7 700 

ACL = 2 120 

ACL = 2 23 

ACL =2 330 

ACL = 2 4.5 

ACL =2 20 

phase error overall to be less than 2°. Gain 
also remains linear or constant with the 
varying input amplitudes. 

The amplifier circuit was optimized for a 750 
input and output termination impedance with 
a gain of 10 (20dB). 

A second series of test waveforms show the 
amplifier's response to a 3.58MHz burst sig
nal (figures 2 and 3). 

S!DotICS 

NE5539 

Max Min Typ Max 
UNIT 

MHz 

MHz 

nSec 

VI/LSec 

nSec 

MHz 

Finally, the amplifier response is shown as a 
function of time for the NTSC signal with no 
perceptible droop or overshoot in response 
to step functions (see figure 4). Note that no 
external compensation was required since 
the gain was greater than 7 (17dB). 

VCC is ±8 volts for all cases shown. 
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ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 

POWER BANDWIDTH (SE) 

~ 4~--------------~----~~--------r-----__1 

~ 
~ 
8 .~----------1-----~~---+----~ 
~ 

GAIN (-2) 
vee"" ±8V 
RL = 2KD 

1L-______________ -L ________ --------L-----~ 

1 MHz 10MHz 100MHz 300MHz 

FREQUENCY IN CYCLES PER SECOND 

SE5539 OPEN LOOP GAIN va FREQUENCY 

t 40 

, ~~--------------_+----~~~------+_----__1 

~ 
~r_--------------+_--------~~~1_----~ 

,. VCC=±6V 
RL.= 126n 

~L---------------~--------------~--~~ 
1 MHz 300MHz 

FREQUENCY IN CYCLES PER SECOND 

SE5539 OPEN LOOP PHASE va FREQUENCY 

~~~=-----------_r----------------.-------

.~~--------~~---+----------------+-------

~r_------------~~~------------+_----~ 

18~ '-----------------'-----------------'-------' 
1MM, 10 MHz 100 MHz 300MHz 

FREQUENCY IN CYCLES pen SeCOND 

NOTE 

Indicates typical 
distribution -65°C S TA S 125°C 

NE/SE5538 

NE I SE5539·F,N 

POWER BANDWIDTH (NE) 

a 
> 

REF 
3.D4Y 

p.p 

-2 

~ -. 
I -8 

'II -8 

-1. 
-1 2 

. 

r--

r--

1M'" 

Vee = ±6V 
RL = 1500 
GAIN (-2) 

GAIN (-7) 
RL = 150S! 

3dB B.W • ~ 

" I~ 
10M'" 100MHz 

FREQUENCY" CYCLES PER SECOND 

POWER BANDWIDTH 

~ , 
" '\ 

~ 

~ ,.- 100_ 

FREQUENCY IN CYCLES PeR SECOND 

GAIN BANDWIDTH PRODUCT va FREQUENCY 

2 

20 

! 18 

~ 
8 

4 
. 

2 1 
1M'" 

Ay = X10 

AV = X7.5 

I 
Vee = ±8V-

I ~ RL = 150D 

3dBBjWIDTH . 
-.l ~ 

3dBB~wtDTH ~ !Z'J7!. 

I 
10_ 100""' ....... 

FREQUENCY IN CYCLES PER SECOND 

112 !i~nl!tiC!i 



ULTRA IIiGH FREQUENCY OPERATionAL AMPLIFIER 

NOTE 

OPTIONAL 
OFFSET 

ADJ. 

28dB NON-INVERTING AMP 
SAMPLE PoCo LAYOUT 

RF 

+YO-~~~----O-Y 

TOP PLANE COPPER' 
(Component Side) 

-v 

"5 

R4 

75!] 

Y,N 

7sH 

R1 750 5% CARBON 
R2 75H 5% CARBON 
R3 7sH 5% CARBON 
R4 36K 5% CARBON 

I 
I 
I 

..L 

"fcc 
...L 

RS = 201( TRJMPOT (CERMET) 
RF = 1.SK (28dB GAIN) 
R6 = 470\2 5% CARBON 

COMPONENT SIDE 
(Component Layout) 

§ .,. .v 
y. 

I 00. 

I 00. 

• CIO .. 
§ 

NE5539 
W/COmp. 

IlIA> Cbo 

_0 

_0 0 .. 0 , 
Vo 

.. 

NOTE 
(Xl indicates ground connection to top plane . 
• Re is on bottom aide. 

Bond edges of top and bottom ground plane copper. 

Figure 10 

Copyright CI Signetics 1919 9~nDtic9 

RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE YK 200 09/38 CORE 
BYPASS CAPACITORS 
1nF CERAMIC 
(MEPCO OR EOUrV.) 

NE/SE5538 

NE I SE5539-F.N 

BOTTOM PLANE 
COPPER' 
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OUTPUT 
'OOmv ...,. 

114 

INPUT 
,OOmv 

pop 

OUTPUT 
2Yp-p 

INPUT ,V...,. 

SMALL SIGNAL RESPONSE 

Figure 8 

LARGE SIGNAL RESPONSE 

Figure g 

Copyright • Signetlc8 1979 

NE/SE5539-F,N 

100mV!DIV 

10ns/DlY 

SOOmV/DlV 

10na/OIY 

9!!1notic9 



The primary reasoning behind this proce
dure is to force the closed loop circuit to 
appear as a gain of X7 above the critical 
frequency where phase changes rapidly 
(approx. 70MHz; refer to figure 7a). The lag 
network raises the phase at the upper oper
ating frequencies, greatly improving the 
phase margin. 

The calculations below show the application 
of these principles to the circuit in figure 7b. 

The circuit shown has an inverting gain of 2, 
therefore solving for R2: 

< __ R_f_<~_ 
R2 = i i = 7 2 - 400 7 -ACL -

LeI R2 = 33011 

Assuming a gain band width product of 350 
MHz, CG may now be calculated as follows: 

... CG - 5 - i14pF I 
" • 330 • 350 • 106 

In the circuit shown, a lead compensation 
capacitor of "'" 1.6pF was used with a value 
of R2 of 330{l and CG was a 2 - 20pF trim
mer cap (JFD piston-type). Rise and fall 
times of 2.8 to 3ns were measured in the 
small signal mode with quite adequate range 
in the lag compensation trimmer to optimize 
overshoot and reduce ringing (see pulse re
sponse-figures 9 and 10). 

Copyright e Signetice 1979 

INVERTING GAIN OF 7 
GAIN-PHASE RESPONSE 

(UNCOMPENSATED) 

7001Hz 

~~----~~~~~\---~~ 

~--------~~~--~--~-9~ 
t-------------1-'---'l..---i-18O' 

Figure 78 

NE5539 
INVERTING GAIN OF 2 AMPLIFIER 

1.8 pi' 

•• 11 

+v 

330 

-v 

Note 
Resistors - % watt carbon. 
RFC·3T #26 buss wire on Ferroxcube VK200 09/3B 
wideband threaded core. 

Figure 7b 

SmootiCS 

8) 

470 

NE I SE5539-F,N 

270 
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CIRCUIT LAYOUT 
CONSIDERATIONS 
As may be expected for an ultra-high fre
quency. wide gain bandwidth amplifier. the 
physical circuit layout is extremely critical. 
A double-sided printed circuit board will re
sult in more favorable system operation (see 
figure 10). 

The effect of the distributed and input cs
pacitance added by the inverting node of the 
amplifier must be considered when calculat
ing actual system closed loop performance. 
The RC product of the input resistor (RIN) in 
parallel with Cdist. and feedback resistor 
(RF) create a pole at pin 14 (figure 5). This 
frequency must fall beyond the unity gain 
frequency of the system in order to maintain 
stability and system performance. 

CLOSED LOOP GAIN 
LESS THAN 7 
The NE5539 is stable for all closed loop 
gaina greater than seven (7). When operat
ing at gains less than seven (7). the device 
can become unstable. The circuit in figure 7 
is an example of a unity gain inverting ampli
fier. The compensation components are 
added to obtain stable operation. 

Capacitor Cl improves the phase margin (of 
the operational amplifier) by compensating 
for the lag introduced by the distributed ca
paCitor (CO). 

It can be shown that the optimal conditions 
for amplifier stability occur when R1CO = 
RFCl; however. when the stability criteria is 
obtained. it should be noted that the actual 
bandwidth of the closed loop amplifier will 
be reduced. 

The actual value for Cl. based on a distrib
uted capacitance of 3.5pFd. would be 
"'" 2pF. 

Determination of Compensation 
Capacitance: 

Cdist 
clead~ --

ACL 

The above equation defines the relationship 
between the distributed capacitance. 
closed loop gain (ACl). and the compensa
tion capacitor (Cl)' For closed loop stability 
and gains less than 5. Clead becomes a 
practical consideration. When bandwidth is 
of primary concern. the simple lead compen
sation will usually be adequate. However. if 
transient response is also a factor in the 
design. then a lag compensation network 
(CG. R2) may be necessary. 
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NE I SE5539-F.N 

NON-INVERTING BLOCK DIAGRAM 
RJN RF 

'51! Ukl! +8Y 

r-::--
-:.~~ CotsT 7Sl! 

4701! 

zo~ 

751! 

Figure 5 

WIDE BAND UNITY GAIN 
INVERTING AMPLIFIER CIRCUIT 

IN A 75!l SYSTEM 

Rf=2KH 

r---t~---
I 

--~ 

7S!l 

Figure 6 

For practical applications. the following 
equations can be used to determine the 
proper lag compensation components: 

RI 
(Equation 1) 

Rt II R2 
~7 

:.R2 
RI 

(Equation 2) :S 
7-ACL 

(Using Equation 1 ~o insure a closed 
loop gain of X7 above the network 
break frequency allQws you to solve 
for R2. the lag network resistor.) 

5mBObGS 

Clag may be approximated by the following 
equations. First set the lag network break 
frequency in relation to the amplifier total 
gain product (open loop). 

2""GBW 
Set "'lag"" --10-- rad/sec 

,.. • GBW 
"" 5 rad/sec. 

1 
"'lag = R2Clag then 

and Clag may now be determined. 

:. C __ ....,.,5,-:-:=;;-
lag - '1r • R2 • GBW 

< Assume GBW = 350MHz > (Equation 3) 
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NE5539 VIDEO AMPLIFIER NE5539 NTSC VECTOR POLAR GRAPH 

75~! +v 

* 22nF 

1 __ 6dB LOSS-1 180"-

7St! 

75U 
470U 

-= -v 
-y 

Figure 1 Figure 2 

3.58MHz BURST SIGNAL NTSC OUTPUT SIGNAL 

NOTE NOTE 
3.58MHz burst through a 5539 20dB amplifier. Output of NE5539 20dB amplifier. 

Z in = 75U's 
Z out = 75\1's 

Figure 3 Figure 4 

NE5539 OPEN LOOP PHASE NE5539 OPEN LOOP GAIN 

dB~4+~H+~+++H~~-+~~~ 

~ 60~4+~H+~+++H~~-+~~~ 

" 
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3600 
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OPEN LOOP GAIN/PHASE TEST CIRCUIT 

-y 

HE S53II TEST (ATTEH. -'3.8 dB) 

Rl = 470(1 
R2 = 118.30 
SE S53II TEST 
Rl = 3IIOlI 
R. = .40(1 
R3 = 75(1 

Yee ± 8Y 
R3 = 88.8(1 
(ATTEN -'.7 ell) cr-TED) 
Vee ± 6Y 

A4 = 4701l 

.OK 

R3 

SagDotiCS 
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DESCRIPTION FEATURES 
The /AA741 is a high performance oper

: ational amplifier with high open loop gain, 
• Internal frequency compensation 
• Short circuit protection 

internal compensation, high common 
mode range and exceptional temperature 
stability. The /AA741 is short-circuit pro
tected and allows for nulling of offset volt
age. 

• Excellent temperature stability 
• High Input voltage range 

EQUIVALENT SCHEMATIC 

~A741,~A741C,SA741C 

~------~----~----~-----------;~V+ 

NON-INVERTING 
INPUT 

OFFSET NULL , 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
~741C 
~741 

Internal power dissipation 
N package 
FE package 

Differential input voltage 
Input voltage1 

Output short-circuit duration 
Operating temperature range 

/AA741C 
SA741C 
I'A741 

Storage temperatu re range 
Lead temperature (soldering 60sec) 

NOTE 

7 
,----,.--1(Q'4 

RATING 

±18 
±22 

500 
1000 
±30 
±15 

Continuous 

o to +70 
-40 to +85 
-55to+125 
-65 to +150 

300 

Rg 
25H 

1. For supply voltages Jess than ±15V, the absolute maximum input voltage is equal to the 
supply voltage. 

s~notics 

OUTPUT 

UNIT 

V 
V 

mW 
mW 

V 
V 

°C 
°C 
°C 
°C 
°C 

I' '74I; #1741C, S.741C 
~A741/741C-N,FE 

SA741C-N 

PIN CONFIGURATION ~A741C-D 

D,N,FE PACKAGE 

O,","NUU_§j' NO 
INV. INPUT 2 I V' 

NON INV. INI'U"f 3 + . U OUTPUT 

V 4 & OFFSET NULL 

ORDER PART NO. 

~741N "A741FE 
"A741CN "A741CFE 

SA741CN 
"A741CD 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V, unless otherwise specified. 

PARAMETER TEST CONDITIONS 
/lA741 

Min Typ Max 

Vos Offset voltage Rs = 10kn 1.0 5.0 
Rs = 10kn, over temp. 1.0 6.0 

los Offset current 20 200 
Over temp. 

TA = +125°C 7.0 200 
TA = -55°C 20 500 

IBIAS Input bias current 80 500 
Over temp. 

TA = +125°C 30 500 
TA = -55°C 300 1500 

VOUT Output voltage swing RL - 10kn ±12 ±14 
RL = 2kn, over temp. ±10 ±l3 

AVOL Large signal voltage gain RL - 2kn, Vo - ±10V 50 200 
RL = 2kn, Vo =±10V, over temp. 25 

Offset voltage adjustment ±30 
range 

PSRR Supply voltage rejection ratio Rs :S10kn 
Rs:S 10kn, over temp. 10 150 

CMRR Common mode rejection ratio 
Over temp. 70 90 

Icc Supply current 1.4 2.8 
TA = +125°C 1.5 2.5 
TA = -55°C 2.0 3.3 

Y,N Input voltage range {J.LA741, over temp.> ±12 ±13 
RIN Input resistance 0.3 2.0 

Pd Power consumption 50 85 
TA = +125°C 45 75 
TA = -55°C 45 100 

ROUT Output resistance 75 
Isc Output short-circuit current 25 

120 SmDotiCS 

Min 

±12 
±10 

20 
15 

±12 
0.3 

/lA741/741C-N,FE 
SA741C-N 
/lA741C-O 

/lA741C 

Typ Max 
UNIT 

2.0 6.0 mV 
7.5 mV 

20 200 nA 
300 nA 

nA 
nA 

80 500 nA 
800 nA 

nA 
nA 

±14 V 
±13 V 

200 VlmV 
VlmV 

±30 mV 

10 150 /lVN 
/lVN 

dB 
dB 

1.4 2.8 mA 
mA 
mA 

±13 V 
2.0 Mn 

50 85 mW 
mW 
mW 

75. n 
25 mA 



DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C, Vs = ±15V, unless otherwise specified. 

... A741n41C-N,FE 
SA741C-N 
... A741C-D 

SA741C 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vos Offset voltage Rs = 10kfl 2.0 6.0 mV 
Rs = 10kfl, over temp. 7.5 mV 

los Offset current 20 200 nA 
Over temp. 500 nA 

ISlAS Input bias current 80 500 nA 
Over temp. 1500 nA 

VOUT Output voltage swing RL = 10kfl ±12 ±14 V 
RL = 2kfl, over temp. ±10 ±13 V 

AVOL Large signal voltage gain 
--

RL - 2kfl, Vo - ±10V 20 200 V/mV 
RL = 2kfl, Vo = +10V, over temp. 15 V/mV 

Offset voltage adjustment ±30 mV 
range 

PSRR Supply voltage rejection ratio Rs:S; 10kfl 10 150 ... VN 
CMRR Common mode rejection ratio dB 

Icc Supply current 1.4 2.8 mA 

VIN Input voltage range ( ... A741, over temp.> ±12 ±13 V 
RIN Input resistance 0.3 2.0 Mfl 

Pd Power consumption 50 85 mW 

ROUT Output resistance 75 fl 
Isc Output short-circuit current 25 mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V, unless otherwise specified . 

PARAMETER TEST CONDITIONS ... A741, ... A741C UNIT 

Min 

Parallel input resistance Open loop, f = 20Hz 
Parallel input capacitance Open loop, f = 20Hz 

Unity gain crossover frequency Open loop 

Transient response unity gain VIN = 20mV, RL = 2kfl, CL:S; 100pf 
Rise time 
Overshoot 
Slew rate C:S; 100pf, RL ;::: 2k, VIN = ±10V 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

• -55"C';; TAO;;; ""25~C 

6 RL>2kU 

/ 32 

28 ./ 
V · • V 

• / 
2 / 

/~ 
• / 
4 

0 

• 10 ,. 20 

SUPPLY VOL lAGE ±V 

INPUT COMMON MODE VOLTAGE 
RANGE AS A FUNCTION OF 

SUPPLY VOLTAGE 

• -55"C .;;; T A .;; +l25"C 

4 

2 

• 
• 
6 

V 
• • 

V 
/ 

/ 
/ 

V~ 
1-- I 

i 

1. ,. 
SUPPL Y VOLTAGE tV 

Si!JllDliCS 

t,..-

---

, 

2. 

Typ 

1.4 

1.0 

0.3 
5.0 
0.5 

Max 

100 

.. 
60 

40 

20 

Mfl 
pF 

MHz 

... s 
% 

V/ ... s 

POWER CONSUMPTION 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

TA
1
"25"C 

,./ 
,./ 

,./ I-"'" 
V 

V 
• • 10 ,. 

SUPPLY VOLTAGE tV 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

INPUT BIAS CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

VS=t15V 

.- - ._---

300-

200 f--- -.. f-- -- .. 

.-. --"---

, .. 
'2 • 
'DO 

.. 
so 

.. 

TEMPERATURE "c 

INPUT OFFSET CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

VS.lt15J 

.-'-
• -80 -20 so 'DO 

TEMPERATURE' C 

'40 

OUTPUT SHORT-CIRCUIT CURRENT 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

35 

" 30 

~ 
I ........ 

r-... 
f'. 

t'-... 
I' 

• --I---f--

• •• -20 2 • 60 '00 '40 
TEMPERATURE C 
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INPUT RESISTANCE 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

10.0 

5 .• 

3 .• 

, .. 
•. 5 

•. 3 

.. , 

10 

• 

30 

v~.t;.v 

-
I--- - "7 

~ I--'" I---- - -

~ 
". 

P -- - f-- -

f-- -- --_. - -- --
f--- --. 

-80 -20 20 60 '00 

TEMPERATURE "C 

POWER CONSUMPTION 
AS A FUNCTION OF 

AMBIENT TEMPERATURE 

-

I---

-

'40 

-60 -20 2. 100 140 

,.-, 

,0-' 

,0-' 

,0-' 

3 

4 

TEMPERATURE "c 

INPUT NOISE VOLTAGE 
AS A FUNCTION OF 

FREQUENCY 

VS .. t15V 
TA" 25"C 

.~ 
""""-

• 

7 

10- '8 ,. 
'00 'K , .. 

FREOUENCV - Hr 

'OOK 

I'A7411741C-N,FE 
SA741C-N 
I'A741C-D 

INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

,.I-~--I--+--+--I---l 

O~5--~--~'.~~---=15--~--~2O 

SUPPLY VOLTAGE tV 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
LOAD RESISTANCE 

,. 
2. . VS .. t15V --f-'-

TA-25°C ~ 

/ 
24 

22 

J 
II 

, . 
16 

J 
I '4 

'2 

• 
• I 

0.1 0.2 0.5 10 7.0 S.O 10 

LOAD RESISTANCE - kU 

INPUT NOISE CURRENT 
AS A FUNCTION OF 

FREQUENCY 

10-20 Vs = t 15V 
TA = 25 C 

,0-221---t- ----+--+----1 

'0-23~ 
...... 

,O-24t----~~.---
,.-261- ___ --t----j----- _.-

lo- 26!::,. __ -;,!= .. __ -::,.:--_-,,± •• :-----c,;;;!_ 

fREQUENCY - Hz 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

'00 

,0 

, 

o. , 

.. 
38 

> 32 

.I 
! .. 
I 
~ 24 

6 ,. 
x 
~ 1 
o 
~ , 
~ 

• 
2 

• 
• 
0 

BROADBAND NOISE FOR 
VARIOUS BANDWIDTHS 

VS·tlSV 
TA"'ZS'C 

../ 
lD-100kHz 

~ 10-1kH;r -10-1kHz 

'00 ,. '0, 'DO' 
SOURCE REStSTANCE-U 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 

FREQUENCY 

VS .. .t16V 
'A-2!j°C 
RL. 'OkU 

\ 
\ 
\ 
\ 
'\ , 

'00 ,. 'OK ,- 'M 

FREQUENCY-Hz 

! 
~ 
w 

" ~ 
0 
> .... 
:> .. .... 
:> 
0 
.... 
:> 
0 
> 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 

FREQUENCY 

, .. 
Vs"t15V 

""'" 
TA ~ 25 C 

" 
.. 

"-
"-

,05 

,04 

,03 

" " 
,0 

~ 
10 100 lK 10K lOOK 1M 10M 

FREQUENCY-Hi: 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF 

FREQUENCY 

'00 
VS=tlSV 

"" 
TA =2S"C .. 

so 

0 
r-.. 
\. .. 

r\ 
\. 

5. .. 
f--r-. \. 

'\ 
3D 

10 

10 100 lK 10K lOOK 1M 10M 

FREQUENCV-Hz 

POWER BANDWIDTH 
(Large Signal Swing VI Frequency) 

28 

24 

20 

,. 
, . 

8.0 

4.0 

o 
10 

"" 
1\ 
:\ 
\ 

(VOLTAGE FOLLOWER, \ +15 VOLT SUPPLIES 

THI< 5% 

I 
, 

100 1.0k 10K lOOK 

f. FREQUENCY (Hz) 

Si!lRDliCS 

I'A741fl41C-N,FE 
SA741C-N 
I'A741C-D 

OPEN LOOP PHASE RESPONSE 
AS A FUNCTION OF 

FREQUENCY 

f\ VS=tlSV 
TA=25"C 

1\ I 

i ' 
.9D 

-13 5 

_'80 
1 10 100 lK 10K lOOK 1M 10M 

FREQUENCY-Hz 

TRANSIENT RESPONSE 

28 
VS=±15V 
TA = 25"C 
Rl =an 24 

CL = 100pF 

2. 

7 
I 

16 

'2 

I 
~ J,<1< -- ~2:!ME 

I 
0.5 1.0 1.5 2.0 2.5 

TIME-"S 
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DESCRIPTION 
The 747 is a pairof high performance mono
lithic operational amplifiers constructed on 
a single silicon chip. High common mode 
voltage range and absence of "latch-up" 
make the 747 ideal for use as a voltage 
follower. The high gain and wide range of 
operating voltage provides superior per
formance in integrator, summing amplifier, 
and general feedback applications. The 747 
is short-circuit protected and requires no 
external components for frequency com
pensation. The internal 6dB/octave roll-off 
insures stability in closed loop applications. 
For single amplifier performance, see 
~741 data sheet. 

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 
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PIN CONFIGURATIONS 

D,F,N PACKAGE 

INY. INPUT A 1 

NON· INVERTING 2 
INPUT A 

OFFSET NULL A 3 

OFFSET NUll B 5 

NON-INVERTING 
INPUT B 

INVERTING 
INPUT 8 

14 OFFSET NULL A 

11 NO CONNECT 

8 OFFSET NULL B 

ORDER PART NO. 
pA747CN. pA747CF. pA747N. 

pA747F. SA747CN 
pA747CD 

EQUIVALENT SCHEMATIC 

pA747/747C/5A747C 
p.A747 n47C-F,H,N 

SA747C-N 
p.A747C-O 

H PACKAGE" 
NC 

OUTPUT A 

V,. 
INVERTING 

INPUT A 

Y--

ORDER PART NO. 
"A747CH. pA747H 

·Meta' cans (HI not recommended for new designs 

EQUIVALENT CIRCUIT (EACH SIDE) 
INVERTING INPUT 

~ __ ------~--4---~----------~------~-OV' 

50l! 
L---_4--~--4-~----~~ __ _4 __ ~ __ ~~ ____ ~_Ov-

OFFSET NULL 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
p.A747 ±22 V 
p.A747C ±18 V 
SA747C ±18 V 

Internal power dissipation 
H Package 500 mW 
N,F Packages 670 mW 

Differential input voltage ±30 V 
Input voltage ±15 V 
Voltage between offset null 

and V- ±0.5 V 
Storage temperature range -65 to +155 DC 

Operating temperature range 
p.A747 -55 to +125 DC 

p.A747C o to +70 DC 

SA747C -40 to +85 DC 
Lead temperature 

(soldering, 60 sec) 300 DC 

Output short-circuit duration indefinite 

SmnDtiCS 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Vos Offset voltage Rs :-;10kn 
Rs:-; 10kn, over temp 

los Offset current 
Over temp 

ISlAS Input current 
Over temp 

VOUT Output voltage swing RL ~ 2kn, over temp ±10 
RL ~ 10kn, over temp ±12 

Icc Supply current 
Over temp 

Power consumption 
Over temp 

Input capacitance 
Offset voltage adjustment range 
Output resistance 
Channel separation 

PSRR Supply voltage rejection 
ratio Rs:-; 10kn, over temp 

AVOL Large signal voltage gain (DC) RL ~ 2kn VOUT = ±10V 25,000 

CMRR Rs :-;10Kn, VCM ±12V 
over temp 70 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

SA747C 

Typ 

2.0 
3.0 

20 

±13 
±14 

1.7 
2.0 
50 
60 
1.4 
±15 
75 
120 

30 

p.A747 n47C-F,H,N 
SA747C-N 
p.A747C-D 

UNIT 
Max 

6.0 mV 
7.5 mV 

200 nA 
500 nA 

500 nA 
1500 nA 

V 
V 

2.8 mA 
3.3 mA 

85 mW 
100 mW 

pF 
V 
n 

dB 

150 p.VN 
VN 

dB 

PARAMETER TEST CONDITIONS 
pA747/pA747C/SA747C 

UNIT 
Min Typ Max 

Transient response VIN = 20m V, Rl = 2kn, Cl < l00pf 
Risetime Unity gain CL :-; 100pf 0.3 P.s 
Overshoot Unity gain CL:-; 100pf 5.0 % 

Slew rate RL > 2kn 0.5 V/p.s 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
p.A747 

Min Typ Max 

Vos Offset voltage Rs:5 10kn 2.0 5.0 
Rs:5 10kn, over temp 3.0 6.0 

los Offset current 20 200 
TA = +125°C 7.0 200 
TA = -55°C 85 500 
Over temp 

ISlAS Input current 80 500 
TA = 125°C 30 500 
TA = -55°C 300 1500 
Over temp 

VOUT Output voltage swing RL ;:: 2kn, over temp ±10 ±13 
RL;:: 10kn, over temp ±12 ±14 

Icc Supply current 1.7 2.8 
each side TA = 125°C 1.5 2.5 

TA = -55°C 2.0 3.3 
Over temp 

Power consumption 50 85 
TA = 125°C 45 75 
TA = -55°C 60 100 
Over temp 

Input capacitance 1.4 
Offset voltage adjustment range ±15 
Output resistance 75 

Channel separation 120 
PSRR Supply voltage rejection 30 150 

ratio As < 10kn, over temp 
AVOL Large signal voltage gain (DC) RL ;:: 2kn VOUT = ±10V 50,000 

Over temp 25,000 

CMRR Rs :5 10Kn, VCM ±12V 
over temp 70 
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Min 

.t10 
±12 

25,000 
15,000 

70 

p.A747/747C-F,H,N 
SA747C-N 
p.A747C-D 

p.A747C 
UNIT 

Typ Max 

2.0 6.0 mV 
3.0 7.5 mV 

20 200 nA 
nA 
nA 

7.0 300 nA 

80 500 nA 
nA 
nA 

30 800 nA 

±13 V 
±14 V 

1.7 2.8 mA 
mA 
mA 

2.0 3.3 mA 

50 85 mW 
mW 
mW 

60 100 mW 

1.4 pF 
+15 V 
75 n 

120 dB 
30 150 p.VIV 

VIV 
VIV 

dB 



TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dl 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION FEATURES 
• Short circuit protection 
• Offset voltage null capability 

The 748 is a High Performance Operational 
Amplifier featuring high gain, short circuit 
immunity, offset voltage null capability, 
simplified compensation and excellent tem
perature stability. 

• Large common-mode and differential 
voltage ranges 

• Low power consumption 
• No latch-up 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
p.A748 ±22 
p.A748C ±18 

Internal power dissipation 1 500 
Differential output voltage ±30 
Input voltage2 ±15 
Storage temperature range -65 to +150 
Operating temperature range 

p.A748 -55 to +125 
p.A748C o to +70 

Lead temperature 300 
Output short circuit duration3 indefinite 

NOTES 

1. Rating applies for case temperatures to HO·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 +70·C ambient 

temperature. 

EQUIVALENT CIRCUIT 

UNIT 

V 
V 

mW 
V 
V 
·C 

·C 
·C 
·C 

p.A748/748C-F,N 
p.A748C-D 

PII'.I CONFIGURATIONS 

F PACKAGE 

F~~~si~~ut[ 3 
INVE~~;~~ 4 -

NON.INVE~J~~~ I + 

ORDER PART NO. 

/,A748F, ~748CF. 

D,N PACKAGE 

FREQ. COMPo AI , 
OFFSET NULL 

INVERTING z 
INPUT 

NON-INVERTING 
INPUT 3 

COMPENSATION 

ORDER PART NO. 

I'A748N. ~748CN 

~748CD 

FREo. 
12 COMPo B 

It OFFseT 
NULL. 

• FREa. 
COMPo B 

& OFFSET 
NULL 

r-~--------------~--------~----------~----+-------------~~V+ 

- INPUT 

OFFSET 
NULL 

As 
50k 

As 
lk 

OFFSET 
NULL 

.., 
Uk 

lie 
75k 

016 

017 

RU 
50 

Re 
25 

OUTPUT 

Rl0 
SO 

020 

NOTE 
~----~----~--------~--------~--~~----~--~------------~-oV-

All resistors values are typical and In ohms. 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
I'A748 I'A748C 

Min Typ Max Min Typ 

Rs:S 10kO, TA = 25°C 1.0 5.0 2.0 
Vos Offset voltage Over temperature 6.0 

los Offset current 20 200 20 
25°:S TA:5 Tmax 7.0 200 9.0 

T min :5 TA:S 25°C 85 500 35 

IBIAS Input current 80 500 80 
25° :5 TA:5 Tmax 30 500 40 
T min:S TA:5 25°C 300 1500 130 

VCM Common mode voltage range Over temperature ±12 ±13 ±12 ±13 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
I'A748 

Min Typ Max 

CMRR Common mode rejection ratio Rs :5 ±10kO, over temperature 70 90 

RIN Input resistance 0.3 2.0 

VOUT Output voltage swing RL ;::: 2kO, over temperature ±10 ±13 
RL;::: 10kO, over temperature ±12 ±14 

Icc Supply current 1.7 2.83 
25° :5 TA:S T max 1.5 2.50 
T min :s TA :s 25°C 2.0 3.33 

Pd Power consumption TA = 25°C 50 85 
25° :s TA :s T max 45 75 
Tmin<TA<25°C 60 100 

PSRR Supply voltage rejection ratio Rs < 10kO, over temperature 30 150 
Output resistance TA - 25°C 75 

AVOL Large signal voltage gain RL;::: 2kO VOUT ±10V ±15V 50 200 
Over temperature 25 

Input capacitance 1.4 
Offset voltage adjustment ±15 
range 

AC ELECTRICAL CHARACTERISTICS 

I'A748 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Transient response (unity gain) VIN = 20mV, RL = 2kO 
CL:5 100pF 

Rise time C1 =30pF 0.3 
Overshoot 5.0 

Slew rate RL ;::: 2kO C1 = 30pF 0.5 

9i!1nOliC9 

Max 

6.0 
7.5 

200 
300 
300 

500 
800 
800 

Min 

70 

.30 

±10 
±12 

50 
25 

UNIT 

mV 
mV 

nA 
nA 
nA 

nA 
nA 
nA 

V 

I'A748fi48C-F,N 
I'A748C-D 

I'A748C 

Typ Max 
UNIT 

90 dB 

2.0 MO 

±13 V 
±14 V 
1.7 2.83 mA 
1.6 3.33 mA 
1.8 3.33 mA 

50 85 mW 
48 100 mW 
54 100 mW 
30 150 uVIV 
75 0 
200 VlmV 

VlmV 
1.4 pF 
±15 mV 

I'A748C/SA748C 
UNIT 

Min Typ Max 

0.3 I's 
5.0 % 

0.5 VII's 
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TYPICAL CHARACTERISTIC CURVES 
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TYPICAL CHARACTERISTIC CURVES (Cont'd) 
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DESCRIPTION 
The SElNE592 is a monolithic, two stage, 
differential output, wideband video amplifi
er. It offers fixed gains of 100 and 400 
without external components and adjust-. 
able gains from 400 to 0 with one external 
resistor. The input stage has been designed 
so that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier in communications, 
magnetic memories, display, video recorder 
systems, and floppy disc head amplifiers. 
The 592 is a pin-far-pin replacement for the 
"A733. 

EQUIVALENT CIRCUIT 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation required 
• Wave shaping with minimal external 

components 

r---~~----~------~--~r-------~----~r--o+Y 

2.4K 2.4K 10K 

t-----~-----r_+------_+-----4~~~~----t_~OUTPUTI 

INPUT 1 

OUTPUT 2 

GIA 

400 

~--~~----~--------~------------~--~~-o-Y 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Supply voltage ±8 V 
Differential input voltage ±5 V 
Common mode 

Input voltage ±6 V 
Output current 10 rnA 
Operating temperature range 

SE592K -55 to +125 °C 
NE592K OJo +70 °C 

Storage temperature range -65 to +150 °C 
Power dissipation 500 mW 

9i!1DOtiC9 

NE592-D,F,H,N 
SE592-F,H 

PIN CONFIGURATION 

D,F,N PACKAGE 

INPUT 2 1 

G~~~:~~ 3 
G1~~A~~ 4 

Y- 5 

OUTPUT 2 7 

INPUT 1 

NC 

G2A GAIN 
SELECT 

11 :~tE~~IN 
Y+ 

H PACKAGE" 

INPUT 2 

G2B GAIN 
SELECT 

NOTE 

G 2A GAIN SELECT 

y-

Pin 5 connected to case. 

Y+ 

OUTPUT 1 

*Metal cans (Hl not recommended for new de
signs. 
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DC ELECTRICAL CHARACTERISTICS TA = +25°C, Vs = ±6V, VCM = 0 unless otherwise specified 
Recommend operating supply voltages Vs = ±6.0V 

NE592 SE592 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Differential voltage gain 
Gain 11 RL = 2kn, VOUT = 3V p-p 250 400 600 300 400 
Gain 22 80 100 120 90 100 

Bandwidth 
Gain 11 40 40 
Gain 22 90 90 

Rise time 
Gain 11 VOUT = 1V p-p 10.5 10.5 
Gain 22 4.5 12 4.5 

Propagation delay 
Gain 11 VOUT = 1V p-p 7.5 7.5 
Gain 22 6.0 10 6.0 

Input resistance 
Gain 11 4.0 4.0 
Gain 22 10 30 20 30 

Input capacitance2 Gain 2 2.0 2.0 
Input offset current 0.4 5.0 0.4 
Input bias current 9.0 30 9.0 
Input nOise voltage BW 1kHz to 10MHz 12 12 
Input voltage range ±1.0 

Common mode rejection ratio 
Gain 2 VCM ±1V,F < 100kHz 60 86 60 86 
Gain 2 VCM ±1V,F = 5MHz 60 60 

Supply voltage rejection ratio 
Gain 2 ~VS = +0.5V 50 70 50 70 

Output offset voltage 
Gain 22 RL=co 0.35 0.75 0.35 

Output common mode voltage RL=co 2.4 2.9 3.4 2.4 2.9 
Out put voltage swing differential RL=2K 3.0 4.0 3.0 4.0 
Output resistance 20 20 
Power supply current RL=co 18 24 18 

NOTES 
1. Gain select pins G'A and G'B connected together. 
2. Gain select pin. G2A and G2B connected together. 
3. All gain select pins open. 
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NE592-D,F,H,N 
SE592-F,H 

UNITS 
Max 

500 VIV 
110 VIV 

MHz 
MHz 

ns 
10 ns 

ns 
10 ns 

kn 
kn 
pF 

3.0 !LA 
20 p.A 

p.Vrms 
±1.0 V 

dB 
dB 

-dB 

0.75 V 
3.4 V 

n 
24 mA 



TYPICAL PERFORMANCE CHARACTERISTICS 

COMMON MODE REJECTION 
RATIO AS A FUNCTION OF FREQUENCY 
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VIDEO AMPLlllEk 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

GAIN VI FREQUENCY VOLTAGE GAIN 
AS A FUNCTION OF ADJUST CIRCUIT 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

PHASE SHIFT AS A PHASE SHIFT AS A 
FUNCTION OF FREQUENCY FUNCTION OF FREQUENCY 
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TYPICAL APPLICATIONS 

2 •• 

v, 

Vo (s) 1.4 X 104 

V, (s) Z(s) + 2r. 

1.4X 104 

Z(s) + 32 

+6 

-6 

BASIC CONFIGURATION 

FILTER NETWORKS 

ZNETWORK 

R L 

~ 

R C 

~r------o 

R L C 

~I---<> 

L 

~ 
NOTE 

In the networks above, the R value used is 
assumed to include 2re, or approximately 320. 

DISCITAPE PHASE MODULATED READBACK SYSTEMS 

AMPLITUDE: 
FREQUENCY, 
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47 pFd 

-6 

-= 
READ HEAD I DIFFERENTIATOR/AMPLIFIER 

Q 

ZERO CROSSING DETECTOR 

Si!lDotiBS 

FILTER 
TYPE 

LOW PASS 

HIGH PASS 

BAND PASS 

BAND REJECT 

NE592-D,F,H,N 
SE592-F,H 

Vo (s) TRANSFER 
V, (s) FUNCTION 

1.4 X 104 ~+1R/LJ ---
L 

1.4 X 104 [~+ ~IRC ] ---
R 

1.4X104[ s J 
L s2 + R/L s + 1/LC 

1.4X104[ s2+1/LC ] 

R s2 + 1/LC + slRC 

DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 

+6 

G.2"T' "" 
Vo 

O.2pF 

-6 T 
FOR FREQUENCY F, «1/2 1T (32) C 
Vo '"1.4 X 104C~ 

dT 



DESCRIPTION 
The 733 is a monolithic differential input, 
differential output, wideband video amplifi
er. It offers fixed gains of 10,100 or 400 
without external components, and ad
justable gains from 10 to 400 by the use of an 
external resistor. No external frequency 
compensation components are required for 
any gain option. Gain stability, wide band
width and low phase distortion are obtained 
through use of the classic series-shunt 
feedback from the emitter follower outputs 
to the inputs of the second stage. The emit
ter follower outputs provide low output im
pedance, and enable the device to drive ca
pacitive loads. The 733 is intended for use as 
a high performance video and pulse amplifi
er in communications, magnetic memories, 
display and video recorder systems. 

CIRCUIT SCHEMATIC 

FEATURES 
• 120MHz bandwidth 
• 250kfl Input resistance 
• Selectable gains of 10,100 and 400 
• No frequency compensation required 
• Mil std 883A,B,C available 

r---~---------'-----1-----1----~~----~~Y+ 

INPUT 1 

GAIN 
SELECT 

{
G 1A 

GOA 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Differential input 
Voltage 

Common mode input 
Voltage 

Vee 
Ouput current 
Junction temperature 
Storage temperature range 
Operation temperature range 

pA733C 
p.A733 

Po Power dissipation 
K package 
N, F package 

+-----+--oOUTPUT 1 

OUTPUT 2 

RATING UNIT 

±5 V 

±6 V 

±8 V 
10 mA 

+150 ·C 
-65 to +150 ·C 

o to +75 ·C 
-55 to +125 ·C 

500 mW 
670 mW 

Si!lnOlies 

p.A733fl33C-F,H,N 

PIN CONFIGURATION 

INPUT 2 1 

OUTPUT 2 7 

INPUT 2 

G2A GA1N 
SELECT 

NOTE 

F,N PACKAGE 

H PACKAGE' 

y-

Pin 5 connected to case. 

INPUT 1 

NC 

GOA GAIN 
SELECT 
GIA GAIN 
SELECT 
y+ 

y+ 

OUTPUT 1 

'Metal cans (HI not recommended for new designs 
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DIFFERENTIAL VIDEU AMPliFIER JlAl" 733r: 

IlA7733/733C-F.H.N 

DC ELECTRICAL CHARACTERISTICS TA = +25°C. Vs = ±V. VCM = 0 unless otherwise specified. 
Recommended operating supply voltages Vs = ±6.0V. 

IlA733C IlA733 
UNITS PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

Differential voltage gain 
Gain 11 250 400 600 300 400 500 VIV 
Gain 22 RI = 2kn. VOUT = 3Vp-p 80 100 120 90 100 110 VIV 
Gain 33 8.0 10 12 9.0 10 11 VIV 

r---
Bandwidth 

Gain 11 40 40 MHz 
Gain 22 90 90 MHz 
Gain 33 120 120 MHz 

Rise time 
Gain 11 10.5 10.5 ns 
Gain 22 VOUT = 1Vp-p 4.5 12 4.5 10 ns 
Gain 33 2.5 2.5 ns 

Propagation delay 
Gain 11 7.5 7.5 ns 
Gain 22 VOUT = 1Vp-p 6.0 10 6.0 10 ns 
Gain 33 3.6 3.6 ns 

Input resistance 
Gain 11 4.0 4.0 kn 
Gain 22 10 30 20 30 kn 
Gain 33 250 250 kn 

Input capacitance2 Gain 2 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 IlA 
Input bias current 9.0 30 9.0 20 IlA 
Input noise voltage BW = 1kHz to 10MHz 12 12 IlVrms 
Input voltage range ±1.0 ±1.0 V 

Common mode 
Rejection ratio 

Gain 2 VCM = ±V.f:5 100kHz 60 86 60 86 dB 
Gain 2 VCM = ±1V.F = 5MHz 60 60 dB 

Supply voltage 
Rejection ratio 

Gain 2 tlVs = ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 11 RL = '" 0.6 1.5 0.6 1.5 V 
Gain 2 and 32.3 0.35 1.5 0.35 1.0 V 

Output common mode voltage RL= '" 2.4 2.9 3.4 2.4 2.9 3.4 V 
Output voltage swing. differential RL = 2k 3.0 4.0 3.0 4.0 
Output sink current 2.5 3.6 2.5 3.6 mA 
Output resistance 20 20 n 
Power supply current RL ± '" 18 24 18 24 mA 

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. 
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DIFFERENTIAl VIDEO AMPliFIER 

TYPICAL Pi:RFORMANCE CHARACTERISTICS 

PHASE SHIFT AS A 
FUNCTION OF FREQUENCY 
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j.lA733n33C-F,H,N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

VOLTAGE GAIN GAIN vs FREQUENCY VOLTAGE GAIN 
AS A FUNCTION AS A FUNCTION AS A .FUNCTION 

OF TEMPERATURE OF TEMPERATURE OF SUPPLY VOLTAGE 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION 

OF LOAD RESISTANCE 
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INPUT NOISE VOLTAGE 
AS A FUNCTION 

OF SOURCE RESISTANCE 
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Section 3-POWER CONTROLLERS 

NE/SE5553/5554 
NE/SE5560 
SG1524/2524/3524 
ILA7231 723CI SA723C 
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VOLTAGE REGULATOR DEFINITIONS 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150°C ia standard for ailicon devices. 

TSTG 
Storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 
Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 
The power that the device can safely handle at 25°C. The dissipa
tion must be derated as indicated for the individual package type. 

Package Type DeSignation 

See full package designations in Appendix. 

Vcc(-VcC> 
Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Une Regulation 

Sometimes referred to as "static regulation". This term refers to the 
changes in the output as the input is varied slowly from its rated 
minimum value to its rated maximum value (from 105 VACRMS to 
125 VACRMS). Measured in mv/V. 

Load Regulation 

Sometimes referred to as "dynamic regulation". This term refers to 
the changes in the output when load conditions are suddenly 
changed (from no load to full load). Measured in mv/V. 

Thermal Regulation 

Referred to as changes due to ambient variations or thermal drift. 
Also referred to as temperature coefficient, measured in ppm / °C or 
mv/oC. 

Transient Response 

The ability of a regulator to respond to rapid changes in line vari
ations, load variations, or intermittent transient input conditions. 
(Transient Response is often referred to as "recovery time"). Mea
sured in milliseconds (ms). 

Voltage Umltlng 

The ability of the regulator to "shut down" in the event that the 
internal reference sources fail to function properly. Measured in 
Volts. 

Current Limiting 

The ability of the amplified segment to limit the output current of the 
device when safe operating limits are exceeded. Measured in am
peres (pre-determined). 

Thermal Shutdown 

The ability of the regulator to shut itself down when the maximum 
die temperature is exceeded. Measured in degrees Celsius (C). 

Power Dissipation 

The ability of the regulator to tolerate excessively high levels of 
input power while maintaining its operation within the safe operating 
area of its active devices. Measured in watts. 

Efficiency 

Regarding a regulator, the ratio of the total power input to the 
usable power output. Expressed as a percentage. (For example, if 
a regulator has a 50 watt input and a 40 watt output, its efficiency is 
80 percent). 

EMI/RFI 

("Electromagnetic Interference/Radio Frequency Interference") 
regarding regulators, magnetic field disturbance and radio frequen
cy interference signals generated especially by SMPS devices. 
Measurement is generally unspecified. 

Safe Operating Area Restriction (SOAR) 
Limits the output current of the amplifier to maintain safe (no ther
mal runaway) operating conditions. (Accomplished through internal 
sensor amplifiers). 

NOTE 
Refer to Section 4 of Analog Applications Manual for an in-depth explanation of Voltage 
Regulatora 
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SIGNETICS REPLACEMENT STANDARDS 

DUAL TRACKING VOLTAGE REGULATOR 

INDUSTRY 
SIGNETICS SIGNETICS QR&A 

COMPETITION KEY PARAMETER AVAILABLE ORIGINATED COMMENTS 
VALUE 

VALUE DEVICES SURE II SUPRII 

NATIONAL 

,; ....... -) MOTOROLA 1 SEINE 555X Yes lOUT 
400mA 

RAYTHEON 
% 

LM125, -6, -7 0.1 % ,; ... ,,-) 0.25 

% 

Raytheon 4194 ±.05to ±40 VO~ ) ± 5to ±20 SEINE 5553/4 Yes 

Volts 

Motorola 1568 l00mA lOUT ) ±400 SEINE 5553/4 

mA 

''''''''? SE 

{ Dissipation 
8 5553/4 

NE 

Watts Series in SIL·9 
package 
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DESCRIPTION 
The NElSE5553,4 are dual polarity tracking 
regulators designed to produce balanced or 
unbalanced output voltages from 5 to 20 
volts with up to 300 mA output current. 
Similar in specifications to the 78MXX and 
79MXX fixed regulators, the 5553/4 series 
can be continuously adjusted, balanced or 
unbalanced. The fixed voltage on the 5553 
is ±12V, and on the 5554 is±15V. Employing 
current limiting and thermal shutdown pro
tection, these dual polarity regulators are 
ideal for local on-card regulation. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VIN Input voltage 

TSG Storage temperature 

TJ Operating junction temperature 
NE5553/5554 
SE5553/5554 

Lead temperature 10 sec. 

BLOCK DIAGRAM 

FEATURES 
• Output current to 300mA 
• Internally current limited 
• Thermal overload protected 
• Input voltage to ±32V 
• Output balance 1% typo 
• External balance control 
• Continuously adjustable from 5 to 20 

volts, balanced or unbalanced 
• No external components required 
• Short Circuit current 400mA 
• Maximum power capability can be 

achieved with proper heat sinking 

RATING UNIT 

±32 V 

-65 to +150 DC 

o to +125 DC 
-55 to +150 DC 

300 DC 

~-----..... --_o +VOUT 

L-------------.1---o BALANCE 

GNDo---~----~ 

...------+----0 CONTROL 

~----~----+----_o-VOUT 

!ii!JDDliC!i 

NElSE5553/5554-F,H,N,U 

PIN CONFIGURATIONS 

F,N PACKAGE 

ORDER PART NO. 

VOLTAGE PART NO. 
±12V NE/SE5553F.N 
±15V NE/SE5554F.N 

H PACKAGE" 

+YOUT 

BALANCE 

CONTROL 

-YOUT 

ORDER PART NO. 

VOLTAGE PART NO. 
±12V NElSE5553H 
±15V NE/SE5554H 

"Metal cans (HI not recommended for new designs 

-VIN 

-VOUT 

N.C. 

GND 

CONTROL 

BALANCE 

N.C. 

'VOUT 

UPACKAGE 

. Y,N == __ L.:.._....II-----.J 

ORDER PART NO. 

VOLTAGE PART NO. 
±12V NE/SE5553U 
±15V NE/SE5554U 

THERMAL RESISTANCE 
H Package: HJC = 20·CIW eJA = lS0°CIW 
N Package: HJC = 33°CIW eJA = 95°CIW 
U Package: HJC = 30·CIW HJA = 62°CIW 
F Package: HJC = 30° CIW HJA = 110° CIW 
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DC ELECTRICAL CHARACTERISTICS VIN = ±20V. IL = l00mA. TJ = 25°C. 
CIN = COUT = 0.1 p.F unless otherwise specified. 2 

SE5553 
PA.RAMETER TEST CONDITIONS 

Min Typ Max 

VOUT+ Positive output voltage +11.5 +12 +12.5 
VOUT- Negative output voltage -12.5 -12 -11.5 

iNouT Line regulation ±20 < VIN < +30V 100 150 
aVOUT Load regulation lmA:5 ILoad :5 50mA 10 25 

lmA :5 I Load :5 200mA 30 100 

Vour+ Positive output voltage 1mA :5IL:5 100mA +11.4 +12 +12.6 
Vour- Negative output voltage ±20V :5 VIN :5 ±30V over temp. 1 -12.6 -12 -11.4 

10+ Positive quiescent current ILoad = 0 1.70 3.5 
10- Negative quiescent current ILoad = 0 5.60 8.5 

Input/output differential voltage 2.5 
VBAL Output voltage balance .2 

Output noise voltage 100Hz to 10kHz 55 

Ipeak Peak output current 400 
Temperature stability of 1 

output voltage 

DC ELECTRICAL CHARACTERISTICS VIN = ±20V.IL = 100mA. TJ = 25°C. 

PARAMETER 

VOUT+ Positive output voltage 
VOur- Negative output voltage 

aVOUT Line regulation 
aVOUT Load regulation 

Vour+ Positive output voltage 
Vour- Negative output voltage 

10+ Positive quiescent current 
10- Negative quiescent current 

Inputloutpu! differential voltage 
VSAL Output voltage balance 

Output noise voltage 

I Peak Peak output current 
Temperature stability of 

output voltage 

NOTES 
I. Junction temperature range 

SE prefix -55·C < TJ < ISO·C 
NE prefix O·C < TJ < 12S·C 

2. erN needed only when remote from filter capacitors 
COUT needed only if dynamic regulation is to be im
proved. 
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CIN = COUT = 0.1 p.F unless otherwise specified.2 

SE5554 
TEST CONDITIONS 

Min Typ Max 

+14.4 +15 +15.6 
-15.6 -15 -14.4 

+20 < VIN < +30V 100 150 
lmA :5 I Load :5 50mA 10 25 
1 mA :5 ILoad :5 200mA 30 100 

lmA :5IL:5 100mA +14.25 +15 +15.75 
±20V:5 VIN:5 ±30V over temp.1 -15.75 -15 -14.25 

ILoad = 0 1.70 3.5 
ILoad = 0 5.60 8.5 

2.5 
.2 

100Hz to 10kHz 55 

400 
1 

sagDDtiCS 

NE/SE5553/5554-F.H.N.U 

NE5553 

Min Typ Max 
UNIT 

+11.5 +12 +12.5 
-12.5 -12 -11.5 V 

100 300 mV 
10 50 mV 
30 200 mil 

+11.4 +12 +12.6 V 
-12.6 -12 -11.4 V 

1.70 3.5 mA 
5.60 8.5 mA 

2.5 V 
.2 V 
55 p.Vrms 

400 mA 
1 mV/oC 

NE5554 
UNIT 

Min Typ Max 

+14.4 +15 +15.6 
-15.6 -15 -14.4 V 

100 300 mV 
10 50 mV 
30 200 mV 

+14.25 +15 +15.75 V 
-15.75 -15 -14.25 V 

1.70 3.5 mA 
5.60 8.5 mA 

2.5 V 
.2 V 
55 p.Vrms 

400 mA 
1 mV/oC 



TYPICAL PERFORMANCE CHARACTERISTICS 

LOAD REGULATION 
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BLOCK DIAGRAM 

Rl and R2 adjust +VOUT 
with respect to -VOUT 
R3 and R4 adjust -VOUT 
From -5V to -20V 

NOTES 

D.,~~,* 

~ C. 
O.1JJFl 

TYPICAL CONNECTION 

+VOUT 

+VIN 
k C3 J. D.'~F2 

BALANCE 

GND SE/NE5S54 

CONTROL 

R4 
-VIN 

-YOUT 

C~2L O.1J.1F2 

1. Required if regulator is operated any distance from filter capacitor. 
2. Not required for stability, but improves dynamic regulation. 

TYPICAL APPLICATIONS 

HIGH CURRENT TRACKING REGULATOR 

+IN 

GND 

-IN 
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2N4906 

~,Lo, 

2.7U 
+IN +OUT 

R' TO""" 
NEJSE555X 

.2 ::!:: D.'"F 
-IN 

2.71l 

1\02 
2N3055 

VBE 
Rl=R2=~~ __ ~~~~~~ 

I.EGCmax) Cf3 + 1l. - loutCmax) 

For 

p(Q)::::: lout (max) 

lreg (max) 

9~nDtic9 

-OUT 

NE/SE5553/5554-F,H,N,U 

+VOUT 

R' 

R2 

R3 

-VOUT 



DESCRIPTION 
The NE I SE5560 is a control circuit for use in 
switched mode power supplies. This single 
monolithic chip incorporates all the control 
and housekeeping (protection) functions re
quired in switched mode power supplies, in
cluding an internal temperature compensat
ed reference source, internal Zener 
reference, sawtooth generator, pulse width 
modulator, output stage and various protec
tion circuits. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
(Voltage sourced) 

Supply current 
(Current sourced) 

Output current 
Operating temperature range (ambient) 
SE5560 
NE5560 

Storage temperature range 

BLOCK DIAGRAM 
FEED 

FEATURES 
• Stabilized power supply 
• Temperature compensated reference 

source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limiting 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetization/overvoltage protec-

tion 
• Maximum duty cycle adjustment 
• Feed forward control 
• External synchronization 

RATING UNIT 

+18 V 

30 rnA 
40 mA 

-55 to +125 ·C 
o to +70 ·C 

-65 to +150 ·C 

FORWARD R C 
SYNC 

' .. UT 

IIEIIOTE 
ON/OFF 

O.IV 

Ii~nl!ticli 

NE/SE551D 
NE/SE5560-F,N 

PIN CONFIGURATION 

F,NPACKAGE 

s~~~~~:) 1 

VOLT.J:~ 2 

CVCLE cON~~6r 6 

OSCILLATOR (R) 7 

OSCILLATOR eel a 

DEIIAGNElIZA110NI 
OVER-VOLTAGE PROTECTION 

16 FEEDFORWARD 

13 ~~'='EJ~:TtONI 
NEGATIVE 

12 SUPPLY (IN) 

11 r=:~ 
10 REMOTE ON/OFF 

9 ~~~~,:::rr 

t-----1-'- YZ 
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SWITCIIEO MODE POWER SUPPLY CONTROL CIRCUIT NE/8E5560 

NE/SE5560-F,N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 12V unless otherwise specified 

SE5560 NE5560 
PARAMETER TEST CONDITIONS UN,IT, 

Min Typ Max Min Typ Max 

REFERENCE SECTIONS 
Internal reference voltage (V ref) 25°C 3.69 3.76 3.84 3.57 3.76 3.96 V 
Internal Zener reference (VZ) IL = 7mA 7.8 8.4 9.0 7.8 8.4 9.0 V 
Temperature coefficient of Vref ±100 ±100 ppm/oC 
Temperature coefficient of Vz ±150 ±150 ppm/oC 

OSCILL~TOR SECTION 
Frequency range 50 100K 50 100K Hz 
Initial accuracy R = 5K 5 5 % 
Duty cycle range' fo = 20kHz 0 98 0 98 % 

MODULATOR 
Modulator input current Voltage at Pin 5 = 1V 0.2 20 0.2 20 p.A 

HOUSEKEEPING FUNCTION 
Pin 6 Duty cycle limit control (For 50% Maximum duty cycle) 38 40 42 37 40 43 % of Vz 

15kHz to 50kHz 

Pin 6 Input current .2 20 0.2 20 p.A 

Pin 1 Low supply voltage pro- 8.5 9.1 10.5 8.5 9.1 10.5 V 

tection thresholds 

Pin 3 Feedback loop protection 400 500 720 400 500 720 mV 
trip on threshold 

Pin 3 Pull up current -15 -35 -15 -35 p.A 

Pin 13 Demagnetization/over 470 600 720 470 600 720 mV 
voltage protection 
trip on threshold 

Pin 13 Input current 25°C 0.6 10 0.6 10 p.A 

Pin 16 Feed forward duty Voltage at Pin 16 = 2VZ 0.4 0.4 original 
cycle2 control duty cycle 

Feed forward input current 0.2 5 0.2 5 p.A 

25°C 

EXTERNAL SYNCHRONIZATION 
Pin 9 off 0 0.8 0 0.8 V 

on 2 Vz 2 Vz V 
Sink current Voltage at Pin 9 = Ov 25°C -65 -100 -65 -125 p.A 

REMOTE 
Pin 10 off 0 0.8 0 0.8 V 

on 2 Vz 2 Vz V 
Sink current 25°C -85 -100 -75 -125 p.A 

CURRENT LIMITING 
Pin 11; liN Voltage at Pin 11 = 250mV, 25°C -2 -10 -2 -10 p.A 
Single pulse inhibit delay Inhibit delay time for 20% 0.7 0.8 0.7 0.8 p's 

overdrive at 40mA lOUT 
Trip Levels: 
Shut down / slow start .500 .600 .700 .500 .600' .700 V 
Current limit .400 .48 .56 .400 .480 .560 V 

NOTES 
1. See graph 
2. See graph 
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NE / SE5560-F,N 

DC ELECTRICAL CHARACTERISTICS (Con't) TA = 25°C, VCC = 12V unless otherwise specified 

SE5560 NE5560 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

ERROR AMPLIFIER 
Open loop gain 60 60 dB 
Feedback resistor 10K 10K n 
Sma" signal bandwith 3 3 MHz 
Output voltage swing (positive) 6.2 6.2 V 
Output voltage swing (negative) 0.7 0.6 V 

OUTPUT STAGE 
Output Current (Pin 15) 40 40 mA 
Max emitter voltage (Pin 14) 5 6 5 6 V 
VCE(SAD IC = 40mA 0.5 0.5 V 

SUPPLY VOLTAGE/CURRENT 
ICC IZ=O, Voltage fed, VCC=12V, 25°C 10 10 mA 
VCC ICC = 10 mA, Current fed 20 23 19 24 V 
VCC ICC = 30 mA, Current fed 20 30 20 30 V 

NOTES 
1. See graph 
2. See graph 

TYPICAL PERFORMANCE CHARACTERISTICS 

GRAPH FOR DETERMINING 8 MAX SOFT-START MIN. DUTY CYCLE VS Rl + R2 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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DESCRIPTION 
This monolithic integrated circuit contains 
all the control circuitry for a regulating pow
er supply inverter or switching regulator. In
cluded in a 16-pin dual-in-line package is the 
voltage reference, error-amplifier, oscilla
tor, pulse width modulator, pulse steering 
flip-flop, dual alternating output switches 
and current limiting and shut-down circuitry. 
This device can be used for switching regu
lators of either polarity, transformer coupled 
DC to DC converters, transformerless volt
age doublers and polarity converters, as 
well as other power control applications. 
The SG1524 is specified for operation over 
the full military temperature range of -55·C 
to +125·C, while the SG2524 and SG3524 
are designed for commercial applications of 
O·C to +70·C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
Output current (each output) 
Reference output current 
Oscillator charging current 
Power dissipation 

Package limitation 
Derate above 25·C 

OJ)erating temperature range 
SG15~4 
SG25241 SG3524 

Storage temperature range 

BLOCK DIAGRAM 

FEATURES 

• Complete PWM power control circuitry 
• Single ended or push-pull outputs 
• Line and load regulation of 0_2% 
• 1% maximum temperature variation 
• Total supply current Is less than lOmA 
• Operation beyond 100kHz 

RATING UNIT 

40 V 
100 mA 
50 mA 
5 mA 

1000 mW 
8 mwr·C 

-55 to +125 ·C 
o to +70 ·C 

-65 to +150 ·C 

+SY TO ALL 
ti!~~~--....... - INTERNAL CtRCUITRY 

AT 6L~r-""'-' 
CT ~===-+---~ 

(RAMP) L---:-:::----H 

!NY.INPUT 1 

N.I.INPUT 2 

1. 9 COMPENSATION -= 
GROUND ~ '--'\N\;...-I[" (SUBSTRATE) 1 10 r 

-= SHUTDOWN 

Si!l0otiCS 

SG 15241 SG25241 SG3524-F,N 

PIN CONFIGURATION 

CONNECTION DIAGRAM 
F,N PACKAGE 

INVERT 
INPUT 

NON. INVERT 
INPUT 

OBC. 
OUTPUT 

(+)C.L. 
SENSE 
(-)C.L. 
SENSE 

EMmERB 

COLLECTORB 

COLLECTOR A 

11 EMITTER A 

SHUTDOWN 

9 COMPENSATION 
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5G 15241 5G25241 5G3524-F,N 

DC ELECTRICAL CHARACTERISTICS (Unless otherwise stated, these specifications apply for TA = -55°C to +125°C for the 
5G1524 and O°C to +70°C for the 5G2524 and 5G3524, VIN = 20V, and f = 20kHz) 

SG1524 SG2524 SG3524 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

REFERENCE SECTION 

Output voltage 4.8 5.0 5.2 4.6 5.0 5.4 V 

Line regulation VIN = 8 to 40V 10 20 10 30 mV 

Load regulation IL = 0 to 20mA 20 50 20 50 mV 

Ripple rejection f = 120Hz, TA = 25°C 66 66 dB 

Short circuit current limit VREF = 0, TA = 25°C 100 100 mA 

Temperature stability Over operating temperature range 0.3 1 0.3 1 % 

Long term stability TA = 25°C 20 20 mV/kHr 

OSCILLATOR SECTION 

Maximum frequency CT = .001 mfd, RT = 2kO 300 300 kHz 

Initial accuracy RT and CT constant 5 5 % 

Voltage stability VIN = 8 to 40V, TA = 25°C 1 1 % 

Temperature stability Over operating temperature range 2 % 

Output amplitude Pin 3, TA = 25°C 3.5 3.5 Vp 

Output pulse width CT = .01 mfd, TA = 25°C 0.5 0.5 ",s 

ERROR AMPLIFIER SECTION 

Input offset voltage VCM = 2.5V 0.5 5 2 10 mV 

Input bias current VCM = 2.5V 2 10 2 10 ",A 

Open loop voltage gain 72 80 60 80 dB 

Common mode voltage TA = 25°C 1.8 3.4 1.8 3.4 V 

Common mode rejection ratio TA = 25°C 70 70 dB 

Small signal bandwidth AV = OdB, TA = 25°C 3 3 MHz 

Output voltage TA = 25°C 0.5 3.8 0.5 3.8 V 

COMPARATOR SECTION 

Duty cycle % each output "ON" 0 45 0 45 % 

Input threshold Zero duty cycle 1 1 V 

Input threshold Maximum duty cycle 3.5 3.5 V 

Input bias current l' 1 ",A 

CURRENT LIMITING SECTION 

Sense voltage Pin 9 = 2V with error amplifier 
set for maximum out, TA = 26°C 190 200 210 180 200 220 mV 

Sense voltage T.C. 0.2 0.2 mV/oC 

Common mode voltage -1 +1 -1 +1 V 

OUTPUT SECTION (each output) 

Collector-emitter voltage 
(breakdown) 40 40 V 

Collector-leakage current VCE = 40V 0.1 50 0.1 50 ",A 

Saturation voltage IC = 50mA 1 2 1 2 V 

Emitter output voltage VIN = 20V 17 18 17 18 V 
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8G 15241 8G25241 8GS524-F,N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) (Unless otherwise stated, these specifications apply for T A = -55·C to + 125·C 
for the 8G1524 and O·C to +70·C for the 8G2524 and 8GS524, VIN = 20V, and 
f = 20kHz) 

8G 1524 8G2524 SG3524 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Rise time RC = 2K ohm, TA = 25·C 0.2 0.2 "s 

Fall time RC = 2K ohm, TA = 25·C 0.1 0.1 "s 

TOTAL 8TANDBY CURRENT 
(excluding oscillator charging 
current, error and current limit VIN = 40V 8 10 8 10 rnA 
dividers, and with outputs open) 

OPEN LOOP TEST CIRCUIT 

2k 

r------------------------------------------------------,'W 
2k 
lW 

APPLICATIONS 

VoHage Reference 

0.1 

15 

,. 

RT 

An internal series regulator provides a nomi
nal5 volt output which is used both to gener
ate a reference voltage and is the regulated 
source for all the internal timing and control
ling circuitry. This regulator may be by
passed for operation froin a fixed 5 volt sup
ply by connecting pins 15 and 16 together to 
the input voltage. In this configuration, the 
maximum input voltage is 6.0 volts. 

This reference regulator may be used as a 5 
volt source for other circuitry. It will provide 
up to 50mA of current itself and can easily 
be expanded to higher currents with an ex
ternal PNP as shown in Figure 1. 

Oscillator 
The oscillator in the 8G1524 uses an exter
nal resistor (RT) to establish a constant 
charging current into an external capacitor 
(CT)~ While this uses more current than a 
series connected RC, it provides a linear 
ramp voltage on the capacitor which is also 
used as a reference for the comparator. The 

SG1524 

CT 

2k 

charging current is equal to S.6V + RT and 
should be kept within the range of approxi
mately SO"A to 2mA, i.e., 1.8K<RT<100K. 

The range of values for CT also has limits as 
the discharge time of CT determines the 
pulse width of the oscillator output pulse. 
This pulse is used (among other things) as a 
blanking pulse to both outputs to insure that 
there is no possibility of having both outputs 
on simultaneously during transitions. This 
output dead time relationship is shown in 
Figure 2. A pulse width below approximately 
0.5 microseconds may allow false triggering 
of one output by removing the blanking pulse 
prior to the flip-flops reaching a stable 
state. If small values of CT must be used, the 
pulse width may still be expanded by adding 
a shunt capacitance ("" l00pF) to ground at 
the oscillator output. (Note: Although the os
cillator output is a convenient oscilloscope 
sync input, the cable and input capacitance 
may increase the blanking pulse width 
slightly.) Obviously, the upper limit to the 
pulse width is determined by the maximum 
duty cycle acceptable. Practical values of 
CT fall between .001 and 0.1 microfarad. 

Hi!lDOliCS 

12 i---il---<> OUTPUTS 
13 I--~I---<> 

11 

5 " 

The oscillator period is approximately t = 
RTCT where t is in microseconds when RT = 
ohms and CT = microfarads. The use of Fig
ure S will allow selection of RT and CT for a 
wide range of operating frequencies. Note 
that for series regulator applications, the 
two outputs can be connected in parallel for 
an effective 0-90% duty cycle and the fre
quency of the oscillator is the frequency of 
the output. For push-pull applications, the 
outputs are separated and the flip-flop di
vides the frequency such that each outputs 
duty cycle is 0-45% and the overall frequen
cy is one-half that of the oscillator. 

External Synchronization 
If it is desired to synchronize the 8G1524 to 
an external clock, a pulse of ".,+S volts may 
be applied to the oscillator output terminal 
with RTCT set slightly greater than the clock 
period. The same considerations of pulse 
width apply. The impedance to ground at 
this point is approximately 2K ohms. 

If two or more 8G1524's must be synchro
nized together, one must be designated as 
master with its RyCT set for the correct peri-
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TYPICAL APPLICATION 

EXPANDED REFERENCE CURRENT CAPABILITY 

100S! 

- ...... ..J\IV\r-+-{15 
+VJN 

SG1524 
REFERENCE 

SECTION J. 'L'ol.0A 

GND 

DEPENDING 
ON CHOICE 
FOR 01 

Figure 1 

OUTPUT STAGE DEAD TIME AS A 
FUNCTION OF THE TIMING 

CAPACITOR VALUE 

~ 
./ 

/" --~ 
.001 .002 .005 .01 .02 .05 .1 

_NO CAPACITOR VALUE (C-)-MICROFARADS 

Figure 2 

od. The slaves should esch have an RTCT 
set for approximately 10% longer period 
than the master with the added requirement 
that CT (slave) = one-half CT (msster). Then 
connecting Pin 3 on all units together will 
insure that the master output pulse-which 
occurs first and has a wider pulse width
will reset the slave units. 

Error Amplifier 
This circuit is a simple differential-input, 
transconductance amplifier. The output is 
the compensation terminal, pin 9, which is a 
high impedance node (RL"",5MO). The gain 
is 

and can easily be reduced from a nominal of 
10,000 by an external shunt resistance from 
pin 9 to ground, as shown in Figure 4. 

In addition to DC gain control, the compen
sation terminal is also the place for AC 
phase compensation. The frequency re
sponse curves of Figure 4 show the 
uncompensated amplifier with a single pole 
at approximately 200Hz and a unity gain 
cross-over at 5MHz. 
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OSCILLATOR PERIOD AS A 
FUNCTION OF RT AND CT 
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OSCIUATOR PERIOD-MICROSECONDS 

Figure 3 

Typically, most output filter designs will in
troduce one or more additional poles at a 
significantly iower frequency. Therefore, the 
best stabilizing network is a series R-C com
bination between pin 9 and ground which 
introduces a zero to cancel one of the output 
filter poles. A good starting point is 50kO 
plus .001 microfarad. 

One final point on the compensation terminal 
is that this is also a convenient place to 
insert any programming signal which is to 
override the error amplifier. Internal 
shutdown and current limit circuits are con
nected here, but any other circuit which can 
sink 200"'- can pull this point to ground thus 
shutting off both outputs. 

While feedback is normally applied around 
the entire regulator, the error amplifier can 
be used with conventional operational am
plifier feedback and is stable in either the 
inverting or non-inverting mode. Regardless 
of the connections, however, input common-

_mode limits must be observed or output sig
nal inversions may result. For conventional 
regulator applications, the 5 volt reference 
voltage must be divided down as shown in 
Figure 5. The .error amplifier may also be 
used in fixed duty cycle applications by 
using the unity gain configuration shown in 
the open loop test circuit. 
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SG1524/SG2524JSG3524 

SG 15241 SG25241 SG3524-F,N 

AMPLIFIES OPEN-LOOP GAIN AS 
A FUNCTION OF FREQUENCY 

AND LOADING ON PIN 9 

20 

"'- = 3011'",,-

_"'-=lMIl 

Rt. = 300t!! 

_",-=1_1l 

"'-,=3Ok1! ~~ 

" , RL = RESISTANCE FROM PIN 9 TO GROUND , 

10 100 1K 10K 100K 1M 10M 
FREQUENCY-HERTZ 

Flglire4 

Current Limiting 
The current limiting Circuitry of the 8G1524 
is shown in Figure 6. 

By matching the base-emitter voltages of 
01 and 02, and assuming negligible voltage 
drop across R 1, 

Threshold = Vee(01) + 11R2 - Vee (02) 
= 11R2 "",200mV 

Although this circuit provides a relatively 
small. threshold with a negligible tempera
ture coefficient, there are some limitations 
to its use, the most important of which is the 
± 1 volt common mode range which requires 
sensing in the ground line. Another factor to 
consider is that the frequency compensation 
provided by R1C1 and Q1 provides a roll-off 
pole at approximately 300Hz. 

Since the gain of this circuit is relatively low, 
there is a transition region as the current 
limit amplifier takes over pulse width control 
from the error amplifier. For testing pur
poses, threshold is defined as the input volt
age to get 25% duty cycle with the error 
amplifier signaling maximum duty cycle. 

In addition to constant current limiting, pins 4 
and 5 may also be used in transformer-coup
led circuits to sense primary current and 
shorten an output pulse, should transformer 



saturation occur. (Refer to Figure 14). An
other application is to ground pin 5 and use 
pin 4 as an additional shutdown terminal: 
i.e., the output will be off with pin 4 open and 
on when it is grounded. Finally, foldback cur
rent limiting can be provided with the net
work of Figure 7. This circuit can reduce the 
short-circuit current (lSC) to approximately 
one-third the maximum available output cur
rent (IMAX). 

Output Circuits 
The outputs of the SG 1524 are two identical 
NPN transistors with both collectors and 
emitters uncommitted. This Circuitry is very 
similar to that used in the SG 111 compara
tor in that each output transistor has 
antisaturation Circuitry for fast response, 
and current limiting set for a maximum output 
current of approximately 100mA. The avail
ability of both collectors and emitters allows 
maximum versatility to enable driving either 
NPN or PNP external transistors. 

In considering the application ofthe SG 1524 
to voltage regulator Circuitry, there are a 
multitude of output configurations possible. 
In general, however, they fall into three ba· 
sic classifications: 
1. Capacitor-diode coupled voltage multi-

pliers 
2. Inductor-capacitor single-ended circuits 
3. Transformer-coupled circuits 

Examples of each category are shown in 
Figures 8, 9 and 10. In each csse, the 
switches indicated can be either the output 
transistors in the SG1524 or added external 
transistors according to the load current re
quirements. 

SG 15241 SG25241 SG3524-F,N 

ERROR AMPLIFIER BIASING CIRCUITS 

VREF 

5k 

"0 POSITIVE 
.--...JVV'Y-- OUTPUT 

5k 

", 
GND-...... -'--

YD = _0._5Y-;;("::-+..:."=.21 
", 

VOLTAGES 

YREF 

GND 

Note change in input connections for opposite polarity outputs. 

Figure 5 

5k 

Ok 
NEGATIVE 

'--_"""-~ OUTPUT 
"0 VOLTAGES 

CURRENT LIMITING CIRCUITRY OF THE SG 1524 

YTH 
ISC=~ 

VTH = 200mY 

WHERE 

Figure 6 

FOLDBACK CURRENT LIMITING 

Foldback current limiting can be used to reduce power dissipation under shorted output conditions. 

Figure 7 
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CAPACITOR-DIODE COUPLED VOLTAGE 
MULTIPLIER OUTPUT STAGES 

0, 

'~--:ir f +Vo 

YIN>VQ 

0, 
+V'" SA~ 

I 

+VIN--/c~01 I 
SA 

Sa 

r 

+VO 

T VIN<VO 

Note: Diode 01 is necessary to prevent reverse emitter-baae breakdown to transis

tor switch SA' 

Figure 8 

SG 15241 SG25241 SG3524-F,N 

SINGLE-ENDE.D INDUCTOR CIRCUITS 

+V*~ t 1>1 I 
+Vo 

SAlSa 

I 
YIN<VO 

I 

+V* -£s';~:--tcI<JI--~--_VO 
~ I I VINI<I vol 

Single-ended inductor circuits where the two outputs of the SG1524 are connected 
In parallel. 

Figure 9 

TRANSFORMER-COUPLED OUTPUTS 

PUSH PULL 

Transformer-coupled outputs need not relate to the input in either amplitude or polarity. 

Figure 10 

TYPICAL APPLICATION 

10V I 
CAJ_ 

15K VIN 
5K 

INV 
IN918 

5Kt, ~ N.I. EA .... 
.111 5K 

.... 
2001 1NS1S v_ ea A 

;~ ~ -5V 
lIT Es 20 

+ 

mA 

.01 c,. CL+ '1 
0-- osc. CL-

1H91~ 
~ 

7 500F 
~ 

0-- SH.DN. co.. f----<> 
OIID 

G ND I ON D 

The capacitor-diode output cirouit Is uaed here as a polarity converter to generate 
a -5 voH supply from + 16 volta. This circuit is useful for an output current of up to 
20mA with no additional boost transiators required. Since the output transistors are 
current limited. no additional protection is necessary. Also, the lack of an inductor 
allows the circuit to be stabilized with only·the output capacitor. 

Figure 11 
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TYPICAL APPLICATION 

+5V 
1N818r--Dt-+--<> +18V 

o-~--~~----~--~----~~ 
+ 

251< 51< 100 
51< 

INV 
51< 

N.I. 

VREF 
2" 

lIT 
.02 

Cy 
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Vy 

CA 

EA 

Ca 

Ea 

CL+ 

CL- 1N916 

'--+c:t-..... --o -18V 

820 
CORE: FROM CURVE 
2213P-A180-281 

GROIN) 

Another low-current supply i8 the flyback converter ueed here to generate ± 16 
vofts at 20mA from a +5 volt regulated line. The reference generator In the SG 1524 
is unused with the input voltage providing the reference. Current limiting in 8 flyback 
converter is difficult and 18 accomplished here by lenaing current In the primary line 
and resetting a 8oft-atart circuit. 

TYPICAL APPLICATION 

+28V 

5" 
r-'W ......... -IINV 

51< 
t-""""~-tN.I. 

Flgur.12 

REruRNL-------~--~~------~~~_+--o 

In this conventional single'ended regulator circuit. tho two outputs of tho SG1524 
are connected in parallel for effective .0-90% dutY'cycle modulation. The use of an 
output Inductor requires an R-C phase compensation network for loop stability. 

Flgur.13 
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TYPICAL APPLICATION 

168 

+28V 

esc 

SH.ON. 

lK 
lW 

RETUR~N~ ____________ ~ ______ ~ __________ ~~~ ____________ --J 

Push~pull outputs are used in this transformer-coupled DC-OC regulating converter. 
Note that the oscillator must be set at twice the desired output frequency as the 
6(3.1524's internal flip-flop divides the frequency by 2 as it switches the P_W_M. 
aignal from one output to the other. Current limiting is done here in the primary 80 
that the pulse width will be reduced should transformer saturation occur. 

Figure 14 
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DESCRIPTION 
The ,.,A723/SA723C is a Monolithic Preci
sion Voltage Regulator capable of operation 
in positive or negative supplies as a series, 
shunt, switching or floating regulator, The 
723 contains a temperature compensated 
reference amplifier, error amplifier, series 
pass transistor, and current limiter, with 
access to remote shutdown, 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Pulse voltage from V+ to V- (50 ms) 
Continous voltage from V+ to V-
Input-output voltage differential 
Maximum output current 
Current from VREF 
Current from Vz 
Internal power dissipation1 

Operating temperature range 
,.,A723 
,.,A723C 
SA723C 

Storage temperature range 
lead temperature 

EQUIVALENT CIRCUIT 

R 

FEATURES 
• Positive or negative supply operation 
• Series, shunt, switching or floating oper

ation 
• .01% line and load regulation 
• Output voltage adjustable from 2 to 37 

volts 
• Output current to 150mA without exter

nal pass transistor 
• p.A723 MIL STD 88 3A, B, C available 

RATING 

50 
40 
40 
150 
15 
25 
800 

-55 to +125 
o to 70 

-40 to +85 
-65 to +150 

300 

FREQUENCY 
COMPENSATION 

Y+ 

UNIT 

V 
V 
V 

mA 
mA 
mA 
mw 

·C 
·C 
·C 
·C 
·C 

Yc 

INVERTING 
INPUT SERIES PASS 

TRANSISTOR 

VOLTAGE 
REFERENCE 

V - AMPLIFIER 
CURRENT 

LIMIT 
CURRENT 
SENSE Vz 

ERROR CURRENT 
AMPLIFIER LIMITER 

Your 

G!!I0otiCG 

p.A723/723C-F,H,N 
SA723C-N 

PIN CONFIGURATIONS p.A723C-D 

D,F,N PACKAGE 

CURRENT LIMIT 2 

CURRENT SENSE 3 

INVERTING INPUT 4 

NON-INVERTING 
INPUT 

ORDER PART NO. 
I'A723F,N 

I'A723CF,CN 
SA723CN 
I'A723CD 

H PACKAGE" 

CURRENT LIMIT 

CURRENT SENSE 

INVERTING INPUT 

NON-INVERTING 
INPUT 

Y-

ORDER PART NO. 
I'A723H 

I'A723CH 

13 FREQUENCY 
COMPENSATION 

FREQUENCY 
COMPENSATION 

v+ 

Vc 

*Metal cans (Hl not recommended for new designs 
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DC ELECTRICAL CHARACTERISTICS TA = 25° C unless otherwise specified.1 

PARAMETER TEST CONDITIONS 
Min 

Line regulation2 V'N = 12V to V'N = 15V 
V'N = 12V to V'N = 40V 

Load regulation2 IL - lmA to IL = SOmA 
f = 50Hz to 10kHz, CREF = 0 

f = SOHz to 10kHz, CREF = 5pF 

Short circuit current limit Rsc = lOn, VOUT = 0 

Reference voltage 6.95 
Output noise voltage BW - 100Hz to 10kHz, CREF - 0 

BW= 100Hz to 10kHz, CREF=5I'F 

Long term stability 
Standby current drain IL - 0, V'N - 30V 

Input voltage range 9.5 
Output voltage range 2.0 

Input-output voltage differential 3.0 

The following specifications apply 
over the operating temperature 
ranges 

Line regulation 

Load regulation 

Average temperature coefficient V'N = 12V to V'N = 15V 
of output voltage IL = lmA to IL = 50mA 

NOTES 
1. V'N= V+= Vc= 12V. V-=OV. VouT=5V.ll= 1mA. Rsc=O.C, = 100pF. c"EF=Oand 

dlvidjlr impadance as seen by error amplifier';; 10kn when connected as shown in 
Figure 3. 

2. The 'oad and line regu'atlon specifications are for constant junction temperature .. 
Temperature drift effects must be taken into account aeparately when the unit is 
operating under conditions of high dissipation. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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STANDBY CURRENT DRAIN 
AS A FUNCTION OF 

INPUT VOLTAGE 

.. 
r--

. . 

'A'"-6I"C 
'A-O"C 
T,,"+26·C 

~ 
.".. 

to 

vO~T.vlEF_ 
11.'"0 

~ 
,,> ~ -
~ ~ F"'" 
P' ........ -< ..--
i"""" ----r-- TA"'+7G"C 

,,,"+129"C 

INPUT VOLTAGE - V 

r--
, .. 
'20 

.. 

. 
.. 0 

MAXIMUM LOAD CURRENT 
AS A FUNCTION OF 

INPUT-OUTPUT VOLTAGE 
DIFFERENTIAL 

ITJMA!""!C 
RTH'"'50CW 

'"sTANDBY -eomw 
METAL CAN PACKAGE ,. t~tEATlNKI 

\ 
1\ TA· ... 25 0 -
\ /' /.T,,-+1OC -

V /'A,"+1211 C 

\ I"\, V / 
\ K ~ 

I' :::"j.., 

'Io!.. 
30 .. 

pA723 

Typ 

0.01 
0.02 

0.03 
74 
86 

65 
7.15 
20 
2.5 

0.1 
2.3 

0.002 

-
-

I--

.. 

Max 

0.1 
0.2 

0.15 

7.35 

3.5 

40 
37 

38 

0.3 

0.6 

0.015 

... , 

, 

pA723n23C-F,H,N 
SA723C-N 
pA723C-D 

pA723C/SA723C 

Min Typ Max 
UNIT 

0.01 0.1 %VOUT 
0.1 0.5 %VOUT 

0.03 0.2 %VOUT 
74 dB 
86 dB 

65 mA 

6.60 7.15 7.50 V 
20 pVrms 
2.5 pVrms 

0.1 0.1 %/l000hrs. 
2.3 4.0 mA 

9.5 40 V 
2.0 37 V 

3.0 38 V 

0.3 %VOUT 

0.6 %VOUT 

0.003 0.015 %/OC 

LOAD REGULATION 
CHARACTERISTICS WITH 

CURRENT LIMITING 

t t i 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

. 

CURRENT LIMITING 
CHARACTERISTICS AS A 
FUNCTION OF JUNCTION 

TEMPERATURE 
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LOAD REGULATION 
CHARACTERISTICS WITHOUT 

CURRENT LIMITING 
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TYPICAL APPLICATIONS 

LOW VOLTAGE REGULATOR 
(VOUT = 2 TO 7 VOLTS) 

v,. 

v' 

NEGATIVE VOLTAGE REGULATOR 

v,. 

.---+-IVR£F "OUT 

SA723C-N 
j.lA723C-D 

VREF Vzt----<~L 

., 

172 

", 

", 

You! ~ [VREF X 

R3~~ 
R1 + R2 

, .... 

for minimum temperature drift 

REMOTE SHUTDOWN REGULATOR 
WITH CURRENT LIMITING 

(VOUT = 2 TO 7 VOLTS) 

v,. 

", 
>''''''WI,---oLOGIC INPut 

2kU 

Vout ~ [VREF X __ R_2_J 
. R1+ R2 

", 

"3 

!itgllDtiC!i 

HIGH VOLTAGE REGULATOR 
(V OUT = 7 TO 37 VOLTS) 

v,. 

v' Vc 

VREF VOUT 

"so 
CL 

os 

" 
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TYPICAL APPLICATIONS (Cont'd) 

FOLDBACK CURRENT LIMITING REGULATOR 
(VOUT = 2 TO 7 VOLTS) 
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DESCRIPTION 
The 555 monolithic timing circuit is a highly 
stable controller capable of producing ac
curate time delays, or oscillation. In the time 
delay mode of operation, the time is precise
ly controlled by one external resistor and 
capaCitor. For a stable operation as an oscil
lator, the free running frequency and the 
duty cycle are both accurately controlled 
with two external resistors and one capaCi
tor. The circuit may be triggered and reset 
on falling waveforms, and the output struc
ture can source or sink up to 200mA. 

FEATURES 
• Tum off time less than 2"s 
• Maximum operating frequency greater 

than 500kHz 
• Timing from microseconds to hours 
• Operates in both astable and monostable 

modes 
• High output current 
• Adjustable duty cycle 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
SE555 
NE555, SE555C, 

Power dissipation 
Operating temperature range 

NE555 
SE555, SE555C 

Storage temperature range 
Lead temperature (soldering, 60sec) 

EQUIVALENT SCHEMATIC 

PIN CONFIGURATIONS 

N, FE PACKAGE 

GROUHDOS 
TRIGGER 2 7 

OUTPUT 3 6 

RESET 4 5 

ORDER PART NO. 
NElSE555N.FE 
SE555CN,CFE 

• TTL compatible 

VCC 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

• Temperature stability of 0.005% per· C 

APPLICATIONS 
• Precision timing 
• Pulse generation 
• Sequential timing 
• Time delay generation 
• Pulse width modulation 
• Pulse position modulation 
• Missing pulse detector 

RATING UNIT 

+18 V 
+16 V 
600 mW 

o to +70 ·C 
-55 to +125 ·C 
-65 to +150 ·C 

300 ·C 

FM 
5 

IijglltiDIi 

HC 

GROUND 

TRIGGEA 

OUTPUT 

NElSE555/SE555C-F,H,N,FE 

F PACKAGE 

VCC 

NC 

DISCHARGE 

NC 

THRESHOLD 

CONTROL 
YOLTAGE 

ORDER PART NO. 
NE/SE555F 

SE555CF 

H PACKAGE" 
Vee 

RESET 

ORDER PART NO. 
NE/SE555H 
SE555CH 

DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

*Metal cans (Hl not recommended for new designs 

BLOCK DIAGRAM 

Vce 
• 

R 

CONTROL 
VOLTAGE 

+-------11-0 5 

DIS
CHARGE 

r----.., 

R 

RESET 
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T"'FH NE1SF555/SE555C 
NElSE555/SE555C-F,H,N,FE 

DC ELECTRICAL CHARACTERISTICS TA = 25DC, Vee = +5V to +15 unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current (low state)1 Vee -5V RL - .. 

Vee = 15V RL = .. 

Timing error (monostable) RA = 2KO to 100KO 
Initial accuracy2 C = O.l!LF 
Drift with temperature 
Drift with supply voltage 

Timing error (astable) RA, Rs = lkO to 100kO 
Initial accuracy2 C = O.l!LF 
Drift with temperature Vee = 15V 
Drift with supply voltage 

Control voltage level Vee -15V . 
Vee =5V 

Threshold voltage Vee = 15V 
Vee = 5V 

Threshold current3 

Trigger voltage Vee = 15V 
Vee =5V 

Trigger current VTRIG = OV 

Reset voltage4 

Reset current 
Reset cu rrent VRESET = OV 

Output voltage (low) Vee = 15V 
ISINK = 10mA 
ISINK = 50mA 

ISINK = l00mA 
ISINK = 200mA 

Vee =5V 
ISINK = SmA 
ISINK =5mA 

Output voltage (high) Vee = 15V 
IsouReE = 200mA 
IsouReE = 100mA 

Vee = 5V 
IsouReE = 100mA 

Turn off time5 VRESET = Vee 

Rise time of output 
Fall time of output 
Discharge leakage current 

NOTES 

1. Supply current when output high typically 1 mA less. 
2. Teated at Vee = SV and Vee = 1SV. 
3. This will determine the maximum value of RA + AB. for ISV operation. the max total 

A = 10 megohm. and for 5V operation. the max total A = 3.4 megohm. 
4. Specified with trigger input high. 
S. Time measured from a positive going Inpui pulse from 0 to 0.8 x Vee into the threshold 

to the drop from high to low of the output. Trigger is tied to threshold. 
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SE555 

Min Typ 

4.5 
3 
10 

0.5 
30 

0.05 

1.5 
90 

0.15 

9.6 10.0 
2.9 3.33 
9.4 10.0 
2.7 3.33 

0.1 

4.8 5.0 
1.45 1.67 

0.5 

0.4 0.7 

0.1 
0.4 

0.1 
0.4 
2.0 
2.5 

0.1 
0.05 

12.5 
13.0 13.3 

3.0 3.3 

0.5 

100 
100 
20 

NE555/SE555C 
UNIT 

Max Min Typ Max 

18 4.5 16 V 
5 3 6 mA 
12 10 15 mA 

2.0 1.0 3.0 % 
100 50 ppmfDC 
0.2 0.1 0.5 %N 

2.25 % 
150 ppm/DC 
0.3 %N 

10.4 9.0 10.0 11.0 V 
3.8 2.6 3.33 4.0 V 
10.6 8.8 10.0 11.2 V 
4.0 2.4 3.33 4.2 V 

0.25 0.1 0.25 !LA 

5.2 4.5 5.0 5.6 V 
1.9 1.1 1.67 2.2 V 

0.9 0.5 2.0 !LA 

1.0 0.4 0.7 1.0 V 

0.4 0.1 0.4 mA 
1.0 0.4 1.5 mA 

0.15 0.1 0.25 V 
0.5 0.4 0.75 V 
2.2 2.0 2.5 V 

2.5 V 

0.25 0.3 0.4 V 
0.2 0.25 0.35 V 

12.5 V 
12.75 13.3 V 

2.75 3.3 V 

2.0 0;5 !Ls 

200 100 300 ns 
200 100 300 ns 
100 20 100 na 



TIMER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 556 Dual Monolithic timing circuit is a 
highly stable controller capable of produc
ing accurate time delays or oscillation. The 
556 is a dual 555. Timing is provided bY an 
external resistor and capacitor for each 
timing function. The two timers operate 
independently of each other sharing only 
Vee and ground. The circuits may be trig
gered and reset on falling waveforms. The 
output structures may sink or source 
200mA. 

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 

180 

FEATURES 
• Timing from microseconds to hours 
• Replaces two 555 timers 
• Operates In both astabla and monostable 

modes 
• High output current 
• Adjustable duty cycle 
• TTL compallble 
• Temperature stability of 0.005% per ·C 
• SE566 MIL STD 883A, B, C available, 

N38510 (JAN planned, 38510 processing 
available). 

BLOCK DIAGRAM 

NElSE556-F,N • SA556-N 
SE556C-N 

PIN CONFIGURATION 

CONTROL 
VOLTAGE 

F,N PACKAGE 

ORDER PART NO. 
NElSE556F.N 

SA556N 
SE556CN 

VCC 
DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

RESET 

,----------r---------,~C 

DISCHARGE 1--------., 

THRESHOLD 

CONTROL VOLTAGE 

RESET 1-1--., 

OUTPUT 1-1--.... 

TRIGGER 

,---------i DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

.--+-i RESET 

'---+-i OUTPUT 

TRIGGER 

GRDUNDL----------L--______ --' 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

FM 

CONTROL VOLTAGE 

OUTPUT 

TRIGGERo----t--t-£, 

RESET "---~ 

DISCHARGE 

Smnotics 
( 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
NElSA556. SE556C 
SE556 

Power dissipation 
Operating temperature range 

NE556 
SA556 
SE556. SE556C 

Storage temperature range 
Lead temperature 

(Soldering. 60 sec) 

RATING 

+16 
+18 
600 

o to +70 
-40 to +85 
-55 to +125 
-65 to +150 

+300 

UNIT 

V 
V 

mW 

°C 
°C 
°C 
°C 
°C 

NE/SE556-F.N • SA556-N 
SE556C-N 

ELECTRICAL CHARACTERISTICS TA = 25°C. Vee = +5V to +15V unless otherwise specified. 

SE556 NE/SA556/SE556C 
PARAMETER TEST CONDITIONS 

Min Typ Min Typ Max UNITS Max 

Supply voltage 4.5 18 4.5 16 V 

Supply current (low state)1 Vee - 5V RL - ., 6 10 6 12 mA 
Vcc = 15V RL=" 20 24 20 30 mA 

Timing error (monostable) RA = 2kO to 100kO 
Initial accuracy2 C=0.1/LF 0.5 1.5 0.75 3.0 % 
Drift with temperature 30 100 50 ppm/oC 
Drift with supply voltage 0.05 0.2 0.1 0.5 %N 

Timing error (astable) RA. RB - 1kO to 100kO 
Initial accuracy2 C = 0.1/LF 1.5 2.25 % 
Drift with temperature Vec = 15V 90 150 ppm/oC 
Drift with supply voltage 0.15 0.3 %N 

Control voltage level Vee -15V 9.6 10.0 10.4 9.0 10.0 11.0 V 
Vec = 5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

Threshold voltage Vce = 15V 9.4 10.0 10.6 8.8 10.0 11.2 V 
Vce = 5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

Threshold current3 30 250 30 250 nA 

Trigger voltage Vec = 15V 4.8 5.0 5.2 4.5 5.0 5.6 V 
Vee = 5V 1.45 1.67 1.9 1.1 1.67 2.2 V, 

Trigger current VTRIG = OV 0.5 0.9 0.5 2.0 /LA 
Reset voltage5 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset current 0.1 0.4 0.1 0.6 mA 
Reset current VRESET = OV 0.4 1.0 0.4 1.5 mA 
Output voltage (low) Vce = 15V 

ISINK = 10mA 0.1 0.15 0.1 0.25 V 
Is INK =50mA 0.4 0.5 0.4 0.75 V 

ISINK = 100mA 2.0 2.25 2.0 3.2 V 
ISINK = 200mA 2.5 2.5 V 

Vec = 5V 
IS INK = 8mA 0.1 0.2 i. 0.25 0.3 V 
ISINK = 5mA 0.05 0 . .15 0.15 0.25 V 

Output voltage (high) Vec = 15V 
IsouReE = 200mA '12.5 12.5 V 
ISOURCE = 100mA 13.0 13.3 12.75 13.3 V 

Vce = 5V 
ISOURCE = 100mA 3.0 3.3 2.75 3.3 V 

Rise time of output 100 200 100 300 ns 
Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 nA 

Matching characteristics4 

Initial accuracy2 0.5 1.0 1.0 2.0 % 
Drift with temperature 10 10 ppm/oC 
Drift with supply voltage 0.1 0.2 0.2 0.5 %N 

NOTES See following page 
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NOTES 

1. Supply current when output is high is typically 1.0mA less. 
2. Tested at Vee = 5V and Vee = 15V. 

NE/SE556-F,N. SA556-N 
SE556C-N 

. 4. Matching charactristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. . 

3. This will determine the maximum value of RA + Re. For 15Voperation, the maximum 
total R = 10 meg-ohms, and for 5V operation, the max. total R = 3.4 meg-ohms. 

5. Specified with trigger input high. 

TYPICAL PERFORMANCE. CHARACTERISTICS 

MINIMUM PULSE WIDTH 
REQUIRED FOR TRIGGERING 
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DESCRIPTION 
The 556-1 Dual Monolithic timing circuit 
is a highly stable controller capable of pro
ducing accurate time delays or oscillation. 
The 556-1 is a dual 555. Timing is provided 
by an external resistor and capacitor for 
each timing function. The two timers oper
ate independently of each other sharing 
only Vcc and ground. The circuits may be 
triggered and reset on falling waveforms. 
The output structures may sink or source 
200mA. 

FEATURES 
• Turn off time less than 21'S 
• Maximum operating frequency greater 

than 500kHz 
• Timing from microseconds to hours 
• Replaces two 555 timers 
• Operates In both astable and monostable 

modes 
• High output current 
• Adjustable duty cycle 
• TTL compatible 
• Temperature stability of 0.005% per ·C 

APPLICATIONS 
• Precision timing 
• Sequential timing 
• Pulse shaping 
• Pulse generator 
• Missing pulse detector 
• Tone burst geherator 
• Pulse width modulation 
• Time delay 'generator 
• Frequency division 
• Industrial controls 
• Pulse position modulation 
• Appliance timing 
• Traffic light control 
• Touch tone encoder 

BLOCK DIAGRAM 

NE/SA/SE556-1/F,N • SE556-1C/F,N 

PIN CONFIGURATION 

CONTROL 
VOLTAGE 

F,N PACKAGE 

ORDER PART NO. 
NE/SA/SE556-1 F,N 

SE556-1CF,CN 

Vcc 
DISCHARGE 

THRESHOLD 

CONTROL 
VOLTAGE 

RESET 

r----------.---------~~c 

DISCHARGE I--------~ 

THRESHOLD 

CONTROL VOL rAGE 

RESET 1-+---, 

OUTPUT 1-+----1 

.TRIGGER 

r----------i DISCHARGE 

THRESHOLD 

CONTROL VOLTAGE 

.---4--1 RESET 

'----4--1 OUTPUT 

TRIGGER 

GROUND L... _________ ..L ________ --.l 

EQUIVALENT SCHEMATIC (Shown for one circuit only) 

FM 

OUTPUT 
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NE/SA/SE556-1/F,N • SE556-1C/F,N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
NE/SA556-1, SE556-1C +16 V 
SE556-1 +18 V 

Power dissipation 1.20 W 
Operating temperature range 

NE/SA556-1 Oto +70 °C 
SA556-1 -40 to +85 °C 
SE556-1, SE556-1C -55 to +125 °C 

Storage temperature range -65 to +-150 °C 
Lead temperature 

(soldering, 60 sec) +300 °C 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SE556-1 NE556-1/SE556-1C 

UNITS 
Min Typ Max Min Typ Max 

Supply voltage 4.5 18 4.5 16 V 

Supply current (low state)1 Vee = 5V RL = ., 6 10 6 12 mA 
Vee = 15V RL =., 20 24 20 30 mA 

Timing error (monostable) RA = 2kO to 100kO 
Initial accuracy2 C = 0.1}.LF 0.5 1.5 0.75 3.0 % 

Drift with temperature 30 100 50 ppm/oC 

Drift with supply voltage 0.05 0.2 0.1 0.5 %N 

Timing error (astable) RA, RB = 1kO to 100kO 
Initial accuracy2 . C = 0.1}.LF 1.5 2.25 % 

Drift with temperature Vee = 15V 90 150 ppm/oC 

Drift with supply voltage 0.15 0.3 ·%N 
Controi voltage level Vee = 15V 9.6 10.0 10.4 9.0 10.0 11.0 V 

Vee = 5V 2.9 3.33 3.8 2.6 3.33 4.0 V 

Threshold voltage Vee = 15V 9.4 10.0 10.6 B.B 10.0 11.2 V 
Vee = 5V 2.7 3.33 4.0 2.4 3.33 4.2 V 

Threshold current3 30 250 30 250 nA 

Trigger voltage Vcc = 15V 4.8 5.0 5.2 4.5 5.0 5.6 V 
Vcc = 5V 1.45 1.67 1.9 1.1 1.67 2.2 V 

Trigger current VTRIG = OV 0.5 0.9 0.5 2.0 }.LA 

Reset voltages 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset current 0.1 0.4 0.1 0.6 mA 
Reset current VRESET = OV 0.4 1.0 0.4 1.5 mA 

Output voltage (low) Vcc = 15V 
ISINK = 10mA 0.1 0.15 0.1 0.25 V 
ISINK =50mA 0.4 0.5 0.4 0.75 V 

ISINK = 100mA 0.8 1.2 2.0 2.5 V 
ISINK = 200m A 2.5 2.5 V 

Vce = 5V 
ISINK = 8mA 0.1 0.2 0.25 0.3 V 
ISINK = 5mA 0.05 0.15 0.15 0.25 V 

Output voltage (high) Vec = 15V 
ISOURCE = 200mA 12.5 12.5 V 
IsouReE = 100mA 13.0 13.3 12.75 13.3 V 

Vcc = 5V 
ISOURCE = 100mA 3.0 3.3 2.75 3.3 V 

Turn off timeS VRESET = Vec 0.5 2.0 0.5 I1s 
Rise time of output 100 200 100 300 ns 
Fall time of output 100 200 100 300 ns 

Discharge leakage current 20 100 20 100 nA 

Matching characteristics4 

Initial accuracy2 0.5 1.0 1.0 2.0 % 
Drift with temperature ±10 ±10 ppm/oC 
Drift with supply voltage 0.1 0.2 0.2 0.5 %N 

NOTES 
See following page 
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NOTES 

1. Supply current when output is high is typically 1.0rnA less. 
2. Tested at Vee = 5V and Vee = 15V. 

NE/SA/SE55S-1/F,N. SE55S-1C/F,N 

4. Matching characteristics refer to the difference between performance characteristics 
for each timer section in the monostable mode. 

5. Specified with trigger input high. 

3. This will determine the maximum value of RA + Re. For 15V operation. the maximum 
total R = 10 megohms. and for 5V operation, the ma~. total R = 3A megohms. 

6. Time measured from a positive going input pulse from Oto 0.8 Vee into the threshold to 
the drop from high to low of the output. Trigger is tied to threshold. 

TYPICAL CHARACTERISTICS 
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DESCRIPTION 
The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely independent timing functions. The 
558 output sinks current. These highly sta
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter
nal resistor and one capacitor. A stable 
operation can be achieved by using two of 
the four timer sections. 

The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 

- current capability of l00mA is provided in 
both devices. 

FEATURES 
• 100mA output current per section 
,. Edge triggered (no coupling capacitor) 
• Output Independent of trigger conditions 
• Wide supply Yoltage range 4.SV to 18V 
• Timer intervals from microseconds to 

hours 
• Time period equals RC 
• Military qualifications pending 

APPLICATIONS 
• Sequential timing 
• Time delay generation 
• Precision timing 
• Industrial controls 
• Quad one-shot 
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NE I SA I SE558·F,N 

PIN CONFIGURATION 

F,N PACKAGE 

OUTPUT A 1 OUTPUT 0 

TIMING A 2 TIMING 0 

TRIGGER A t..:3U-==~--I 

TRIGGER B 61-:==---, .--.,.",=-111 TRIGGER C 

TIMINGB 7 

OUTPUTS 8 

ORDER PART NO. 
NEISAISE558F NEISAISE55~N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
NElSA558 +16 V 
SE558 +18 V 

Power dissipation 1.25 W 
Operating temperature range 

NE558 o to +70 ·C 
SA558 -40 to +85 ·C 
SE558 -55 to +125 ·C 

Storage temperature range -65 to +150 ·C 
Lead temperature (soldering, 60sec) +300 ·C 

558 EQUIVALENT CIRCUIT 

Vee 

TIMING ~'-TL 

VCONTROlo-++-+-...J 

r~---o TRIGGER 
OUT 

GND 

!ii!lDD1iG!i 



ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +5V to +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current Vee = Reset - 15V 

Timing accuracy (T = RC) R = 2kO to 100kO 
C = 1J.LF 

Initial accuracy 
Drift with temperature 
Drift with supply voltage 

Trigger voltage1 Vee = 15V 
Trigger current Trigger = OV 

Reset voltage2 
Reset current Reset 

Threshold voltage 
Threshold leakage 

Outp'ut voltage3 IL -10mA 
IL = 100mA 

Output leakage 

Propagation delay 

Risetime of output' IL -100mA 
Falltime of output IL = 100mA 

NOTES 

1. The trigger functions only on the falling edge of the trigger pulse only after previo,usly 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts. trigger enabled. 

3. The 558 output structure is open collector which requires a pull up resistor to Vee to 
sink current. The output is normally low sinking current. 

s~nDtics 

SESS8 

Min Typ Max Min 

4.5 18 4.5 
21 32 

1.0 3 
150 
0.1 

0.8 1.5 2.4 0.8 
5 30 

0.8 1.5 2.4 0.8 
50 300 

0.63 
15 

0.1 0.2 
0.7 1.5 

10 

1.0 

100 
100 

NE/SA/SE55S-F,N 

NE/SASS8 
UNIT 

Typ Max 

16 V 
27 36 mA a 
2 % 

150 ppm/DC 
0.1 %N 
1.5 2.4 V 
5 100 J.LA 

1.5 2.4 V 
50 ~jJ.A 

0.63 xVee 
15 nA 

0.1 0.4 V 
1.0 2.0 V 

10 nA 

1.0 J.Ls 

100 ns 
100 ns 
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Section 5-COMPARATORS 

LM 111/211 1311 

L~ .. ~ 119/219 1319 
LM139/239/339 
LM193/A/293/A/393/A 

LM2901 
LM2903 
MC3302 
NE/SE521 
NE/SE522 
NE/SE527 
NE/SE529 

Voltage Comparator ............................................................ 191 
Cua: Voltage ComparEltor ........................................................ 194 
Quad Voltage Comparator ....................................................... 199 
Low Power Dual Voltage Comparator ............. · ................................ 204 
Quad Voltage Comparator ....................................................... 199 
Low Power Dual Voltage Comparator ............................................. 204 
Quad Voltage Comparator ....................................................... 199 
High Speed Dual Differential Comparator 1 Sense Amp ............................... 207 
High Speed Dual Differential Comparator 1 Sense Amp ............................... 211 
Voltage Comparator ............. , .......... " ............. '" .................. 215 
Voltage Comparator ............................................................ 219 

COMPARATORS SELECTION GUIDE 

CO ... 
DEVICE PLEXrrY 

LMlll' Single 
LM211 Single 
LM311 Single 
NE5272 Singte 
SE527 Single 
NE529" Single 
SE529 Single 
LM1193 Dual 
LM219 Dual 
LM319 Dual 
LM1933 Duil 
LM293 Dual 
LM393 Dual 
LM2903 Dual 
NE521' Dual 
NE522 Dual 
LMt393 auad 
LM239 auad 
lM339 auad 
LM290t auad 
MC33023 auad 

• Temperature Range 
E = Extended 
I = Industrial 
M = Military 

NOTES 

MAX.INP. 
OFFSET 

TEMP. VOLT. 
RANGE· (mV) 

M 4.00 
E 4.00 
I to.O 
I to.O 
M 6.00 
I 10.0 
M 8.00 
M 7.00 
E 7.00 
I to.O 
M .9.00 
E 9.00 
I 9.00 
E 15.0 
I 10.0 
I 10.0 

M 9.00 
E 9.00 
I 9.00 
E 15.0 
E 40.0 

1. With strobe; will work trom single supply 

MAX.INP. 
CURRENT 

Blal 0111.1 
(pA) (pA) 

0.15 0.02 
0.15 0.02 
0.30 0.07 
4.00 1.00 
4.00 1.00 
50.0 15.0 
38.0 9.00 
1.00 0.10 
1.00 0.10 
1.20 0.30 
0.30 0.10 
0.40 0.t5 
0.40 0.15 
0.50 0.20 
40.0 12.0 
40.0 12.0 
0.30 O.tO 
0.40 0.15 
0.40 0.15 
0.50 0.20 
1.00 0.20 

2. Complementary output gates with individual strobes 
3. Will operate from single or dual supplies 
4. Ultra high speed 
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SUPPLY 
VOLTAGE 

(Y) 

±15 
to 

+5 and GND 
±5to±15 
and GND 

±510 ±15 
and GND 

±15 
to 

±5 and GND 
±1 to ±18 

or 
+2 to +38 GND 

+5, -5, GND 
+5, -5, GND 

±1 to ±18or 
+210 +38 

+2 10 +28 GND 

COMMON VOLTAGE MAX.DlFF. 
RESPONSE MODE 

OUTPUT VOLTAGE 
GAIN INP. 

TIME VOLTAGE VOL .... VOHmln OUTPUT (TVP.) TTL VOLTAGE 
(TYP.) (nl' RANGE (V) (V) (V) STRUCTURE V/mV FANOUT V PACKAGES 

200 ±14 0.4 D.C. 200 5 ±30 F,T 
200 ±14 0.4 O.C. 200 5 ±30 F,N,T 
200 ±14 0.4 D.C. 200 5 ±30 F,N.T 
16 ±6 0.5 2.7 TTL 5 ±5 F,K,N 
18 ±6 0.5 2.5 TTL 5 ±5 F,K 
t2 ±8 '0.5 2.7 TTL 5 ±5 F,K,N 
12 ±6 0.5 2.5 TTL 5 ±5 F,K 
80 ±13 0.8 D.C. 40 2 ±5 K,F 
80 ±13 0.8 D.C. 40 2 ±5 K,F 
80 ±13 0.8 O.C. 40 2 ±5 F,K,N 

1300 o to VS-2 0.7 O.C. 200 2 38 T 
t300 OtoVS-2 0.7 O.C. 200 2 38 N,T 
1300 010 VS-2 0.7 O.C. 200 2 38 N,T 
t300 010VS-2 0.7 O.C. 100 2 38 N,T 

7 ±3 0.5 2.7 TTL 12 ±8 F,N 
9 ±3 0.5 O.C. 12 ±6 F,N 

t300 OtoVS-2 0.7 O.C. 200 2 36 F,N 
1300 Oto VS-2 0.7 O.C. 200 2 38 F,N 
1300 OtoVS -2 0.7 O.C. 20D 2 36 F,N 
1300 Oto VS-2 0.7 O.C. tOO 2 38 N 
2000 Oto VS-2 0.4 O.C. 30 2 28 N 

9jglOtiC9 



DESCRIPTION 
The lM111 series are voltage comparators 
that have input currents approximately a 
hundred times lower than devices like the 
jJA710. They are designed to operate over a 
wider range of supply voltages; from 
standard ±15V op amp supplies down to 
the single 5V supply used for Ie logic. Their 
output is compatible with RTl, DTl, arid 
TTL as well as MOS circuits. Further, they 
can drive lamps or relays, switching volt
ages up to 50V at currents as high as 50mA. 

Both the inputs and the outputs of the 
lM111 series can be isolated from system 
ground, and the output can drive loads 
referred to ground, the positive supply or 
the negative supply. Offset balancing and 
strobe capability are provided and outputs 
can be wire OR'ed. Although slower than 
the jJA710 (2oons response time vs 40ns) 
the devices are also much less prone to 
spurious oscillations. The lM111 series has 
the same pin configuration as the jJA710 
series. 

FEATURES 
• Operates from single 5V supply 
• Maximum input bias current: 150nA 

(lM311 • 250nA) 
• Maximum oftset current: 20nA (LM311 • 

50nA) 
• Dlfterentlal input voltage range: ±30V 
• Power consumption: 135mW at ±15V 
• High sensitlvity-200V/mV 
• Military qualification pending 

PIN CONFIGURATIONS 

F,N-14 PACKAGE 

ORDER PART NO. 

BALANCEI 

STROBE 

LMlllF/LM211F/LM211N-14 
LM311F/LM311N-14 

N PACKAGE 

GN°8'v. INPUT 2 7 OUTPUT 

INPUT J (; SAl/STROBE 

v- 4 ~ BALANCE 

ORDER PART NO. 
LM211N/LM311N 

LM311D 

EQUIVALENT SCHEMATIC 

BALANCfi 
STROM 

!imnotiC!i 

lM111/211/311/-F,N,N-14,H 
lM311-D 

H PACKAGE" 

v' 

ORDER PART NO. 
LM'" H/LM2" H/LM3' 1 H 

*MetaJ cans (H) not recommended for new designs 

'" ,., 

." '" 

." . 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Total supply voltage 36 
Output to negative supply voltage: 

LM111/LM211 50 
LM311 40 

Ground to negative supply voltage 30 
Differential input voltage ±30 
Input voltage1 ±15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM111 -55 to +125 
LM211 -25 to +S5 
LM311 o to +70 

Storage temperature range -65 to +150 
Lead temperature 300 
(soldering. 10sec) 

DC ELECTRICAL CHARACTERISTICS 1.2,3 

PARAMETER TEST CONDITIONS 

UNIT 

V 

V 
V 
V 
V 
V 

mW 
sec 

o.C 
°C 
°C 
°C 
°C 

LM111/LM211 

LM1111211/~11/-F.N.N-14.H 
LM311-D 

LM311 
UNIT 

Min Typ Max Min Typ Max 

I nput offset voltage4 TA = 25°C. Rs :$ 50kO 

Input offset current4 TA - 25°C 
Input bias current TA = 25°C 

Voltage gain TA = 25°C 

Response time5 TA = 25°C 
Saturation voltage V,N :$ -5mV. lOUT = 50mA 

TA = 25°C 

Strobe on current TA - 25°C 
Output leakage current V,N ?: 5mV. VOUT = 35V 

TA = 25°C. ISTROBE = 3mA 

Input offset voltage4 Rs:$ 50kO 

Input offset current4 
Input bias current 

Input voltage range 
Saturation voltage V+ ?: 4.5V. V- = 0 

V,N :$ -6mV. ISINK :$ SmA 
Output leakage current V,N ?: 5mV. VOUT = 35V 

Positive supply current TA = 25°C 
Negative supply current TA = 25°C 

NOTES 
1. This rating applies for ±15V supplies. The positive input voltage limit is 30V above the 

negative supply. The negative input voltage limit is equal to the negative supply 
voltage or 30V below the positive supply, whichever is less. 

2. The maximum junction temperature of the LM311 is 110"C. For operating alelevated 
temperatures. devices in the TO-5 package must be derated based on a thermal 
resistance of 1 SO" CIW, junction to ambient. In the N package. a thermal resistance of 
162° elW, and 0 CIW for the Ceramic package. The maximum junction temperature of 
the LM111 is 150"C. while that of the LM211 Is 110"C. For operating at elevated 
temperatures, devices in the TO-5 package must be derated based on a thermal 
resistance of 150"CIW, junction to ambient. The thermal resistance of the Cerdip 
package is 110"CIW, junction to ambient. 

0.7 3.0 2.0 7.5 mV 

4.0 10 6.0 50 nA 
60 100 100 250 nA 

200 200 V/mV 

200 200 ns 

0.75 1.5 0.75 1.5 V 

3.0 3.0 mA 

0.2 10 0.2 50 nA 

4.0 10 mV 

20 70 nA 
150 300 nA 

±14 ±14 V 

0.23 0.4 0.23 0.4 V 
0.1 0.5 JJA 

5.1 6.0 5.1 7.5 mA 
4.1 5.0 4.1 5.0 mA 

3. These specifications apply for Vs = ±15V and O"C < TA < 70"C unless otherwise 
specified. With the LM211, however, all temperature specifications are limited to 
-25"C" TAS 85"C and for the LMlll is limited to -55"C < TA < 125"C. The offset 
voltage, offset current and bias current specifications apply for any supply voltage 
from a single 5V supply up to ±15V supplies. 

4. The offset voltages and offset currents given are the maximum values required to drive 
the output within a volt of either supply with 1 rnA load. Thus. these parameters define 
an error band and take into account the worst case effects of voltage gain and input 
Impedance. 

5. The response time specified Isee definitions) Is for a l00mV input step with 5mV 
overdrive. 
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TYPICAL APPLICATIONS 

ZERO CROSSING DETECTOR 
DRIVING MOS LOGIC 

INPUT 

DETECTOR FOR MAGNETIC 
TRANSDUCER 

r---~---!-<> v+ 5V 

MAGNETIC 
PICKUP 

TTL 
OUTPUT 

TTL INTERFACE WITH HIGH 
LEVEL LOGIC 

RI 
240K 

R3 .,. 
I NPUT .O--¥'I\r-~---...-+-"I 

CI 

R5 
IK 

TO TTL 
LOGIC 

·Values shown are for a 0 to 30V logic swing and 
a 15V threshold. 

tMay be added to control speed and reduce 

susceptability to noise spikes. 

!i~nDtiC!i 

[MI11I211/311 

LM111/211/311/-F,N,N-14,H 
LM311-D 
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DESCRIPTION 
The LM119 series are precision high speed 
dual comparators fabricated on a single 
monolithic chip. They are designed to oper
ate over a wide range of supply voltages 
down to a single 5V logic supply and 
ground. Further, they have higher gain and 
lower input currents than devices like the 
p.A710. The uncommitted collector of the 
output stage makes the LM119 compatible 
with RTL, DTL and TTL as well as capable of 
driving lamps and relays at currents up to 
25mA. 

Although designed primarily for applica
tions requiring operation from digital logic 
supplies, the LM119 series are fully speci
fied for power supplies up to ±15V. It fea
tures faster response than the LM111 at the 
expense of higher power dissipation. How
ever, the high speed, wide operating voltage 
range and low package count make the 
LM119 much more versatile than older de
vices like the p.A711. 

The LM119 is specified from -55°C to 
+125° C, the LM219 is specified from -25° C 
to +85°C, and the LM319 is specified from 
O°C to +70°C. 

EQUIVALENT SCHEMATIC 

At 3.5k 

·2 4k 

INPUTS{ -

194 

FEATURES 
• Two independent comparators 
• Operates from a single SV supply 
• Typically 80ns response time at ±1SV 
• Minimum fan-out of 3 (each side) 
• Maximum Input current of 1 p.A over 

temperature 
• Inputs and outputs can be isolated from 

system ground 
• High common mode slew rate 
• Mil std 883 A. B. C available 

SiJDOliCS 

LM119/219/319-F,H,N 
LM319-D 

PIN CONFIGURATIONS 

D.F.N PACKAGE 

H PACKAGE· 

v. 

+mput 1 Gncl2 

'Metal cans (HI not recommended for new designs 

r-i---i--_O OUTPUT 



ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Total supply voltage 36 
Output to negative supply voltage 36 
Ground to negative supply voltage 25 
Ground to positive supply voltage 18 
Differential input voltage ±5 
Input voltage1 ±15 
Power dissipation2 500 
Output short circuit duration 10 
Operating temperature range 

LM119 -55 to +125 
LM219 -25 to +85 
LM319 o to +70 

Storage temperature range -65 to +150 
Lead temperature (soldering, 10sec) 300 

NOTES 
1. For supply voltages less than ±15V, the absolute maximum rating is equal to the 

supply voltage. 
2. The absolute maximum junction temperature is 150°C. Device dissipation must be 

derated as follows: 
N/K package-1S0·C/watt above 7S·C 
F package -110· C/watt above 9S· C 

DC ELECTRICAL CHARACTERISTICS 

UNIT 

V 
V 
V 
V 
V 
V 

mW 
s 

°e 
°e 
°e 
°e 
°e 

LM119/219/319-F,H,N 
LM319-D 

Vs = ±15V, for LM119, -55°e:s; TA :s; 1250C} 
LM219, -25°e:s; TA:S; 85°C unless otherwise specified. 
LM319, ooe:s; TA:S; 70°C 

LM119/219 LM319 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vas Input offset voltage1,2 Rs :s; 5Kn, TA = 25°C 0.7 4,0 2.0 8.0 mV 
Over temp. 7 10 mV 

los Input offset current1,2 TA = 25°C 30 75 80 200 nA 
Over temp. 100 300 nA 

Is Input bias current1 TA = 25°C 150 500 250 1000 nA 
Over temp. 1000 1200 nA 

Av Voltage gain TA = 25°C 10 40 8 40 VlmV 

VOL Saturation voltage V'N=5mV, IOUT=25mA, TA=25°e 0.75 1.5 V 
V,N = 10mV, lOUT = 25mA, T A = 25° e 0.75 1.5 V 

V+ 2: 4.5V, V- = 0 
V,N = 6mV, lOUT = 3.2mA 

TA 2: ooe 0.23 0.4 V 
TA:S; ooe 0,6 

V,N = 10mV, lOUT = 3.2mA 0.3 0.4 V 

10H Output leakage current V- = OV, V,N = 5mV 
VOUT = 35V, TA = 25°C 0.2 2 p.A 

Over temp. 1 10 p.A 
V- = OV, V,N = 10mV 

VOUT = 35V, TA = 25°C 0.2 10 p.A 

V,N Input voltage range Vs = ±15V ±13 ±13 V 
V+ = 5V, V- = OV 1 3 1 3 V 

V,O Differential input voltage ±5 ±5 V 

1+ Positive supply current V+ = 5V, V- = OV, TA = 25°C 4.3 4.3 mA 
1+ Positive supply current Vs = ±15V, TA = 25°C 8.0 11.5 8.0 12.5 mA 
1- Negative supply current Vs = ±15V, TA = 25°C 3.0 4.5 3.0 5.0 mA 

NOTES 
1. Vos, los and 18 specifications apply for a supply voltage range of Vs =±15V down to a 

single 5V supply. 
2. The offset voltages and offset currents given are the maximum values required to drive 

the output to within 1 volt of either supply with a 1 rnA load. Thus these parameters 
define an error band and take into account the worst case effects of voltage gain and 
input impedance. 
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AC ELECTRICAL CHARACTERISTICS 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Response time- Vs=±15V, TA=25°C 80 ns 
RL = soon (see test figure) 

·NOTE 

The response time specified is for a 100mV step with SmVoverdrive. 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL APPLICATIONS 
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VOUT =OforVrN < VlTorVIN > VUl 
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DESCRIPTION 
The LM139 series consists of four inde
pendent precision voltage comparators 
with an offset voltage specification as low as 
2.0mV max for each comparator which were 
designed specifically to operate from a 
single power supply over a wide range of 
voltages. Operation from split power sup
plies is also possible and the low power 
supply current drain is independent of the 
magnitude of the power supply voltage. 
These comparators also have a unique 
characteristic in that the input common 
mode voltage range includes ground, even 
though operated from a single powersupply 
voltage. 

The LM139 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the LM139 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

Molded DIP 
CERDIP 

Output short circuit to ground2 

Input current (VIN < -0.3Vdc)3 
Operating temperature range 

LM139 
LM239 
LM339 
LM2901/MC3302 

Storage temperature range 
Lead temperature (soldering 10 sec.! 

LM1''' 'tn If ,,' 131'" ,,"," 

FEATURES 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±18Vdc 

• Very low supply current drain (O.8mA) 
Independent of supply voltage (1.0mW/
comparator at 5.0Vdc) 

• Low Input biasing current 25nA 
• Low Input offset currrent ±5nA and offset 

voltage ±2mV 
• Input common-mode voltage range In

cludes ground 
• Differential Input voltage range equal to 

the power supply voltage. 
• low output 250mV at 4mA saturation 

voltage 
• Output voltage compatible with TTL, 

DTl, ECl, MOS and CMOS logic sys
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voHage logic gate 
• Multivlbrators 

RATING UNIT 
36 or ±18 

36 
-0.3 to +36 

570 mW 
900 mW 

Continuous 
50 mA 

-55 to +125 ·C 
-25 to +85 ·C 
o to +70 ·C 

-40 to +85 ·C· 
-65 to +150 ·C 

300 ·C 

S~nl!tics 

LM139/239/339/2901/MC3302-F,N 
LM339-D 

PIN CONFIGURATION 

D,F,N PACKAGE 

OUTPUT 3 

OUTPUT 4 

ORDER PART NO. 
LM139/239/339F.N 

LM2901F.N MC3302F.N 
LM339D 

EQUIVALENT CIRCUIT 

GNO 

(1 Comparator Only) 

v+ 
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LM139/239/339/2901 /MC3302-F.N 
LM339-D 

DC ELECTRICAL CHARACTERISTICS v+ = 5Vdc. LM139: -55°C:S TA:S 125°C unless otherwise specified 
LM239: -25°C:S TA:S 85°Gunless otherwise,specified 
LM339: O°C,:S T A :s 70° C unless otherwise specified 

PARAMETER TEST CONDITIONS 
.LM139 LM239/339 

Min Typ Max Min Typ Max 

Vas Input offset voltage5 TA = 25°C ±2.0 ±5.0 ±2.0 ±5.0 
Over temp. 9.0 9.0 

VCM Input common mode voltage TA=25°C 0 V+-1.5 0 V+-1.5 
range6 Over temp. 0 V+-2.0 0 V+-2.0 

VIDR Differential input voltage4 Keep all VIN's;? OVdc V+ V+ 
(or V-if used) 

18 Input bias current? liN(+) or IIN(-) with 
output in linear range 

TA=25°C 25 100 25 250 
Over temp. 300 400 

los Input offset current IIN(+) - IIN(-) 
TA=25°C ±3,O ±25 ±5.0 ±50 
Over temp. ±100 ±150 

10L Output sink current VIN(-) ;? 1 Vdc. 6.0 16 6.0 16 
VIN(+) = O. Va :s 1.5Vdc. 

TA = 25°C 

10H Output leakage current VIN(+);? 1Vdc. VIN(":)- 0 
Vo=5Vdc. TA= 25°C 0.1 0.1 

Va = 30Vdc. over temp. 1.0. 1.0 

Icc Supply current RL - 00 on all comparators. 
TA = 25°C 0.8 2.0 0.8 2.0 

Av Voltage gain RL;? 15k n. V+ - 15Vdc 50 200 50 200 
TA = 25°C 

VOL Saturation voltage VIN(-) ;? 1Vdc. 
VIN(+) = O. ISINK :s 4mA 

250 400 250 400 TA = 25°C 
Over temp. 700 700 

TLSR Large signal response time VIN = TTL logic swing. 
VREF = 1.4Vdc. ," 

VRL = 5Vdc. RL = 5.1 k!l. 
TA = 25°C 300 300 

TR Response timeS VRL = 5Vdc. RL = 5.1 k!l. 
TA = 25°C 1.3 1.3 

200 Sjgnotics 
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mA 
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mV 
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QUAD VDETAGE CIIM,lRAml 

DC ELECTRICAL CHARACTERISTICS v+ = 15Vdc, MC3302 

EMUS/laSing MCnUI/lMISUl 
LM 139/239/339/2901/MC3302-F ,N 

LM339-0 

LM2901/MC3302: -40°C::; TA::; 85°C unless otherwise specified 

PARAMETER TEST CONDITIONS 
LM2901 MC3302 

UNIT 
Min Typ Max Min Typ Max 

Vas Input offset voltageS TA = 25°C ±2.0 ±7.0 ±3.0 ±20 mV 
Over temp. ±9 ±15 ±40 

VCM Input common mode voltage TA = 25°C 0 V+-1.5 V+-1.5 
range6 Over temp. 0 V+-2.0 V+-2.0 V 

VIDR Differential input voltage4 Keep all VIN·s 2: OVdc V+ V+ V 
(or V-if need) 

IB Input bias current? IIN(+) or IIN(-) with 
output in linear range 

TA=25°C 25 250 25 500 
Over temp. 200 500 1000 nA 

los Input offset current liN(+) - IIN(-) 
TA = 25°C ±5 ±50 ±5 nA 
Over temp. +50 +200 nA 

10L Output sink current VIN(-) 2: 1Vdc, mA 
VIN(+) = 0, Va ::; 1.5Vdc, 

TA = 25°C 6.0 16 
Va = 800mV, 
Over temp. 2.0 

10H Output leakage current VIN(+) 2: 1Vdc, VIN(-) = 0 
Va = 5Vdc, TA = 25°C 0.1 0.1 nA 
Va = 30V Over temp. 
Va = 28V T A = 25° C 1.0 1.0 p.A 

Icc Supply current RL = 00 on comparators, 
V+ = 5Vdc, TA = 25°C 0.8 2.0 mA 
V+ = 30V, TA = 25°C 1.0 2.5 

V+ = 5 to 28 Vdc, TA = 25°C 0.8 2.0 

Av Voltage gain RL 2: 15k!!, V+ = 15Vdc 25 100 2 100 V/mV 
TA=25°C 

VOL Saturation voltage VIN(-) 2: 1Vdc, 
VIN(+) = 0, ISINK ::; 4mA 400 mV 

TA = 25°C 400 700 
Over temp. 

ISINK = 2mA, V+ = 5V 150 400 
to 28V, TA = 25°C 

TLSR Large signal response time VIN = TTL logiC swing, 
VAEF = 1.4Vdc, 

VAL = 5Vdc, RL = 5.1 k!l, 
TA=25°C 300 300 ns 

TA Response time8 VAL = 5Vdc, RL = 5.1 k!l, 
TA = 25°C 1.3 1.3 p's 
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NOTES 

1. For operating at high temperatures, the LM3391339A, LM2901 and MC3302 must be 
derated based on a 125· C maximum junction temperature and a thermal resistance of 
175·CIW which applies for the device soldered in a printed circuit board, operating in 
a stili air ambient. The LMI39/139A1239/239A must be derated on a 150°C maximum 
junction temperature. The low power dlsslpetlon and the "On-Off" characteristics of 
the outputs keep the chip dissipation very small (Po :S l00mW), provided the output 
transistors are allowed to saturate. 

2. Short circuits from the output to V+ can cause excessive heating and eventual 
destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the Input leads Is driven 
nagative. It is due to the collector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as Input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input Is 
driven nagatlve. This Is not destructive and normal output states will re-establish when 
the input voltage, which was nagative, again returns to a value greater than -O.3Vdc. 

TYPICAL APPLICATIONS 

TWO-DECADE HIGH-FREQUENCY YCO 

+VC 
FREQUENCY 

CONTROL 
VOLTAGE 

INPUT 

V+ = +30Voc 
+250mVoc :S Vc :S +50Voc 
700Hz :S 10 :S 100kHz 

y+ 

LM139/239/339/2901/MC3302-F ,N 
LM339-D 

4. Positive excursions of input voltage may exceed the power supply level. As long as the 
other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -o.3Vdc (or 
O.3Vdc below the magnitude 01 the nagatlve power supply, II used). 

5. At output switch point, Vo" 1.4Vdc, Rs = on with V+ Irom 5Vdc to 3OVdc; and overthe 
full input common-mode range (OVdc to V+ -1.5Vdc). 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go nagative by more than 0.3V. The upper end olthe common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 

7. The direction of the Input current is out of the IC due to the PNP Input stage. This 
current Is essentially constant, independent 01 the state 01 the output so no loading 
change exists on the reference or Input lines. 

8. The response time specified Is for a l00mV input step with a 5mV overdrive. For larger 
overdrive Signals, 300ns can be obtained. see typical performance characteristics 
section. 

v+ 

...I"lr 
OUTPUT 1 

LIMIT COMPARATOR 

v+ (12VOC) 

VISIBLE VOLTAGE INDICATOR TTL TO MOS LOGIC CONVERTER 

""SV DC +5VOC 

360 

CRYSTAL CONTROLLED OSCILLATOR 

v+ 

202 sl!)notlcs 



LM139/239/339/2901/MC3302-F,N 
LM339-D 

TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT INPUT CURRENT OUTPUT SATURATION VOLTAGE 

10 1.0 
TA=-55OC~ - 80 

'!N(CMi: O'!C_ I OUlOF 'II 
O. 
./ 

...... 
O. 6,/ 

O • • / 

...... 
0.2 

f-'""' 

~ u a 80 
~ 

........ H;:-:~ ~ z .. TA = -55°C 

-
,/ l- TA =1+70'CI 

..j. 

TA- +125"«;:- -

0: 
0: 
::> 40 u 

i z 
T 
~ 

20 

TA= O'C 

lA= TS'C 
RI =CD 

10 20 30 40 10 20 

R IN(eM - 10kn 

'TA,' +25'P 
TA = +7O"C 

30 40 

"0 
u 
~ 
w 1.0 

" ; 
o 
> 
z 
9 o. 

~ 
" 5 
b 0.0 
> 

1 

1 

/ 

t%: 0.001 
0.01 

SjTURATION 

II f} 
~~ 

TA= +125'~ V 
~ ~A" -55°C 

~ V 
~ ~ TA = -t25° 

V 
0.1 1.0 10 

v + -SUPPLY VOLTAGE-Y DC V +-SUPPLY YOLTAGE-VDC I a-OUTPUT SINK CURRENT (mA) 

> 
I a 

> 

> 
E 
I 
Z 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES

NEGATIVE TRANSITION 

6 

5 
SmY INPUT OVERDRIVE 

• 
3 

2 
1--+--+H-_+r_:2O~:~_ ",~.:~ 

loomV ~OUT 
1 

0 . 
0 

>-5 0 

-10 0 

0.5 1.0 1.5 2.0 

TIME-JJ,sec 

Si!l0otiCS 

7. 
> 

> 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES
POSITIVE TRANSITION 

6 
INPUT OVERDRIVE = 100mV 

5 

4 

, I 
3 

20m' 5m' 
2 

I +5V:...-1 

J 0 

T 100 .,.~ .. =, 
z 
;. Or-

0 

r-TA=2"C r r 
I 

0.' 

f-- + VOUT 

1.5 

TIME-j.Jsec 

100 

203 

I 



DESCRIPTION 
The LM193 series consists of two independ
ent precision voltage comparators with an 
offset voltage specification as low as 2.0mV 
max for two comparators which were de
signed specifically to operate from a single 
power supply over a wide range of voltages. 
Operation from split power supplies is also 
possible and the low power supply current 
drain is independentofthe magnitude of the 
power supply voltage. These comparators 
also have a unique characteristic in that the 
input common mode voltage range includes 
ground, even though operated from aSingle 
power supply voltage. 

The LM193 series was designed to directly 
interface with TTL and CMOS. When oper
ated from both plus and minus power sup
plies, the LM193 series will directly interface 
with MOS logic where their low power drain 
is a distinct advantage over standard com
parators. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee supply voltage 
Differential input voltage 
Input voltage 
Power dissipation1 

Molded DIP 
Metal can 

Output short circuit to ground2 

Input current (V,N < -0.3Vdc)3 
Operating temperature range 

LM193/193A 
LM293/293A 
LM393/393A 
LM2903 

Storage temperature range 
Lead temperature (soldering 10 sec.) 

204 

FEATURES 
LM193/293/393/193A/293A/393A/2903-N ,FE,H 

PIN CONFIGURATIONS 
• Wide single supply voltage range 2.0Vdc 

to 36Vdc or dual supplies ±1.0Vdc to 
±1SVdc 

• Very low supply current drain (O.SmA) 
independent of supply voltage (2.0mW/
comparator at 5.0Vdc) 

• low input biasing current 25nA 
• low input offset current ±5nA and offset 

voltage ±2mV 
• Input common-mode voltage range in

cludes ground 
• Differential input voltage range equal to 

the power supply voltage. 
• low output 250mV at 4mA saturation 

voltage 
• Output voltage compatible with TTL, 

DTl, ECl, MOS and CMOS logic sys
tems. 

APPLICATIONS 
• AID converters 
• Wide range VCO 
• MOS clock generator 
• High voltage logic gate 
• Multivibrators 

RATING UNIT 

36 or ±18 Vdc 
36 Vdc 

-0.3 to +36 Vdc 

570 mW 
900 mW 

Continuous 
50 mA 

-55 to +125 ·C 
-25 to +85 ·C 
o to +70 ·C 

-40 to +85 ·C 
-65 to +150 ·C 

300 ·C 

si!lnotms 

N,FE PACKAGE 

OUTPUTA 1 

INVERTING 
INPUT A 

NON·INYERTING 
INPUT A 

~"""" I 7 OUTPUT B 

INVERTING 
6 INPUT B 

H PACKAGE" 

INVERTING 2 -
INPUT A 

GND 

NON·INVERTING 
INPUT B 

*Metal cans (HI not recommended for new designs 

EQUIVALENT CIRCUIT 

(One Comparator Only) 



LM193/293/393/193A/293A/393A/2903-N, FE,H 
DC ELECTRICAL CHARACTERISTICS v+ = 5Vdc, LM193/193A: -55°C::; TA::; +125°e unless otherwise specified. 

PARAMETER 

Vas Input offset voltage5 

VCM Input common mode 
voltage range6 .1O 

VIDR Differential input 
voltage4 

Is Input bias currentS 

los Input offset current 

IOL Output sink current 

10H Output leakage 
current 

Icc Supply current 

Av Voltage gain 

VOL Saturation voltage 

TLSR Large signal 
response time 

TR Response time9 

LM293/293A: -25°C::; TA::; +85°e unless otherwise specified. 
LM393/393A: ooe::; TA::; +70oe unless otherwise specified. 
LM2903: -40°C::; TA::; +85°e unless otherwise specified.? 

LM193A LM293A/393A LM2903 
TEST CONDITIONS 

Min Typ Max Min Typ Max Min Typ Max 

TA = 25°C ±1.0 ±2.0 ±1.0 ±2.0 ±2.0 ±7.0 
Over temp. ±4.0 ±4.0 ±9 ±15 

TA = 25°C 0 V+-l.5 0 V+-l.5 0 V+-l.5 
Over temp. 0 V+-2.0 0 V+-2.0 0 V+-2.0 

Keep all VIN·s ;:: OVdc V+ V+ V+ 
(or V-if need) 

IIN(+) or hN(-) with output in 
linear range 
TA = 25°C 25 100 25 250 25 2S0 
Over temp. 300 400 200 SOO 

hN(+) - hN(-) 
TA = 2Soe ±3.0 ±2S ±S.O ±50 ±S ±SO 
Over temp. ±100 ±150 ±SO ±200 

VIN(-);:: lVdc, VIN(+) = 0, 
Vo::; 1.SVdc, 
TA = 25°C 6.0 16 6.0 16 6.0 16 

VIN(+);:: lVdc, VIN(-) - 0 
Vo = 30Vdc 
Over temp. 1.0 1.0 1.0 

Vo = SVdc, TA = 2Soe 0.1 0.1 0.1 

RL = co on both comparators. 
TA = 25°C 0.8 1 0.8 1 0.8 1 

V+ = 30V, over temp. 1 2.5 1 2.5 1 2.5 

RL;:: 15kO, V+ = 15Vdc, TA = 2Soe SO 200 50 200 25 100 

VIN(-);:: lVdc, VIN(+) - 0, 
ISINK::; 4mA 
TA = 25°C 250 400 250 400 400 
Over temp. 700 700 400 700 

VIN = TTL logic swing, 300 300 300 
VREF = 1.4Vdc, 

VRL = SVdc, RL = S.l kO, 
TA = 25°C 

VAL = SVdc, RL = 5.1kO, 1.3 1.3 1.3 
TA = 25°C 

9i!1nOliC9 

UNIT 

mV 

V 

V 

nA 
I 

nA 
nA 

mA 

p.A 
na 

mA 

V/mV 

mV 

ns 

p's 
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EM 193 293 393 
EM193A 293A 393A EM2903 
LM193/293/393/193N293A/393A/2903-N, FE, H 

DC ELECTRICAL CHARACTERISTICS (Cont'd) v+ = 5Vdc, LM193/193A: -55°C:5 TA:5 +125°C unless otherwise specified. 

PARAMETER 

Vos Input offset voltageS 

VCM Input common mode voltage 
range6 ,1a 

VIDR Differential input voltage4 

Ie Input bias currentS 

los Input offset current 

10L Output sink current 

10H Output leakage current 

Icc Supply current 

Av Voltage gain 

VOL Saturation voltage 

TLSR Large signal response time 

TR Response time9 

NOTES 

LM293/293A: -25°C:5 TA:5 +S5°C unless otherwise specified. 
LM393/393A: O°C:5 TA:5 +70°C unless otherwise specified. 
LM2903: -40°C:5 TA:5 +85°C unless otherwise specified.7 

LM193 LM293/393 
TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

TA = 25°C ±2.0 ±5.0 ±2.0 ±5.0 mV 
Over temp. ±9.0 ±9.0 

TA = 25°C 0 V±-1.5 0 ~±-1.5 V 
Over temp. 0 V±-2.0 0 V±-2.0 

Keep all VIN's 2: OVdc V+ V+ V 
(or V-if need) 

IIN(+) or hN(-) with output in 
linear range 
TA = 25°C 25 100 25 250 
Over temp, 300 400 nA 

hN(+) - hN(-) 
TA = 25°C ±3.0 ±25 ±5.0 ±50 nA 
Over temp. ±100 ±150 nA 

VIN(-) 2: 1Vdc, VIN(+) = 0, 
Va:5 1.5Vdc, 
TA = 25°C 6.0 16 6.0 16 mA 

VIN(+) 2: 1Vdc, VIN(-) = 0 
Va = 5Vdc, 
TA =25°C 0.1 0.1 nA 

Va = 30Vdc, over temp. 1.0 1.0 IIA 

RL = 00 on both comparators 
TA = 25°C 0.8 1 O,S 1 mA 

V+ = 30V, over temp. 2.5 2.5 

RL 2: 15Kn, V+ = 15Vdc 50 200 50 200 V/mV 

VIN(-) 2: 1Vdc, VIN(+) = 0, 
ISINK:5 4mA 
TA = 25°C 250 400 250 400 
Over temp. 700 700 mV 

VIN = TTL logic swing, 
VREF = 1.4Vdc, VRL = 5Vdc, 

RL = 5.1kn, 
TA = 25°C 300 300 ns 

VRL = 5Vdc, 
RL = 5.1kn, 
TA = 25°C 1.3 1.3 lIS 

I. For operating at high temperatures, the LM393/393A and LM2903 must be derated 
based on a 125°C maximum junction temperature and a thermal resistance of 
175°CIW which applies for the device soldered in a printed circuit board, operating in 
a still air ambient. The LM1931193A1293/293A must be derated based on a 150·C 
maximum junction temperature. The low bias dissipation and the "On-Off" 
characteristics of the outputs keeps the chip dissipation very small (PD:5 IOOmW), 
provided the output transistors are allowed to saturate. 

4. Positive excursions of input voltage may exceed the power supply level. As long as the 
other voltage remains within the common-mode range, the comparator will provide a 
proper output state. The low input voltage state must not be less than -O.3Vdc (Vdc 
beLow the magnitude of the negative power supply, if used). 

5. At output switch point, Vo" 1.4Vdc, Rs = Oil with V+ from 5Vdc to 30Vdc; and over the 
full input common-mode range (OVdc to V+ - I.SVdcl. 

6. The input common-mode voltage or either input signal voltage should not be allowed 
to go negative by more than O.3V. The upper end of the common-mode voltage range 
is V+ -1.5V, but either or both inputs can go to 30Vdc without damage. 2. Short circuits from the output to V+ can cause excessive heating and eventual 

destruction. The maximum output current is approximately 20mA independent of the 
magnitude of V+. 

3. This input current will only exist when the voltage at any of the input leads is driven 
negative. It is dueto thecal lector-base junction of the input PNP transistors becoming 
forward biased and thereby acting as input diode clamps. In addition to this diode 
action, there is also lateral NPN parasitic transistor action on the IC chip. This 
transistor action can cause the output voltages of the comparators to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is 
driven negative. This is not destructive and normal output states wi II re-establish when 
the input voltage, which was negative, again returns to a value greater than -O.3Vdc. 

7. With the LM293/293A, all temperature specifications are limited to -25°C:5 TA:S 
+85°C and the LM393/393A, all temperature specifications are limited to O°C ::; TA:5 
+70°C. The LM2903 is limited to -40°C:5 TA :S85°C. 

8. 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 reference or input lines. 

9. The response time specified is for a 100mV input step with a 5mV overdrive. 
10. For input signals that exceed Vcc, only the overdriven comparator is affected. With a 

5V supply, VIN should be limited to 25V max., and a limiting resistor should be used on 
all inputs that might exceed the positive supply. 
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FEATURES 
• 12ns maximum guaranteed propagation 

delay 
• 20f..IA maximum input bias currenl 
• TTL compatible strobes and outputs 
• Large common mode input voltage 

range 
• Operates from standard supply voltages 
• Military qualifications pending 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

VIDR Differential input voltage 

VIN Input voltage 
Common mode 
Strobe/gate 

Po Power dissipation 
TA Operating temperature range 

NE 
SE 

Tstg Storage temperature range 
Lead temperature 

(solder, 60 sec) 

EQUIVALENT SCHEMATIC 
V+ 

APPLICATIONS 
• MOS memory sense amp 
• A-to-D conversion 
• High speed line receiver 

RATING 

+7 
-7 

±6 

±5 
+5.25 

600 

Ot070 
-55 to +125 
-65 to +150 

+300 

UNIT 

V 

V 

V 

mW 

°C 

°C 
°C 

PIN CONFIGURATION 

F,N PACKAGE 

Order Pari No. 
NE521 F.N 
SE521 F 

BLOCK DIAGRAM 

(II 
INPUT1A~ 

(21 
INPUT 18 

OUTPUT IV (O·I __ ---,=--J 

STROBE IG (50.1 __ ---' 

NE521-F,N 
SE521-F 

STROBE S (.01------' L-_-4l(910UTPUT 2Y 

(81 
L----O STROBE 2G 

I.o----~--._------._-----~----------~~---~~-----_, 

• 

13O---_~~~----~~~~-+--~--_+ 

12o----~---~ 

11 

v+o---~--+-------~------~~----------~---~-----~ 
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DC ELECTRICAL CHARACTERISTICS V+ = +SV, V- = -SV, T A = -SS to +12SoC unless otherwise specified 

SE LIMITS 

PARAMETER TEST CONDITIONS 
Min Typ 

Vas I nput offset voltage V+ = +4.SV, V- = -4.SV 
At 2SoC 6 
Over temperature range 

ISlAS I n put bias cu rrent V+ = +S.SV, V- = -S.SV 
At 2SoC 7.S 

Over temperature range 

lOS Input offset current V+ = +S.SV, V- = -S.SV 
At 25°C 1.0 
Over temperature range 

VCM Common mode voltage range V+ = +4.SV, V- = -4.SV ±3 

VIL Low level input voltage 
At 2SoC 
Over temperature 

VIH High level input voltage 2.0 

IIH 
Input current V+ = +S.SV, V- = -S.SV 

High VIH = 2.7V 
1 G or 2G strobe 

Common strobe S 
IlL Low VIL = O.SV 

1 G or 2G strobe 
Common strobe S 

Output voltage VI(S) = 2.0V 
V OH High V+ = +4.SV, V- = -4.SV, ILOAD = -1mA 2.S 3.4 
VOL Low V+ = +4.SV, V- = -4.SV, ILOAD·10mA 

TA = 25°C, ILOAD = 20mA 

Supply voltage 
V+ Positive 4.S S.O 
V- Negative -4.S -S.O 

Su;:>ply current V+ = S.5V, V- = -5.SV, T A = 25°C 
ICC+ Positive 27 
ICC- Negative -15 

ISC Short circuit output current -3S 

208 Si!lDotiCS 

NES21-F,N 
SES21-F 

UNITS 
Max 

mV 
7.S 
1S 

!1A 
20 
40 

!1A 
S 
12 

V 

V 
0.8 
0.7 

V 

SO !1A 
100 !1A 

-2.0 mA 
-4.0 mA 

V 

O.S 
O.S 

V 
5.5 
-5.5 

mA 
SO 

-28 

-115 !1A 



DC ELECTRICAL CHARACTERISTICS (Cont'd) V+ = +5V, v- = -5V, T A = 0 to 70°C unless otherwise specified 

PARAMETER TEST CONDITIONS 
Min 

VOS Input offset voltage V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 

ISlAS Input bias current V+ = +5.25V, V- = -5.25V 
At 25°C 

Over temperature range 

lOS Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

VCM Common mode voltage range V+ = +4.75V, V- = -4.75V ±3 

IIH 
Input current V+ = +5.25V, V- = -5.25V 

High VIH = 2.7V 
1 G or 2G strobe 

C&.ml1J.Qn strobe S 
IlL Low VIL = 0.5V 

1G or 2G strobe 
Common strobe S 

Output voltage VI(S) = 2.0V 
VOH High V+ = +4.75V, V- = -4.75V, ILOAD =-1mA 2.7 
VOL Low V+ = +5.25V, V- = -5.25V, I LOAD = 20mA 

Supply voltage 
V+ Positive 4.75 
V- Negative -4.75 

Supply current V+ = 5.25V, V- = -5.25V, T A = 25° C 
ICC+ Positive 
ICC- Negative 

ISC Short circuit output current -40 

AC ELECTRICAL CHARACTERISTICS T A = 25°C, RL = 2800 CL = 15pF V+ = +5V V- = -5V 

PARAMETER FROM 
INPUT 

Large Signal Switching Speed 
Propagation delay 

tpLH(D) Low to high1 Amp 
tpHL(D) High to lowl Amp 
tPLH(S) Low to high2 Strobe 
tpHL(S) High to low2 Strobe 

Maximum operating frequency 

NOTES 
1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.5V point of the 

output 
2. Response time measured from 1.5V point of input to 1.5V point of the output 

s~nDtics 

TO 
OUTPUT Min 

Output 
Output 
Output 
Output 

40 

NE LIMITS 

Typ Max 

6 7.5 
10 

7.5 20 
40 

1.0 5 
12 

50 
100 

-2.0 
-4.0 

3.4 
0.5 

5.0 5.25 
-5.0 -5.25 

27 50 
-15 -28 

-100 

LIMITS 

Typ Max 

8 12 
6 9 

4.5 10 
3.0 6 
55 

NE521-F,N 
SE521-F 

UNITS 

mV 

JJA 

JJA 

V 

JJA 
JJA 

mA 
mA 

V 

" 
mA 

JJA 

UNIT 

ns 

MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 

RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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RESPONSE TIME FOR VARIOUS 
INPUT OVERDRIVES 
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NE521-F,N 
SE521-F 

RESPONSE TIME VB TEMPERATURE 

I. 
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FEATURES 
• 15ns maximum guaranteed propagation 

delay 
• 20pA maximum input bias current 
• TTL compatible strobes and outputs 
• Open collector output for wire-OR'd ap

plications 
• Large common mode input voltage range 
• Operates from standard supply voltages 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
V+ Positive 
V- Negative 

VIDR Differential input voltage 

VIN Input voltage 
Common mode 
Strobe/gate 

PD Power dissipation 

APPLICATIONS 
• MOS memory sense amp 
• A-to-D conversion 
• High speed line receiver 

RATING 

+7 
-7 

±6 

±5 
±5.25 

600 
TA Operating temperatl,Jre range NE o to 70 

SE -55 to +125 
T stg Storage temperature range -65 to +150 

Lead temperature +300 
(solder, 60 sec) 

EQUIVALENT SCHEMATIC 

UNIT 

V 

V 

V 

mW 
°C 

°C 
°C 

NE522-F,N • SE522-F 

PIN CONFIGURATION 

F,N PACKAGE 

Order Part No. 

NE522 F.N 
SE522 F 

BLOCK DIAGRAM 

(I) 
INPUT 1A 

(4) 
OUTPUT 1Y o----=~ 

STROBE 1G (50) __ --' 

(6) 
STROBE S 0----"1 

(8) 
'-----() STROBE 2G 

14~~---~-~~-----_.-----~-----------~---__, 

R" 

.....---04 

R" 

12~----+----, 

11 L-___ -<> 9 

v.o---~-~~------~------~----------~~--_J 
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NE1SES22 
NES22-F,N • SES22-F 

DC ELECTRICAL CHARACTERISTICS ±sv ±10%, TA = -SSto 12S0C unless otherwise specified 

SE LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VOS Input offset voltage V+ = +4.SV, V- = -4.SV mV 
At 2SoC 6 7.S 
Over temperature range 1S. 

IBIAS Input bias current V+ - +S.SV, V- - -S.SV p.A 
At 2SoC 7.S 20. 
Over temperature range 40. 

lOS Input offset current V+ = +S.SV, V- = -S.SV p.A 
At 2SoC 1.0 S. 
Over temperature range 12. 

VCM Common mode voltage range V+ = +4.SV. V- = -4.SV ±3 V 

Vil Low level input V 
Voltage at 2SoC .08 
over temperature .07 

VIH High level temperature 2.0 V 

Input current V+ = +S.SV, V- = -S.SV 
IIH High VIH = 2.7V 

1 G or 2G strobe SO p.A 
Common strobe S 100 p.A 

IlL Low VIL=O.SV 
1G 2G strobe -2 mA 

Common strobe S -4 mA 

Output voltage V 

VOL Low V+ = +4.SV. V- = -4.SV 
IOl = 20mA. TA = 2SoC .S 

IOl = 10mA .S 

Output current p.A 

10H High VCC+ = +4.S. VCC- = -4.SV. VOH = S.SV 
2S0 

Supply voltage V 
V+ Positive 4.S S.O S.S 
V- Negative -4.S -S.O -S.S 

Supply current V+ = S.SV. V- = -S.SV mA 
ICC+ Positive 27 SO 
ICC- Negative -1S -28 
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NE522-F,N • SE522-F 

DC ELECTRICAL CHARACTERISTICS (Cont'd) ±5V ±5%, TA = 0 to 70°C unless otherwise specified 

PARAMETER TEST CONDITIONS 

VOS I nput offset voltage V+ = +4.75V, V- = -4.75V 
At 25°C 
Over temperature range 

ISlAS Input bias current V+ - +5.25V, V- - -5.25V 
At 25°C 
Over temperature range 

lOS Input offset current V+ = +5.25V, V- = -5.25V 
At 25°C 
Over temperature range 

VCM Common mode voltage range V+ = +4.75V, V- = -4.75V 

Input current V+ = +5.25V, V- = -5.25V 
IIH High VIH = 2.7V 

1 G or 2G strobe 
Common strobe S 

IlL Low VIL = 0.5V 
1G 2G strobe 

Common strobe S 

Output voltage V+ = +5.25V, V- - -5.25V, VI (S) - 2.0V 

VOL Low ILOAD = 20mA 

Output current 
10H High V CC+ = +4.75, 

VCC- = -4.75V, VOH = 5.25V 

Supply voltage 
V+ Positive 
V- Negative 

Supply current V+ = 5.25V, V- = -5.25V, T A - 25°C 
ICC+ Positive 
ICC- Negative 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, RL = 2800, CL = 15pF 

FROM 
PARAMETER INPUT 

Input resistance 
Input capacitance 

Large Signal Switching Speed 
Propagation delay 

tpLH(D) Low to highl Amp 

tpHL(D) High to lowl Amp 

tpLH(S) Low to high2 Strobe 

tpHL(S) High to low2 Strobe 
Maximum operating frequency 

NOTES 

1. Response time measured from OV point of ±100mV p-p 10MHz square wave to the 1.SV point of the 
output 

2. Response time measured from 1.5V point of input to 1.SV point of the output 

Si!lDDtiCS 

TO 
OUTPUT 

Output 
Output 
Output 
Output 

NE LIMITS 
UNIT 

Min Typ Max 

mV 
6 7.5 

10 

p.A 
7.5 20 

40 

p.A 
1.0 5 

12 

±3 V 

50 p.A 
100 p.A 

-2.0 mA 
-4.0 mA 

V 
0.5 

p.A 

250 

V 
4.75 5.0 5.25 
-4.75 -5.0 -5.25 

mA 
27 50 
-15 -28 

LIMITS 
UNIT 

Min Typ Max 

4 k!l 
3 pF 

ns 
10 15 
8 12 
6 13 
5 9 

25 35 MHz 
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FIIGtt SPEED DUAE DIFFERENTIAL COMPARAT~. ___ 

TYPICAL PERFORMANCE CHARACTERISTICS 
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INPUT OVERDRIVES 
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DESCRIPTION 
The SElNE527 is a high speed analog vol
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication 
of high speed T2l gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in design to the 
Signetics SE/NE529 voltage comparator 
except that it incorporates a "Emitter Fol
lower" input stage for extremely low input 
currents. This opens the door to a whole 
new range of applications for analog vol
tage comparators. 

EQUIVALENT SCHEMATIC 

FEATURES 
• 15ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common mode and differential vol

tage range 
• Mil std 883A,B,C available 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

INPUT 8 
OUTPUT 8 

NE527-F,H,N/SE527-F,H 

PIN CONFIGURATIONS 

F,N PACKAGE 

H PACKAGE' 
v,' 

OUTPUT B 

"Metal cans (H) not recommended for new designs 

~r-__ ~ ____ ~ __________ ~ST~R~~E'~ __ ~ __ ?-______ ~~V2' 

,. ,. o. '5(, 
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VOtTAGE COMPARATOR 
NE527-F,H,N/SE527-F,H 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive supply voltage (V1+) +15 V 
Negative supply voltage (V1-) -15 V 
Gate supply voltage (V2+) +7 V 
Output voltage +15 V 
Differential input voltage ±5 V 
Input common mode voltage ±6 V 
Power dissipation 600 mW 
Operating temperature range 

NE527 o to +70 °C 
SE527 -55 to +125 °C 

Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 60sec) +300 °C 

DC ELECTRICAL CHARACTERISTICS Vl+ = 10V, Vl- = -10V, V2+ = +5.0V 

SE527 NE527 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @ 25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @ 25°C 2 2 p.A 
Over temperature range 4 4 p.A 

Input offset current @ 25° C 0.5 0.75 p.A 
Over temperature range VIN =OV 1 1 p.A 

.. -- _.-
GATE CHARACTERISTICS 

-- -- --

Output voltage 
"1" State V2+ = 4.75V, ISOURCE = -1mA 2.5 3.3 2.7 3.3 V 
"0" State V2+ = 4.75V, ISINK = 10mA 0.5 0.5 V 

Strobe inputs 
"0" Input current V2+ = 5.25V, VSTROBE = 0.5V -2 -2 mA 
"1" Input current @ 25°C V2+ = 5.25V, VSTROBE = 2.7V 50 100 jJ.A 

Over temperature range V2+ = 5.25V, VSTROBE = 2.7V 200 200 p.A 
"0" Input voltage V2+ = 4.75V 0.8 0.8 V 
"1" Input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V, VOUT = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

Vl+ 5 10 5 10 V 
Vl- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current Vl+ = 10V, Vr = -10V 
V2+ = 5.25V 

h+ Over temp. 5 5 mA 
h- Over temp. 10 10 mA 
12+ Over temp. 20 20 mA 

'NOTE 
Parameters are guaranteed over the temperature range unless otherwise specified. 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Transient response propagation delay time VIN = ±100mV step 
tpLH 
tPHL 

Delay between output A and B 

Strobe delay time 
ton Turn-on time 
toff Turn-off time 

TYPICAL PERFORMANCE CHARACTERISTICS 

0 
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OUTPUT PROPAGATION DELAYS 

TIME-nsec 

Si!lDotiCS 

Min 

NE527-F,H,N/SE527-F, H 

LIMITS 

Typ Max 

16 26 
14 24 

2 5 

6 
6 

POWER DISSIPATION VI 

SUPPLY VOLTAGE 

V./~5,OVOlTS 

TA ' 2SOc 

--t--
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ns 
ns 

ns 

ns 
ns 
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5 
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APPLICATIONS 
One of the main features of the device is that 
supply voltages (V1+, V1-l need not be 
balanced, as indicated in the following dia
grams. For proper operation, however, neg
ative supply N1-l 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-l 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 

A _--1--... +
5
-
V
---_ 

'0 

527 

MOS MEMORY SENSE AMP 

527 

l00!.! l00u 
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DESCRIPTION 
The SElNE529 is a high speed analog volt
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a single monolithic chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V1+) 
Negative supply voltage (Vl-) 
Gate supply voltage (V2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

(soldering, 60 sec) 

EQUIVALENT SCHEMATIC 

FEATURES 
• 10ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wide common mode and differential volt

age range 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 
• Mil std 883A,B,C available 

RATING UNIT 

+15 V 
-15 V 
+7 V 
+15 V 
±5 V 
±6 V 
600 mW 

o to +70 °C 
-55 to +125 °C 
-65 to +150 °C 

+300 °C 

STROBE B 

Si!lDotiCS 

NE529-F,H,N/SE529-F,H 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 
NE/SE529F.NE529N 

H PACKAGE· 

v,· 

OUTPUT B 

ORDER PART NO. 
NE/SE529H 

-Metal cans (Hl not recommended for new designs 

BLOCK DIAGRAM 

INI'UT A 

OUTPUT 8 
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NE,SES2! 
NE529-F.H.N/SE529-F.H 

DC ELECTRICAL CHARACTERISTICS V1+=+10V. V2+= +5.0V. V1-=-10V 

SE529 NE529 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

INPUT CHARACTERISTICS 
Input offset voltage @25°C 4 6 mV 

Over temperature range 6 10 mV 

Input bias current @25°C 5 12 5 20 p.A 
Over temperature range VIN = OV 36 50 p.A 

Input offset current @25°C 2 3 2 5 p.A 
Over temperature range VIN = OV 9 15 p.A 

GATE CHARACTERISTICS 
Output voltage 

"1" state V2+ = 4.75V. Isource = -lmA 2.5 3.3 2.7 3.3 V 
"0" state V2+ = 4.75V. Isink = 10mA 0.5 0.5 V 

Strobe inputs 
"0" input current V2+ = 5.25V. Vstrobe = 0.5V -2 -2 mA 
"1" input current @25°C V2+ = 5.25V. Vstrobe = 2.7V 50 100 p.A 

Over temperature range V2+ = 5.25V. Vstrobe = 2.7V 200 200 p.A 
"0" input voltage V2+ = 4.75V O.B 0.8 V 
"1" input voltage V2+ = 4.75V 2.0 2.0 V 

Short circuit 
Output current V2+ = 5.25V. VOUT = OV -18 -70 -18 -70 mA 

POWER SUPPLY REQUIREMENTS 
Supply voltagE;! 

V1+ 5 10 5 10 V 
V1- -6 -10 -6 -10 V 
V2+ 4.5 5 5.5 4.75 5 5.25 V 

Supply current V1+ = 10V. V1- = -10V 
V2+ = 5.25V 

'1+ Over temp. 5 5 mA 
h- Over temp. 10 10 mA 
'2+ Over temp. 20 20 mA 

Parameters are guaranteed over the temperature range unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS TA = 25°C 

PARAMETER TEST CONDITIONS 
LIMITS 

UNIT 
Min Typ Max 

Transient response VIN = ±100mV step 
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 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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APPLICATIONS 
One of the main features ofthe device is that 
supply voltages (V1+, V1-) need not be 
balanced, as indicated in the following dia
grams. Forproper operation, however, neg
ative 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 note that Output A is in 
phase with Input A and Output B is in phase 
with Input B. 

TYPICAL APPLICATIONS 

PHOTODIODE DETECTOR 

A -.~~_ ..... +.-5V ___ ....--

,0 

529 

MOS MEMORY SENSE AMP 
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1OO'! l00~ , 
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DESCRIPTION 
The NE590/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de
coder. The device has 8 Darlington power 
outputs, each capable of 250mA load cur
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3-bit address. The 
device must be enabled by a CE input line 
which also serves the function of further ad
dress decoding. A common clear input, 
CLR, turns all outputs off when a logic low is 
applied. 

The NE590 has 8 open collector Darlington 
outputs which sink current to ground. The 
device is packaged ina 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack
aged in an 18-pin molded or cerdip pack
age. 

PIN DESIGNATION 

590 591 
SYMBOL 

PIN NO. PIN NO. 

1-3 2-4 Ao-A2 

4-7. 5-8, 00-07 
9-12 11-14 

13 15 D 

14 16 CE 

15 17 CLR 

-
- 1 CS 

- 10 Vs 

NE590-F,N • NE591-F,N 

FEATURES PIN CONFIGURATIONS 
• 8 high current outputs 
• Low-loading bus compatible inputs 
• Power-on clear ensures safe operation 

NE590 
F,N PACKAGE 

• NE590 will operate in addressable or 
demultiplex mode 

• Allows random (addressed) data entry 
• Easily expandable 
• NE590 is pin compatible with 9334 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver a 

NE591 
F,N PACKAGE 

NAME & FUNCTION 

A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 
NE591 has open emitter follower outputs. 

The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

"1" turns output switch "ON" 
"0" turns output switch "OFF" 

Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

The chip enable. When this input is low, the output latches will accept data. When 
CE goes high, all outputs will retain their existing state, regardless of address or 
data input conditions. 

The clear input. When CLR goes low all output switches are turned "OFF". On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591, CLR low will override any other condition. 

The chip select input provides for an additional level of address decoding. 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vee or 
another supply. 
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TRUTH TABLE (NE590) 

INPUTS 

CLR CE D AO A1 A2 

L H X X X X 

L L L L L L 
L L H L L L 
L L L H L L 
L L H H L L 
L L L H H H 
L L H H H H 

H H X X X X 

H L L L L L 
H L H L L L 
H L L H L L 
H L H H L L 
H L L H H H 
H L H H H H 

X :=' Don't care condition 
ON- 1 =- Previous output state 
L :-= low voltage levell"ON" output state 
H - High voltage levell"OFF" output state 

TRUTH TABLE (NE591) 

INPUTS 

-
CLR CE CS D AO A1 A2 

L X X X X X X 

H H H X X X X 

H H L X X X X 
H L H X X X X 

H L L L L L L 

H L L H L L L 
H L L L H L L 

H L L H H L L 
H L L L H H H 

H L L H H H H 

x =- Don't care 
ON 1 .".- Previous output state 
L -.- Low voltage levell"OFF" output state 
H -0- High voltage levell"ON" output state 

226 

OUTPUTS MODE 

QO Q1 Q2 Q3 Q4 QS Q6 Q7 

H H H H H H H H Clear 

H H H H H H H H 
L H H H H H H H 
H H H H H H H H Demultiplex 
H L H H H H H H 
H H H H H H H H 
H H H H H H H L 

ON-1 ... Memory 

H ON-1 ... 
L ON-1 ... 

ON-1 H ON-1 • 
ON-1 L ON-1 Addressable 
ON-1 .... H Latch 
ON-1 .. L 

OUTPUTS MODE 

00 01 02 03 0 4 Os 06 07 

L L L L L L L L Clear 

ON-1 

ON-1 Memory 

ON 1 

L ON 1 

H ON-1 

ON-1 L ON-1 
Addressable 
Latch 

ON-1 H ON-1 

ON-1 ~ L 

ON-1 ... H 

Si!lnltiCS 
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NESIO/NESIl 
NE590-F,N • NE591-F,N 

BLOCK DIAGRAMS ABSOLUTE MAXIMUM RATINGS TA = 25°e unless 
otherwise specified. 

PARAMETER RATING 

Vcc Supply voltage -0.5 to +7 
VIN Input voltage -0.5 to +15 
VOUT Output voltage 

NE590 a to +7 
NE591 a to Vcc 

Vs Source bus voltage 
NE591 only -0.5 to +7 

Vs-Vcc Source/supply differential 
voltage 

NE591 only -5 to +2 
lOUT Output current 

Each output 300 
All outputs 1000 

(NE591 ONLY) 

INPUT STAGE OUTPUT STAGE 

tc -rKJ 
~ ~"R 

NE590 

PD Power dissipation1 1 
Temperature range 

TA Ambient a to +70 
TJ Junction 150 
TSTG Storage -65 to +150 
Tsold Lead soldering temperature 300 

(10sec max) 

DC ELECTRICAL CHARACTERISTICS Vce = 4.75 to 5.25V, ooe S TA S 700 e unless otherwise specified.2,3 

PARAMETER TEST CONDITIONS 

Input voltage 
VIH High 
Vil Low 

Output voltage 
VOL Low (NE590 only) IOl = 250m A, T A = 25°e 

Over temperature 
VOH High (NE591 only) IOH = -250mA, Vec = Vs = 5V 

Input current 
ilH High Vin = Vce 
ill Low Vin = OV 

eE input 
All other inputs 

Supply current4 Vs = Vec = 5V 
ICCl All outputs low 

NE590 
NE591 

lecH All outputs high 
NE590 
NE591 

NOTES 
1. Derate power dissipation as indicated above threshold ambient temperature: 

NE590N at 95'e/W above 55'C 
NE590F at 100'C/W above 50'C 
NE591 N at 90'C/W above 60'C 
NE591 F at 93'C/W above 57'C 

2 All tYPical values are at Vee = 5V and TA ::: 25°C. 
3. For the NE591. Vs "= Vee in all tests. 
4. Supply current for the NES91 is measured with no output load. 

s~nDtics 

LIMITS 

Min Typ Max 

2.0 
0·8 

1.0 1.3 
1.5 

2.9 

0.1 10 

-25 -60 
-15 -50 

33 50 
15 50 

15 50 
30 50 

UNIT 

V 
V 
V 

V 

V 

mA 

W 
°e 

°e 

UNIT 

V 

V 

JJ.A 

mA 
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SWITCHING CHARACTERISTICS Vcc = 5V. TA = 25°C 

PARAMETER TO FROM 

Propagation delay time 
tpLH Low to highS -
tPHL High to lowS 

Output CE 

tPLH Low to highS 
Output Data 

tpHL High to lowS 

tpLH Low to high7 
Output Address 

tPHL High to low7 

tPLH Low to highS 
Output CLR 

tpHL High to lowS 

tpLH Low to highS 
Output CS 

tPHL High to lowS 

SWITCHING SET-UP REQUIREMENTS 
ts(H)9 Chip enable High data 
ts(L)9 Chip enable Low data 

ts(A)10 Chip enable Address 

th(H)9 Chip enable High data 
th(L)9 Chip enable Low data 

ts(CS)9 Chip enable Low chip select 

tpw(E) Chip enable pulse widthS 

NOTES 
5. See Turn-On and Turn-Off Delays, Enable to Output and Enable Pulse Width timing 

diagram. 
6. See Turn-On and Turn-Off Delays, Data to Output timing diagram. 
7. See Turn-On and Turn-Off Delays, Address to Output timing diagram. 
S. See Turn-Off Delay. Clear to Output timing diagram. 
9. See Setup and Hold Time, Data to Enable timing diagram. 

10. See Setup Time, Address to Enable timing diagram. 

TIMING DIAGRAMS 

NE590-F.N. NE591-F.N 

NES90 NE591 
UNIT 

Min Typ Max Min Typ Max 

ns 

100 70 
130 80 

80 60 
100 70 

125 70 
115 70 

80 
60 

70 
80 

120 50 ns 
120 70 ns 

-60 -10 ns 

-60 -60 ns 
-60 -20 ns 

70 ns 

150 80 ns 

TURN-ON AND TURN-OFF DELAYS, ENABLE TO OUTPUT 
AND ENABLE PULSE WIDTH 

TURN-ON AND TURN-OFF DELAYS, DATA TO OUTPUT 

0 _________ --' o 

CE IpLH - IpHL I-
Q (NES90) 

V 

tpHl I- tpLH I-
Q (NES90) 

Q (NES91) 
~ 

a (NE591) 

Other Inputs: CLR = H. A = Stable. CS = L Other Inputs: CE = CS = L. CLR = H. A = Stable 
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I U eUleHERIE DRIIERS 

TIMING DIAGRAMS (Cont'd) 

TURN-ON AND TURN-OFF DELAYS, ADDRESS TO OUTPUT 

a (NESSO) 

Other Inputs: CE ~ L. CLR ~ L. D ~ H 

SETUP TIME, ADDRESS TO ENABLE 

Other Inputs: ClR "'" H, cs = L 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE VS LOAD CURRENT( NE590) 

1.4 .--.---,--r---r----, 

1.2 f---+---+--I--+-~ 

~ 
w 

" 1.0 ~ :; 
~ 
... 0.8 :> a. ... 
:> 
0 

0.6 

0.4 '--_-'-_---'-__ .l-_--'-_--' 
50 100 150 200 250 

OUTPUT LOAD CURRENT (mAl 

OUTPUT VOLTAGE DROP VS LOAD CURRENT(NE591) 

2.0 

Q 

': 1.8 (J 
(J 

~ 
a. 
0 

1 .• a: 

" w 

l.--:: ~ 
o~ 

V I--2S~C 

70"~ 
" ~ ... 
B I.' 
> ... 
" a. ... 1.2 

" 0 

1.0 
-50 -100 -150 -200 -250 

OUTPUT LOAD CURRENT (mAl 

N[SIO/NES91 

NE590-F,N. NE591-F,N 

TURN-OFF DELAY, CLEAR TO OUTPUT 

~ 

IpLH I--

a (NES90) 

f..-... tpHl 

o jNE591) 

1\ 

Other Inputs: CE ,~ H. Cs ~ H 

SETUP AND HOLD TIME, DATA TO ENABLE 

a (NES90) III 
o (NE591) 

Other Inputs: CiJi' ~ H. A ~ Stable. CS ~ L 

TYPICAL APPLICATIONS 

INTERFACING THE 590/591 WITH A 

MICROPROCESSOR SYSTEM 

~~~DATA ~ BUS 

o L...- Cs (591 ONLY) 

A2 r--- go 
I '-- AI 1==0' 
- AO ~Q§ 

I==g'5 
59011 ~O. 

0 7 

590/1 

Cs (591 ONLY) 

~g~ 
I==g~ 
~g; 
~g~ 

110 
CONTROL 

I~LR 
~--------~f--------~ 

CLEAR ------">------------' 

Ao. Al, A2. and Cs may be connected to the 

address bus if permitted by system design. 
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ADDRESSABLE 'EIClPIiERAL DRIVERS 

TYPICAL APPLICATIONS (Cont'd) 

NES90 DRIVING SIMPLE LOADS 

+5V +5V 

+.v 
0 0 
a, 
02 

590 0 3 
04 RELAY 

C- AS LOAD 

a. 
0 7 

-=-

NES90 OPERATING IN DEMULTIPLEX MODE 

+5' 

555 

00 
a, 
O 2 
0 3 
a. 
0 5 
a. 

I 
L.:j~_"""-"""'" 07 

NES91 DRIVING HIGH CURRENT (SA) TRANSISTORS 

'5V 

Ra 

Vee v. 
0 0 
0, 
°2 

59' °3 
0_ 

CE °5 
0. 

Cs °7 

RB defines base drive to output transistor by: 

Vee - 0,2 - 2Vbe 

Rb 

provided that only one output is ON at any time. 

230 

O/P1 

O/P2 

O/P3 

O/P4 

O/PS 

O/P6 

O/P7 

O/P8 

-=-

NE590-F,N • NE591-F,N 

NES91 DRIVING SIMPLE LOADS 

Ra 
0 0 
0, 

°2 
59' 03 

04 

CE Os 
0. RA 

Cs 07 

-=-

-= 

NES91 OPERATING IN DEMULTIPLEX MODE 

elK o--r---i 

+5V 

1000p 
R2 30k 

For display applications, interdigit blanking is provided by time constant 
T = CtR1/R21. ... 10,1.15 with values shown. 

NES91 AS THE DIGIT DRIVER IN A LED DISPLAY SYSTEM 

+5'
e
h 

Vee Vs 

°0 
4/ a, 

O 2 
/ 59' °3 

°4 
CE as 

0. 

107 J. Cs 
07~ 

08 05 0_ 0 3 02 0, 

lU- - - - - - - - -BJ abc d e I 9 

I j 
4/ 58. 

L BeOTO 
7-SEGMENT 

I DECODER 
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Section 7-TRANSISTOR ARRAYS 

CA3081 13082 
ULN2001/2003/2004 

232 

Seven Transistor Array .......................................................... 233 
HighVoltage/High Current Darlington Transistor Arrays ............................. 236 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The CA3081 and CA3082 are monolithic in
tegrated circuits, each consisting of seven 
separate npn transistors on a common 
substrate. The transistors sre cspable of 
driving loads of up to 100mA. At the same 
time, the transistor geometry used gives 
maximum current gain at quite low currents, 
making the devices also suitable for small
signal applications. In the CA3081, the tran
sistors are connected in a common emitter 
configuration, while in the CA3082, the col
lectors are common. The transistor arrays 
are particularly suitable for driving light
emitting diodes and seven-segment dis
plays, as well as for general purpose appli
cations. The CA3081 and CA3082 are avail
able in both 16-lead dual-in-line plastic and 
cerdip packages. 

• Seven transistors permit a wide range 
of applications in either a common 
emitter (CA3081) or common-collector 
(CA3082) configuration. 

• High IC: 100mA maximum 

• Low VCE sat (at SOmA): O.4V typical 

APPLICATIONS 
• Drivers for: 

Incandescent display devices 
LED 
Relay control 
Thyristor firing 

CA3081 F,N PACKAGE 

ORDER PART NO. 
CA30B1F. CA30B1N 

CA3082 F,N PACKAGE 

ORDER PART NO. 

CA3OB2F. CA30S2N 

PIN DESIGNATION (CA3081) PIN DESIGNATION (CA3082) 

PIN NO. SYMBOL NAME AND FUNCTION PIN SYMBOL NAME AND FUNCTION 

1 C1 Collector, Transistor 1 1 E1 Emitter. Transistor 1 
2 C2 Collector, Transistor 2 2 E2 Emitter. Transistor 2 
3 B2 Base, Transistor 2 3 B2 Base, Transistor 2 
4 C5 Collector, Transistor 5 4 E5 Emitter. Transistor 5 
5 SUB Substrate 5 SUB Substrate 
6 B5 Base, Transistor S 6 B5 Base, Transistor 5 
7 C7 Collector. Transistor 7 7 E6 Emitter. Transistor 6 
8 B7 Base, Transistor 7 8 B6 Base. Transistor 6 
9 C6 Collector. Transistor 6 9 E7 Emitter. Transistor 7 
10 B6 Base. Transistor 6 10 B7 Base, Transistor 7 
11 B4 Base. Transistor 4 11 B4 Base, Transistor 4 
12 C4 Collector, Transistor 4 12 E4 Emitter, Transistor 4 
13 B3 Base. Transistor 3 13 B3 Base. Transistor 3 
14 C3 Collector, Transistor 3 14 E3 Emitter, Transistor 3 
15 E Common emitter 15 C Common collector 
16 B1 Base. Transistor 1 16 B1 Base, Transistor 1 

S!!IDntics 

F.N 
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BLOCK DIAGRAM 

CA3081 CA3082 

ABSOLUTE MAXIMUM RATINGS TA = 25·C 

PARAMETER RATING 

P Power dissipation: 
Anyone transistor 500 

PTOT Total package 750 

Above 55·C 
Derate Linearly 

6.67 
Ambient temperature range: 

TA Operating -55 to +125 
Tstg Storage -65 to +150 

Lead temperature 
( 1 0 seconds) 265 

VCEO Collector to emitter voltage' 16 
VCBO Collector to base voltage' 20 
VCIO Collector to substrate voltage 1.2 20 
VEBO Emitter to base voltage' 5 
Ie Collector current' 100 
IB Base current' 20 

NOTES 
1. Ratings apply for each tranalator In the device. 

2. The colleclor of each Iranslslor of the CA3081 and CA3082 ia iaolated from Ihe 
8ubsirate by an integral diode. The substrate must be connected to a yoltage which Is 
more negative than any collector Yoltage in order to maintain isolation between tranais
tors and provide normal transiator action. To avoid undesired coupling between tranaia
lors, Ihe substrale terminal (5) should be malnlained al either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 
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UNIT 

mW 
mW 

mW/·C 

·e 
·C 

·C 
V 
V 
V 
V 

mA 
mA 

CI3D81 0:13111)' 

TYPICAL READ-OUT DRIVER 
APPLICATIONS 

FROM 
DECODER 

NOTE 

I SEGMENT CW 
INCANDESCENT DISPlAY 

Schematic diagram showing one tranalator of the 
CA3081 driving one segment of an Incandeacent 
diaplay. 

Figure 6 

F,N 

UGHT-EMITTING 
DIODE ILED) 

NOTES 
Schematic diagram showing one transistor of the 
CA3082 driving a light·emllling diode (LED). 

·The resiatance for R ia determined by the relationship 

R - Vp - VeE - Vp(LED) 

I(LED) 

R = 0 tor Vp = VeE + VP(LED) 

Where: Vp - Inpul pulae voltage 
VF = Forward voltage drop acro88 the diode 

Figure 7 



STATIC ELECTRICAL CHARACTERISTICS FOR EACH TRANSISTOR T A = 25°C 

PARAMETER 

VCBO (BR) Collector to base breakdown voltage 
VCIO (BR) Collector to substrate 

breakdown voltage 

VCEO (BR) Collector to emitter breakdown voltage 
VEBO (BR) Emitter to base breakdown voltage 

hFE DC forward current 
Transfer Ratio 

VBE sat Base to emitter saturation voltage 
VCE sat Collector to emitter saturation voltage 

CA3081/CA3082 
CA3081 
CA3082 

ICEO Collector cutoff current 
ICBO Collector cutoff current 

TYPICAL PERFORMANCE CHARACTERISTICS 

hFE valC 

lDO 
CO,LLE~T':"i TCl-EMITT:"'1 V~LTS (VeE' 3 

H-b II ~ ~ .fJ-
~~ .. ';C_,,-
~ _ .~,:. ;.. (fC 

L.-" t:::'" 
~ ~ 

90 

80 

70 

.0 

50 

40 
0.1 2 4 68, 2 4 6 8 10 :2 4 6 8 100 

COLLECTOR MILLIAMPERES (Ie) 

Figure 2 

1 
~ 
III 

~ 
> 

1.0 

0.9 

0.8 

0.7 

0 .• 
1 

TEST CONDITIONS 

IC = SOO~A, IE = 0 

IC = SOO~A, IE = 0, IB = 0 
IC = 1 mA, IB = 0 

IC = SOO~A 
VCE = O.SV,IC = 30mA 
VCE = 0.8V,IC = SOmA 

IC = 30mA,IB = lmA 

IC = 30mA, IB = lmA 
IC = SOmA, IB = SmA 
IC = SOmA, IB = SmA 

VCE = 10V, IB = 0 
VCB = 10V, IE = 0 

VBEaat valc 

SET DC FORWAR'D-CURRENT ~1 
TRANSFER RATIO (hfE) = 10 

AMBIENT TEMPERATURE (TAl = 2SOC ~ 

V~ 
~ ... ..... 

~ 

4 6 810 4 6 8100 

COLLECTOR MILLIAMPERES (Ie) 

Figure 3 

VCEaat va IC at T A = 250C VCEaat va IC at T A = 70"C 

~ 
Ii 
§ 0.8 
!< 
ffi 1 O.61--I--++-lI+-t---ilYlrH 
i~ 
6 ~ 0.41--1--++1 
~§! 
o 0.21-+-+-:: ..... '[, 

~ 

Figure 4 

1.2 

1i 0.8 

~ 
~ 0.8 

f!! 
5 0.' 
> 

0.2 
o 

SET DC FORWARD-CURRENT 
II TRANSFER RATIO (fiFE) = 10 

AM~NT TE~P~"A.' ~"E (T A 71/ 
j I 

f' V 
.a~ L 

I-- i'""" T'~ 
i 

4 6 810 4 6 8100 

COLLECTOR MlLUAMPERES (Ie) 

Figure 5 

SjgDDtiCS 

F,N 

LIMITS 

Min Typ Max 
UNIT 

20 60 V 

20 60 V 
16 24 V 
S 6.9 V 

30 68 
40 70 

0.87 1.0 V 

0.27 O.S V 
0.4 0.7 V 
0.4 0.8 V 

10 ~A 
1 ~A a 

235 



DESCRIPTION 
These high-voltage, high-current Darling
ton transistor arrays are comprised of seven 
silicon NPN Darlington pairs on a common 
monolithic substrate. All units feature open 
collector outputs and integral suppression 
diodes for inductive loads. Peak inrush cur
rents to 600mA are allowable, making them 
ideal for driving tungsten filament lamps 
also. 

The Type ULN-2001 is a general-purpose 
array which may be used with DTL, TTL, 
PMOS, CMOS, etc. It is pinned with inputs 
opposite outputs to facilitate ease of circuit 
board layout and is priced to compete di
rectly with discrete transistor alternatives. 

The Type ULN-2003 has a series base resis
tor to each Darlington pair, and thus allows 
operation directly with TTL or CMOS oper
ating at a supply voltage of 5V. 

The Type ULN-2004 has an appropriate 
series input resistor to allow its operation 
directly from CMOS or PMOS outputs utiliz
ing supply voltages of6to 15V. The required 
input current is below that of the Type ULN-
2003. 

In all cases, the individual Darlington pair 
collector current rating is 500mA. However, 
outputs may be paralleled for higher load 
current capability. All devices are supplied 
in a 16-pin dual in-line plastic package. 

FEATURES 
• Peak Inrush current 600mA 
• Protected Internally against inductive 

loads 
• Open collector topology 
• Compatible with most logic technologies 

EQUIVALENT SCHEMATICS 

I 
I 
I 
I 
I 
I 

TYPE ULN2001 
(each driver) 

.....-11)1--0 COM 

~--,.- -,. - --0 
o-~--~. ~ 

2.7K 

t 
I 
I 
I , 

--~ 

TYPE ULN2003 
(each driver) 

.--[)If-oeOM. 

I 
I 

~ 
I 
I 
I 

L - --- - ------ -I<l---
__ J 

, 
I 
I 
I 

TYPE ULN2004 
(each driver) 

10.5K 

L ____________ ~_--

.-t>+--oeOM 

I , 

~ 

ABSOLUTE MAXIMUM RATINGS at 25°C Free-Air temperature for anyone 
Darlington pair unless otherwise specified. 

PARAMETER RATING 

VCE Output voltage 50 
VIN Input voltage 30 
VEBO Emitter base voltage 6 
Ic Continuous collector current 500 
IB Continuous base current 25 
Po Power dissipation 1.3 

Derating factor above 25°C 95 
TA Ambient temperature range (operating) o to +85 
Ts Storage temperature range -65 to +150 

'NOTE 
Under normal operating conditions, these units will sustain 350mA per output with 
VCE(SAT) = 1.6V at 70'C with a pulse width of 20 rns and a duty cycle of 30%. 
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UNIT 

V 
V 
V 

rnA 
rnA 
W 

°CIW 
·C 
·C 

ULN2001/2003/2004-N,F 

PIN CONFIGURATION 

N,F PACKAGE 

ORDER PART NO. 
ULN2001N.F 
ULN2003N.F 
ULN2004N.F 



DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1.2.3 

PARAMETER TEST CONDITIONS 

ICEX Output leakage current VCE = 50V, TA = 70°C 
Type ULN-2004 VCE = 50V, TA = 70°C, VIN = 1V 

VCE(SAT) Coliector-emitter Ic = 350mA, 16 = 500p.A 
Saturation voltage Ie = 200mA, 16 = 350p.A 

Ic = 100mA, 16 = 250p.A 

IIN(ON) Input current 
Type ULN-2003 VIN = 3.85V 
Type ULN-2004 VIN = 5V 

VIN = 12V 

IIN(OFF) Input current Ie = 500p.A, TA = 70°C 

VIN(ON) Input voltage 

Type ULN-2003 VeE - 2V, Ic - 200mA 
VeE = 2V, Ic = 250mA 
VeE = 2V, Ic = 300mA 

Type ULN-2004 VCE - 2V, Ie - 125mA 
VeE = 2V, Ic = 200mA 
VCE = 2V, Ic = 275mA 
VCE = 2V, Ic = 350mA 

hFE D-C forward VCE = 2V, Ie = 350mA 
current transfer 
ratio Type ULN-2001 

CIN Input capacitance 

IR Clamp diode leakage VR = 50V 
current 

VF Clamp diode forward voltage IF = 350mA 

NOTES 
1. All limits stated apply to the complete Darlington series except as specified for a single 

device type. 
2. The IIN(OFF) current limit guarantees against partial turn-on of the output. 
3. The VIN(ON) voltage limit guarantees a minimum output sink current per the specified 

test conditions. 

Test 
Fig. 

1A 
16 

2 
2 
2 

3 
3 
3 

4 

5 
5 
5 
5 
5 
5 
5 

2 

-
6 

7 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1.2.3 

PARAMETER TEST CONDITIONS 

tPLH Turn-on delay 0.5 EIN to 0.5 EOUT 

tPHL Turn-off delay 0.5 EIN to 0.5 EOUT 

NOTES 
1. All limits stated apply to the complete Darlington series except as specified for a single 

device type. 
2. The liN(OFF) current limit guarantees against partial turn-on of the output. 
3. The VtN(ON) voltage limit guarantees a minimum output sink current per the specified 

test conditions. 

9i!100tiC9 

Test 
Fig_ 

-

-

ULN2001/2003/2004-N,F 

LIMITS 
UNIT 

Min Typ Max 

- - 100 p.A 
- - 500 p.A 

- 1.25 1.6 V 
- 1.1 1.3 V 
- 0.9 1.1 V 

- 0.93 1.35 mA 
- 0.35 0.5 mA 
- 1.0 1.45 mA 

50 65 - p.A 

- - 2.4 V 
- - 2.7 V 
- - 3.0 V 
- - 5.0 V I 
- - 6.0 V 
- - 7.0 V 
- - 8.0 V 

1000 - -

- 15 30 pF 

- - 50 p.A 

- 1.7 2 V 

LIMITS 
UNIT 

Min Typ Max 

- 1.0 5 p's 

- 1.0 5 P.s 
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I 
IRANSIS fOR ARRAYS 

ULN2001/2003/2004-N,F 

TYPICAL PERFORMANCE CHARACTERISTICS 

COLLECTOR CURRENT AS A FUNCTION 
OF 

COLLECTOR CURRENT AS A FUNCTION 
OF 

ALLOWABLE AVERAGE PACKAGE 
POWER 
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I
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a: 
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~! ;;: ..,1 

ii---Iti;-
~ fi 
~t'lt~~ 

#1 v.:J'1 / 

~tq ~/l v 

0.5 1.0 1.5 

SATURATION VOLTAGE - YCE(SAT) 

400 

_() 

~ 300 

~ 
I
Z 
W 
a: 
a: 200 
::> 
() 

a: 

~ :j 100 

8 

f--

I--

00 

INPUT CURRENT 

, V 
I 

I V 
I-- ;{, 
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DISSIPATION AS A FUNCTION OF 
AMBIENT TEMPERATURE 
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~~ ~ .... 

5 

" " , 
" 
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AMBIENT TEMPERATURE IN "c 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN·2003 

INPUT CURRENT AS A FUNCTION OF 
INPUT VOLTAGE FOR TYPE ULN·2004 
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() 
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~ 0.5 
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ULN~2004 
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10 11 12 

INPUT VOLTAGE· Y,N 

TEST FIGURES 

OPEN -SOV 

OPEN 

I 
Figure 1A 
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OPEN - SOV 

Figure 1B 
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OPEN 

Figure 2 

Ie 
HFE= -I. 



TEST FIGURES (Cont'd) 

OPEN 

OPEN 

Figure 3 

+50V 

OPEN 

Figure 6 

TYPICAL APPLICATIONS 

TTL TO LOAD 

ULN2003 

OPEN -'-SOY 

Figure 4 

BUFFER FOR HIGHER 
CURRENT LOADS 

ULN2004 

Smnotics 

T 

OPEN 

Figure 7 

UlN2001/2003/2004-N,F 

OPEN 

Figure 5 

I 
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DUAL LINE RECEIVER 

DESCRIPTION 
The 087820, specified from -55°C to 
125°C, and the 088820, specified from ooe 
to 70°C, are digital line receivers with two 
completely independent units fabricated on 
a single silicon chip. Intended for use with 
digital systems connected by twisted pair 
lines, they have a differential input designed 
to reject large common mode signals while 
responding to small differential signals. The 
output is directly compatible with RTL, OTL 
or TTL integrated circuits. 

The response time can be controlled with an 
external capacitor to eliminate noise spikes, 
and the output state is determined for open 
inputs. Termination resistors for the twisted 
pair line are also included in the circuit. 
Both the 087820 and the 088820 are spec
ified, worst case, over their full operating 
temperature range, for ±10-percent supply 
voltage variations and over the entire input 
voltage range. 

081S; II 088828 

087820/8820-F,N 

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 
• DS7820 Mil std 883A,B,C available 

CIRCUIT SCHEMATIC 

PIN CONFIGURATION 

RESPONSE 
TIME 

F,N PACKAGE 

ORDER PART NO. 

DS7820N. DS8820N 
DS7820F. DS8820F 

RESPONSE· TIME CONTROL 

RESPONSE 
TIME 

r-----_4~--~----~--~------_4~--~--~y+ 

.'0 
167 

RS 
SK 

NON-INVERTING 
INPUT 

.,2 
SK 

R11 
4.15 

A18 
3K 

A1S 
320 

+---...... --~ OUTPUT 

A7 .8 
170 SK 

TERMINATION 

R2 R3 
A1 167 167 

R' RS 
1K 1K 

A13 
1.5K 

R" 
750 

SK ~~~----------~----~--------~--~-------oGAOUND 
INVERTING 

INPUT 
STROBE 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 8.0 
Input voltage ±20 
Oifferential input voltage ±20 
8trobe voltage 8.0 
Output sink current 25 
Power dissipation 600 
Operating temperature range 

087820 -55 to +125 
088820 o to 70 

Lead temperature 
(soldering, 10sec) 300 

NOTE 

"Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. Except for "Operating Temperature Range" they are not meant to 
imply devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Gi!lDOliCG 

UNIT 

V 
V 
V 
V 

mA 
mW 

°e 
°e 

°e 

243 

I 



DUAL LINE RECEIVER DS7S?" OS881'11 

DC ELECTRICAL CHARACTERISTICS Specifications apply for 4.5V:5 Vee :5 5.5, 
-15V:5 VeM:5 15V and -55°C:5 TA:S +125°C for the DS7B20 
or O°C:5 TA:5 +70°C for the DSBB20 unless otherwise specified. 
Typical values given are for Vee = 5.0V, TA = 25°C and VeM = OV 
unless stated differently.1,2,3 

DS7B20/BB20-F,N 

DS7820 DS8820 
PARAMETER . TEST CONDITIONS 

VTH Input threshold VIN = OV 
VTH Input threshold -15V:5 VIN :5 15V 

VOH High output level IOUT:S -0.2rnA 
VOL Low output level ISINK:5 3.5mA 

RIN - Inverting input resistance 
RIN+ Noninverting input resistance 
RT Line termination resistance 

1ST Strobe current VStrobe = 0.4V 
1ST Strobe current VStrobe = 5.5V 

lee Supply current3 VIN = 15V 
lee Supply current3 VIN = OV 
lee Supply current3 VIN = -15V 

liN + Noninverting input current VIN = 15V 
liN + Noninverting input current VIN = OV 
liN + Noninverting input current VIN = -15V 

liN - Inverting input current VIN - 15V 
liN - Inverting input current VIN =OV 
liN - Inverting input current VIN = -15V 

NOTES 
1. All currents into device pins shown as positive, out of device pins as negative, all 

voltages referenced to ground unless otherwise noted. All values shown asmax or min 
on absolute value basis. 

2. Only one output at a time should be shorted. 
3. The specifications and curves given are for one side only. Therefore, the total package 

dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 

AC ELECTRICAL CHARACTERISTICS 

TEST DS7820 DS8820 
PARAMETER CONDITIONS Min Typ 

TR Response tirne Cdelay = 0 40 
TR Response time Cdelay = 100pF 150 

OS7820·0S8820 TYPICAL APPLICATION 

LINE DRIVER AND RECEIVERt: 

tExact value depends on line length 
tVce Is 4.5V to 5.5V for both the OS7820 and 057830 
Optional to control response time 

244 

Max Min 

Cit 
O.OO2/JF 

Typ 

40 
150 

SjgDotiDS 

Min 

-0.5 
-1.0 

2.5 
0 

3.6 
1.8 
120 

-1.6 
-9.8 

-4.2 

UNIT 
Max 

ns 
ns 

UNIT 
Typ Max Min Typ Max 

0 0.5 -0.5 0 0.5 V 
0 1.0 -1.0 0 1.0 V 

5.5 2.5 5.5 V 
0.4 0 0.4 V 

5.0 3.6 5.0 kO 
2.5 1.8 2.5 kO 
170 250 120 170 250 0 

1.0 1.4 1.0 1.4 mA 
-5 -5 p.A 

3.2 6.0 3.2 6.0 rnA 
5.B 10.2 5.8 10.2 rnA 
8.3 15.0 8.3 15.0 rnA 

3.0 7.0 5.0 7.0 rnA 
-1.0 -1.6 -1.0 rnA 
-7.0 -9.8 -7.0 mA 

3.0 4.2 3.0 4.2 rnA 
0 -0.5 0 -0.5 rnA 

-3.0 -4.2 -3.0 rnA 



DESCRIPTION 
The DS7820A and the DS8820A are im
proved performance digital line receivers 
with two completely independent units fab
ricated on a Single silicon Chip. Intended for 
use with digital systems connected by twist
ed pair lines, they have a differential input 
designed to reject large common mode sig
nals while responding to small differential 
signals. The output is directly compatible 
with RTL, DTL or TTL integrated circuits. 

The response time can be contro lied with an 
external capacitor to reject input noise 
spikes. The output state is a logic "1" for 
both inputs open. Termination resistors for 
the twisted pair line are also included in the 
circuit. Both the DS7820A and the DS8820A 
are specified, worst case, over their full 
operating temperature range (-55°C to 
125°C and ooe to 70°C respectively), over 
the entire input voltage range, for ±10% 
supply voltage variations. 

FEATURES 
• Operation from a single +5V logic supply 
• Input voltage range of ±15V 
• Strobe low forces output to "1" state 
• High Input resistance 
• Fanout of ten with either DTL or TTL 

integrated circuits 
• Outputs can be wire OR'ed 
• Series 54174 compatible 

0878201/0588201 

PIN CONFIGURATION 

EQUIVALENT SCHEMATIC 

N/F PACKAGE 

ORDER PART NO. 
DS7820AN, DS7820AF 
DS8820AN, DS8820AF 

RESPONSE-TIME CONTROL 

N/F 

r-----~~--~----i_--~------_1r_--~--~v+ 
Rl0 
16r 

R. 
SK 

NON-INVERTING 
INPUT 

Rr 
170 

TERMINATION 

R' R3 
Rl 167 167 

Rll 
4.15 

R. RS 
lK lK 

Rl' 
SK 

Rl. 
3K 

R13 
1.SK 

Rl' 
750 

R1S 
3.0 

t-------o OUTPUT 

INVERTING 
5K r\~~----------~r---~--------4---~-------oGROUND 

INPUT 
STROBE 

ABSOLUTE MAXIMUM RATINGS· 

PARAMETER RATING 

Supply voltage 8.0 
Input voltage ±20 
Differential input voltage ±20 
Strobe voltage 8.0 
Output sink current 50 
Power dissipation 600 
Operating temperature range 

DS7820A -55 to +125 
DS8820A o to +70 

Lead temperature 300 
(soldering, 60sec) 

·NOTE 

"Absolute Maximum Ratings" are those values beyond which the safety of the device 
cannot be guaranteed. Except for "Operating Temperature Range" they are not meant to 
imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
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DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified.1•2•3.4 

PARAMETER TEST CONDITIONS 

VTH Differential threshold voltage lOUT = -400}LA -3V :s; VCM :s; +3V 
VOUT;;::: 2.5V -15V:S; VCM :S;+15V 
lOUT = +16mA -3V :s; VCM :s; +3V 
VOUT:S; O.4V -15V:S;VCM:S;+15V 

RI- Inverting input resistance -15V:S; VCM :s; +15V 
RI+ Non-inverting input resistance -15V:S; VCM :s; +15V 

RT Line termination resistance 

11- Inverting input current VCM = 15V 
VCM = OV 
VCM = -15V 

It+ Non-inverting input current VCM = 15V 
VCM = OV 
VCM = -15V 

Icc Power supply current VOIFF = -1V. VCM = 15V 
lOUT = Logical "0" VCM = -15V 
VOIFF=-O.5V, VCM =OV 

VOH Logical "1" output voltage lOUT - -400}LA, VOIFF - 1 V 
VOL Logical "0" output voltage lOUT = +16mA, VOIFF =-1V 

VSH Logical "1" strobe input voltage IOuT=+16mA, VOUT:S;O.4V, VOIFF=-3V 
VSL Logical "0" strobe input voltage IOUT=-400}LA, VouT;;:::2.5V, VOIFF=-3V 

ISH Logical "1" strobe input current VSTROBE = 5.5V, VOIFF = 3V 
ISL Logical "0" strobe input current VSTROBE =O.4V, VOIFF=-3V 

Isc Output short circuit current lOUT = OV. Vcc = 5.5V, VSTROBE = OV 

NOTES 
1. These specifications apply for4.SV'; Vcc'; S.SV. -lSV'; VCM ,;lSV and -SS'C ';TA'; 

+12S'C for the OS7820A or O'C,; TA ,; +70'C for the OS8820A unless otherwise 
specified. Typical values given are for Vee = S.OV, TA = 25D C and VCM = OV unless 
stated differently. 

2. All currents into device pins shown as positive, out of device pins as negative, all 
voltages referenced to ground unless otherwise noted. All values shown as maxor min 
on absolute value basis. 

3. Only one output at a time should be shorted. 
4. The specifications and curves given are for one side only. Therefore. the total package 

dissipation and supply currents will be double the values given when both receivers 
are operated under identical conditions. 

DS7820AlDS8820A 

Min Typ Max 

0.06 0.5 
0.06 1.0 
-0.08 -0.5 
-0.08 -1.0 

3.6 5 

1.8 2.5 

120 170 250 

3.0 4.2 
0 -0.5 

-3.0 -4.2 

5.0 7.0 
-1.0 -1.6 
-7.0 -9.8 

3.9 6.0 
9.2 14.0 
6.5 10.2 

2.5 4.0 5.5 
0 0.22 0.4 

2.1 
0.9 

0.01 5.0 
-1.0 -1.4 

-2.8 ,:,4.5 -6.7 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, VCC = 5V unless otherwise specified. 

DS7820AlDS8820A 
PARAMETER TEST CONDITIONS 

Min Typ Max 

tpoo Propagation delay, differential 30 45 
input to "0" output 

tp01 Propagation delay, differential 27 40 
input to "1" output 

tpoo Propagation delay, strobe 16 25 
input to "0" output 

tp01 Propagation delay, strobe 18 30 
input to "1" output 
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UNIT 

V 
V 
V 
V 

kO 

kO 

0 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

rnA 
rnA 
rnA 

V 
V 

V 
V 

}LA 
rnA 

rnA 

UNIT 

ns 

ns 

ns 

ns 



TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY VOLTAGE SENSITIVITY 

,. 
w 
C) 0.2 
;! 
cj 

TA:::Loc 
VCM[ OV 

9 0.1 r-- Your::: 2.5V. lOUT'" -400t.<A 
o 
~ 
a: 

'" ... 
~ 
C -0.1 

~ 
a: 
~ -0.2 

i5 

4.5 

I I I 
vbuy: J.4V. 'OJT" 16~A 

5.0 5.5 6.0 

SUPPLY VOLTAGE IV} 

TRANSFER FUNCTION 

FANOUT::: 10 
Vee::: s.oy 125"C~ k VCM = OV ~ ... 

~t 
I"'" 

I lr- 25°C 

-55"C, ~ 
,7~ 

- 1----1 
- 0.4 - 0.2 0.2 0.4 

DIFFERENTIAL INPUT VOLTAGE (V) 

POWER SUPPLY CURRENT 

:c 
§. ... 
z 
w 
a: 
a: 
:> 
u 
> 
~ 

it 
:> 
<II 

-10 0 "10 -20 

COMMON-MODE VOLTAGE (V) 

COMMON-MODE VOLTAGE 
SENSITIVITY 

E 0.4 
w 

" .. 
:; 
o 0.2 ,. 
" cj 

'" ~ 
a: 
'" ... 
~ -0.2 

~ 
~ 
!!: -0.4 

" 

--... "" 
~~ ~ 2. 5 • 

~. ~ ~ \OU 
_~o,,~"o .•. __ r"""' 

TA= 25°C 
Vee:::. SV 

--...... 
-20 -10 +10 +20 

-.. 
u z 
;! 
<II 
i)j .. 
a: 
z 

" ;:: .. z 
i 
a: 
w ... 

COMMON-MODE VOLTAGE (V) 

TERMINATION RESISTANCE 

190 

180 ./ 
V 

170 
./ 

V 
,....... -r--

16. 

-75 -so -25 25 50 75 100 125 

TA (0e) 

INTERNAL POWER DISSIPATION 

~O .---,----r---,r----, 

Vee::: s.oy 
QUTPUTLOW 

200 f-':-\---+---f----+-----I 

o ~ ____ L-____ L_ __ ~L_ __ ~ 

-20 -10 10 20 

COMMON-MODE YOL TAGE (V) 

Si!lnOliCS 

;> 
§. 
w 

~ 
o ,. 
9 
o 
~ 
w 
a: 

TEMPERATURE SENSITIVITY 

100 ,..... ....... o::::--r-,--r---r-...,-,--, 

50f--+-+-j-:-

~ -50~-4-~~4--~-4-~-+-~ 
~ .. 
;:: 
z 1-'00 

i5 

:c 
§. ... 
~ 
a: 
a: 
:> 
u ... 
:> .. 
~ 

E 
w 

" .. 
:; 
0 
> ... 
~ ... 
:> 
0 

-150 L.....-"-_-'-_-'--'L.....-"-_-'-_.l--' 
-75 -50 -25 0 25 50 15 100 125 

TA(°C) 

INPUT CHARACTERISTICS 

Vee::: sv L 
T A =2SOC 

./ 
/::/" 

/' 
-2 

-4 

-'NPUT_ bv-/ 
~ / 

-6 

-8 

/ r • INPUT 

-10 
-20 -10 10 20 

INPUT YOL TAGE (WITH RESPECT TO GROUND) (V) 

OUTPUT VOLTAGE LEVELS 

vJC" ;v 

~ 
0.3 

0.2 
I-'" 

0.1 
-75 -50 -25 

LOGICAL "1" OUTPUT 
loUT:: -400f..lA 

~ 

k~~~ -
~~G~1~~ " r~ I --

25 50 75 100 125 
TA (0C) 

N/F 

I 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

DIFFERENTIAL INPUT DELAYS STROBE DELAYS NOISE REJECTION 

3. 1000 
Vee = 5V I Vee'" 5V Vee sv..l 

V 
42 

I } TA 25"c 
V01FF:;: ±2.5V PULSE 

1'- 30 
V ! ! 3. 

I /' ! / '" > 
~ 2. I-

~ DIFFERENTIAL 0 
341-- > STROBE TO "1" OUTPUT j; / 0 TO "0" OUTPUT 

./ ~ 1/ "' ~ 1 ./ 0 
2' ~ 100 

I- 30 "' ~ " V iii i-'" IL .. .. 
0 V- "' a: L,....-- a: '" ~ 
I- ,. i5 28 

V\ 
U> 

V V 1 z 
is ... i--'" >i / ./ T~~'~~6~~~~~ - .. 

22 14 :E 
./ ... V STROBE TO "0" OUTPUT 

I-' I I I 1 I II ,. 
10 10 

-75 -50 -25 0 25 so 7' 100 125 -75 -50 -25 0 25 SO 75 100 125 10 100 1000 

TA (oC) TA (oC) C RESPONSE TIME CONTROL (pF) 

AC TEST CIRCUIT VOLTAGE WAVEFORM 

PULSE 
GEN. 

PULSE 
GEN. 

Ir: If:: 10ns 
PRR:::: 1MHz 

DIFF 
INPUT 

so 

·Includes Jig and Probe 

r---------------~~vcc~ sv 

so 
STROBE 

INPUT 

t5pP 

400 

1N914 

TYPICAL APPLICATIONS 

DIFF. 
INPUT 

STROBE 
INPUT 

OUTPUT 

A = Differential input to "0" output 
B = Differential input to "1" output 
C = Strobe input to "0" output 
o = Strobe input to "'" output 

10,000 

C1t 
O.002.uF 

SINGLE ENDED (EIA-RS232C) 
RECEIVER WITH HYSTERESIS 

LINE DRIVER AND RECEIVERt 

1N914 

N/F 

OUTPUT 

NOTES 

tExact value depends on line length 
*Vcc is 4.5V to 5.5V for both the OS7820 and OS7830 
~Optional to control response time 
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--''-''t,----, (OUTPUT 0 "1" FOR 
OPEN INPUT) 
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DESCRIPTION 
The OS7830/0S8830 is a dual differential 
line driver that also performs the dual four
input NAND or dual four-input AND 
function. 

TTL (Transistor-Transistor-Logic) multiple 
emitter inputs allow this line driver to inter
face with standard TTL or OTL systems. The 
differential outputs are balanced and are 
designed to drive long lengths of coaxial 
cable, strip line, ortwisted pair transmission 
lines with characteristic impedances of 500 
to 5000. The differential feature of the out
put eliminates troublesome ground-loop 
errors normally associated with single-wire 
transmissions. 

OS7830/8830-F ,N 

I' 

PIN CONFIGURATION 1:1 FEATURES 
• Single 5 volt power supply 
• High speed 
• Diode protected outputs for termination 

of positive and negative voltage tran
sients 

• Diode protected inputs to prevent line 
ringing 

• Short circuit protection 
• 057830 Mil std 883A,B,C available 

EQUIVALENT SCHEMATIC 

F,N PACKAGE 

~----------------.---------------------.---------------------~ 

·--+-·-.----~~--~ycc 

2K 

3K 

Ao--+_-----

co--~_+_+_t 

DO-~_+_+H 

L-_____________________ ------------.----------------~ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee 7.0 V 
Input voltage 5.5 V 
Operating temperature range 

OS7830 -55 to +125 °C 
088830 o to +70 °C 

Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 10sec) 300 °C 

Si!lnOliCS 249 
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DS7830/883D-F .N 

ELECTRICAL CHARACTERISTICS TA = 25°C Vee = 5V unless otherwise specified.1.2 

PARAMETER TEST CONDITIONS 

Logical "1" input voltage 
Logical "0" input voltage 

Logical "1" output voltage VIN = 0.8V lOUT = -0.8mA 
Logical "1" output voltage VIN = 0.8V lOUT = -40mA 
Logical "0" output voltage VIN = 2.0V lOUT = +32mA 
Logical "0" output voltage VIN = 2.0V lOUT = +40mA 
Logical "1" input current VIN =+2.4V 

Logical "1" input current VIN = 5.5V 
Logical "0" input current VIN = O.4V 

Output short circuit current2 Vee =5.0V 
Supply current Vee = 5.0V VIN = 5.0V 

(Each driver) 

Propagation delay AND gate 
tpd1 TA = 25°C 
tpdO Vee = 5.0V 

Propagation delay NAND gate !~:~ CL = 15pF 
See Figure 1 

Differential delay tl Load. 100n and 5000pF 
Differential delay t2 See Figure 2 

NOTES 

1. Specifications apply for 057830 -55·e:s TA:S +125· e. vce = +5V ±10%. OS8830 o·e 
!5 TA:5 70°C, Vee = +5V ±5% unless otherwise specified. 

2. Applies for TA = +125°e. only one output at a time to be shorted. 

AC TEST CIRCUIT 

t vee is 4.5V to 5.5V for both 
the OS7820 and 057830 

tExact value depends 
on transmission rate 

"'Optional to control 
response time 

TYPICAL APPLICATION 

LINE DRIVER AND RECEIVER:j: 

tExact value depends on line length 

5000pF 

Va 

fVee is 4.5V to S.5V for the 057820 and 057830 
·Optional to control response time 

250 

SWITCHING TIME WAVEFORMS 

Figure 1 

Cit 
O.OI>2#F 

Si!)DotiCS 

LIMITS 
UNIT 

Min Typ Max 

2.0 V 
0.8 V 

2.4 V 
1.8 2.9 V 

0.2 0.4 V 
0.22 0.5 V 

120 p.A 

2 mA 
4.8 mA 

-40 -100 -120 mA 
11 18 mA 

8 12 ns 
11 18 ns 
8 12 ns 
5 8 ns 

12 16 ns 
12 16 ns 

1.SY 

VIN OV 

~
'l _12-

OV ov 

VA_VB 

Figure 2 



DESCRIPTION 
The MC1488 is a quad line driver which 
converts standard DTLlTTL input logic lev
els through one stage of inversion to output 
levels which meet EIA Standard No. RS-
232C and CCITT Recommendation V.24. 

CIRCUIT SCHEMATIC 

R. R' 

D. 

INPUT 'A . .., 
.... 
~ 

INPUT 

D. 
~ .. DO 

~7 04 

~ 

OS 
R4 .. ... 

a'r 

':" 

Va • ....... 

as ""-..t ,., 
RS R6 

1/4 CIRCUIT 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage V+ 
V-

Input voltage (VIN) 
Output voltage 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 
Lead temperature (soldering, 10sec) 

FEATURES 
• Current limited output: ±1OmA Typ 
• Power-oft source Impedance: 3000 Min 
• Simple slew rate control with external 

capacitor 
• Flexible operating supply range 
• Inputs are DTLlTTL compatible 

V' 

Va. ....... ~~ 09 

R' 

R8 

OUTPUT 

r--
DO 07 

~~ ~ '1 A ~ 08 

" a4 ....... 

R7 

v-

RATING UNIT 

+15 V 
-15 V 

-15::; VIN ::; 7.0 V 
±15 V 

1000 mW 
800 mW 

o to +75 ·C 
-65 to +150 ·C 

300 ·C 

SjglOliCS 

MC1488-F,N 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 

MC1488N/F 

I 
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· QUAD LINE DRIVER 

DC ELECTRICAL CHARACTERISTICS v+ = +9.0V ± 1%, V- = -9.0V ± 1%, TA = O°C to +75°C 
unless otherwise specified. 
All typicals are for V+ = 9.0V, V- = -9.0V, and TA = 25°C: 

PARAMETER TEST CONDITIONS 
" 

Logic "0" input current VIN = OV 
Logic "1" input current VIN =+5.0V 

V+ =9.0V 
RL = 3.0kO V- = -9.0V 

High level output voltage 
VIN = 0.8V V+ = 13.2V 

V- = -13.2V 

V+ = 9.0V 
RL = 3.0kO V- = -9.0V 

Low level output voltage 
VIN = 1.9V V+ = 13.2V 

V- = -13.2V 

High level output VOUT =OV 
Short-circuit current VIN = 0.8V 
Low level output VOUT =OV 
Short-circuit current VIN = 1.9V 

Output resistance 
V+ = V- = OV 
VOUT =±2V 

V+ = 9.0V, V- = -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 

Positive supply current 
V+ = 15V, V- = -15V 

(output open) V+ - 9.0V, V- - -9.0V 
VIN = 0.8V V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

V+ = 9.0V, V- = -9.0V 
VIN = 1.9V V+ = 12V, V- = -12V 

Negative supply current 
V+ = 15V, V- = -15V 

(output open) V+ = 9.0V, V- = -9.0V 
VIN = 0.8V V+ = 12V, V- = -12V 

V+ = 15V, V- = -15V 

Power dissipation 
V+ - 9.0V, V- - -9.0V 
V+ = 12V, V- = -12V 

Propagation delay to "1" (tpd1) RL = 3.0kO, CL = 15pF, TA = 25°C 
Propagation delay to "0" (tpdO) RL = 3.0kO, CL = 15pF, TA = 25°C 
Rise time (tr) RL = 3.0kO, CL = 15pF, TA = 25°C 
Fall time (tl) RL = 3.0kO, CL = 15pF, TA = 25°C 

NOTE 
·Voltage values shown are with respect to network ground terminal. Positive current is 
defined as current into the referenced pin. 

252 !ii,gDDtiC!i 

LIMITS 

MIn Typ 

-1.0 
.005 

6.0 7.0 

9.0 10.5 

-6.0 -6.8 

-9.0 -10.5 

-6.0 -10.0 

6.0 10.0 

300 

15.0 
19.0 
25.0 

4.5 
5.5 
8.0 

-13.0 
-18.0 
-25.0 

-1 
-1 

-.01 

252 
444 
275 
70 
75 
40 

M£1488 

MC1488-F,N 

UNIT 
Max 

-1.6 mA 
10.0 p.A 

V 

V 

V 

V 

-12.0 mA 

12.0 mA 

° 
20.0 mA 
25.0 mA 
34.0 mA 

6.0 mA 
7.0 mA 
12.0 mA 

-17.0 mA 
-23.0 mA 
-34.0 mA 

-15 p.A 
-15 p.A 
-2.5 mA 

333 mW 
576 mW 
560 ns 
175 ns 
100 ns 
75 ns 



MC1488-F,N 

TYPICAL PERFORMANCE CHARACTERISTICS 

OUTPUT VOLTAGE AND 
CURRENT -LIMITING 
CHARACTERISTICS 

15 

12 .l. 

• g \ 
I- \ I\. Y+=12V 
Z 
ou 
a: ~ 1\ Y+= 9y\'Y-\'=-12Y 
a: 
=> 
(,) 

l-
=> 

, \ V-=-9V \ 
1\ _\ 1\ -3 .. 

l-
=> -6 \ \ \ \ 
0 

P -9 ~ , 
-12 

-15 ~II~ \ 

-16 -12 -8 -4 12 16 

Vo OUTPUT VOLTAGE (V) 

AC LOAD CIRCUIT 

YIN1I=YOUT 

3K 

-=- J ISpF· 

NOTE 

·CL includes probe and jig capacitance. 

SWITCHING WAVEFORMS 

J. I.5V \-----3.0V 

Y,N :::::.j fpd or-- -1,PO 1 r-- OV 

VOUT~ ¥ 
~ 

NOTE 

tr and tf are measured 
between 10% and 90% 
of the output waveform 

r---------------------------------------------------~ 
RS232C DATA TRANSMISSION 

1/4MC14891 
1/4MC1488 MC1489A T2L1DTL 

-~-~--r------r------+---~~<r-_=L_'»--

NOTE 

T2L/DTL 

~----~ I-
-,j--

INTERFACE DATA 
TERMINAL 
EQUIPMENT 

·Optional for noise filtering 

APPLICATIONS 
By connecting a capacitor to each driver 
output the slew rate can be controlled utiliz
ing the output current limiting characteris
tics of the MC1488. For a set slew rate the 
appropriate capacitor value may be calcu
lated using the following relationship 

c = Isc (Ll.T/Ll.V) 

where C is the required capacitor, Isc is the 
short circuit current value, and AV/ AT 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. 

SmDotiCS 

MODEM 

T2L/DTL 

--,....-
-<:( 1--

_J--

TYPICAL APPLICATIONS 

DTLITTL-TO-MOS TRANSLATOR 

DTL/TTL 
INPUT 

+12V 

-12V -12V 

DTLITTL-TO-HTL TRANSLATOR 

DTL/TTL 
INPUT 

+12V 

-12Y 

DTLITTL-TO-RTL TRANSLATOR 

+12V 

DTL/TTL RTl OUTPUT ftr/4MCI488 

INPUT _. -0.7Y TO+3.7V 

-12V +3.0V-
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DESCRIPTION 
The MC1489/MC1489A are quad line re
ceivers designed to interface data terminal 
equipment with data communications 
equipment. They are constructed on a 
single monolithic silicon chip. These de
vices satisfy the specifications of EIA stand
ard No. RS232C. 

FEATURES 
• Four totally separate receivers per pack-

age 
• Programmable threshold 
• Built-in input threshold hysteresis 
• "Fall safe" operating mode 
• Inputs withstand ±30V 

EQUIVALENT SCHEMATIC 

(1/4 OF UNIT SHOWN) 

9K 

4K 

,NPUT o----WI<-_-+----1'-£ 

,OK 

PIN CONFIGURATION 

INPUT 1 

RESPONSE 
CONTROL 1 

OUTPUT 1 

INPUT 2 

RESPONSE 
CONTROL 2 

OUTPUT 2 

GND 

F,N PACKAGE 

ORDER PART NO. 

14 Vee 

INPUT 4 

RESPONSE 
CONTROL 4 

INPUT 3 

RESPONSE 
CONTROL 3 

MC1489F/MC14B9AF/MC14B9N/MC14B9AN 

5K 2K 

OUTPUT 

AC TEST CIRCUIT 

RESPONSE 
CONTROL 

= OPEN OUTPUT Vee 

MC1489/1489-N/F 

L---~ _ _4 __ ~ _ _4~DGND 

MC1489: RF = 10k 
MC1489A: RF = 2k 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Power supply voltage 
Input voltage range 
Output load current 
Power dissipation: 

F package 
N package 

Operating temperature range 
Storage temperature range 

254 

RATING 

10 
±30 
20 

1 
800 

o to +75 
-65 to +150 

Si!lDotiCS 

VOLTAGE WAVEFORMS 

UNIT 

V 
V 

mA 

W 

~ 
____ 3V 

50"0 

INPUT I I OV -1\-" -\I-t, OUTPUT 
90", 

mW 
·C c= 
·C 



MC1489/1489-N/F 

DC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 1%, O·C:;:; TA:;:; +75·C unless otherwise specified.1,2 

PARAMETER TEST CONDITIONS 

Input high threshold voltage TA = 25·C, VOUT:;:; 0.45V, 
lOUT = 10mA 

Input low threshold voltage TA = 25·C, VOUT:;:; 2.5V, 
lOUT = -0.5mA 

VIN =+25V 
VIN = -25V 

Input current VIN - +3V 
VIN = -3V 

Output high voltage VIN = 0.75V, lOUT = -0.5mA 
Input = Open, lOUT = -0.5mA 

Output low voltage VIN = 3.0V, lOUT = 10mA 

Output short circuit current VIN = 0.75V 
Supply current VIN =5.0V 

Power dissipation VIN = 5.0V 

NOTES 
1. Voltage values shown are with respect to network ground terminal. POSitive current is 

defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 

MC1489 

Min Typ 

1.0 

0.75 

+3.6 +5.6 
-3.6 -5.6 

+0.43 +0.53 
-0.43 -0.53 

2.6 3.8 
2.6 3.8 

0.33 

3.0 
20 

100 

MC1489A 
UNIT 

Max Min Typ Max 

1.5 1.75 2.25 V 

1.25 0.75 1.25 V 

+8.3 +3.6 +5.6 +8.3 
mA 

-8.3 -3.6 -5.6 -8.3 

+0.43 +0.53 mA 
-0.43 -0.53 

5.0 2.6 3.8 5.0 V 
5.0 2.6 3.8 5.0 V 
0.45 0.33 0.45 V 

3.0 mA 
26 20 26 mA 

130 100 130 mW 

AC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 1%, TA = 25·C unless otherwise specified.1.2 

PARAMETER TEST CONDITIONS 

Input to output "high" RL = 3.9kn (AC test circuit) 
Propagation delay (tpdl) 
Input to output "low" RL = 390.0 (AC test circuit) 
Propagation delay (tpdO) 

Output rise time RL = 3.9k.o lAC test circuit) 
Output fall time RL = 390.0 lAC test circuit) 

NOTES 
1. Voltage values shown are with respect to network ground terminal. Positive current is 

defined as current into the referenced pin. 
2. These specifications apply for response control pin = open. 

TYPICAL APPLICATIONS 

RS232C DATA TRANSMISSION 

1/4MC14891 
1/4MC1488 MC1489A TTL/DTL TTl/DTl 

--r ..... 
=:t. ...... p--

--#'" ..... 

~--+------.r------+---i~r-_=L-'»--

TTL/DTl 

--..-
-~_J:-

INTERFACE DATA 
TERMINAL 
EQUIPMENT 

1/4MC14891 
Me14S9A 

*Optional for noise filtering 

INTERCONNECTING 
CABLE 

SIGNAL GROUND 

I 
TTLfOTL 

---d.""~= _J--
1/4MC1488 

MODEM 

91!1DOtiC9 

MC1489 

Min Typ 

25 

20 

110 
9 

MC1489A 
UNIT 

Max Min Typ Max 

85 25 85 ns 

50 20 50 ns 

175 110 175 ns 
20 9 20 ns 

MOS TO TTLlDTL TRANSLATOR 

5V 

r--..,J TTL/DTL 

I MDSLDGIC -.--[-\ 
. I ~ L __ .-J I 

1/4 MC 14891 I [ .. 
MC 1489A r- , 

I ." 

b 
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DESCRIPTION 
The 75S107 is a high speed dual line receiv
er that is functionlilly equivalent and pin 
compatible to the SN75107 A.lffeatures less 
than 17ns propagation delay without sacri
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S107 maintains ±3V common mode 
voltage range, 7.5mV input offset voltage 
and 51'A offset cu rrent. It also features STTL 
compatible output levels with a minimum 
sink/source capability of 10 Schottky gate 
loads. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V+) 
Negative supply Yoltage (V-) 
Differential input yoltage 
Common mode input Yoltage 
Strobe/gate input voltage 
Power dissipation 
Operating temperature range 
Storage temperature range 
Lead temperature (soldering 60sec) 

EQUIVALENT SCHEMATIC 

FEATURES. 
• Functionally equivalent and pin compati

ble to SN75107A 
• 17ns maximum guaranteed propagation 

delay 
• 20~ maximum input bias current 
• STTL compatible strobes and outputs 
• Large common mode input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memory sense amp 
• A/D conversion 
• High speed line receiver 

RATING UNIT 

+7 V 
-7 V 
±6 V 
±5 V 

+5.25 V 
600 mW 

o to +70 ·C 
-65 to +150 ·C 

+300 ·C 

PIN CONFIGURATION 

INPUT 
1A 

INPUT 
1B 

OUTPUT 
1Y 

STROBE 

1G 

STROBE 
S 

F,N PACKAGE 

ORDER PART NO. 
75S107F 
75S107N 

75S107-F,N 

y+ 

y-

INPUT 
2A 

INPUT 
2B 

OUTPUT 
2Y 

STROBE 
2G 

·'4~~------'----+----------~~--------~--------------------~--------~----------1I--------1 

13~~----4r--+---------~-+~~~--~-----1 

12~------4-------, 

11 
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ELECTRICAL CHARACTERISTICS TA = 0 to +70°C, v+ = +5.00, V- = -5.00 unless otherwise specified. 

PARAMETER 

AMPLIFIER INPUT 
Input offset voltage 

Input bias current @ 25°C 
over temp. range 

Input offset current @ 25°C 
over temp. range 

Input common mode voltage range 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GA TE/OUTPUT CHARACTERISTICS 
IIH High level input current into 1G or 2G strobe 

IIH High level input current into common strobe S 

ilL low level input current into 1G or 2G 

ilL low level input current into common strobe S 

VOH High level output voltage 

VOL low level output voltage 

POWER SUPPLY REQUIREMENTS 
Supply voltage 

V+ 
V-

Icc+ Supply current 
Icc-

los Short circuit 
output current 

LARGE SIGNAL SWITCHING SPEED 
TplH (0) Low to high propagation delay from amp 

inputs to outputl 

TpHl (D) High to low propagation delay from amps 
inputs to output' 

TplH (S) low to high propagation delay from strobes 
input to output2 

TpHl (S) High to low propagation delay strobe 
input to output2 

Maximum operating frequency 

NOTES 

1. Response time measured from OV point of ±100mVp-p 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.5V point to input to 1.5V point of output. 
3. Response time measured from the start of a lOOmV input step with SmV overdrive to 

the 1.5V point of the outpul. 

TEST CONDITIONS 

V+ = 4.75, V- = -4.75 

V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = ·-5.25 

... 

V+ = 5.25, V-- -5.25 
V+ = 5.25, V- = -5.25 
V+ = 4.75, V- = -4.75 

V+ = 5.25, V- = -5.25 
VIH = 2.7V 
VIH = 5.25V 

V+ = 5.25, V- = -5.25 
VIH = 2.7V 

VIH = 5.25V 

V+ = 5.25, V- = -5.25 
VIL = 0.5V 

V+ = 5.25, V- = -5.25 
VIL = 0.5V 

V+ = 4.75V, VI(S) = 2.0V 
V- = -4.75V 

ILOAD = -1mA 

V+ = 4.75 
V- = -4.75 

ILOAD = 20mA 
VI(S) = 2.0V 

V+= 5.25V 
V- = -5.25V 
TA=25°C 

V+ = +5.25 
V- = -5.25 

RL = 2800 CL = 15pF 
TA = 25°C 

RL = 2800 C[ = 15pF 
TA = 25°C 

RL = 2800 CL = 15pF 
TA = 25°C 

RL = 2800 CL = 15pF 
TA = 25°C 

RL - 2800 CL - 15pF 
TA = 25°C 

Si!lnotics 

75S107 

Min Typ 

7.5 

1.0 

±3 
4 
3 

5 

2.7 3.4 

4.75 5.00 
-4.75 -5.00 

20 
-11 

-40 

12 

9 

4.5 

3.0 

40 55 

75S107-F,N 

UNIT 
Max 

25 mV 

20 p.A 
40 j),A 

... -
5 p.A 
12 p.A 

V --

kO 
6 pF 

V/mV 

50 p.A 
1 mA 

100 p.A 
2 mA 

-2.0 mA 

-4.0 mA 

V 
I 

0.5 V 

5.25 V 
-5.25 V 

30 mA 
-15 mA 

-100 mA 

17 ns 

13 ns 

6 ns 

4.5 ns 

MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 75S1 08 is a high speed dual line receiv
er that is functionally equivalent and pin 
compatible to the SN75108N. I tfeatu res less 
than 17ns propagation delay without sacri
ficing input performance characteristics. 
This is accomplished through the utilization 
of Schottky technology. 

The 75S108 maintains ±3V common mode 
voltage range, 7.5mV input offset voltage 
and 5pA. offset current. It also features STTL 
compatible output levels with an open col
lector configuration for wired-AND logic 
applications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

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 sec) 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati

ble to SN75108A 
• 17n8 maximum guaranteed propagation 

delay 
• 201lA maximum Input bias current 
• TTL compatible strobes and outputs 
• Open collector outputs 
• Large common mode Inputvoltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• High speed line receiver 
• MOS memory sense amp 
• AID conversion 

RATING UNIT 

+7 V 
-7 V 
±6 V 
±5 V 

+5.25 V 
600 mW 

o to 70 ·C 
-65 to +150 ·C 

+300 ·C 

PIN CONFIGURATION 

INPUT 
IA 

INPUT 
18 

OUTPUT ,. 
STROBE 

IG 

STROBE 
S 

F,N PACKAGE 

ORDER PART NO. 
75S108F 
75S108N 

75S108-F,N 

y+ 

y-

INPUT 
2A 

INPUT 
28 

He 

OUTPUT 
2. 

140---------~--~r-----------~----------~----------------------~--------~--------------------_, 

R21 

.22 

13~------~--~----------~~~~~--~----~ 

120--------+-------, 038 

11 
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ELECTRICAL CHARACTERISTICS TA = 0 to 70°C, V+ = +5.00, V- = -5.00 unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+ = 4.75, V- = -4.75 

Input bias current @ 25°C over temp range V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = -5.25 

Input offset current @ 25°C over temp range V+ = 5.25, V- = -5.25 
V+ = 5.25, V- = -5.25 

Input common mode voltage range V+ = 4.75, V- = -4.75 
Input resistance 
Input capacitance 

Voltage gain 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 
IIH High level input current into 1G or 2G strobe V+ = 5.25, V- = -5.25 

VIH =2.7V 
VIH = 5.25V 

hH High level input current into common strobe S V+ = 5.25, V- = -5.25 
VIH =2.7V 

VIH = 5.25V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into 1G or 2G VIL = 0.5V 

IlL Low level input current into common strobe S V+ = 5.25, V- = -5.25 
VIL =0.5V 

VOL Low level output voltage V+ = 4.75, V I (S) = 2.0V 
V- = -4.75 

ILOAD = 20mA 

IOH High level output current Vcc+ = 5.25V 
Vcc- = -5.25V 

VOH = 5.25V 

POWER SUPPLY REQUIREMENTS 
Supply voltage 
V+ 
V-

Supply current V+ =5.25V 
V- = -5.25V 
TA = 25°C 

Icc+ 
Icc-

LARGE SIGNAL SWITCHING SPEED 
T pLH (D) Low to high propagation delay RL = 280n CL = 15pF 
from amp inputs to output1 TA = 25°C 

T pHL (0) High to low propagation delay RL = 280n CL = 15pF 
from amp inputs to output1 TA = 25°C 

T pLH (S) Low to high propagation delay RL = 280n CL = 15pF 
from strobes input to output2 TA 25°C 

T pHL (S) High to low propagation delay RL = 280nCL= 15pF 
strobe input to output2 TA = 25°C 

Maximum operating frequency RL = 280n CL= 15pF 
TA = 25°C 

NOTES: 

1. Response time measured from OV pOint of ±100 mVp_p 10MHz square wave to the 1.5 
point of the output. 

2. Response time measured from 1.SV pOint of input to 1.SV point of output. 
3. Response time measured from the start of a 100mV input step with 5mV overdrive to 

the 1.5V point of the output. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 75S207 is a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible to the SN75207. The im
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can result in faster memory cycles. 
The 755207 features less than 17ns propa
gation delay without sacrificing input per
formance characteristics. This is accom
plished through the utilization of Schottky 
technology. 

The 75S207 also features STTL compatible 
output levels with a minimum sink/source 
capability of 10 Schottky gate loads. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply voltage (V+) 
Negative sl.!pply voltage (V-) 
Differential input voltage 
Common mode input voltage 
Strobe/gate input voltage 
Power dissipation 
Operating temperature rnage 
Storage temperature range 
Lead temperature (soldering 60sec) 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati

ble to SN75207 
• 17ns maximum guaranteed propagation 

delay 
• 20/lA maximum Input bias current 
• STTL compatible strobes and outputs 
• Large common mode Input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memories sense amp 
• AID conversion 
• High speed line receiver 

RATING UNIT 

+7 V 
-7 V 
±6 V 
±5 V 

+5.25 V 
600 mW 

o to 70 ·C 
-65 to +150 ·C 

+300 ·C 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 
75S207F 
75S207N 

75S207-F,N 

v+ 

y-

INPUT 
2A 

INPUT 
28 

NC 

OUTPUT 
2Y 

STROBE 
2G 

'.~--------~--~~ __________ ~ __________ ~ ______________________ ~ ________ ~ __________ ~ ________ . 

13~------~--~---------4~4-~~----~-----+ 

12o--------r-------, 

11 
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DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+- 4.75, V - -4.75 

Input bias current @ 25°C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input offset current @ 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 

. SCHOTTKY GATE/QUTPUY 

IIH High level input current V+ = 5.25, V- = -5.25 
into 1G or 2G strobe VIH = 2.7V 

VIH = 5.25V 

IIH High level input current V+ = 5.25, V- = -5.25 
into common strobe S VIH = 2.7V 

VIH = 5.25V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into 1G or 2G VIL = 0.5V 

Ill. Low level input current V+ = 5.25, V- = -5.25 
into common strobe S VIL = 0.5V 

VOH High level output voltage V+ = 4.75, VI(S) = 2.0V 
V- = -4.75 

ILOAD = -1mA 

VOL Low level output voltage V+ = 4.75, V- = -4.75 
ILOAD = 20mA 

VI(S) = 2.0V 
POWER SUPPLY REQUIREMENTS .. 

Supply voltage 
V+ 
V-

Icc+ Supply current V+ = 5.25V 
Icc·- V- = -5.25V 

T.., = 25°C 

los Short circuit V+ = 5.25 
output current V- = -5.25 

LARGE SIGNAL SWITCHING SPEED 
TpLH(DI Low to high propagation delay RL = 280n CL = 15pF 

from amp inputs to outputl TA = 25°C 

TpHUDI High to low propagation delay RL = 2800 CL = 15pF 
from amp inputs to outputl TA = 25°C 

TpLH(S) Low to high propagation delay RL = 2800 CL = 15pF 
from strobes input to output2 TA = 25°C 

TpHUS) High to low propagation delay RL = 280n CL = 15pF 
strobe input to output2 TA=25°C 

Maximum operating frequency RL = 280n CL = 15pF 
TA = 25°C 

NOTES 

1. Response time measured from OV point of ±1 OOrnV 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 100mV input step with 5mV overdrive to 

the 1.5V point of the output. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The 75S208 is a high speed dual sense 
amplifier that is functionally equivalent and 
pin compatible to the SN75208. The im
proved input sensitivity of ±10mV makes it 
suitable as a MOS memory sense amplifier 
which can result in faster memory cycles. 

The 75S208 features less than 17ns propa
gation delay without sacrificing input 
performance characteristics. This is ac
complished through the utilization of 
Schottky technology. It also features STTL 
compatible output levels with an open col
lector configuration for wired-AND logic 
applications. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage IV+) 
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 6Osec) 

EQUIVALENT SCHEMATIC 

FEATURES 
• Functionally equivalent and pin compati

ble to 7520B 
• 17ns maximum guaranteed propagation 

delay 
• 20~ maximum Input bias current 
• STTL compatible strobes and outputs 
• Open collector outputs 
• Large common mode Input voltage range 
• Operates from standard supply voltages 

APPLICATIONS 
• MOS memories sense amp 
• AID convenion 
• High speed line receiver 

RATING UNIT 

+7 V 
-7 V 
±6 V 
±5 V 

+5.25 V 
600 mW 

o to+ 70 DC 
-65 to +150 DC 

+300 DC 

PIN CONFIGURATION 

F.N PACKAGE 

ORDER PART NO. 
75S208F 
75S208N 

75S208-F.N 

y+ 

y-

INPUT 
2A 

INPUT 
2B 

Ne 

OUTPUT 
2Y 

STROBE 
2G 

1'~~----~~--~-----------1----------~--------------------~--------~-------------------' 

H21 

H2' 

13~------~--+---------~-+~r-~--~-----+ 

120--------+---------, Q36 

11 
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DC ELECTRICAL CHARACTERISTICS V+ = +5.00, V- = -5.00, TA = 0 to 70°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

AMPLIFIER INPUT 
Input offset voltage V+ = 4.75, V- = -4.75 

Input bias current @ 25° C V+ = 5.25, V- = -5.25 
over temp. range V+ = 5.25, V- = -5.25 

Input offset current @ 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 

SCHOTTKY GATE/OUTPUT CHARACTERISTICS 
hH . High level input current V+ - 5.25, V- - -5.25 

into 1 G or 2G strobe VIH = 2.7V 
VIH = 5.25V 

IIH High level input current V+ = 5.25, V- = -5.25 
into common strobe S VIH = 2.7V 

VIH = 5.25V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into 1G or 2G VIL = 0.5V 

IlL Low level input current V+ = 5.25, V- = -5.25 
into common strobe S VIL = 0.5V 

VOL Low level output voltage V+ = 4.75, VI(S) = 2.0V 
V- = -4.75 

ILOAO = 20mA 

IOH High level output current Vcc+= 5.25 V 
Vcc- = -5.25V 
VOH = 5.25V 

POWER SUPPLY REQUIREMENTS 

Supply voltage 
V+ 
V-

Icc+ Supply current V+= 5.25V 
Icc- V- = -5.25V 

TA = 25°C 

LARGE SIGNAL SWITCHING SPEED 

TpLH(O) Low to high propagation delay RL = 2800 CL = 15pF 
from amp inputs to output1 TA = 25°C 

TpHL<D) High to low propagation delay RL = 2800 CL = 15pF 
from amp inputs to output1 TA = 25°C 

TpLH(S) Low to high propagation delay RL = 2800 CL = 15pF 
from strobes input to output2 TA = 25°C 

TpHL<S) High to low propagation delay RL = 2800 CL = 15pF 
strobe input to output2 TA = 25°C 

Maximum operating frequency RL = 2800 CL = 15pF 
TA = 25°C 

NOTES 

1. Response time measured from OV point of ±100MHz square wave to the 1.5 pOint of the 
output. 

2. Response time measured from 1.5Y point of input to 1.5V 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 t~e output. 

75S208 

Min Typ Max 

10 

7.5 20 
40 

1.0 5 
12 

±3 
4 
3 6 

5 

50 
1 

100 
2 

-2.0 

-4.0 

0.5 

250 

4.75 5.00 5.25 
-4.75 -5.00 -5.25 

20 30 
-11 -15 

12 17 

9 13 

6 10 

5 8 

25 35 

75S208-F,N 

UNIT 

mV 

j.lA 
j.lA 

j.lA 
j.lA 

V 
kO 
pF 

VlmV 

j.lA 
mA 

j.lA 
mA 

mA 

mA II 
V 

j.lA 

V 
V 

mA 
mA 

ns 

ns 

ns 

ns 

MHz 
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tllSH SPEED DUAL SENSE AMPLIFIER I OR MOS MEMORIES 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DISPLAY DRIVER DEFINITIONS 

TA 

Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 

Junction Temperature. The maximum temperature of the device. 
150·C is standard for silicon devices. 

TSTG 

Storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 

Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25°C. The dissipa
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

Vcc(-VCCI 

Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

LED 

Light Emitting Diode 

XX 
Negate Bar-when it appears over a function indicates that the 
"true" or valid condition of that function is a logic low level. 

i.e. LE - would require a logic high level to cause a latch enable. 

LE - would require a logic low level to cause a latch enable. 

ISEG 

Segment Current. The amount of current supplied to each segment 
in a display. Current ratios are generally compared to segment 'b'. 

BCD 
Binary Coded Decimal 

ai/RBO 

Blanking Input or Ripple Blanking Output. 

RBI 

Ripple Blanking Input. The maximum clock frequency: the maximum 
input frequency at a clock input for the predictable performance. 
Above this frequency the device may cease to function. 

tpLH 

Propagation Delay Time. The time between the specified reference 
pOints on the input and output waveforms with the output changing 
from the defined LOW level to the defined HIGH level. 

tpHL 

Propagation Delay Times. The time between the specified refer
ence pOints on the input and output waveforms with the output 
changing from the defined HIGH level to the defined LOW level. 

Segment Identification 

th 
Hold Time. The interval immediately following the active transition 
of the timing pulse (usually the clock pulse) or following the transi
tion of the control input to its latching level, during which interval the 
data to be recognized must be maintained at the input to ensure its 
continued recognition. A negative hold time indicates that the cur
rent logic level may be released prior to the active transition of the 
timing pulse and still be recognized. 

ts 

Setup Time. The interval immediately preceeding the active transi
tion of the timing pulse (usually the clock pulse) or preceeding the 
transition of the control input to its latching level, during which 
interval the data to be recognized must be maintained at the input to 
ensure its recognition. A negative setup time indicates that the 
correct logic level may be initiated sometime after the active transi
tion of the timing pulse and still be recognized. 

tw 
Pulse Width. The time between the specified reference points on 
the leading and trailing edges of a pulse. 

trec 

Recovery Time. The time between the reference point on the trailing 
edge of an asynchronous input control pulse and the reference 
point on the activating edge of a synchronous (clock) pulse input 
such that the device will respond to the synchronous input. 

Vs 
Source Voltage. A separate VCC line depending on part type. 

IOH 
Output Current Source the device can supply while maintaining a 
specified voltage output level. 

Typical Value 

The typical value of a particular parameter determined by charac
terization of the device or sampling. Usually indicates that the 
particular device is not 100% tested for the parameter because it 
does not vary or can be determined by design and other tested 
variables. Occasionally typical values are given rather than min-
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DISPLAY DRIVER DEFINITIONS (Cont'd) 

max values because 100% testing would raise the cost of the 
product to a prohibitive level. If a typical value must be guaranteed 
to ensure specific operation, custom testing can often be provided 
at an additional cost to the user. 

IS 

Source Current. Current flowing into the Vs supply terminal of the 
device with specified operating conditions. 

Duty Cycle 

Ratio of time on to time off. Generally expressed in percentage. 

YF 
Forward voltage drop of a device at a specified current level. 

la 
Input Bias Current Current into an analog circuit input, specified at a 
'particular voltage level. 

CLR 

Clear. Clear command will preset all internal circuits to a predeter
mined state. 

CE 

Chip Enable. 

YIH 

Input High Voltage. The range of input voltages recognized by the 
device as a logic high. 

YIL 

Input Low Voltage. The range of input voltages recognized by the 
device as a logic low. 

YOH 
Output High Voltage. The minimum guaranteed High voltage at an 
output terminal for the specified output current IOH and at the 
minimum VCC value. 

VOL 
Output Low Voltage. The maximum guranteed low voltage at an 
output terminal sinking .the specified load current IOL. 

YaR 
Output Breakdown Voltage. Maximum voltage applied to a disabled 
(off) output to ensure a leakage current less than the specified 
value. 

YIN 

The range of voltage on any input which the device can safely 
handle or a specified input voltage to the device. 

YOUT 
The range of voltage on any output which the device can safely 
handle or a specified output voltage to the device. 

ICC(-ICC) 

Supply Current. The current flowing into the +VCC (-VCC) supply 
terminal of the circuit with specified input conditions and open 
outputs. Input conditions are chosen to guarantee worst case oper
ation unless specified. 

IIH 

Input High Current. The Current flowing into or out of an input when a 
specified High level voltage is applied to that input. 

IlL 

Input Low Current. The current flowing out of an input when a speci
fied Low level voltage is applied to that input. 

10L 

Output Low ClIrrent. The current flowing into an output when a which 
is in the Low State. 

lOS 

Output Short-Circuit Current. The current flowing out of an output 
which is in the High state when that output is short circuit to the 
ground. 

ICEX 

Output Leakage Current. The current flowing out of or into a dis
abled (off) output with a specified High output voltage applied. 
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DESCRIPTION 
The NE582 is a general interface device 
comprising a high current output transistor 
and drive circuitry in each of 6 elements. 
Each output transistor is individually capa
ble of sinking 400mA with a typical satura
tion voltage of 0.5V. Input loading is such 
that direct interfacing with P-MOS. N-MOS. 
C-MOS or TTL is possible. 

The NE582 has applications as a LED dis
play driver. low voltage relay/lamp drivers 
and many others where high current capa
bility without speed constraints is required. 

The NE582 is supplied in a 16-pin high 
dissipation dual-in-line plastic package. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage range1 

Output voltage2 
Output to input voltage differential 

FEATURES 
• Low saturation voltage (typically O.5V) 

for minimum power dissipation 
• High output sink current capabllity-

400mA 
• Low Input current loading for MOS com-

patibility 
• Low standby power consumption 
• Suitable for 3 volt battery operation 
• Inputs/outputs are compatible with 

75494 

RATING UNIT 

-12toVss V 
10 V 
10 V 

NES82 

NE582-N 

PIN CONFIGURATION 

N PACKAGE 

ORDER PART NO. 
NE582N 

Voltage at Vss <pin 1) 10 V EQUIVALENT SCHEMATIC 
Output current-each output 400 rnA 
Output current-all outputs 800 rnA 
Continuous total power dissipation 800 mW 
at or below 25·C3 
Current in VR (pin 9 or 16) 25 mA 
Operating free-air temperature range o to +70 ·C 
Storage temperature range -65 to +150 ·C 
Lead temperature 1/16 inch from 260 ·C 
case for 10sec 4K 

NOTES 

1. The inputs are the only pins which may be negative with respect to ground. OK 

2. Voltage values are with respect to ground. 
3. Above 25°C, derate power dissipation at 6.25mW/OC. 

EACH OF 6 DRIVERS 

ELECTRICAL CHARACTERISTICS TA = o·c to 70·C unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VOL Low level output voltage VIN IR IOL 
V mA mA 
6.5 12 250 .320 .450 V 
6.5 20 400 .500 .750 V 

RIN =1K 
(Series input resistance) 

IOH High level output current VOH = 10V. liN = 40/-LA 400 /-LA 
VOH = 10V. VIN = 0.5V 400 /-LA 

liN Input current at maximum 
Input voltage VIN = 10V. IOL = 20mA. IR = 2mA 2.2 3.3 mA 

VR VIN = 6.5V. IR = 6mA. IOL = 80mA .9 1.5 V 
Iss Current into pin 1 Vss = 10V 100 IJ.A 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER 

SWitching characteristics 
TPlH Propagation delay, low to high 

level input 

TPHl Propagation delay, high 
to low level input 

TYPICAL APPLICATION FOR DIGIT DRIVING 
OF AN LED DISPLAY 

SEGMENT { 
LINES 

J.I 6 DIGIT DISPLAY I 
... , 

J I I ..... I 

~ : 
C>--I I i 
~ I I 

~J u--rv I 

VSS 

DIGITj LINES 

L __ ..J 
NE582 

PRELIMINARY SPECIFICATION 

OUTPUT SATURATION VOLTAGE AS A FUNCTION 
OF OUTPUT LOAD CURRENT, 

IR = 25mA 
V IN = 6.5 VOLTS 

! 
w400r----+----;---~~~~ 

~ 
~ 

i 
5 200 I----+-,oil~-+-----+---___i 
o 

200 400 
OUTPUT LOAD CURRENT (rnA) 

LIMITS 
TEST CONDITIONS 

RR "" 6800 
Rl = 390 
Cl = 15pF 

V,H = 7.5V 
V,L = OV 

tr = tf:5 10ns 
tw = 1!'5 

PRR = 100kHz 

Min Typ 

300 

30 

1/6 NE582 AS A 
RELAY DRIVER 

V' 

VR 

LOGIC o----l 
INPUT 

~ 
1/6 NE582 AS A RELAY DRIVER 

Max 

INPUT CURRENT AS A FUNCTION 
OF INPUT VOLTAGE, 

IR = 25mA, VSS = 10V, T A = 25°C 

2.0 v 
/ 

V 
1.0 

J 
-12 -8 -4 0 4 8 10 

INPUT VOLTAGE (mY) 
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DESCRIPTION 
The NE587 is s latch/decoder/driver for 7-
segment common anode LED displays. The 
NE587 has a programmable current output 
up to 50mA which is essentially independent 
of output voltage, power supply voltage, and 
temperature. The data (BCD) inputs and LE 
(latch enable) input are low-loading so that 
they are compatible with any data bus sys
tem. The 7 -segment decoding is implement
ed with a ROM so that alternative fonts can 
be made available. 

FEATURES 
• Latched BCD inputs 
• Low loading bus-compatible inputs 
• Ripple-blanking on leading and/or trail

ing edge zeros 

APPLICATIONS 
• Digital panel meters 
• Measuring instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA = 25·C unless otherwise specified 

PARAMETER 

VCC Supply voltage 

VIN Input voltage 
(DO - 03, LE, RBI) 

VOUT Output voltage 
(a-g, RBO) 

Po Power dissipation (25·C)' 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO Soldering temperature 
(10 sec. max) 

NOTE 

Derate power dissipation as indicated 

N package - 95°C (watt above 55°C 
F package - 100°C/watt above 50°C 

BLOCK DIAGRAM 

RATING 

-0.5 to +7 

-0.5 to +15 

-0.5 to +7 

1000 

o to 70 

150 

-65 to +150 

300 

,---------------------, 

·CC('8) 

iiiil(5) 

00(7) 

D1 (I) 

D2 (2) 

D3(8) 

LE(3) 

tp (8) 

GND(8) 

0 

I 

~ ~ 
I 
I .. 
I 
I Ir-I 

I 

DATA ~ 
BCD TO 

LATCHI!S 7-seGMeNT 
DECODER 

y U 
BANDGAP :-- SEGMENT 

REFERENCE CURRENT 
DRIVER 

I 
I .. I 

L---------------i----J 
POWER GND (10) 

S~nl!tics 

UNIT 

V 

V 

V 

mW 
·C 

·C 

·C 

·C 

fiilj/iil (4) 

• (15) 

b(14) 

c (13) 

d (12) 

• (11) 

1(17) 

8(18) 

PIN CONFIGURATIONS 

F,N PACKAGE 

ORDER PART NO. 
NE587F 
NE587N 

NE587-F,N 

I 
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I En DEClIIIER/IIRlIER 

DC ELECTRICAL CHARACTERISTICS vcc = 4.75 to 5.25V, o·C < TA < 70·C. 
Typical values are at VCC - 5V T - 25·C R n ( - A- lp = 1k 

PARAMETER TEST CONDITIONS 

VCC Operating supply voltage 

VIH Input high voltage All Inputs except BI 
Bi 

VIL Input low voltage 

VIC Input clamp voltage liN = -12mA, TA = 25·C 

IIH Input high current Inputs DO -03, LE, RBI 
VIN = 2.4V 
VIN = 15V 

Input Bi (pin 4) 
RBI=H 

VIN = Vce = 5.25V 

IlL Input low current VIN = 0.4V, Inputs DO - 03 
LE, RBI 
Input BI 

VCC = 5.25V 
RBI = H, VIN = 0.4V 

VOL Output low voltage Output RBO 
lout = 3.0mA 

VOH Output high voltage Output RBO 
lOUT = -50JJ.A 

RBI = H 

lOUT Output segment Outputs "a" thru "g" 
"ON" current VOUT = 2.0V 

alOUT Output current ratio With reference to "b" segment 
(all outputs ON) 

VOUT = 2.0V 

IOFF Output aegment Outputs "a" thru "g" 
"OFF" current VOUT = 5.0V 

ICCO Supply current VCC = 5.25V 
All outputs "ON" 

VOUT> lV 

ICCI Supply current VCC = 5.25V 
All outputs blanked 

NOTE 
NE587 PROGRAMMING 

The NE587 output current can be programmed, provided a program resiator. Rp. be 

connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant 
1.3V 10 

(,., 1.3V). Thus. a current through Rp 10 Ip = liP. ao shown in Figure 6. iP is 20 in the 
15 to SOmA output current range. 
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Min 

4.75 

2.0 
2.0 

20 

0.90 

NESBI 

NE587-F,N 

± 10f0 unless otherwise stated. 

NE587 

Typ Max 
UNIT 

5.00 5.25 V 

15 
V 

5.5 

0.8 V 

-1.5 V 

JJ.A 
0.1 

10 JJ.A 

-5 JJ.A 
-200 
-0.7 

mA 

.2 V 

4.5 V 

25 30 mA 

1.00 1.10 

20 250 JJ.A 

33 mA 

50 mA 



NE587-F,N 

AC ELECTRICAL CHARACTERISTICS vee = 5V TA = 25°e. RL = 1300, eL = 30pF including probe capacity. 

PARAMETER 

toav. Propagation delay 
Figure 2 

toav. Propagation delay 
Figure 3 

tw Latch enable pulae width 
Figure 4 

ts Latch enable aetup time 
Figure 4 

tH Latch enable hold time 
Figure 4 

NOTE 

toav. = ~ (tHL + tLH) 

TRUTH TABLE 

BINARY 
INPUT 

LE 

- H 

0 L 

a L 
1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

, 'BI X 

NOTES 
H = HIGH voltage level. output i8 "OFF" 
L = lOW Yoltage level, output is "ON" 
X = Don't care 

RBI 
, 

L 

H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

INPUTS 

D3 D2 D1 DO 

X X X X 

L L L L 

L 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 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

X X X X 

• The RBI will blank the display only If a binary zero is stored in the latches . 

•• RaO/SI used as an input overrides all other Input conditions. 

SEGMENT IDENTIFICATION 

NE587 
TEST CONDITIONS 

Min Typ Max 
UNIT 

From data to output 85 ns 

From LE to output 85 ns 

85 ns 

From data to LE 75 ns 

From LE to data 0 na 

OUTPUTS 

a b c d a f RBO 
DISPLAY 

9 

STABLE ' , STABLE 

H H H H H H H L BLANK 

L L L L L L H H 0 
H L L H H H H H 1 
L L H L L H L H 2 
L L L L H H L H 3 
H L L H H L L H 4 
L H L L H L L H 5 
L H L L L L L H 6 
L L L H H H H H 7 
L L L L L L L H 8 
L L L L H L L H 9 
H H H H H H L H -
L H H L L L L H E 
H L L H L L L H H 
H H H L L L H H L 
L L H H L L L H P 
H H H H H H H H blank 

H H H H H H H L" blank 
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NE587 PROGRAMMING 
NES87 output current can be programmed 
by using a programming resistor, Rp, con
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constant 
(= 1.40V). A partial schematic of the volt
age reference used in the NES87 is shown in 
figure 1. 

Vee 

r----I 
I 

: 1p ~ 
I 
I 
I 
I 
I 
I 
I 

r. __________ ~ 

Output current to program current ratio, 
10llp, is 20 in the 15mA to SOmA range. 
Note that Ipmust be derived from a resistor 
(Rp), and not from a high impedance source 
such as an lOUT DAC used to control display 
brightness. 

10 

:-
I 
I 
I 
I VrP 1.4OV 
I Ip=-~
I Rp Rp 
I 
I 
I ---------_. 

PIN a 

Rp 

Figure 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

OUTPUT 

[E = L 

Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

1_ IPLH -I I- IPHL -I 
'\ 1 / '\ 1 / 

00-03 __________ ~x~ ________ _ 
OUTPUT 

_______ I \~--
Figure 3 
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POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power aupply necessary to drive 
them. Duty cycle control doea afford one 
way of improving diaplay efficiency, pro
vided that the LEOS are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment
to-segment and digit-to-digit. 

An output current of 10 to SOmA was chosen 
so that it would be suitable for multiplexed 
operation of large size LED digits. When de
signing a display system, particular care 
must be taken to minimize power dissipation 
within the IC display driver. Since the output 
is a constant current source. all the remain
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thus, 
the power dissipation will go up sharply if 
the display power supply voltage rises. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in series with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg
ment driver, although, of course, total sys
tem power remains the same. 

Power dissipation may be calculated as fol
lows. Referring to figure 6, the two system 
power supplies are VCC and VS. In many 
cases, these will be the same voltage. Nec
essary parameters are: 

VCC, 
VS, 
ICC, 

ISEG, 
VF, 

KDC, 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 
Iseg 
% Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak segment current selected; however, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.SV 
2.2 to 3.SV 
2.S to 3.SV 



TIMING DIAGRAMS (Cont'd) 

OUTPUT -------~----------
Figure 4 

TYPICAL PERFORMANCE CURVES 

SUPPLY CURRENT VS SUPPLY VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE 
NE587 NE587 

40.0 40.0 
Rp= 1kG 1 
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ALL OUTPUTS "ON" 

35.0 
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NE587·F,N 

These voltages are all for single diode dis· 
plays. Some early red displays had 2 series 
LEOS per segment; hence the forward volt· 
age drop was around 3.5V. 

Thus a maximum power dissipation calcula· 
tion when all segments are on, is: 

Pd = Vee x ICC + (Vs - VF) x 7 X Iseg X Koe 
mW 

Assuming Vs = Vee = 5.25V 
VF = 2.0V 
Koe = 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945mW 

NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

110.0 

t 105.0 

'OUT 
("I 

100.0 

95.0 

90.0 

VCC = 5.0 VOLTS 

11£587 

(Ap = lKI -..... I 
-,,---

10 20 30 40 50 60 70 80 

TEMP("C)--....... 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE 

MAXIMUM POWER DISSIPATION 
VS TEMPERATURE 

Vo = 1.5V 
TA = 25"C 

105 

r--.... I'..... 
11£587 

(Ap = lKI 

............ ~ 
98 

95 
4.0 4.5 5.0 5.5 8.0 

Vee (VOLTS) ~ 

SmnotiCS 
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t 800 
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200 

~ 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

D. 
02 

0, 

DO 

NOTE 

Vee 

~O.o1" 
. 
b 

c 

NESS7 d . 
f 

9 

11 1 

f 
L I 

B 
I I 

RiW 

Oecoupling capacitor on Vee should be O.01IlF ceramic 

Figure 6 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd ay = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph. (See Typical Performance Charac
teristics). 

However, a major portion of this power dissi
pation (Pd max) is because the current 
source output is operating with 3:25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte
grated circuit. 

Suppose the worst case VCCIVS supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is re
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis-

tor from VCC to VS. The value of this resis
tor is calculated by: 

2.0 
RS = --- "" Ion (10 W ratingl 

7 X Iseg 

assuming worst case Iseg of 30 mA 
Hence now Pd max = VCC X ICC + (VS - Vv -

RX X 7 X Isegl X 7 X X Iseg 
XKOC 
= 5.25 X 50 + 1.25 X 7 X 30 
mW 
= 525 mW 

and Pd av = 5.0 X 30 + 1.25 X 5 X 25 
= 306 mW 

If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nVd ' Vo "" 0.8V 

Where n is the number of diodes used, pow
er dissipation can be calculated in a similiar 
manner. 

Si!lDOliCS 

NE587 
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In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in figure 9. For example a dar
lington PNP or NPN em iller follower may be 
preferable. Figure 8 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two integrat
ed circuits . 

Where Vs and VCC are two different sup
plies, the Vs supply may be optimized for 
minimum system power dissipation and I or 
cost. Clearly, good regulation in the Vs sup
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu
lated 5V supply used in the rest of the sys
tem. In fact a simple unsmoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 

Vs 

ISEG 

The duty cycle for this system depends upon 
VS, VF and the output characteristics of the 
display driver. 

With 
Vs = 4.9V pk. 
VF = 2.0V 

The duty cycle is approximately 60%. 
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TYPICAL APPLICATIONS (Cont'd) 
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TYPICAL APPLICATIONS (Conl'd) 

4-DIGIT MULTIPLEXED LED DISPLAY 
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LED DECODER/DRIVER 

DESCRIPTION FEATURES PIN CONFIGURATION 
• Latched BCD Inputs The NE589 is a latch I decoder I driver for 7-

segment common cathode LED displays. 
The NE589 has a programmable current out
put up to 50mA which is essentially indepen
dent of output voltage, power supply volt
age, and temperature. The data (BCD) 
inputs and LE (latch enable) input are low
loading so that they are compatible with any 
data bus system. The 7-segment decoding 
is implemented with a ROM so that alterna
tive fonts can be made available. 

• Low loading bus-compatible Inputs F,N PACKAGE 
• Ripple-blanking on leading and/or trail

ing edge zeros 

APPLICATIONS 
• Digital panel meters 
• Measuring Instruments 
• Test equipment 
• Digital clocks 
• Digital bus monitoring 

ABSOLUTE MAXIMUM RATINGS TA = 25·C unless otherwise specified 

PARAMETER 

VCC,VS Supply voltage 

VIN Input voltage 
(00 - 03, LE, RBI) 

VOUT Output voltage 
(a-g, RBO) 

Po Power dissipation (25·C)' 

TA Ambient temperature range 

TJ Junction temperature 

TSTG Storage temperature range 

TSOLO Soldering temperature 
(10 sec. max) 

NOTE 
Derate power dissipation a8 indicated 

N package· 95 0 C I watt above 55 0 C 
F package - 100°C/watt above sooe 

BLOCK DIAGRAM 

RATING 

-0.5 to +7 

-0.5 to +15 

-0.5 to +7 

1000 

Oto 70 

150 

-65 to +150 

300 

~---------------------, 

Vee (.8) 

Ri!I(5) 

Do (7) 

D. (') 
D. (2) 

D3 (6) 

[£ (3) 

Ip (8) 

GND (9) 
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NE589-F,N 

DC ELECTRICAL CHARACTERISTICS vee = 4.75 to 5.25V, o·e < TA < 70·e. 
Typical values are at Vee = 5V, TA = 25·C, Rp = 6k!l (+ 1%) unless otherwise stated -

PARAMETER TEST CONDITIONS 

Vee Operating supply voltage 

VIH Input high voltage All Inputs except BI 
ID 

VIL Input low voltage 

VIC Input clamp voltage liN = -12mA, TA = 25·e 

IIH Input high current Inputs DO -03, LE, RBI 
VIN = 2.4V 
VIN = 15V 

IIH Input high current Input ID (pin 4) 
RBI = H 

VIN = Vee = 5.25V 

IlL Input low current VIN = 0.4V, Inputs DO - 03 
LE, RBI 

IlL Input low current Input BI 
Vee = 5.25V 

RBI = H, VIN = 0.4V 

VOL Output low voltage Output RBO 
lOUT = 3.0mA 

VOH Output high voltage Output RBO 
lOUT = -50p.A 

RBI =H 

lOUT Output segment Outputs "a" thru "gO 
"ON" current VOUT = 2.0V 

£lIOUT Output current ratio With reference to "b" segment 
(all outputs ON) 

VOUT = 2.0V 

IOFF Output segment Outputs "a" thru "g" 
"OFF" current 

leeo Supply current Vee = 5.25V 
All outputs "ON" 

VOUT> 1V 

leci Supply current Vce = 5.25V 
All outputs blanked 

NOTE: 

NE5S7 PROGRAMMING 
The NE587 output current can be programmed. provided a program resistor, Rp, be 
connected between Ip (pin 8) and Ground (pin 9). The voltage at Ip (pin 8) is constant 

(= 1.3V). Thus. a current through Rp is Ip ~ ~ 8S shown in Figure 10. ~ is 20 in 
the 15 to SOmA output current range. P P 

!i~nl!tiC!i 

NES89 

Min Typ Max 
UNIT 

4.75 5.00 5.25 V 

2.0 15 
V 

2.0 5.5 

0.8 V 

-1.5 V 

0.1 p.A 
p.A 

10 p.A 

-5 
-200 p.A 

-0.7 

mA 

V 

4.5 V 

20 25 30 mA 

0.90 1.00 1.10 

20 250 p.A 

25 mA 

30 mA 
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AC ELECTRICAL CHARACTERISTICS vcc = 5V TA = 25°C. RL = 1300. CL = 30pF including probe capacity. 

PARAMETER 

toav. Propagation delay 
Figure 2 

toav. Propagation delay 
Figure a 

tw Latch enable pulse width 
Figure 4 

ts Latch enable setup time 
Figure 4 

tH Latch enable hold time 
Figure 4 

NOTE: 

tOAV. = ~ (tHL + tLW 

TRUTH TABLE 

BINARY 
INPUT 

LE 

- H 

0 L 

0 L 
1 L 
2 L 
3 L 
4 L 
5 L 
6 L 
7 L 
8 L 
9 L 

10 L 
11 L 
12 L 
13 L 
14 L 
15 L 

" "BI X 

NOTES 
H = HIGH voHage level. output Is "ON" 
L = LOW voltage level, output I. "OFF" 
X = Don't care 

RBI 

" 
L 

H 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

INPUTS 

Da D2 D1 DO 

X X X X 

L L L L 

L 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 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

X X X X 

• The RBI will blank the display only if a binary zero is stored in the latches. 
•• RBO I BI used 88 an input overrides all other input conditions. 

SEGMENT IDENTIFICATION 

286 

NE589 
TEST CONDITIONS 

Min Typ Max UNIT 

From data to output 85 ns 

From LE to output 85 ns 

85 ns 

From data to LE 75 ns 

From LE to data 0 ns 

OUTPUTS 

a b c d e f 9 RBO DISPLAY 

STABLE STABLE 

L L L L L L L L BLANK 

H H H H H H L H 0 
L H H L L L L H 1 
H H L H H L H H 2 
H H H H H L H H 3 
L H H L L H H H 4 
H L H H L H H H 5 
H L H H H H H H 6 
H H H L L L L H 7 
H H H H H H H H 8 
H H H H L H H H 9 
H H H L H H L H a 
L L H H H H H H b 
H L L H H H L H c 
L H H H H L H H d 
H L L H H H H H e 
H L L L H H H H f 

L L L L L L L L" " blank 

Si!lnDliCS 
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NE589 PROGRAMMING 
NE589 output current can be programmed 
by using a programming resiator, Rp, con
nected between rp (pin 8) and Gnd (pin 9). 
The voltage at rp (pin 8) is constsnt 
(= 1.25V). A partial schematic of the volt
age reference used in the NE589 is shown in 
figure 1. 

Vee 

Output current to program current ratio, 
IOllp, is 20 in the 15mA to 50mA range. 
Note that Ip must be derived from a resistor 
(Rp), and not from a high impedance source 
such as an lOUT DAC used to control display 
brightnesa. 

VrP 1.25Y 
I, = -;;p = -;;p 
I() 

Figure 1 

TIMING DIAGRAMS 

PROPAGATION DELAY, DATA TO OUTPUT 

00-0. _--JX _____ X ____ _ 
tt'LH~ I_WL_I ______ ~f-------~\ ___ _ OUTPUT 

LE = L 

Figure 2 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

t~HI / t~1 / 
Do-O. X 

OUTPUT 

f '\ 
Figure 3 
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POWER DISSIPATION 
CONSIDERATIONS 
LED displays are power-hungry devices, 
and inevitably somewhat inefficient in their 
use of the power supply necessary to drive 
them. Duty cycle control does afford one 
way of improving display efficiency, pro
vided that the LEOS are not driven too far 
into saturation, but the improvement is mar
ginal. Operation at higher peak currents has 
the added advantage of giving much better 
matching of light output, both from segment· 
to-segment and digit-to-digit. 

An output current of 10 to 50mA was chosen 
so that it would be suitable for multiplexed 
operation of large aize LED digits. When de
signing a display syatem, particular care 
must be taken to minimize power dissipation 
within the IC diaplay driver. Since the output 
is a constant current source, all the remain
ing supply voltage, which is not dropped 
across the LED (and the digit driver, if 
used), will appear across the output. Thua, 
the power dissipation will go up sharply if 
the display power supply voltage risea. 
Clearly, then, it is good design practice to 
keep the display supply voltage as low as 
possible consistent with proper operation of 
the supply output current sources. Inserting 
a resistor or diode in seriea with the display 
supply is a good way of reducing the power 
dissipation within the integrated circuit seg
ment driver, although, of course, total sys
tem power remains the same. 

Power dissipation may be calculated as fol
lows. Referring to figure 12, the two system 
power supplies are VCC and VS. In many 
cases, these will be the same voltage. Nec
essary parameters are: 

VCC, 
VS, 
'CC, 

Supply voltage to driver 
Supply voltage to display 
Quiescent supply current of 
driver 
LED segment current 
LED segment forward voltage at 
Iseg 
'Ii> Duty cycle 

VF, the forward LED drop, depends upon the 
type of LED material (hence the color) and 
the forward current. The actual forward volt
age drops should be obtained from the LED 
display manufacturer's literature for the 
peak aegment current selected; however, 
approximate voltages at nominal rated cur
rents are: 

Red 
Orange 
Yellow 
Green 

1.6 to 2.0V 
2.0 to 2.5V 
2.2 to 3.5V 
2.5 to 3.5V 
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TIMING DIAGRAMS (Cont'd) 

LAT.CH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

. \~l 
~t·-+·:j . 
__ "--_ ----J~ 

OUTPUT ------~---------Figure 4 

TYPICAL PERFORMANCE CURVES 

NESSI 
NE589-F,N 

These voltages are all for single diode dis
plays. Some early red displays had 2 series 
LEOS per segment; hence the forward volt
age drop was around 3.5V . 

Thus a maximum power dissipation calcula
tion when all segments are on, is: 

Pd = Vee x ICC + (Vs - VF) x 7 x Iseg x Koe 
mW 

Assuming Vs = Vee = 5.25V 
vF = 2.0V 
Koe = 100% 

Pd max =5.25 X 50 + 3.25 X 7 X 30 mW 
= 945mW 

OUTPUT CURRENT VS OUTPUT VOLTAGE OUTPUT CURRENT VS OUTPUT VOLTAGE NORMALIZED OUTPUT CURRENT 
VS TEMPERATURE 

30.0 

t 
lOUT 
(Ma) 

20.0 

10.0 

o 
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40.0 
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o 1.0 2.0 3.0 4.0 S.O 

YOUT (VOL TS)--' 

Figure 5 

NORMALIZED OUTPUT CURRENT 
VS SUPPLY VOLTAGE VCC 
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TA = 25"C 
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Figure 8 
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TYPICAL PERFORMANCE CURVES (Cont'd) 
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TYPICAL PERFORMANCE CURVES (Cont'd) 

SUPPLY CURRENT VS SUPPLY VOLTAGE 
NE5S9 

35.0 H--+-+-++,+-,l-±-t--H--+-I 

t 
;;;) 30.0 H--+-+"'¥.J;.-"F--6~t--H--+-I 

4.4 4.8 5.2 5.6 6.0 6.4 

Vee (VOLTS)--+-

Figure 11 

TYPICAL APPLICATIONS 

DRIVING A SINGLE DIGIT 

Vee 

~0'01" 
Vs 

~'Ol" f · I I • 
c B NE588 d 

· I I I 

• ,h I JI IiIlO 

NOTE 

Oecoupling capacitor on Vee should be 0.0 1 I'F ceramic 

Figure 12 

However, the average power dissipation will 
be considerably less than this. Assuming 5 
segments are on (the average for all output 
code combinations), then 

Pd av = 5.0 X 30 + 3.00 X 5 X 25 mW 
= 525 mW 

Operating temperature range limitations can 
be deduced from the power dissipation 
graph in figure 9. 

However, a major portion of this power dissi· 
pation (Pd max) is because the current 
source output is operating with 3.25 V 
across it. In practice, the outputs operate 
satisfactorily down to 0.5V, and so the extra 
voltage may be dropped external to the inte
grated circuit. 

290 

Suppose the worst case VCCIVS supply is 
4.75 to 5.25V, and that the maximum VE for 
the LED display is 2.25V. Only 2.75V is reo 
quired to keep the display active, and hence 
2.0V may be dropped externally with a resis
tor from Vec to VS. The value of this resis· 
tor is calculated by: 

RS = 2.0 "" 100 (\10 W rating) 
7 X Iseg 

assuming worst case Iseg of 30 mA 
Hence now Pd max = Vee X ICC + (VS - Vv -

RX X 7 X Iseg) X 7 X X Iseg 
XKOC 
= 5.25 X 50 + 1.25 X 7 X 30 
mW 
= 525 mW 

and P d av = 5.0 X 30 + 1.25 X 5 X 25 
= 306mW 

Si!lDotiCS 
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If a diode (or 2) is used to reduce voltage to 
the display, then the voltage appearing 
across the display driver will be indepen
dent of the number of "ON" segments and 
will be equal to 

Vs - VF - nVd ' Vo "" O.BV 

Where n is the number of diodes used, pow
er dissipation can be calculated in a similiar 
manner. 

In a multiplexed display system, the voltage 
drop across the digit driver must also be 
considered in computing device power dissi· 
pation. It may even be an advantage to use a 
digit driver which drops an appreciable volt
age, rather than the saturating PNP transis
tors shown in figure 15. For example a dar
lington PNP or NPN emitter follower may be 
preferable. Figure 14 shows the NE591 as 
the digit driver in a multiplexed display sys
tem. The NE591 output drops about 1.8V 
which means that the power dissipation is 
evenly distributed between the two Integrat
ed circuits. 

Where Vs and Vce are two different sup· 
plies, the Vs supply may be optimized for 
minimum system power dissipation and/or 
cost. Clearly, good regulation in the Vs sup· 
ply is totally unnecessary, and so this supply 
can be made much cheaper than the regu
lated 5V supply used in the rest of the sys
tem. In fact a simple un smoothed full-wave 
rectified sine wave works extremely well if a 
slight loss in brightness can be tolerated. A 
transformer voltage of about 3-4.5V rms 
works well in most LED display systems. 
Waveforms are shown below: 

The duty cycle for this system depends upon 
VS, VF and the output characteristics of the 
display driver. 

With 
Vs = 4.9V pk. 
VF = 2.0V 

The duty cycle is approximately 60%. 



LED BEEOIIER/DRIIER 

TYPICAL APPLICATIONS (Conl'd) 

4-DIGIT DISPLAY WITH BRIGHTNESS CONTROL 
AND LEADING EDGE RIPPLE BLANKING 

Vs o_------~------------~----------~----------_. 

~eo_~----~------~----+_----~----~----_. 

B B B B 

D3o_--__ ~~~_+----~~~--~--~+1~+_~--~ 
D'o_----~~_r_+----~~~--r_----.,~+__r-----> 

D'o_------.,~_+------~~--~----~_r+__r----~ 
~O_------~_r_+--------~--r_------~+__r------~ 

'. 
" 
LE 

Figure 13 
.n.n. 
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S 

D 
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1 ft. 
- Figure 14 
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NE589·F,N 

TYPICAL APPLICATIONS (Cont'd) 

4-DIGIT MULTIPLEXED LED DISPLAY 

Vs 

..... 

...... ........ 
DIGIT • 

to... V 

to... V 
V r-.... 

V I 1 

DIGIT 2 

DIGIT 3 

DIGIT 4 

B B B '-1 
0 

II II I II I 1 1 

I 
I I 

T I I 1 Vee 
D3 

D2 
1E588 5: .0'. 

D. 

DD 

1~ ~ ~ il! I 

Figure 15 
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DESCRIPTION 
The NE I SA594 is a display driver intertace 
for vacuum fluorescent displays. The device 
is comprised of 8 drivers and a bias network 
and is capable of driving the digits and I or 
segments of most vacuum fluorescent 
displays. 

The inputs are designed to be compatible 
with TTL, DTL, NMOS, PMOS or CMOS out
put circuitry. 

There is an active pull-down circuit on each 
output so that display ghosting is minimized 
and no external components are required for 
most fluorescent display applications. 

NE/SA594-N,F 

FEATURES 
• Digit and/or segment drivers 
• Active output pull-down circuitry 
• High output breakdown voltage 
• Low supply voltage 
• Input compatible with all logic outputs 

PIN CONFIGURATION 

N, F PACKAGE 

NE I SA594N Pla.tic DIP 
NE I SA594F Ceramic DIP 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise noted) 

PARAMETER RATING 

Vee Supply voltage 45 

VOUT Output voltage Vee 
VIN Input voltage -0.3, +20 

lOUT Output current 
Each output 50 
All outputs 200 

Pd Power dissipation' 800 
(at 25°C) 

TA Operating temperature range 
NE o to 70 
SA -40 to +85 

TSTG Storage temperature range -65 to +150 
TJ Maximum junction temperature 150 

TSOLD Lead soldering temperature 300 
(10 seconds) 

NOTE 

• Derate N (Plaatic) Package above 38°C at 7.14 mW/oC. 
Derate F (Ceramic) Package above 75°C at 10.8 mW I DC. 

EQUIVALENT SCHEMATIC 

r--------------------------------

UNIT 

V 

V 

rnA 
rnA 
mW 

°e 
°e 
°e 
°e 
°e 

X8 
r---~~----~--------~----~r_~-----Ovcc 

+-Kl---<~w_+_----o OUT R9 

01 

R1 

R2 

L-~ __ _+------~~_+--------~~--------~------oGNO 
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NE I SA594-N,F 

DC ELECTRICAL CHARACTERISTICS vee = +4.75 to +40V, TA (NE) = 0 to 70 0 e, TA (SA) = -40 to +85°e unless otherwise 

stated. 

SA594 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply voltage range 4.75 35 40 V 

leeH Supply current (all outputs high) Vee = 40V VIN = 3.5V 3 6 rnA 
leel Supply current (all outputs low) Vee = 40V VIN = 0.4V 0.4 1 rnA 

VIN Input voltage range 0 15 V 
VIH Input voltage to ensure logic '1' 2.6 V 
Vil Input voltage to ensure logic '0' 0.8 V 

IIH Input current to ensure logic '1' 100 IlA 
III Input current to ensure logic '0' 10 IlA 
liN Input current VIN = 2.6V 60 130 IlA 

VIN = 5.0V 180 330 IlA 
VIN = 15.0V .68 1.3 rnA 

VOH Output high voltage VIN = 3.5V I TA = 25°e Vee- lo5 Vee-l.l V 

lOUT = -25mA I Over Temp. Vee-2 Vee- 1.3 V 

VOUT with respect to Vee 

VOH Output high, no load voltage VIN = 3.5V 
lOUT = 0, TA=25°e Vee-1 Vee-O.B V 

VOUT with respect to Vee 

VOFF Output 'OFF' voltage level VIN = 0.8V 10 200 mV 
lOUT = 0 

IOH Available output current Vee = 35V VIN = 3.5V -35 rnA 
VOUT = 30V 
TA = 25°e 

lOUT Output pulldown current Vee = VOUT = 35V 100 200 400 IlA 
Inputs open 

leEX Output leakage current TA=25°e VIN = 0.4V -1 IlA 
Vee = 40V, VOUT = OV -1 

AC ELECTRICAL CHARACTERISTICS1 vee = 35V, TA = 25°e 

NE/SA594 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

tpdlH Propagation delay - low to high 
output transition. 50% VIN to 50% VOUT 1 5 IlS 

tpdHl Propagation delay - high to low 
output transition. 50% VIN to 50% VOUT 3 10 IlS 

tR Output rise time 10% VOUT to 90% VOUT 0.5 3 IlS 
tF Output fall time 90% VOUT to 10% VOUT 1.5 5 IlS 

NOTE 

1. See figure 1 
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NE/SA594-N,F 

SWITCHING TIMES OF DRIVERS 

VOLTAGE WAVEFORMS TEST CIRCUIT 

l~·~----------~ -------------. 
V,N 5V -------f-----\'--___ ...JF 

_~* L·--

Vee = 35V 

."'" OV-----"I 

TYPICAL PERFORMANCE CHARACTERISTICS 
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Section 10-DATA ACQUISTION 

DAC-08 SERIES 
LF398 
MC 1508-8/1408-81 1408-7 
NE5007/5008/SE5008 
NE/SE5009 
NE/SE5018 
NE/SE5019 
NE/SE5118 
NE/SE5119 
NE5020 
NE/SE5537 
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AID-OJ A CONVERTERS 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150DC is standard for silicon devices. 

TSTG 
Storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOlD 
Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for ahort periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25°C. The dissipa
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

VCC (-VCC) 
Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

Accuracy 

The maximum deviation of the DAC output relative to an ideal 
straight line drawn from zero to full scale; 1 lSB for any bit combina
tion. 

Monotonicity 

For a 1 lSB increase of input code, the output either increases or 
remains the same. 

Differential linearity 

The incremental error from an ideal 1 lSB analog output change 
when the digital input is changed 1 LSB; guaranteed monotonicity 
requires the differential linearity error be less than 1 lSB and with a 
tempco of essentially zero. 

Absolute Accuracy 

Error of a D I A converter output is the difference between the ana
log output expected and the actual output with a given code ap
plied. Error of an AID converter is the difference between the 
theoretical analog output required to produce a given output code 
and the actual input required to produce a given output code and 
the actual input required to produce that same code. The actual 
input is a range and the measured value is the midpoint of the 
measured band and the theoretical midpoint. 

Resolution 

The number of bits on the input or output of an A I D or D I A convert
er. The number of discrete steps or states is equal to 2" when n is 

the resolution of the converter. However, n bits of resolution does 
not guarantee n bits of accuracy. 

Quantizing Error 

In an A I D converter, there is an infinite number of possible input 
voltages, but only 2" output codes (n = number of bits). Therefore, 
there will be an error as great as 1/2lSB because of this quantizing 
effect and the greatest error will occur at the transition voltage 
where the output changes state. 

No Missing Codes 

This is a property of an AID converter that is related to, but is more 
stringent than monotonicity. If a converter is guaranteed to have no 
missing codes, there will be no output digital state that will be 
skipped when the input voltage is varied over the entire range. 

Most Significant Bit (MSB) 

The highest-order bit or the bit with the greatest weight. 

least Significant Bit (lSB) 

The lowest-order bit or the bit with the least weight. 

Gain Error 

The error in the input-to-output ratio, usually expressed in percent. 

Offset Error 

This is an error in the reference point of the transfer function. It 
appears as a constant amplitude error signal at a D I A output or an 
AID input. It also appears as a constant frequency shift in the 
output of a V I F converter. It is nulled prior to adjusting gain error by 
setting the input to the most-negative input and adjusting the output 
to the proper value. 

Settling Time 

The time delay between a change of input signal value and the 
effected change in the output signal. It is usually expressed in 
terms of how long it takes the output to arrive at, and remain within, 
a certain error band around the final value and is often given for 
several different magnitudes of input step change. 

ConYersation Time 

Time required for a complete measurement by an AID converter. 
Conversion times are a function of the number of bits (resolution) 
and the clock frequency. 

Switching Time 

The time it takes for a multiplexer to change from one channel to the 
next with the new output signal being within a certain percentage of 
its final value. It is expressed for a maximum yoltage transition. 

Throughput Rate 

An AID converter or a data acquisition system has a finite number 
of pOints that it can convert in any given time. Throughput rate is an 
expression of that quantity. It is dependent on the time it takes to 
make a conversion and the time required to set up to make the next 
conversion. In a data acquisition system this time includes the 
composite delay due to switching and settling times of the mux, 
settling time of the amplifier and acquisition time of the sample-and
hold. 

Full Scale Tempco 

The change in DAC full scale current with change in temperature 
expressed in ppm/DC. 

Differential Non-linearity Tempco 

The non-linearity specification over a specified range of tempera
tures. This specification generally appears as the range of tem-
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A/D-D/A CONVERTERS DEFINITIONS (ConI' d) 

peratures that the device is monotonic (DAC) or has no missing 
codes (ADC). 

Leakage Current 
Multiplexer input current that does not flow through to the output but 
is shunted internally. It is also current that flows from OFF channels 
into the ON channel. In a current output D / A converter, there is a 
digital input code that ideally yields zero output current. If current 
flows with that input code, it is called leakage current. It is analo
gous to output voltage offset in a voltage-output D / A converter. 

Power Supply Sensitivity 

The change in DAC output current with changes in power supply 
voltage. 

SlGNETICS DI A CONVERTER SELECTION GUIDE 

OUTPUT 
INT. 

PRODUCT # BITS ACC.'IIo y I T REF. 

MCI408-8 8 .78 X 

MCI408-7 8 .39 X 

MCI408-8 a 18 X 

MCI508-8 a .18 X 

NE5007 a .39 X X 

NE5OO8 a .18 X X 

NE5008 8 .1 X X 

SE5OO8 8 .19 X X 

SE5008 8 .1 X X 

NE50la a .18 X X 

NE5018 a .1 X X 

SEIiOI8 a .18 X x 

SE5018 8 .1 x X 

NE5118 8 .18 X X 

NE5I1S 8 .1 X X 

SE5118 8 .18 x x 

EII8 8 .1 X X 

NE5020 10 .1 X X 

Output Voltage Compliance 

The range of allowable voltage levels the output pins can assume 
without a major effect on circuit performance. 

Compliance Voltage Range 
For a current source the maximum range of terminal voltage for 
which the current source will maintain its specified values. 

NOTE 
Refer to Section 5 (Interface Circuits) of the 1979 Analog Applications Manual for an in
depth explanation of Converters and their applications 

TEMPERATURE 
PACKAGE RANGE REUAlILITY 

INT. 
LATCH N F Coml. l1li SURE" SUPRII 

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 

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 X X X X 
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SIGNETICS REPLACEMENT STANDARDS 

SEINE 5018 DAC 

INDUSTRY 
SIGNETICS SIGNETICS QR&A 

COMPETITION KEY PARAMETER AVAILABLE ORIGINATED COMMENTS 
VALUE 

VALUE DEVICES SURE II SUPRII 

AMD NE5018 Yes Yes • Not pin for pin 
SE5018 Yes Yes replacement. Do 

Analog Devices 8 ,-".) 8 NE5019 Yes Yes not have total 
(Bits) SE5019 Yes Yes capability of the 

Datel NE5018"P 
Bits compatible series. 

Fairchild 

Harris 

'.oM. ) Precision .19 0.1 

National 
% 

2- ,om;~r~) 2 
300" sec Ii! LSB 

V 
"sec 

10-50 OO;",C) 20 

PPM/DC 

~-,~ 0-4 NE/SE 5118 Yes Yes 
NE/SE5119 Yes Yes 

mA 

_o~,~ -10to+18 
0-10 NE5018 Yes Yes 
±5 SE5019 Yes Yes 

Volts 
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SIGNETICS REPLACEMENT STANDARDS 

DAC-OS/OSA 

INDUSTRY 
SIGNETICS SIGNETICS QR&A 

COMPETITION 
VALUE 

KEY PARAMETER AVAILABLE ORIGINATED COMMENTS 
VALUE DEVICES SURE II SUPRII 

AMD 

'H •• ~) Analog Devices 8 8 
NE/SE5008 Yes Yes 
NE/SE5OO9 Yes Yes 

Datel 

Motorola Bits 

National 

u_~) .19 19 NE/SE5008 Yes Yes 
NE/SE5009 Yes Yes 

%FS 

, .. " .. "") 85-300 135 
NE/SE5OO8 Yes Yes 
NE/SE5009 Yes Yes 

nsec 

48-500 ' ........ ~ NE/SE5OO8 Yes Yes 
regulator 

48 
NE/SE5009 Yes Yes 

mW 
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DESCRIPTION 

The Signetics LF398 is a monolithic sample 
and hold circuit which utilizes high-voltage 
lon-Inplant JFET technology to obtain ultra
high de accuracy with fast acquisition of sig
nal and low droop rate. Operating as a unity 
gain follower, de gain accuracy is 0.004'lb 
typical and acquisition time is as low as 61's 
to 0.01 'lb. A bipolar input stage is used to 
achieve low offset voltage and wide 
bandwidth. Input offset adjust is sccom
plished with a single pin and does not de
grade input offset drift. The wide bandwidth 
allows the LF398 to be included inside the 
feedback loop of lMHz op amps without 
having stability problems. Input impedance 
of 1010n allows high source impedances to 
be used without degrading accuracy. 

P-channel junction FET's are combined with 
bipolar devices in the· output amplifier to 
give droop rates as low as 5mV {min with a 
11'F hold capacitor. The JFET's have much 
lower noise than MOS devices used in pre· 
vious designs and do not exhibit high tern· 
perature instabilities. The overall design 
guarantees no feed·through from input to 
output in the hold mode even for input sig
nals equal to the supply voltages. 

Logic inputs on the LF398 are fully differen
tial with low input current, allowing direct 
connection to TTL, PMOS, and CMOS. Dif
ferential threshold is 1.4V. The LF398 will 
operate from ±5V to ± 18V supplies. It is 
available in an 8-lead TO·5 package or an 8-
pin plastic DIP. 

FUNCTIONAL DIAGRAM 

OFFSET 

INPUT / 
0 1 I 

1 J 
LOGIC 71 

300 LOGIC:n>- / 

REFERENCE L __________ _ 

HOLD 
CAPACITOR 

LF398-H,N 

FEATURES PIN CONFIGURATION 

• Operates from ±SV to ± 18V supplies 
• Less than 10l'S acquisition time 
• TTL, PMOS, CMOS compatible logic 

Input 
• O.SmV typical hold step at Ch = 0.011'F 
• Low Input offset 
• 0.002% gain accuracy 
• Low output noise In hold mode 
• Input characteristics do not change 

• during hold mode 
• High supply rejection ratiO In sample or 

hold 
• Wide bandwidth 
• The LF398 Is Ideally suited for a wide 

variety of sample and hold applications 
Including data acquisition, analog to 
digital converSion, synchronous 
demodulation, and automatic test 
setup. 

H PACKAGE 

LOGIC 

Y-

TOPVEW 

_ PART NO. LF398H,N 

NPACKAGE 

OFFSET 2 7 LOGIC 
VOLTAGE REFERENCE 

Y+Os LOGIC 

N'IIf 3 6 c" 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation (package limitation)' 
Operating ambient temperature range 

LF398 
Storage temperature range 

Input voltage 

Logic to logic reference 
differential voltage2 

Output short circuit durstion 
Hold capacitor short circuit duration 
Lead temperature (soldering, 10sec) 

OUTPUT 

TYPICAL APPLICATIONS 

Smnltics 

ANALOG INPUT 

SAMPLE 5V-rToGIC 

HOLD ov -..-l INPUT 

y- 4 5 OUTPUT 

RATING UNIT 

±18 V 
500 mW 

o to +70 ·C 
-65 to +150 ·C 

Equal to 
supply voltage 

+7,-30 V 

Indefinite 
10 sec 

300 ·C 

y+ 

OUTPUT 
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LF398-H,N 

DC ELECTRICAL CHARACTERISTICS Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, 
Vs = ± 15V, Tj = 25°C, -11.5V :S VIN :S +11.5V, Ch = O.Ol/,F, and RL = 10kD. Logic 
reference voltage = OV and logic voltage = 2.5V. 

PARAMETER TEST CONDITIONS 

Input offset voltage6 
Tj = 25°C 
Full temperature range 

Input bias currentS Tj = 25°C 
Full temperature range 

Input impedance Tj = 25°C 

Gain error Tj = 25°C, RL = 10K 
Full temperature range 

Feedthrough attenuation ratio at 1 kHz Tj = 25°C, Ch = O.Ol/'F 

Output impedance 
Tj = 25°C, "HOLD" mode 
Full temperature range 

"HOLD" step· Tj = 25°C, Ch = O.Ol/,F, VOUT = 0 
Supply currentS Tj;::: 25°C 

Logic and logic reference input current Tj = 25°C 

Leakage current into hold capacitors Tj = 25°C' 

Hold mode 

Acquisition time to 0.1% 
aVOUT = 10V, Ch = 1000pF 
Ch = O.Ol/,F 

Hold capacitor charging current VIN-VOUT = 2V 

Supply voltage rejection ratio VOUT = 0 

Differential logic threshold Tj = 25°C 

NOTES 

1. The maximum junction temperature of the LF398 Is 150°C. When operating at elevated 
ambient temperature, the TOwS and plastic DIP packages must be derated based on a 
thermal resistance (SjAl of t60"C/W. 

2. Although the differential yoltage may not exceed the limits given. the common-mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must always be 
at least 2V below the positive supply and 3V above the negative supply. 

3. Unless otherwise specified. the following conditions apply. Unit is in "sample" mode, 
Vs = ± 15V. Tj = 25"C, -11.5V :5 VIN:5 +11.5V. Ch = O.Ol~F. and RL = 10k. Logic 
reference voltage ~ OV and logic voltage ~ 2.5V. 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the 
hold capacitor. 1pF, for instance, will create an additional O.5mV step with 8 5V logic 
swing and 8 O.01"F hold capacitor. Magnitude Of the hOld step is inversely proportional 
to hold capacitor value. 

5. Leakage current is measured at a junction temperature of 26°C. The effects of junction 
temperature rise due to power dissipation or elevated ambient can be calculated by 
doubling the 25°C value for each 11°C increase in chip temperature. Leakage is 
guaranteed over full input signal range. 

6. The parameters guaranteed over a supply voltage of ± 5 to ± 18V. 
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Min 

80 

80 

0.8 

LF398 

Typ Max 
UNIT 

2 7 mV 
10 mV 

10 50 nA 
100 nA 

1010 D 

0.004 0.01 % 
0.02 % 

90 dB 

0.5 4 D 
6 D 

1.0 2.5 mV 
4.5 6.5 rnA 

2 10 /'A 

30 200 pA 

4 ItS 
20 ItS 

5 rnA 

110 dB 

1.4 2.4 V 



TYPICAL AC PERFORMANCE CHARACTERISTICS Cconl'd) 
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TYPICAL DC PERFORMANCE CHARACTERISTICS 
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MC1508-8/MC1408-8/MC1408-7 -F,N 

DESCRIPTION CIRCUIT DESCRIPTION PIN CONFIGURATION 
The MC1508/MC1408 series of 8-bit mono- The MC1508/MC1408 consists of a refer-
lithic digital-to-analog converters provide 
high speed performance with low cost. They 
are designed for use where the output cur
rent is a linear product of an 8-bit digital 
word and an analog reference voltage. 

FEATURES 
• Fast settling time-300ns (typ) 
• Relative accuracy ±O.19% (max error) 
• Non-inverting digital inputs are TTL and 

CMOS compatible 
• High speed multiplying rate 4.0mA/~s 

(input slew) 
• Output voltage swing +.SV to -S.OV 
• Standard supply voltages + S.OV and 

-5.0V to -15V 
• Military qualifications pending 

APPLICATIONS 
• Tracking A-to-D converters 
• 2V2-digit panel meters and DVM's 
• Waveform synthesis 
• Sample and hold 
• Peak detector 
• Programmable gain and attenuation 
• CRT character generation 
• Audio digitizing and decoding 
• Programmable power supplies 
• Analog-digital multiplication 
• Digital-digital multiplication 
• Analog-digital division 
• Digital addition and subtraction 
• Speech compression and expansion 
• Stepping motor drive 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

D-to-A TRANSFER CHARACTERISTICS 

0 ......... 

r--... 
.......... ........ 

......... ......... 
.......... 

........ 
2. 

(00000000) INPUT DIGITAL WORD (11111111) 

ence current amplifier, and R-2R ladder, 
and 8 high speed current switches. For 
many applications, only a reference resistor 
and reference voltage need be added. 

The switches are non-inverting in opera
tion; therefore, a high state on the input 
turns on the specified output current com
ponent. 

The switch uses current steering for high 
speed, and a termination amplifier consist
ing of an active load gain stage with unity 
gain feedback. The termination amplifier 
holds the parasitic capacitance of the ladder 
at a constant voltage during switching, and 
provides a low impedance termination of 
equal voltage for all legs of the ladder. 

The R-2R ladder divides the reference am
plifier current into binarily-related compo

nents, which are fed to the switches. Note 
that there is always a remainder current 
which is equal to the least significant bit. 
This current is shunted to ground, and the 
maximum output current is 255/256 of the 
reference amplifier current, or 1.992mA for 
a 2.0mA reference amplifier current if the 
NPN current source pair is perfectly 
matched. 

'N = Plastic DIP 
F = Cerdip 

F,N PACKAGE' 

BLOCK DIAGRAM 

MSB 

NPN CURRENT 
SOURCE PAIR 

LSB 

ABSOLUTE MAXIMUM RATNGS TA = +25°C unless otherwise specified 

PARAMETER RATING UNIT 

Vee Power supply voltage 
V 

VEE Positive +5.5 
V5-V12 Negative -16.5 

Vo Digital input voltage +5.5,0 V 
114 Applied output voltage +0.5, -5.2 V 
V14,V15 Reference current 5.0 mA 

Reference amplifier inputs Vee, VEE V 

PD Power dissipation (package limitation) mW 
Ceramic package 1000 
Plastic package 800 

TA Operating temperature range °C 
MC1508 -55 to +125 
MC1408 o to +75 

Tstg Storage temperature range -65 to +70 °C 

Si!lDl!tiCS 307 

I 



MC1S08-8/MC1408-8/MC1408-7 -F,N 
Pin 3 must be 3V more negative than the potential to which R15 is returned. 

DC ELECTRICAL CHARACTERISTICS1 Vee = +5.0Vdc, VEE = -15Vdc, Vre! = 2.0mA 
unless otherwise specified. R14 
MC1S08: TA = -S5°C to 125°C MC1408' TA = O°C to 70°C 

TEST MC1S08-8 MC1408-8 MC1408-7 
PARAMETER UNIT 

CONDITIONS Min Typ Max Min Typ Max Min Typ Max 

Er Relative accuracy Error relative ±0.19 ±0.19 ±0.39 % 
to full scale 
10, Figure 3 

ts Setting time1 To within 1/2 LSB, 300 300 300 ns 
includes t'PLH, 
T'A = +2SoC, 
Figure 4 

Propagation delay ns 
time 

tPLH Low-to-high TA = +25°C, 
30 100 30 100 30 100 

tPHL High-to-Iow Figure 4 

TClo <?utput full scale 
current drift 

-20 -20 -20 PPMrC 

Digital input Vdc 
logic level (MSB) 

VIH High Figure S 2.0 2.0 2.0 
VIL Low 0.8 0.8 0.8 

Digital input Figure 5 mA 
current (MSB) 

hH High VIH = 5.0V 0 0.04 0 0.04 0 0.04 
hL Low VIL = 0.8V -0.4 -0.8 -0.4 -0.8 -0.4 -0.8 

115 Reference input Pin 15, Figure 5 -1.0 -3.0 -1.0 -3.0 -1.0 -3.0 "A 
bias current 

lOR Output current Figure 5 mA 
range 

VEE = -5.0V 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 
VEE = -7.0V to 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 
-15V 

10 Output current Figure 5 
Vref = 2.000V, 1.9 1.99 2.1 1.9 1.99 2.1 1.9 1.99 2.1 mA 
R14 = 1000n 

10(min) Off-state All bits low 0 4.0 0 4.0 0 4.0 "A 
Vo OutP!!t voltage Er~.19% at Vdc 

compliance TA = +2SoC, 
Figure 5 
VEE = -5V -0.6, +0.5 -0.6, +0.5 -0.6, +0.5 
VEE below -10V -5.0, +O.S -5.0, +0.5 -5.0, +0.5 

SRI ref Reference current 
slew rate 

Figure 6 4.0 4.0 4.0 mA/"s 

PSRR(-)Output current 
power supply 

I ref = 1mA O.S 2.7 0.5 2.7 0.5 2.7 "AN 

sensitivity 
Power supply mA 
current 

lee Positive All bits low, +13.5 +22 +13.S +22 +13.5 +22 
lEE Negative Figure S -7.5 -13 -7.5 -13 -7.5 -13 

Power supply Vdc 
voltage range 

VeeR Positive TA = +2SoC, +4.5 +5.0 +5.S +4.S +5.0 +5.5 +4.S +5.0 +5.5 
VEER Negative Figure 5 -4.5 -15 -16.5 -4.S -15 -16.5 -4.5 -15 -16.5 

Po Power dissipation All bits low, mW 
Figure 5 
VEE = -5.0Vdc 10S 170 10S 170 105 170 
VEE = -15Vdc 190 305 190 305 190 305 
All bits high, 
Figure 5 
VEE = -5.0Vdc 90 90 90 
VEE = -15Vdc 160 160 160 

NOTES 

1. All bits switched 
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8-BIT MULTIPtlJNGEII1I2CONVERTER 

EQUIVALENT CIRCUIT SCHEMATIC 

DIGITAL 
INPUTS 

MC1511~% 
MC1508-8/MC1408-8/MC1408-7 -F,N 

(~----------~~~----------~I 

MSB 
5 A, 6 A, 

BOO 800 

400 

13 

Vee 

REFERENCE 
CURRENT 
AMPLIFIER 

14 
Vref(+l 

FUNCTIONAL DESCRIPTION 

Reference Amplifier Drive 
and Compensation 

7 A, 

400 

The reference amplifier provides a voltage 
at pin 14 for converting the reference volt
age to a current, and a turn-around circuit or 
current mirror for feeding the ladder. The 
reference amplifier input current (114) must 
always flow into pin 14 regardless of the 
setup method or reference voltage polarity. 

Connections for a positive reference volt
age are shown in Figure 1. The reference 
voltage source supplies the full current 114. 
For bipolar reference signals, as in the mul
tiplying mode, R15 can be tied to a negative 
voltage corresponding to the minimum in
put level. It is possible to eliminate R15 with 

8 A, 9 A, 

800 800 800 800 

400 400 400 400 

16 ,. 
COMPENSATION Vref (-) 

only a small sacrifice in accuracy and 
temperature drift. 

The compensation capacitor value must be 
increased with increases in R14 to maintain 
proper phase margin; for R14 values of 1.0, 
2.5 and 5.0kO, minimum capacitor values 
are 15, 37. and 75pF. The capacitor may be 
tied to either VEE or ground. but using VEE 
increases negative supply rejection. 

A negative reference voltage may be used if 
R14 is grounded and the reference voltage is 
applied to R15 as shown in Figure 2. A high 
input impedance is the main advantage of 
this method. Compensation involves a ca
pacitor to VEE on pin 16, using the values of 
the previous paragraph. The negative refer
ence voltage must be at least 3.0V above the 
VEE supply. Bipolar input signals may be 

S(gnotics 

LSB 
12 As 

,. 

800 800 R-2R 
LADDER 

12.Sk 

-= 

BIAS 
CIRCUIT 

3k 

3 1 2 
VEE OUTPUT GND 

RANGE 
CONTROL 

handled by connecting R14 to a positive 
reference voltage equal to the peak positive 
input level at pin 15. 

When a dc reference voltage is used, capac
itive bypass to ground is recommended. 
The 5.0V logic supply is not recommended 
as a reference voltage. If a well regulated 
5.0V supply which drives logic is to be used 
as the reference, R14 should be decoupled 
by connecting it to +5.0V through another 
resistor and bypassing the junction of the 2 
resistors with 0.1/LF to ground. For refer
ence voltages greater than 5.0V, a clamp 
diode is recommended between pin 14 and 
ground. 

If pin 14 is driven by a high inpedance such 
as a transistor current source, none of the 
above compensation methods apply and 
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the amplifier must be heavily compensated, 
decreasing the overall bandwidth. 

Output Voltage Range 
The voltage on pin 4 is restricted to a range 
of -0.6 to +O.5V at -24°C, due to the current 
switching methods employed in the 
MC1508/MC1408. When a current switch is 
turned off, the positive voltage on the output 
terminal can turn on the output diode and 
increase the output current level. When a 
current switch is turned on, the negative 
output voltage range is restricted. The base 
ofthetermination circuit Darlington transis
tor is 1 diode voltage below ground when 
pin 1 is grounded, so a negative voltage 
below ground when pin 1 is grounded, so a 
negative voltage below the specified safe 
level will drive the low current device of the 
Darlington into saturation, decreasing the 
output current level. 

The negative output voltage compliance of 
the MC1508/MC1408 may be extended to 
-5.0V by opening the circuit at pin 1. The 
negative supply voltage must be more neg
ative than -10V. Using a full scale current of 
1.992mA and load resistor of 2.5kO be
tween pin 4 and ground will yield a voltage 
output of 256 levels between 0 and -4.980V. 
Floating pin 1 does not affect the converter 
speed or power dissipation. However, the 
value of the load resistor determines the 
switching time due to increased voltage 
swing. Values of RL up to 5000 do not 
significantly affect performance, but 2.5kO 
load increases worst case settling time to 
1.2J.1s (when all bits are switched on). Refer 
to the subsequent text section on settling 
time for more details on output loading. 

If a power supply value between -5.0V and 
-10V is desired, a voltage of between 0 and 
-5.0V may be applied to pin 1. The value of 
this voltage will be the maximum allowable 
negative output swing. 

Output Current Range 
The output current maximum rating of 
4.2mA may be used only for negative supply 
voltages more negative than -7.0V, due to 
the increased voltage drop across the 3500 
resistors in the reference current amplifier. 

Accuracy 
Absolute accuracy is the measure of each 
output current level with respect to its in
tended value, and is dependent upon rela
tive accuracy and full scale current drift. 
Relative accuracy is the measure of each 
output current level as a fraction of the full 
scale current. The relative accuracy of the 
MC1508/MC1408 is essentially constant 
with temperature due to the excellent 
temperature tracking of the monolithic re
sistor ladder. The reference current may 
drift with temperature, causing a change in 

310 

the absolute accuracy of output current. 
However, the MC150B/MC1408 has a very 
low full scale current drift with temperature. 

The MC1508/±MC1408 series is guaranteed 
accurate to within ±1/2 LSB at +25° C at a full 
scale output current of 1.992mA. This corre
sponds to a reference amplifier output cur
rent drive to the ladder network of 2.0mA, 
with the loss of 1 LSB = 8.0J.lA which is the 
ladder remainder shunted to ground. The 
input current to pin 14 has a guaranteed 
value of between 1.9 and 2.1mA, allowing 
some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in 
Figure 3. The 12-bit converter is calibrated 
for a full scale output current of 1.992mA. 
This is an optional step since the 
MC1508/MC1408 accuracy is essentially 
the same between 1.5 and 2.5mA. Then the 
MC1508/MC1408 circuits' full scale current 
is trimmed to the same value with R14 so 
that a zero value appears at the error ampli
fier output. The counter is activated and the 
error band may be displayed on an oscillo
scope, detected by comparators, or stored 
in a peak detector. 

Two 8-bit D-to-A converters may not be 
used to construct a 16-bit accurate D-to-A 
converter. Sixteen-bit accuracy implies a 
total error ±1/2 of 1 part in 65,536, or 
±O.00076%, which is much more accurate 
than the ±0.19% specification provided by 
the MC1508/MC1408. 

Multiplying Accuracy 
The MC1508/MC1408 may be used in the 
multiplying mode with 8-bit accuracy when 
the reference current is varied over a range 
of 256:1. The major source of error is the 
bias current of the termination amplifier. 
Under worst case cond itions, these 8 am pli
fiers can contribute a total of 1.6J.1A extra 
current at the output terminal. If the refer
ence current in the multiplying mode ranges 
from 16J.1A to 4.0mA, the 1.6J.1A contributes 
an error of 0.1 LSB. This is well within 8-bit 
accuracy. 

A monotonic converter is one which sup
plies an increase in current for each incre
ment in the binary word. Typically, the 
MC1508/MC1408 in monotonic for all val
ues of reference current above 0.5mA. The 
recommended range for operation with a dc 
reference current is 0.5 to 4.0mA. 

Settling Time 
The worst case switching condition occurs 
when all bits are switched on, which corre
sponds to a low-to-high transition for all 
bits. This time is typically 300ns for settling 
to within ±1/2 LSB for 8-bit accuracy and 
200ns to 1/2 LSB for 7-bit accuracy. The 
turnoff is typically under 100ns. These times 
apply when RL:5 5000 and Co 25pF. 

SrnDOliCS 

MC1508-8/MC1408-8/MC1408-7 -F,N 

The slowest single switch is the least signifi
cant bit, which turns on and settles in 250ns 
and truns off in BOns. In applications where 
the D-to-A converter functions in a positive 
going ramp mode, the worst case switching 
condition does not occur, and a settling 
time of less than 300ns may be realized. Bit 
A7 turns on in 200ns and off in 80ns, while 
bit A6 turns on in 150ns and off in 80ns. 

Thetestcircuit of Figure4 requires asmaller 
voltage swing for the current switches due 
to internal voltage clamping in 
MC1508/MC1408. A 1.0kO load resistor 
from pin 4 to ground gives a typical settling 
time of 400ns. Thus, it is voltage swing and 
not the output Rc time constant that deter
mines settling time for most applications. 

Extra care must be taken in board layout 
since this is usually the dominant factor in 
satisfactory test results when measuring 
settling time. Short leads, 100J.lF supply 
bypassing for low frequencies, and mini
mum scope lead length are all mandatory. 



MC1508-8/MC1408-8/MC1408-7 -F,N 
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TEST CIRCUITS (Cont'd) 
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MC1S08-8/MC1408-8/MC1408-7 -F,N 

TRANSIENT RESPONSE AND SETTLING TIME 

2.4V 
1,4V 

~2.0Vdc O.4V 1--+--------+----
',Ok 

,1' O.1p.F 

'~ 

0.7V 

SETTLING TIME 
eo for Figure 5 
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turn ott 
measurement (see text). 
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" 
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klw to high) I Co ", 25pF 

Figure 4 
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NOTATION DEFINITIONS 
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R .. 
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15 '" The resistor tied to pin 15 is to temperature compensate the bias current and may not be 
necessary for all applications. 
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DESCRIPTION 
The 5007/5008 series of 8-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou
pled with low cost and outstanding applica
tions flexibility. 

Advanced circuit design achieves 8Sns set
tling times with very low glitch and at low 
power consumption. Monotonic multiply
ing performance is attained over a wide 20 
to 1 reference current range. Matching to 
within 1 LSB between reference and full 
scale currents eliminates the need for full 
scale trimming in most applications. Direct 
interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differen
tial operation to effectively double the peak
to-peak output swing. True high voltage 
compliance outputs allow direct output vol
tage conversion and eliminate output op 
amps in many applications. 

All 5007/5008 series models guarantee full 
8-bit monotonicity and linearities as tight as 
0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.SV to 
±18V power supply range, with 33mW power 
consumption attainable at ±SV supplies. 

The compact size and low power consump
tion make the 5007/5008 attractive for por
table and militarylaerospace applications. 

FEATURES 
• Fast settling output current-85ns 
• Full scale current prematched to ±1 lSB 
• Direct interface to TTL, CMOS, ECl, 

HTL, PMOS 
• Relative accuracy to 0.1% maximum over 

temperature range 
• High output compliance--10V to +1BV 
• True and complemented outputs 
• Wide range multiplying capability 
• low FS current drift-±10ppm/oC 
• Wide power supply range-±4.5V to ±1BV 
• low power consumption-33mW at ±5V 
• SE500B military qualifications pending 

APPLICATIONS 
• B-bit, 1IJs A-to-D converters 
• Servo-motor and pen drivers 
• Waveform generators 
• Audio encoders and attenuators 
• Analog meter drivers 
• Programmable power supplies 
• CRT display drivers 
• High speed modems 
• Other applications where low cost, high 

speed and complete inputloutput versa
tility are required 

ORDERING INFORMATION 

RELATIVE 
ACCURACY o to 70°C -55 to 125°C 

0.39% FS 
NES007N 
NES007F 

0.19% FS NES008N 
SES008F NES008F 

ABSOLUTE MAXIMUM RATINGS T A = 25°C unless otherwise noted 

PARAMETER RATING UNIT 

TA Operating temperature range °C 
SES008 -55 to +125 
NES007/8 o to +70 

tstg Storage temperature -65 to +150 °C 
PD Power dissipation 500 mW 

Lead soldering temperature (60sec) 300 °C 
V+ to V- supply 36 V 
Logic inputs V- to V- plus 36V 

VLC Logic threshold control V- to V+ 
Analog cu rrent outputs See output current 

or output voltage 
performance curve 

V'4, V'5 Reference inputs V- to V+ 
V'4 to V'5 Reference input differential voltage ±18 V 
1'4 Reference input current 5.0 mA 

s~nDtics 

NES007/S008-F,N 
SES008-F 

PIN CONFIGURATION 

F,N PACKAGE 

ORDER PART NO. 

NE5007F,N 
NE500BF,N 

SE500BF 

CROSS REFERENCE 
The 5007/5008 series are pin and function
ally compatible with the DAC-08 series of 
devices. 

PMI 

DAC-08A 
DAC-08 
DAC-08H 
DAC-08E 
DAC-08C 

SIGNETICS 

SES009 
SES008 
NES009 
NES008 
NES007 
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BLOCK DIAGRAM 
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2UIL flJGff SPEED MULTIPLYING 011 CONIER_. NES001/S008/SES008 
NE5007/5008-F,N 

SE5008-F 
Pin 3 must be 3V more negative than the potential to which R15 is returned. 

ELECTRICAL CHARACTERISTICS V S = ±15V, I REF = 2.0mA, Output characteristics refer to both lOUT and I OUT unless 

otherwise noted. NE5008: T A = O°C to 70°C. SE5008: T A = -55°C to 125°C. 

NE5007 NE5008 SE5008 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

Resolution 8 8 8 8 8 8 8 8 8 Bits 

Monotonicity· 8 8 8 8 8 8 8 8 8 Bits 

Relative accuracy Over temperature range ±0.39 I ±0.19 ±0.19 DfoFS 

ts I Settling time I To ±% LSB, all bits 
switched on or off,T A=25°C I 

85 

1 

135 85 135 85 

1
135 

ns 

Propagation delay ns 

tpLH Low-to-high T A =25° C, each bit. 
35 60 35 60 35 60 

tpHL High-to-Iow All bits switched 

TCIFS Full scale tempco ±10 ±10 ±10 ppm/DC 

VOC Output voltage Full scale current change -10 I +18 I -10 +18 -10 +18 V 
compliance <'12 LSB 

I FS4 Full scale current VREF=10.000V, 1.94 1.99 2.04 1.94 1.99 2.04 
1.94

1 

1.99 
1

2
.
04 

mA 
R'4, R'5=5.000kn, 
T A=25°C 

I FSS Full scale I FS4-IFS2 ±2.0 ±16 
I 

±1.0 
I 

±8.0 ±1.0 ±8.0 f.1.A 
symmetry 

I ZS Zero scale current 0.2 4.0 I 0.2 2.0 0.2 2.0 f.1.A 

I FSR Output current V---5.0V 0 2.0 2.1 0 2.0 2.1 0 2.0 2.1 mA 
V-=-7.0V to -18V 0 2.0 4.2 0 2.0 4.2 0 2.0 4.2 

Logic input levels 

2.0 1 I 

V 
VIL Low 

VLC=OV 
0.8 0.8 0.8 

V IH High 2.0 2.0 

Logic input current VLC-OV f.1.A 

IlL Low VIN=-10V to +0.8V -2.0 -10 -2.0 -10 -2.0 -10 

IIH High VIW2.0V to 18V 0.002 10 0.002 10 0.002 10 

VIS Logic input swing I V---15V -10 I I +18 I -10 I I +18 I -10 I +18 V 

VTHR Logic threshold VS=±15V -10 
1 

I +13.51-10 I 1+13.5 1 -10 1 1 +13.5 V 
range 

1'5 Reference bias 
I 

-1.0 1 -3.0 I 
1 

-1.0 -3.0 1 -1.0 -3.0 f.1.A 
current 

dl/dt Reference input I Figures 1., 3 4.0 ! 8.0 
1 

40 1 8.0 
1 

4.0 8.0 mA/f.1.s 
slew rate I 
Power supply IREF=lmA DfoFS/DfoVS 
sensitivity 

PSSI FS+ Positive V+=4.5 to 5.5V, V-=-15V; 0.0003 0.01 0.0003 0.01 0.0003 0.01 
V+=13.5 to 16.5V, V-=-15V 

PSSI FS_ Negative V-=-4.5 to -5.5V, V+=+15V; 0.002 0.Q1 0.002 0.Q1 0.002 0.01 
V-=-13.5 to -16.5, V+=+15V ; 

, Powersupplycurrent 

I 

I 1 mA 
1+ Positive VS=±5V,IREF=1.0mA 

2.3 3.8 2.3 
I 

3.8 2.3 I 3.8 
1- Negative -4.3 -5.8 -4.3 -5.8 -4.3 -5.8 

1+ Positive I V S=+5V, -15V, I REF=2.0mA 
2.4 3.8 2.4 

I 
3.8 2.4 3.8 

1- Negative -6.4 -7.8 -6.4 -7.8 -6.4 -7.8 

1+ Positive I V S=±15V, I REF=2.0mA 
2.5 3.8 2.5 

1 
3.8 2.5 3.8 

1- Negative -6.5 -7.8 -6.5 -7.8 -6.5 -7.8 

PD Power dissipation ±5V, I REF=1.0mA 33 48 33 48 33 48 mW 

+5V, -15V, IREF=2.0mA 108 136 108 136 108 136 

±15V, IREF =2.0mA 135 174 135 174 135 174 

NOTE *NES007 must have a minimum reference current of .8JJ.A. 
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NESOO7/S008-F,N 
SES008-F 

TYPICAL PERFORMANCE CHARACTERISTICS 

" .E 
I-

:i 
a: 
a: 
::> 
U 
I-
::> .. 
I-
::> 
0 

OUTPUT CURRENT vs OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

ALL BITS ON 

TA =TmintOT~x 

I I 
V-=-1SV. V-!-SV. 'REF = 2mA 

2 .• 

2.' 

I I I I . 
I!EF= ImA 

2.0 

1.6 

1.2 

• IR~F = 0'2mA 

0 .• 

0.' 

FAST PULSED 
REFERENCE OPERATION 

2.5V 

o.sv 

-c. SmA 

'OUT 

-2.SmA 

----
-

-- I ..... 
1\ I -

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA ,... 
i'-o- , i""'" 

1.0mA I" ~ 
1,.00" ". ...... i"-o. 

-
, ~ ...... 

""" 2.0mA 

I OUT 

.?14 -10-8-6 -4 -2 0 2 4 6 B 10121141618 
OUTPUT VOLTAGE {V} 

200ns/division 
REO = 200{}. RL = 10011. CC = 0 

1000000001 (11"1111) 

FULL SCALE SETTLING TIME LSB SWITCHING FULL SCALE CURRENT vs 
REFERENCE CURRENT 

lOGIC 
INPUT 

2.4V 

O.4V 

OUTPUT -1f2 LSB 

-

-

SETTLING +lhLSg-

316 

ALL BITS SWITCHED ON 

II 
6.0 

JJ , 
2.4V-tttttttttt~ 

BIT 8 I. 

LOGIC INPUT ~~~;j;~I'~=t=t=t=t~ Q.4V-
OV-

r- :~L =B:;;~'~~;;~x-
LIMIT FOR - v-=-.~ 

1/ 
0 1/ 

1/ 
1/ 

1/ l"-uMITFOR 

1 
'.0 

~ 
a: 
~ 3. 
U 

5 
~ 2.0 

SOns/division 
o 
in 

_II.. 1. / Y-=r-

500 

! 400 

; 
~ 300 
z 
o 
;: 
~ 200 

o 
f 100 

LSB PROPAGATION DELAY 
vs IFS 

~ 

-
r-
r-

!~ 
1LSB = ~~I~A ',~~,B -7 .• /JA 

111111111 
'" - '" - N '" o 0 0 0 
~~~~OOO"':N.c"" 

I FS' OUTPUT FULL SCALE CURRENT (mAl 

50nsl division 
0 

o 
o 

1/ 

'.0 

1 

j L 
2.0 3.0 '.0 

'REF' REFERENCE CURRENT (mA) 

SmDOliCS 

a; 
:!! 
I- 0 
::> 5 -2 

~ -4 

~ :: 
a: 

-'0 

-. 2 

-.. 

REFERENCE INPUT 
FREQUENCY RESPONSE 

'" , 
" - R'4'" R'6 = 1kn " 1\ 

Rl ~500n 

" 1\.' 2 - ALL BITS "ON" 
V R15 =OV I\. , , 

"' ~ 
I I III 1\ , 

"' 0.1 0.2 0.5 1.0 2.0 

FREQUENCY (MHz) 
6.0 10 

Curve l:CC = l5pF. V IN = 2.0V p-p centered at +1.0V. 
Curve 2:CC = l5pF. V IN = 50mV p-p centered at 

+200mV. 
Curve 3:CC = OpF, Y,N = 100mV p-p centered at OV 

and applied thru 50n connected to pin 14. 
+2.0V applied to R14 . 

""-

•. 0 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

REFERENCE AMP COMMON 
MODE RANGE 

2. 

c 
! 2 . 
... 
i5 2. 
a: 

8 

• 
0 

~ 1. 6 

" !; 1. 2 

I!: 5 o. 8 

o. • 
0 

v- =-15V 

I 

I 
I 

ALL BITS ON 

TA = T min to Tmax 

I I 
v- =-sv I JY+:O+15V 

II 'REF = 2mA 

I I 
IREF~ lmA r-
I I 

I REF - O.2m~_ 

-14 -10 -6 -4 -2 0 2 4 6 81012141618 
·Yn . REFERENCE COMMON MODE VOLTAGE IV} 

Positive common mode range is always (V+) - 1.5V 

OUTPUT VOLTAGE COMPLIANCE 
VB TEMPERATURE 

TEMPERATURE 1°C) 

POWER SUPPLY CURRENT VB V-

8.0 

17 . 

~ 6. 
a: 
a: 5. 
::> 

" > •. 

~ ::> 3. 
co 
ffi 2. 

0 

0 

0 

0 

0 

0 

~ 1.0 

BITS MAY BE HIGH OR Lowl J. 
1- WITH I REF = 2mA 

I-LITJI I ~L 
REF 

1- WITH IREF = 0.2mA 

'\. H 

0 o -2.0-4.0 -6.0 -8.0 -10 -12 -14 -16 -18 -20 
V-, NEGATIVE POWER SUPPLY (Vdcl 

~ 

LOGIC INPUT CURRENT VB 

INPUT VOLTAGE 

.- 6.0 

~ 
a: 
a: 
::> " .. 0 

~ 
;!; 

~ 2. 

9 
0 
II 

I 
o I 
-12 -8.0 -4.0 0 4.0 8.0 12 16 

LOGIC INPUT VOLTAGE IVI 

BIT TRANSFER CHARACTERISTICS 

c 
! ~ 

~ 1.0~~=t::t=!::tt:t::t:t:t:~~::1 
'REF =2.0mA 

~ O.8t:j~:t::t:t=tlt:tttt:~~:::j 

~ o.6~~:i~i±ltEEESS~ 5 O.4~ 

.~lLilv-·~B-156v mmB'm~ 0.2 nV---5V 

-~2 -8.0 -4.0 0 4.0 8.0 12 16 
LOGIC INPUT VOLTAGE ,(V) 

NOTE 

B, through B8 have identical transfer characteristics. 
Bits are fully switched, with less than % LSB error, at 
less than t100mV from actual threshold. These switch
ing points are guaranteed to lie between 0.8 and 2.0 
volts over the operating temperature range (VLC :: 
O.OV). 

8.0 

POWER SUPPLY CURRENT 
VB TEMPERATURE 

C 
! 7.0 

ALL BITS HIIGH OR LOW 

i •. 0 
a: 

V-=-16V 1-

I REF = 2.0mA 
a: 5.0 ::> 

" ~ '.0 .. .. 
:> 3.0 
U) 

I I I 
r I I 
V+ = +15V I' 

a: 
w 2.0 

~ 1.0 .. 
0 

I I I 
I I I 

-50 o +60 +100 +150 
TEMPERATURE (OC) 

S!!)DDtiCS 

. NES007/S008-F,N 
SES008-F 

VTH - VLC VB TEMPERATURE 

0 2. 

1. 

1. 

8 

8 

S; 1. 

-g 1. 

4 

2 

:::- 1. 

~ O. 
> o. 

0 

8 

6 

• o. 
O. 2 

o 

r""'-o 
I" 

I""-

-50 o +50 +100 +150 

TEMPERATURE fOCI 

POWER SUPPLY CURRENT VB V+ 

8. 0 

1 7 . 0 

i 8. 0 
w 
~ 6. 0 
::> 

" .. 
~ 

0 

~ 3. 0 
U) 

0 I 2. 

2 1. 0 

o 

ALL BITS HIGH OR LOW 

1-

I' 

o 2.0 4.0 8.0 8.0 10 12 14 16 18 20 
V+, POSITIVE POWER SUPPLY (Vdc) 

TYPICAL APPLICATION 

PULSED REFERENCE OPERATION 

ov.rt. 

+VREF 

Y 
:. r OPTIONAL RESISTOR 
:: lFOR OFFSET INPUTS 

., RREF ,. . 

TYPICAL VALUES 

RIN ~ 5K 
+V IN=10V 
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DESCRIPTION 
The S009 monolithic 8-bit digital-to-analog 
converter is an electrical selection of the 
S007 IS series of S-bit DI A converters. Rela
tive accuracy is specified to ±1/4 LSB maxi
mum over the operating temperature range. 
Differential nonlinearity and settling times 
are also specified to maximum limits. 

The device is specifically designed for pre
cision applications in process control and 
military systems. The SES009 is specified as 
equal or superior to the PMI DAC-OSA in all 
respects. Additional relevant testing and 
application material is shown in the data 
sheet and application notes for the 
NES007/S. 

CROSS REFERENCE 
The S009 series are pin and functionally 
compatible with the DAC-OS series of de-
vices. 

PMI 
DAC-OSA 
DAC-OS 
DAC-OSH 
DAC-OSE 
DAC-OSC 

318 

SIGNETICS 
SE-S009 
SE-SOOS 
NE-S009 
NE-SOOS 
NE-S007 

NES009-F,N • SES009-F 

FEATURES PIN CONFIGURATION 
• Fast seHling output current-60ns typI

cal, 135ns maximum 
• Relative accuracy- ±0.1% maximum 
• Differential nonllnearlty-±0.19% maxi

mum 
• Low full-scale current drift, ±10 ppmfO C 

typical 
• SE5009 military qualifications pending 

APPLICATIONS 
• Fast a-bit AID converter 
• Variable gain amplifiers 
• Waveform generators 
• 3 digit BCD DIA converter (0.1%) 
• Programmable power supplies 

EQUIVALENT SCHEMATIC 

V REF (+) o-:.;'4=t--,,---1I---., 

REFERENCE 
AMPLIFIER 

16 
COMPo v-

a, a. a, 

F,N PACKAGE· 

a, 

ORDER PART NO. 
NES009F.N 

SES009F 

a, 
L5a 
a, 

ABSOLUTE MAXIMUM RATINGS TA = 2S0C unless otherwise specified. 

PARAMETER RATING UNIT 

Total supply voltage (v+ - V-) 36 V 
Logic input voltage V- + 36 V 
VLC Voltage at pin 1 V- to V+ V 
Reference input voltage V- to V+ V 
Reference input differential voltage ±lS V 
Reference input current S.O mA 
Operating temperature range 

SES009 -S5 to +125 °C 
NES009 o to +70 °C 

Storage temperature range -65 to +150 °C 
Lead soldering temperature (10sec) 300 °C 
Power dissipation" SOO mW 

NOTE 

*Derate F package at 10mW/oC above 100o e. 

SfgDotiCS 



NES009-F,N • SES009-F 

DC ELECTRICAL CHARACTERISTICS Pin 3 must be 3V more negative than the potential to which R15 is returned. 

PARAMETER 

Resolution 
Monotonicity 

Relative accuracy 
Differential nonlinearity 

TCIFS Full scale tempco 
VOC Output voltage compliance 

IFS4 Full scale current 

IFss Full scale symmetry 
Izs Zero scale current 

IFSR Output current range 

Logic input levels 
VIL Logic "0" 
VIH Logic "1" 

Logic input current 
IlL Logic "0" 
IIH Logic "1" 

VIS Logic input swing 
VTHR Logic threshold range 

115 Reference bias current 

Power supply sensitivity 
PSSIFS+ 

PSSIFS-

Power supply current 
1+ 
1-

Power supply current 
1+ 
1-

Power supply current 
1+ 
1-

PD Power dissipation 

These specs apply for Vs = ± 1SV, IREF = 2mA, 
TA for NES009 0° to 70°C, TA for SES009 -Sso to +12SoC. 
Output characteristic for both lOUT and lOUT. 

NE5009 SE5009 
TEST CONDITIONS 

Min Typ Max Min Typ 

8 8 8 8 8 
8 8 8 8 8 

Over temperatL(re range ±0.1 
±0.1 ±0.19 ±0.1 

±10 ±SO ±10 
Full scale cl!rrent change < 1/2 LSB -10 +18 -10 

VREF = 10.000V, R14'R15 = S.OOCK 1.984 1.992 2.000 1.984 1.992 
TA = 2SoC 
IFS4 - IFS2 ±O.S ±4.0 ±O.S 

0.1 1.0 0.1 

V- = -S.OV 0 2.0 2.1 0 2.0 
V- = -7.0V to -18V 0 2.0 4.2 0 2.0 

VLC = OV 0.8 
VLC = OV 2.0 2.0 

VLC = OV 
VIN = -10V to +0.8V -2.0 -10 -2.0 

VIN = 2.0V to 18V 0.002 10 0.002 

V- = -1SV -10 +18 -10 

Vs = ±1SV -10 +13.S -10 

-1.0 -3.0 -1.0 

IREF = 1mA, V- = -1SV: 
V+ = 4.S to S.SV 0.0003 0.01 0.0003 

V+ = 13.S to 16.SV 0.0003 0.01 0.0003 
IREF = 1mA, V+ = +1SV: 

V- = -4.S to -S.SV 0.0003 0.01 0.0003 
V- = -13.S to -16.SV 0.0003 0.01 0.0003 

Vs = ±1SV, IREF = 1.0mA 
2.3 3.8 2.3 
-4.3 -S.8 -4.3 

Vs = +SV, -1SV; IREF = 2.0mA 
2.4 3.8 2.4 
-6.4 -7.8 -6.4 

Vs = ±1SV, IREF = 2.0mA 
2.S 3.8 2.S 

-6.S -7.8 -6.S 

±SV, IREF = 1.0mA 33 48 33 
+SV, -1SV, IREF = 2.0mA 108 136 108 

±1SV, IREF = 2.0mA 13S 174 13S 

Si!lDotiCS 

UNIT 
Max 

8 bits 
8 bits 

±0.1 % FS 
±0.19 % FS 

±SO ppm/oC 
+18 V 

2.000 mA 

±4.0 p.A 
1.0 p.A 

2.1 mA 
4.2 mA 

0.8 V 
V 

-10 p.A 
10 p.A 

+18 V 
+13.S V 

-3.0 p.A 

0.01 %FS/%VS 
0.01 %FS/%VS 

0.01 DfoFS/OfoVS 
0.01 DfoFS/OfoVS 

3.8 mA 
-S.8 mA 

3.8 mA 
-7.8 mA 

3.8 mA 
-7.8 mA 

48 mW 
136 mW 
174 mW 

319 
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lie 1 GINIERIER HE/SESDDI 

NES009-F,N • SES009-F 

AC ELECTRICAL CHARACTERISTICS These specs apply for Vs = ±1SV, IREF = 2mA, 
Output characteristic for both lOUT and lOUT. 

PARAMETER 

ts Settling time 

Major carry transition 

tPLH,tpHL Propagation delay 
Each bit 
All bits switched 

di/dt Reference input slew rate 

TEST CIRCUIT 

v- Vt 

CONTROL v;:======: 
lOGIC " 

REFERENCE DAC 
ACCURACY> .006% 

TEST CONDITIONS 

To ±1/2 LSB all bits switched 
ON or OFF, TA = 25°C 

To 90% complete, TA = 2SoC 

TA = 25°C 

TYPICAL PERFORMANCE CHARACTERISTICS 

2.8 

0 

6 

1 2.4 

~ 2. 

~ 1. 

" ~ 1. .. 
~ O. 
o 

o. 

2 

8 

4 

OUTPUT CURRENT VI OUTPUT 
VOLTAGE (OUTPUT 

VOLTAGE COMPLIANCE) 

ALL BITS ON 

TA 0:: Tmin toT m!x 

I I 
v- 0 ~'5V. V-! -5V. 'REF - ~mA 

I I I I , I' 
liEF = \mA 

, 
'R~F - ol2mA 

0 
-14 -10-8-6-4-2 a 24 681012141618 

OUTPUT VOLTAGE (V) 

320 

FAST PULSED 
REFERENCE OPERATION 

2.SV 

O.sv 

-O.SmA 

lOUT 

-2.5mA 

-l-I-
-l-I-

r\ 

200ns/division 
REO ~ 200n. RL ~ lOOn, cc ~ 0 

S~nl!tics 

J!' 
II 

~ 

SE/NESOO9 
UNIT 

Min Typ Max 

60 135 ns 
20 ns 

35 60 ns 
35 60 ns 

4.0 8.0 mA=J.!S 

TRUE AND COMPLEMENTARY 
OUTPUT OPERATION 

OmA - 100""' ..... r-.. l.".oo 

1.0mA "Jo... " -
P I""ii ~ " ,~ ~ " lOUT 2.0mA 

(00000000) (111111111 



8 III I GOIIEIIEI 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

FULL SCALE SETTLING TIME LSB SWITCHING 

IV ALL BITS SWITCHED ON 

HE/SESIID 
NES009-F,N • SES009-F 

FULL SCALE CURRENT vs 
REFERENCE CURRENT 

2,4V 5.0 -
LOGIC 
INPUT 

Q.4V 

II 
-

OUTPUT -12lSB 

SETTLING +if2LS~ 
-
-
-

II , 
SOns/division 

See Figure 13 for settling time fixture 

50 

40 

30 

20 

'0 

LSB PROPAGATION DELAY 
vs IFS 

0 

0 

0 

0 

0 
) 

lLSB = 78nA ~~~B = 7.BJ1A 

111111111 0 
~ 

~~~~cicici~~~~ 
I FS OUTPUT FUll SCALE CURRENT (rnA) 

2.'V-HUm~ BIT8 ~ I. 

LOGIC INPUT :~~~t;~"~=t=t=t=t~ O.4V-
OV 

SpA -It-t-II~'I-'l--t--t-~ 
'OUT 0 -t-+-+-+-"lVrIf-t-t-i-i-J 

-, 
-, 
-, 

SOns/division 

REFERENCE INPUT 
FREQUENCY RESPONSE 

2 
0 ""~ 2 I" 
4r- Au = Rl~ '" lkH " Rl :::;;500U 

I~ 1\.' 6t- ALL BITS "ON" 

8 
V R1S =OV 1\ , 

0 I I 1111 2 I I 1111 1\ 
, J I I III 
0.1 0.2 0.5 1.0 2.0 

FREOUENCY (MHz) 

1\ 2 

" 
5.0 10 

Curve 1:CC = 15pF, V,N = 2.0V p-p centered at +1.0V. 
Curve 2:CC = 15pF, V,N = 50mV p-p centered at 

+200mV. 
Curve 3:CC = OpF, V,N = 100mV p-p centered at OV 

and applied thru son connected to pin 14. 
+2.0V applied to R'4. 

~ 
g t- :~l =B~;;~'~O'~;~X_ r- LIMIT F07~ 

v-= -'f2 P-
I- 4.0 

iii 
'" ~ 3. 0 
u 

'" ~ 2.0 

o 

_~ 1. 0 

o 
o 

IL 
1/ 

L 
V 

V I'"MIT FOR 

V J=j5V. 

L ~~ 
J J 

'.0 2.0 3.0 4.0 

'REF REFERENCE CURRENT (rnA) 

REFERENCE AMP COMMON 
MODE RANGE 

ALL BITS ON 

T A =T min to T max 

2. 8 

I I 4 2. 

V-=-15V V-=-5V J Jv+:;;+1 SV 
0 

I II 'REF ""-2mA 
6 

2. 

1. 

,. 2 I I 
8 'REF:=lmA ~ 

I I I 
4 IREF=O.2m~-

o. 

o. 

0 

5.0 

-14 -10 -6-4-20 24681012141618 

Vl~ REFERENCE COMMON MODE VOLTAGE (VI 

Positive common mode range is always (V+l - 1.SV 

LOGIC INPUT CURRENT vs 
INPUT VOLTAGE 

VTH-VLC vs TEMPERATURE 

~ 
I- 6.0 

iii 
'" '" ::0 
(.J 4.0 

'" ::0 
"-
~ a 2.0 

9 

o 

II 
I 
I 

-12 B.O 4.0 4.0 8.0 12 16 -
LOGIC INPUT VOLTAGE (V) 

2.0 

'.8 

'.6 

~ 1.4 

g 1.2 

~ 1.0 

~ 0.8 
> 

0.6 

D.' 
0.2 

Si!lDOliCS 

i". 

-50 

...... 
...... 

+50 +100 +150 

TEMPERATURE fOCI 
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8.IIT HIGH SPEED MULTIPnlNG 011 CONVERTER 

SETTLING TIME AND PROPAGATION DELAY 

322 

0,. 02 = IN6263 or equivalent 
03 = IN914 or equivalent 
C, = 0,01,,1 
C2. C3 = 0.1,,1 
Q1 = 2N3904 or equivalent 
C4. C5 = 15pf and includes all 

probe and flxturing capacitance 

R'4 = 5.00kll 

VREF = 10.000V D---'l/IIIr--I'4 
IRef = 2.00mA 

R,s = 
5.00k n 

'5 

vs-= -15.0Y 

BASIC 5008/5009 CONFIGURATION 

MSB234567lSB 

+V Ret 

5 6 7 8 9 10 11 12 
(LOW T.e.) L--_-:-_-!'4 ...... -------0 '0 

5008/9 

,----_--1'5 
'0 

+VRe' 255 -
IFS ~ -- X - ; 10 + 10 = IFS for all logic states 

RRe. 256 

RECOMMENDED FULL SCALE AND ZERO SCALE ADJ. 

R, 

R, 

~-------f" 

R, = low T.C. 
R3 = R, + R2 

r----t'5 

R, 

R2 := 0.1 R1 to minimize 
pot. contribution to full scale drift 

S008/9 

v.~v

RS=20kH 

9jgDOtiC9 

Vs+ = "'15.0Y 

NE/SESOOI 

NE5009-F,N • SE5009-F 



IE/SESDD! 
NES009-F,N • SE5009-F 

UNIPOLAR VOLTAGE OUTPUT FOR LOW IMPEDANCE OUTPUT 

SkU (LOW T.C.) 

IR = 2mA 

5008/9 
0-----1 '4 >---I~OVOUT ~ 

o TO +10V 
1S 

Skn NE535 

OR EQUIV. 

UNIPOLAR VOLT OUTPUT FOR HIGH IMPEDANCE OUTPUT 

a) Positive Output y V=1DOOOV 

SkU Skil 

'R :'> = 2mA 
5008/9 - 14 

YOUT 

Your 

/ 

b) Negative Output YOUT 

IR = 2mA 
5008/9 

O----i14 

BASIC BIPOLAR OUTPUT OPERATION (OFFSET BINARY) 

TV: 10.00V 

J 10kll 

IR = 2mA ) 
10kU - 14 

5008/9 

YOUT 

/ t_ 
YOUT 

CODE CHART 

8, 8 2 83 84 8S 86 87 88 VOUT V OUT 

POS full scale 1 1 1 1 1 1 1 1 -9.920V +10.000 
POS f.s. - 1 LSB 1 1 1 1 1 1 1 0 -9.840V +9.920 
+ Zero scale + 1lSB 1 0 0 0 0 0 0 1 - O.OBOV +0.160 

Zero scale 1 0 0 0 0 0 0 0 0.000 +0.080 
Zero scale - 1 LSB 0 1 1 1 1 1 1 1 O.OBO 0.000 
Neg full scal. - 1 LSB 0 0 0 0 0 0 0 1 +9.920 -9.840 
Neg fuJI scale 0 0 0 0 0 0 0 0 +10.000 -9.920 

SjgDDtiCS 323 



324 

SYMMETRICAL OFFSET BINARY (BIPOLAR) 

IR= 2mA 

0-_-1 '4 

Your = 0 to ±v· 

±V"Range: 
±5V for R1 = R2 = 2.5K 
±10V for R1 = R2 = 5.0K 

R, 

5008/9 

R, 

NE5009-F,N • SE5009-F 

3 DIGIT BCD CONVERTER 
A 3 digit BCD converter, using inexpensive 
8-bit binary DACs, can achieve ±0.1% accu
racy. The circuit shown in Figure 20 utilizes 
three DACs, one for each decade, to provide 
o to 999 output steps. DAC 1 contains the 
first four significant digits controlling the 
hundreds digit; DAC 2 controls the tens 
digit and DAC 3 steps 0 to 9. The feedback 
resistor (R7) sets the zero scale at O.OOV. 

The input coding is the popular 8-4-2-1 
coding; i.e. the weighting ratios are 8, 4, 2 
and 1. The full scale (999) BCD code is input 
code 100110011001. 

Full scale adjustment procedure. 

In the sequence below, switch on the follow
ing code combinations and adjust the indi
cated potentiometer for the proper output. 

3 DIGIT BCD CONVERTER WITH ±O.1% ACCURACY 

VREF = 10.00v 

R, R. 

1k 4.SK 

-=-

+15V 

rE rE .;; .. 

R, R, 

14 5 THRU 12 

" NE5008 
10K 45K 

" ,. 
-=-

+ 15V 

.. e =:1 
III GIl III .... 

R, R, 

" 
5 THRU 12 

15 NE5Q07 

100K 4_ ,. ,. 
-=-

+15Y 

.01#1F 

-15V 

-=-

.01J1F 

-15V 

-=-

.OWF 

-15V 

Si!llotiCS 

INPUT CODE 

MSD LSD 

1 . 000000000000 
2. 000000001001 
3. 000010011001 
4. 100110011001 

RS,8k ±O.1% 

+t5V 

ADJUST 

POT 

R7 
RS 
R2 
Rl 

DESIRED 

OUTPUT 

O.OOOV 
0.09V 
0.99V 
9.99V 

>---I~-OVOUT 

-15V 



II 

DESCRIPTION 
The NE5018 is a complete 8-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(19) 

Vee + 

(13) Y;~~o----+--< 

(10) 
[E 

(12) Y:~:,o---"",,-------.J 

8K 

(14) YR~~o-t-'lM~-------' 

Vcc
(17) 

All R values equal 5KQ and are thermally matched. 

FEATURES 

• 8-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± 1/2 LSB (.19%) 
• Monotonic to 8 bits 
• Amplifier and reference both short

circuit protected 
• Compatible with 2650,8080 and many 

other /LP'S 

APPLICATIONS 

• Precision 8-bit DIA converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring Instruments 
• Analog-digital multiplication 

(9) (8) (7) (6) (5) (4) (3) (2) 
DB7 DB6 DB5 DB4 DB3 D82 DB1 DBO 

M~ ~B 

LATCHES AND 
SWITCH DRIVERS 

DAC SWITCHES 

Figure 1 

ssgnDliCS 

! DAC CURRENT 
OUTPUT 

I 
SE/NE5018 F,N 

PIN CONFIGURATION 

F,N PACKAGE 

AMP. COMPo 

SUM NODE 

VOUT 

Ycc-

DAC COMPo 

BIPOLAR OFFSET R 

VREF IN 

LE VREF OUT 

VREF ADJ. 

SESO 18 available in F package only. 

(1) 
DIGITAL 

GHD 

R 

,---------0 SUM NODE (20) 

R 

>-4---oYOUT (18) 

'------0 ~~~P. (21) 

+---------0 ~~~~OG (22) 
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S BIT pP COMPATIBLE OIA CONVERTER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at VREF input 
VREFAOJ Voltage at VREF adjust 
VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

10UTSC Short-circuit current to ground 
or either supply at VOUT 

Po Power dissipation' 
-N package 
-F package 

TA Operating temperature range 
SE5018 
NE5018 

TSTG Storage temperature range 

TSOLO Lead soldering temperature 
(10 seconds) 

'NOTES 
For N package, derate at 120°C/W above 35°C 
For F package, derate at 75°C/W above 76°C 

RATING 

18 
-18 

o to 18 
12 

o to VREF 
12 

Continuous 

Continuous 

800 
1000 

-55 to +125 
o to +70 

-65 to +150 

300 

SE/NUBIS 

SEINE5018 F.N 

UNIT 

V 
V 
V 
V 
V 
V 

mW 
mW 

°c 
°c 
°c 

°c 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V. VCC- = -15V. SE5018. -55°C:=; TA:=; 125°C. 

PARAMETER 

Resolution 
Monotonicity 
Relative accuracy 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 

VIN(l) Logic "1" input voltage 
VIN(O) Logic "0" input voltage 

IIN(l) Logic "1" input current 
IIN(O) Logic "0" input current 

VFS Full scale output voltage 

VFS Full scale output voltage 

VZS Zero scale voltage 

lOS Output short circuit 
current 

PSR+(out) Output power supply 
rejection (+) 

PSR-(out) Output power supply 
rejection (-) 

TCFS Full scale temperature 
coefficient 

rCZS Zero scale temperature 
coefficient 

NE5018. O°C :=; TA :=; 70°C unless otherwise specified! 
Typical values are specified at 25°C 

SE5018 
TEST CONDITIONS 

Min Typ Max 

8 8 8 
8 8 8 

±0.19 

11.4 15 

Min 

8 
8 

11.4 
-11.4 -15 -11.4 

Pin 1 = OV 2.0 2.0 

Pin 1 = OV 0.8 

Pin 1 = OV. 2V<VIN<18V 0.1 10 

Pin 1 = OV. -5V<VIN<0.8V -2.0 -10 

Unipolar operation 9.50 9.961 10.50 9.50 
VREF IN = 5.000V. TA = 25°C 

Bipolar operation +4.961 
VREF IN" 5.000V. TA = 25°C -5.000 

5 

TA = 25°C 15 40 
Your = ov 

V- = -15V. 13.5V:=;V+:=;16.5V. .001 .01 
external VREF IN = 5.000V 

V+ = 15V. -13.5V:=;V-:=;-16.5V. .001 .01 
external VREF IN = 5.000V 

VREF IN = 5.000V 20 

5 
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-
NE5018 

UNIT 
Typ Max 

8 8 Bits 
8 8 Bits 

±0.19 %FS 

15 V 
-15 V 

V 

0.8 V 

0.1 10 !LA 
-2.0 -10 !LA 

9.961 10.50 V 

+4.961 V 
-5.000 

5 mV 

15 40 rnA 

.001 .01 %FSI 
%VS 

.001 .01 %FSI 
%VS 

20 ppm/oC 

5 ppm/oC 



SEINE5018 F,N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE5018. -55°C ~ TA ~ 125°C, 
NE5018. O°C ~ TA ~ 70°C unless otherwise specified.1 

Typical values are specified at 25°C 

SE/S018 NES018 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 
IREFSC Reference short circuit TA = 25°C 15 30 15 30 

current VREF OUT = ov 
PSR+(REF) Reference power supply V- = -15V, 13.5V ~ V+ ~ lS.5V, .003 .01 .003 .01 

rejection (+) IREF = 1.0mA 
PSR-(REF) Reference power supply V+ = 15V, -13.5V ~ V- ~ lS.5V, .003 .01 .003 .01 

rejection (-) 

VREF Reference voltage IREF = 1.0mA T = 250C 4.5 5.0 5.5 4.5 5.0 5.5 
TCREF Reference voltage IREF = 1.0mA . A SO SO 

temperature coefficient 
ZIN OAC VREF IN input IREF - 1.0mA 4.0 5.0 S.O 4.0 5.0 S.O 

impedance 
ICC+ Positive supply current VCC+ - 15V 7 14 7 14 
ICC- Negative supply current VCC- = -15V -10 -15 -10 -15 
Po Power dissipation IREF = 1.0mA, VCC - ± 15V 255 435 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 VCC = ± 15V, TA = 25°C 

PARAMETER TO FROM TEST CONDITIONS 
SE/NE5018 

Min Typ Max 

TSLH Settling time ±~ LSB Input All bits low to high3 1.8 
TSHL Settling time ±~ LSB Input All bits high to low4 2.3 

tplh Propagation delay Output Input All bits switched low to high3 300 
tphl Propagation delay Output Input All bits switched high to low4 150 
tplsb Propagation delay Output Input 1 LSB change3,4 150 
tplh Propagation delay Output LE low to high transition5 300 
tphl Propagation delay Output LE high to low transitionS 150 

-.. 
ts Set-up time LE Input 2,7 100 
th Hold time Input LE 2, 7 50 
tpw Latch enable pulse width 2, 7 150 

NOTES 

2. Refer to Figure 3. 
3. See Figure 6. 
4. See Figure 7. 
5. See Figure 8. 
6. See Figure 9. 
7. See Figure 10. 
8. For reference currents> 3mA, use of an external buffer is required. 

s~nDtics 

UNIT 

mA 
mA 

%VR/ 
%VS 

%VR/ 
%VS 

V 
ppm/DC 

KO 

mA 
mA 
mW 

UNIT 

/LS 

/LS 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
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DC PARAMETRIC TEST CONFIGURATION 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (o-10V) 

10K 

lOT 
>~"'VII'v-<>-"" 

FULL SCALE 
ADJUST 

VREF IN 

YREFOur 

VREF ADJ 
S018 

Figure 4 

VOUT 

SUM 

SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 

OATA ------,I 
I. TSLH ·1 

OUTPUT 

2K 

10V _-r==A --------u.u ___ _ __ 

!-'PlH-j+ 

OV ------------------; 

OUTPUT 

Figure 6 

SE/NESDIB 

SEINE5018 F,N 

AC PARAMETRIC TEST CONFIGUTATION 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5V) 

10K ~.oJV""'-o--t 
lOT 

OATA 

OUTPUT 

2K 

Figure 5 

SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 

\ 
I·'-----TS--HL --'~I -
_'PHL_I 

--~Tnk=- -==---==: 
C.=L -*~ 

10V 

OV 

Figure 7 
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SE/NE5018 F,N 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA DATA 

LE ,~-- LE ,'-----
~IPHL---l 

--~ 
10V 

OUTPUT 

OV 

OUTPUT 
10V ___ 7 

OV 

Figure 8 Figure 9 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

LE 

DATA 

Figure 10 
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8 BIT pP CoMFATIBLE I/A CONVERTER 

DESCRIPTION 
The NE5019 is a complete a-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches. controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high. the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale. while main
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

330 

(19) 

Ycc+ 

(13) Y~~~o---_-< 

20K 

(10) 
[E 

(12) y:::.0---4-------I 
8K 

Vcc
(11) 

All R values equal 5KU and are thermally matched. 

FEATURES 

• a-bit resolution 
• Input latches 
• Low-loading data Inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± 1/4 LSB (_1%) 
• Monotonic to 8 bits 
• Amplifier and reference both short

circuit protected 
• Compatible with 2650,8080 and many 

other ILP'S 

APPLICATIONS 

• Precision 8-blt DIA converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring Instruments 
• Analog-digital multiplication 

(0) (8) (7) 
087 DB6 DBS 

MS. 

LATCHES AND 
SWITCH DRIVERS 

DAC SWITCHES 

Figure 1 

SmnOliCS 

! DAC CURRENT 
OUTPUT 

SE/NESI!!! 
SE/NE5019 F.N 

PIN CONFIGURATION 

F,N PACKAGE 

NC 

AMP. COMPo 

SUM NODE 

YOUT 

Vcc-

OACCOMP. 

BIPOLAR OFFSET R 

VHEF IN 

VAEF OUT 

VREF ADJ. 

SE5019 available in F package only. 

(1) 
DIGITAL 

GNO 

,.--------<1 SUM NODE (20) 

>~---oYOUT (18) 

'-----() ~~~P. (21) 

t-----.,-------() ~:,~OG (22) 



F- , SE/NESdIS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at VREF input 
VREFADJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

IOUTSC Short-circuit current to ground 
or either supply at VOUT 

PD Power dissipation' 
-N package 
-F package 

TA Operating temperature range 
SE5019 
NE5019 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

-NOTES 
For N package. derate at 120C>C/W above 35°C 
for F package, derate at 75°C/W above 75 D C 

RATING UNIT 

18 V 
-18 V 

o to 18 V 
12 V 

o to VREF V 
12 V 

Continuous 

Continuous 

800 mW 
1000 mW 

-55 to +125 °C 
o to +70 °C 

-65 to +150 °C 

300 °C 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5019. -55°C ~ TA ~ 125°C, 
NE5019. DoC ~ TA ~70°C unless otherwise specified.' 
Typical values are specified at 25°C 

SE5019 NE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.1 

VCC+ Positive supply voltage 11.4 15 11.4 15 
VCC- Negative supply voltage -11.4 -15 -11.4 -15 

VIN(l) Logic "1" input voltage Pin 1 = OV 2.0 2.0 
VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(I) Logic "1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 

IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 

VFS Full scale output voltage Unipolar operation 9.50 9.961 10.50 9.50 9.961 
VREF IN = 5.000V, TA = 25°C 

VFS Full scale output voltage Bipolar operation +4.961 +4.961 
VREF IN = 5.000V, TA = 25°C -5.000 -5.000 

VZS Zero scale voltage 5 5 

lOS Output short circuit TA = 25°C 15 40 15 
current VOUT = OV 

PSR+(out) Output power supply V- = -15V, 13.5V~V+~16.5V, .001 .01 .001 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V~V-~-16.5V, .001 .01 .001 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 20 
coefficient 

TCZS Zero scale temperature 5 5 
coefficient 

NOTE 
1. Refer to Figure 2. 

SillDotiCS 

SE/NE5019 F,N 

UNIT 
Max 

8 Bits 
8 Bits 

±0.1 OfoFS 

V 
V 

V 

0.8 V 

10 IlA 
-10 IlA 

10.50 V 

V 

mV 

40 rnA 

.01 OfoFS/ 
OfoVS 

.01 OfoFS/ 
OfoVS 

ppm/DC 

ppm/DC 
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SE/NE5019 F,N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC- = -15V, SE5019. -55°C 5 TA 5 125°C, 
NE5019. O°C 5 TA 570°C unless otherwise specified.' 
Typical values are specified at 25°C 

SE5019 NE5019 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 8 3 3 

IREFSC Reference short circuit TA = 25°C 15 30 15 30 
current VREF OUT = OV 

PSR+REF Reference power supply V- = -15V, 13.5V 5 V+ 5 16.5V, .003 .01 .003 .01 
rejection (+) IREF = 1.0mA 

PSR-REF Reference power supply V+ = 15V, -13.5V 5 V- 5 16.5V, .003 .01 .003 .01 
rejection (-) 

VREF Reference voltage IREF = 1.0mA 4.5 5.0 5.5 4.5 5.0 5.5 

TCREF Reference voltage 
TA = 25°C 

60 60 IREF = 1.0mA 
temperature coefficient 

ZIN OAC VREFIN input IREF = 1.0mA 4.0 5.0 6.0 4.0 5.0 6.0 
impedance 

ICC+ Positive supply current VCC+ 15V 7 14 7 14 
ICC- Negative supply current VCC- = -15V -10 -15 -10 -15 
Po Power dissipation IREF 1.0mA, VCC ±15V 255 435 255 435 

NOTE 

1. Refer to Figure 2. 

AC ELECTRICAL CHARACTERISTICS 2 vce = ± 15V, TA = 25°C 

SE/NE5019 
PARAMETER TO FROM TEST CONDITIONS 

Min Typ Max 

TSLH Settling time ±% LSB Input All bits low to high3 1.8 
TSHL Settling time ±% LSB Input All bits high to low4 2.3 

tplh Propagation delay Output Input All bits switched low to high3 300 
tphl Propagation delay Output Input All bits switched high to low4 150 
tplsb Propagation delay Output Input 1 LSB change3,4 150 
tplh Propagation delay Output LE low to high transition5 300 
tphl Propagation delay Output LE high to low transition6 150 

ts Set·up time LE Input 2, 7 100 
th Hold time Input LE 2, 7 50 
tpw Latch enable pulse width 2, 7 150 

NOTES 

2. Refer to Figure 3. 
3. See Figure 6. 
4. See Figure 7. 
5. See Figure 6. 
6. See Figure 9. 
7. See Figure 10. 
8. For reference currents > 3mA, use of an external buffer is required. 

332 Sl!IDotiCS 

UNIT 

rnA 
rnA 

%VRI 
%VS 

%VRI 
%VS 

V 

ppm/oC 

KO 

rnA 
rnA 
mW 

UNIT 

itS 
itS 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 



DC PARAMETRIC TEST CONFIGURATION 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (O-10V) 

10K ~~oJ\IV'v-o--I 

VREF IN 

VREF OUT 

VREF ADJ 
5019 

YOUT 

SUM 

OUTPUT 
lOT 

FULL SCALE 
ADJUST 

Figure 4 

ZERO SCALE 
ADJUST 

2K 

SETTLING TIME AND PROPAGATION DELAY, 
LOW TO HIGH DATA 

DATA ____ I 
I. TSlH .j 7rrt. --------!..b§!! ___ _ __ 

!-IPlH-j+ 

------

10V 

OUTPUT 

OV 

LE = L 

Figure 6 

SE/NE5019 F.N 

AC PARAMETRIC TEST CONFIGUTATION 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5V) 

10K ~'oJ\IV'v-<>-t 
lOT 

DATA 

OUTPUT 

2K 

Figure 5 

SETTLING TIME AND PROPAGATION DELAY, 
HIGH TO LOW DATA 

10V 

OV 

\ I ~--TS-HL---'I--

-----}=- -::---= 

"~, -+~ 
Figure 7 
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SEINE5019 F,N 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA DATA 

\---- \-----
f- ""-H---j I-- 'PHL --i 

OUTPUT 
10V ___ y 

OV 

10V 

--~ OUTPUT 

OV 

Figure 8 Figure 9 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

DATA 

Figure 10 
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B. -B. II M' liD'" allBU D I Ii OU I tuT SE/NullS 

DESCRIPTION 
The NE5118 is a high· speed 8·bit digital to 
analog converter subsystem on one mono· 
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra· 
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro· 
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer· 
ence may be externally trimmed with a po· 
tentiometer for easy adiustment of full scale, 
while maintaining a low temperature co·effi· 
cient. 

The output has high voltage compliance in· 
creasing versatility. 

BLOCK DIAGRAM 

(19) 

(12) V~~~o---....,--c:;, 

.6K 

(10) 
LE 

(11) v:g:.o-__ -+ ____ ---' 

(2') 
ANALOG 0---"1 

GNO 

R 

8K 

(15) REF R 0---'1/'111...,.------, 

(14)+_ .. 

(13)-YREF IN 

Vcc
(17) 

All R values equal 5kU and are thermally matched. 

FEATURES 

• 8-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 112 LSB (.19%) 
• Monotonic to 8 bits 
• Reference short-circuit protected 
• Compatible with 2650, 8080 and many 

other I'P'S 

APPLICATIONS 

• Precision 8-blt DIA converters 
• AID converters 
• Pr09rammable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

(9) (8) (7) (6) (51 (4) (3) (') 
DB7 CB6 DBS DB4 DB3 DB2 DB1 CBO 

MSB lSB 

LATCHES AND 
SWITCH DRIVERS 

SE5118·F. NE5118·N 

PIN CONFIGURATION 

(1) 
DIGITAL 

GND/VLC 

F,N PACKAGE 

SE5118 available in F package only. 

R 

R 

ANALOG GND 

lOUT 

ROUT1 

Vcc+ 

ROUT. 

Vcc-

OAe COMPo 

REF R 

IREF IN 

-YREF IN 

VREFOUT 

RouT. (18) 

r---..... M..---.1--o ROUTl ('0) 

r----------...I---------o lOUT (21) 

OAe SWITCHES 

Figure 1 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at RREF input 
VREFAOJ Voltage at VREF adjust 
VSUM Voltage at sum node 
IREFSC Short-circuit current 

to ground at VREF OUT 

IREFIN Reference input current (Pin 14) 
Po Power dissipation· 

-N package 
-F package 

TA Operating temperature range 
SE5118 
NE5118 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

'NOTES 

For N package, derate at 120°C/W above 36°C 
For F package, derate at 75° C/W above 75°G 

SE5118-F. NE5118-N 

RATING UNIT 

18 V 
-18 V 

Oto 18 V 
12 V 

o to VREF V 
12 V 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 ·C 
a to +70 ·C 

-65 to +150 ·C 

300 ·C 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V. VCC- = -15V. SE5118. -55·C::s TA::S 125·C. 

PARAMETER 

Resolution 
Monotonicity 
Relative accuracy 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 

VIN(t) Logic "1" input voltage 
VIN(O) Logic ·0" input voltage 

IIN(1) Logic "1" input current 
IIN(O) Logic "0" input current 

IFS Full scale output current 

IZS Zero scale current 

VREF Reference 
voltage 

PSR+(out) Output power supply 
rejection (+) 

PSR-(out) Output power supply 
rejection (-) 

TCFS Full scale temperature 
coefficient 

TCZS Zero scale temperature 
coefficient 

NOTES 

NE5118. O·C::s TA ::S 70·C unless otherwise specified. 
Typical values are speCified at 25·C 

SE5118 
TEST CONDITIONS 

Min Typ Max Min 

8 8 8 8 
8 8 8 8 

±0.19 

11.4 15 11.4 
-11.4 -15 -11.4 

Pin 1 = OV 2.0 2.0 

Pin1=OV 0.8 

Pin 1 = OV. 2V<VIN<18V 0.1 10 

Pin 1 = OV. -5V<VIN<0.8V -2.0 -10 

Unipolar operation 1.90 1.992 2.10 1.90 
VREF IN = 5.000V. T A = 25·C 

1 

IREF = 1mA 4.5 5.0 5.5 4.5 
TA = 25°C 

V- = -15V. 13.5V::SV+::S16.5V. .001 .01 
external VREF IN = 5.000V 

V+ = 15V. -13.5V::SV-::S-16.5V. .001 .01 
externa.1 VREF IN = 5.000V 

VREFIN = 5.000V' 20 

IREFIN = 1.00mA2 5 

1. Thi. i. for voltage out only. Sea Unipolar Vonsgo Output .chematlc. 
2. This 18 for current output mode. 
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NE5118 
UNIT 

Typ Max 

8 8 Bits 
8 8 Bits 

±0.19 %FS 

15 V 
-15 V 

V 

0.8 V 

0.1 10 /J.A 
-2.0 -10 /J.A 

1.992 2.10 mA 

1 /J.A 

5.0 5.5 V 

.001 .01 %FS/ 
%VS 

.001 .01 %FS/ 
%VS 

20 ppm/·C 

5 ppm/·C 



SE5118-F. NE5118-N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) vce+ = +15V, vee- = -15V, SE5118. -55°C::;; TA::;; 125°C, 
NE5118. ooe ::;; T A ::;; 70°C unless otherwise specified. 
Typical values are specified at 25°C 

SES118 NES118 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 1 3 3 
IREFSe Reference short circuit TA = 25°C 15 30 15 30 

current VREF OUT = ov 

PSR+(REF) Reference power supply V- = -15V, 13.5V ::;; V+ ::;; 16.5V, .003 .01 .003 .01 
rejection (+) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V ::;; V- ::;; 16.5V, .003 .01 .003 .01 
rejection (-) IREF = 1.0mA 

TeREF Reference voltage IREF = 1.0mA 60 60 
temperature coefficient 

ZIN OAe RREFIN input 4.0 5.0 6.0 4.0 5.0 6.0 
impedance 

Ice+ Positive supply current Vce+ 15V 7 14 7 14 
Ice- Negative supply current Vee- = -15V -10 -15 -10 -15 
Po Power dissipation IREF - 1.0mA, Vce = ± 15V 255 435 255 435 

AC ELECTRICAL CHARACTERISTICS Vee = ± 15V, TA = 25°C 

TEST CONDITIONS 
SE/NES118 

PARAMETER TO FROM 
Min Typ Max 

TSLH Settling time ± ¥.. LSB Input All bits Low-to-high 200 
TSHL Settling time ± ¥.. LSB Input All bits High-to-Iow 200 

tPLH Propagation delay Output Input All bits switched Low-to-high 60 
tpHL Propagation delay Output Input All bits switched High-to-Iow 60 
tPLSB Propagation delay Output Input 1 LSB change 60 
tpLH Propagation delay Output LE Low-to-high transition 60 
tPHL Propagation delay Output LE High-to-Iow transition 60 

ts Set-up time LE Input 100 
th Hold time Input LE 50 
tpw Latch enable pulse width 150 

NOTES 

1. For reference currents> 3mA, use of an external buffer is required. 

GjgDotiCG 

UNIT 

mA 
mA 

%VR/ 
%VS 

%VR/ 
%VS 

ppm/oe 

kD 

mA 
mA 
mW 

UNIT 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
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BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

IASR LSS 
vcc+ 

LE :cO.1~ 

,. 
DIG. GND ,t--o-..., 

15 REFR ANA. GND 22 

'OK 12 VREF OUT 

20 Roun 
5118 

u"M-o-f" VREF ADJ 
SOK 

FAST VOLTAGE OUTPUT 

vcc+ 

[£ lASS LSB ~o.'" 

,. 
DIG. GND 1 

15 REFR ANA. GND 22 

-=-
12VREF OUT 

5118 ROUT2 

" ROUT120 

NOTE 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 0 0 0 0 +10V OV 
1 1 1 1 1 1 1 1 OV -10V 

Pin 20 tied to +10V Pin 20 tied to OV 

SEjNESl18 

SE5ll8-F. NE5ll8-N 

UNIPOLAR VOLTAGE OUTPUT (0 -+10V) 

IASB 

15 REFR 

12 YREF OUT 

<..-VVI.-<:l.--l11 VREF ADJ 

FULL SCALE-

ADJUST 

LSB 

5118 

Vcc+ 

,. 
DIG. GND 1t---o-..., 

ANA. GND 22 

1MIT ---

BASIC UNIPOLAR CURRENT OUTPUT (0 --2mA) 

FULL SCALE 
ADJUST 

MSS LSB 

vcc+ 

,. 
DIG. GND 1 '----"-

ANA. GNO 22 
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DESCRIPTION 
The NE5119 is a high-speed a-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading tor easy interfaCing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po
tentiometer tor easy adjustment of full scale, 
while maintaining a low temperature co-effi
cient. 

The output has high voltage compliance in
creasing versatility. 

BLOCK DIAGRAM 

1191 

1121 VREF o----~-<;. 
OUT 

110) 
[E 

1111 V:~Jo----t----~ 

1221 
ANALOG 0---"1 

GND 

8. 

1151 REF R o--'lM,..,-------, 

114)+"'EF IN 

(13}-VREF IN 

Vcc-
117) 

All R values equal 5kU and are thermally matched. 

FEATURES 

• a-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 114 LSB (.1%) 
• MonotoniC to a bits 
• Reference short-circuit protected 
• Compatible with 2650, 8080 and many 

other liP'S 

APPLICATIONS 

• Precision 8-bit DIA converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

MSB 

171 161 151 141 13) 121 
CBS DB4 DB3 DB2 DB1 DBO 

LATCHES AND 
SWITCH DRIVERS 

LSB 

SE5119·F. NE5119·N 

PIN CONFIGURATION 

F,N PACKAGE 

ANALOG GND 

lOUT 

ROUT 1 

Vcc+ 

ROUT2 

Ycc-

DAC COMPo 

REF R 

LE -VREF IN 

VREFOUT 

SE5119 available in F package only. 

111 
DIGITAL 

GND/VLC 

ROUT2 (18) 

.----'lM,.......-..... --Q ROUT1120) 

.------------.l ___ - _______ OIOU1 (21) 

DAe SWITCHES 

Figure 1 

Si!l0otiCS 

1 DAC CURRENT 
OUTPUT 
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SE5119-F. NE5119-N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 

VIN Logic input voltage 
VREFIN Voltage at RREF input 
VREFAOJ Voltage at VREF adjust 

VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

IREFIN Reference input current (Pin 14) 
Po Power dissipation' 

-N package 
-F package 

TA Operating temperature range 
SE5119 
NE5119 

TSTG Storage temperature range 

TSOLD Lead soldering temperature 
(10 seconds) 

'NOTES 

For N package, derate at 120"C/W above 35°C 
For F package, derate at 75" C/W above 75"C 

RATING UNIT 

18 V 
-18 V 

Oto 18 V 
12 V 

o to VREF V 
12 V 

Continuous 
3 mA 

800 mW 
1000 mW 

-55 to +125 ·C 
o to +70 ·C 

-65 to +150 ·C 

300 ·C 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, SE5119. -55·C ::5 TA ::5 125·C, 
NE5119. O·C ::5 TA ::5 70·C unless otherwise specified. 
Typical values are specified at 25·C 

SE5119 NE5119 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

Resolution 8 8 8 8 8 
Monotonicity 8 8 8 8 8 
Relative accuracy ±0.1 

VCC+ Positive supply voltage 11.4 15 11.4 15 
VCC- Negative supply voltage -11.4 -15 -11.4 -15 

VIN(1) Logic "I" input voltage Pin 1 = OV 2.0 2.0 

VIN(O) Logic "0" input voltage Pin 1 = OV 0.8 

IIN(1) Logic "I" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 0.1 

IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 -2.0 

IFS Full scale output current Unipolar operation 1.90 1.992 2.10 1.90 1.992 
VREF IN = 5.000V, T A = 25·C 

IZS Zero scale current 1 1 

VREF Reference IREF = lmA 4.5 5.0 5.5 4.5 5.0 
voltage TA = 25·C 

PSR+(out) Output power supply V- = -15V, 13.5V::5V+::516.5V, .001 .01 .001 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V::5V-::5-16.5V, .001 .01 .001 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature 
coefficient 

VREFIN = 5.000V' 20 20 

TCZS Zero scale temperature 
coefficient 

IREFIN = 1.00mA2 5 5 

NOTES 

1. This is for voltage out only. See Unipolar Voltage Output schematic 
2. This is for current output mode 
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UNIT 
Max 

8 Bits 
8 Bits 

±0.1 %FS 

V 
V 

V 

0.8 V 

10 ,..A 
-10 ,..A 

2.10 mA 

JJ.A 

5.5 V 

.01 %FSI 
%VS 

.01 %FSI 
%VS 

ppm/·C 

ppm/·C 



SE5119-F. NE5119-N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +15V, VCC~ = -15V, SE5119. -55°C::; TA::; 125°C, 
NE5119. O°C ::; T A ::; 70°C unless otherwise specified. 
Typical values are specified at 25°C 

SE5119 NE5119 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 

IREF Reference output current Note 1 3 3 
IREFSC Reference short circuit TA = 25°C 15 30 15 30 

current VREF OUT = OV 

PSR+(REF) Reference power supply V- = -15V, 13.5V ::; V+ ::; 16.5V, .003 .01 .003 .01 
rejection (+) IREF = 1.0mA 

PSR-(REF) Reference power supply V+ = 15V, -13.5V ::; V- ::; 16.5V, .003 .01 .003 .01 
rejection (-) IREF = 1.0mA 

TCREF Reference voltage IREF - 1.0mA 60 60 
temperature coefficient 

ZIN OAC RREFIN input 4.0 5.0 6.0 4.0 5.0 6.0 
impedance 

ICC+ Positive supply current VCC+ - 15V 7 14 7 14 
ICC- Negative supply current VCC- = -15V -10 -15 -10 -15 
Po Power dissipation IREF - 1.0mA, VCC - ± 15V 255 435 255 435 

AC ELECTRICAL CHARACTERISTICS VCC = ± 15V, TA = 25°C 

TEST CONDITIONS 
SE/NE5119 

PARAMETER TO FROM 
Min Typ Max 

TSLH Settling time ± 1-2 LSB Input All bits Low-to-high 200 
TSHL Settling time ± 1-2 LSB Input All bits High-to-Iow 200 

tpLH Propagation delay Output Input All bits switched Low-to-high 60 
tpHL Propagation delay Output Input All bits switched High-lo-Iow 60 

tPLSB Propagation delay Output Input 1 LSB change 60 
tpLH Propagation delay Output LE Low-to-high transition 60 
tpHL Propagation delay Output LE High-to-Iow transition 60 

ts Set-up time LE Input 100 
th Hold time Input LE 50 
tpw Latch enable pulse width 150 

NOTES 

1. For reference currents> 3mA, use of an external buffer is required. 

Smnotics 

UNIT 

rnA 
rnA 

%VRI 
%VS 

%VRI 
%VS 

ppm/oC 

kfl 

rnA 
rnA 
mW 

UNIT 

ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
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NOTE 

BIPOLAR OUTPUT OPERATION (-1mA TO +1mA) 

MSB 

MSB 

15 REFR 

12 VAEF OUT 

20 ROUT1 

LSB 

5118/9 

vcc+ 

~O.,~ 

19 
DIG. GND 1t--o-, 

ANA. GND 22 

FAST VOLTAGE OUTPUT 

vcc+ 

LSB 

" DIG. GND 11--0-.., 

ANA. GND 22 

ROUT2 

ROUT120 1-0-....,..--0 

DATA INPUT CODE VOLTAGE OUTPUT (PIN 21) 

0 0 0 0 0 0 0 0 +10V OV 
1 1 1 1 1 1 1 1 OV -10V 

'FULL SCALE 
ADJUST 

SE5119-F. NE5119-N 

UNIPOLAR VOLTAGE OUTPUT (0 -+10V) 

Vcc+ 

,. 
DIG. GND 1t--o-, 

ANA. GND 22 

BASIC UNIPOLAR CURRENT OUTPUT (0 --2mA) 

FULL SCALE 
ADJUST 

MSB LSB 

vcc+ 

" DIG. GND 11--0--, 

ANA, GND 22 

Pin 20 tied to + 10V Pin 20 tied to OV 
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DESCRIPTION 
The NE5020 is a microprocessor-compati
ble monolithic 10-bit digital to analog con
verter subsystem. This device offers 10-bit 
resolution and ± O. 1 % accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys
tems. 

The NE5020 contains internal voltage refer
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei
ther unipolar or bipolar output values are 
included on a single monolithic Chip. 

The result is a near minimum component 
count 10-bit resolution DAC system. 

BLOCK DIAGRAM 

FEATURES 
• 1Q-blt resolution 
• Guaranteed monotonicity over 

operating range 
• ± 0_ 1 % relative accuracy 
• Unipolar (OV to +10V) and 

Bipolar ( ± 5V) output range 
• Logic bus compatible 
• 5!,sec settling time 

APPLICATIONS 
• Precision 1Q-bit D/A converters 
• 1Q-bit Analog to Digital converters 
• Programmable power supplies 
• Test equipment 
• Measurement instruments 

(111 (10) (9) (8) (71 (8) (5) (') 

DB9 DBa DB7 DBa CBS DB4 DB3 DB2 
MOB 

(13) ll!.a o-----i 
LATCHES AND SWITCH DRtYERS 

(1) DtGlTAL GND o------....... ------...J 

NE5020-F,N 

PIN CONFIGURATION 

F, N PACKAGE 

ANALOGGND 

AMPCQMP 

SUM NODE 

+Vcc 

VOUT 

-vee 
BIPOLAR OFFSET R 

+VREF INPUT 

-YREF INPUT 

DB8 YREFOUT 

DB9 VREF ADJ 

ll!. [E2 

ORDER PART NO. 
NE5020F 
NE5020N 

(3) (2) 

DB. DBO 

I------<lll!. (12) 

,..------0 :::'(22) 

.... 
(2') +vee:==8 DAC OUTPUT CIHlENT 

(15) YREF OUT 

wrVAEF. 

(14) VREF AOJ 

(.7) + VREF IN o--t-'w..-t------, 

(18) BIPOLAR 

OFFSET 

-vee 
(19) 

>-4 ___ -<> VOUT (20) 

DAC SWITCHES '--__ -<>~~23) 

t------<> ANALOG GND (M) 

AU. R VALlES EQUAL SkO AND AlE THERMAllY MATCHED 

Figure 1 
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NE5020-F,N 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC+ Positive supply voltage 
VCC- Negative supply voltage 
VIN Logic input voltage 
VREFIN Voltage at +VREF input 
VREFAOJ Voltage at VREF adjust 
VSUM Voltage at sum node 

IREFSC Short-circuit current 
to ground at VREF OUT 

10UTSC Short-circuit current to ground 
or either supply at VOUT 

Po Power dissipation· 
-N package 
F package 

TA Operating temperature range 
NE5020 

TSTG Storage temperature range 

TSOLO Lead soldering temperature 
(10 seconds) 

'NOTES 
For N package. derale al 120·CIW above 35·C 
For F package, derate at 75°C/W above 75°C 

RATING UNIT 

18 V 
-18 V 

o to 18 V 
12 V 

o to VREF V 
12 V 

Continuous 

Continuous 

SOO mW 
1000 mW 

o to +70 ·C 
-65 to +150 ·C 

300 ·C 

DC ELECTRICAL CHARACTERISTICS VCc+ = +15V, VCC- = -15V, O·C:5 TA :570·C unless otherwise specified. 1 

Typical values are specified at 25·C 

NE5020 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Resolution 10 
Monotonicity 10 
Relative accuracy ±0.1 

VCC+ Positive supply voltage 11.4 15 16.5 
VCC- Negative supply voltage -11.4 -15 -16.5 

VIN(1) Logic "I" input voltage Pin 1 = OV 2.0 

VIN(O) Logic "0" input voltage Pinl=OV 0.8 

IIN(1) Logic "1" input current Pin 1 = OV, 2V<VIN<18V 0.1 10 

IIN(O) Logic "0" input current Pin 1 = OV, -5V<VIN<0.8V -2.0 -10 

VFS Full scale output voltage Unipolar operation 9.9902 
VREF IN = 5.000V, TA = 25·C 

VFS Full scale output voltage Bipolar operation 4.9902 
VREF IN = 5.000V, TA = 25°C -5.000 

VZS Zero scale voltage Unipolar operation 5 

lOS Output short circuit TA = 25°C ±15 ±40 
current VOUT = OV 

PSR+(out) Output power supply V- = -15V, 13.5V:5V+:516.5V, .001 .01 
rejection (+) external VREF IN = 5.000V 

PSR-(out) Output power supply V+ = 15V, -13.5V:5V-:5-16.5V. .001 .01 
rejection (-) external VREF IN = 5.000V 

TCFS Full scale temperature VREF IN = 5.000V 20 
coefficient 

TCZS Zero scale temperature 5 
coefficient 

NOTE 
1. Refer to Figure 2. 
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UNIT 

Bits 
Bits 
%FS 

V 
V 

V 
V 

/LA 
/LA 

V 

V 

mV 

mA 

%FSI 
%VS 

%FSI 
%VS 

ppmFS 
I·C 

ppmFS 
1°C 



NES020-F,N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) VCc+ = +1SV, VCC- = -1SV, O°C:s TA:S 7Q°C unless otherwise specified. 1 

Typical values are specified at 2SoC 

PARAMETER TEST CONDITIONS 

IREF2 Reference output current 

IREF SC Reference short circuit TA = 2SoC 
current VREF OUT = OV 

PSR+REF Reference power supply V- = -1SV, 13.SV :s V+ :s 16.5V, 
rejection (+) IREF = 1.0mA 

PSR-REF Reference power supply V+ = 1SV, -13.5V :s V- :s 16.5V, 
rejection (-) 

VREF Reference voltage IREF = 1.0mA, T A = 25°C 
TCREF Reference voltage IREF = 1.0mA 

temperature coefficient 
ZIN OAC VREFIN input IREF = 1.0mA 

impedance 
ICC+ Positive supply current VCC+ = 1SV 
ICC- Negative supply current VCC- = -15V 
Po Power dissipation IREF = 1.0mA, VCC = ± 1SV 

NOTE 

1. Refer to Figure 2. 
2. For 'REF OUT greater than 3m .... an external butler I. required. 

AC ELECTRICAL CHARACTERISTICS 3 VCC = ± 15V. TA = 2SoC 

PARAMETER 

TSLH Settling time 

TSHL Settling time 

tplh Propagation delay 
tphl Propagation delay 
tplsb Propagation delay 
tplh Propagation delay 
tphl Propagation delay 

ts Set-up time 
th Hold time 
tpw Latch enable pulse width 

NOTES 

3. Refer to Figure 3. 
4. See Figure 6. 
5. See Figure 1. 
6. See Figure 8, 
7. See Figure 9. 
S. See Figure 10. 

TO 

± ¥.. LSB 
± ¥.. LSB 

Output 
Output 
Output 
Output 
Output 

LE 
Input 

FROM TEST CONDITIONS 

Input All bits low to high4 
Input All bits high to lowS 

Input All bits switched low to high4 
Input All bits switched high to lOWS 
Input 1 LSB change4•5 
LE low to high transition6 
LE high to low transition 7 

Input 3.8 

LE 3,8 
3,8 

I(gDOliCI 

NES020 

Min Typ Max 
UNIT 

3 mA 
1S 30 mA 

.003 .01 "AlVRI 
"AlVS 

.003 .01 "AlVRI 
"AlVS 

4.S 5.0 5.5 V 
60 ppm/oC 

4.0 5.0 6.0 kn 

7 14 mA 
-10 -1S mA 
255 43S mW 

NES020 

Min Typ Max 
UNIT 

S lIS 
5 lIS 

300 ns 
1S0 ns 
1S0 ns 
300 ns 
1S0 ns 

100 ns 
SO ns 
150 ns 
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DC PARAMETRIC TEST CONFIGURATION 

Vcc~ 

Figure 2 

FULL/ZERO SCALE ADJUST-UNIPOLAR OUTPUT (O-10Y) 

10K ,,~'"'VV\,-o--I 

VREFIN 

VREFOUT 

VREF ADJ 
5020 

OUTPUT 

lOT 

FULL SCALE ADJUST ,. 18 

Figure 4 

SUM 

AMP 
COMPo 

ZERO SCALE 
ADJUST 

5K 

SETTLING TIME AND PROPAGATION DELAY. 
LOW TO HIGH DATA 

DATA 

----Jf I. TSLH .\ ;===,J. ---------;r; --- ---
r-'PLH-j 

------

10V 

OUTPUT 

OV 

t:E= LOW 

Figure 6 

NE5020-F.N 

AC PARAMETRIC TEST CONFIGURATION 

Figure 3 

BIPOLAR OUTPUT OPERATION (-5 to +5Y) 

10K 
,,~'"'VV\,-o--I 

lOT 

DATA 

OUTPUT 

IO. l , 

VCC- -

Figure 5 

5K 

SETTLING TIME AND PROPAGATION DELAY. 
HIGH TO LOW DATA 

\ 
I'\...---TS-HL---' -I -

-----5:_ -=--::= 

tt,,~ -+~ 

10V 

OV 

Figure 7 
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NE5020-F,N 

PROPAGATION DELAY, LATCH ENABLE TO OUTPUT PROPAGATION DELAY, LATCH ENABLE TO OUTPUT 

DATA 

LE 

'OY 
OUTPUT 

OV 

DATA 

\'----- LE 

__ 7 OUTPUT 

Figure 8 

LATCH ENABLE PULSE WIDTH, SET-UP AND HOLD TIMES 

DATA 

TTL.OTL 
VTH'" +1.4\1 

+5VCMOS 
VTH = +2.8V 

+5V 

3.61(\2 

PIN' 

tN4148 

Figure 10 

\lTH = VPIN 1 + 1.4V 
+ 15\1 CMOS. HTL, HNIL 

VTH'" +7.6V 

+12V TO +15V +15\1 

10KH 

6.2V 
ZENER 

9.1KH 

+10V CMOS 
VTH = +5.0V 

+10V 

6.2KH 

+--...... -00 PIN' 

3.6KU 

Figure 11 

li~nDliCIi 

'OV 

OV 

\'------
f--'PHL--j 

--~ 
Figure g 

PMOS 
VTH'" OV 

IN4148 

PIN' 

10K!! 

-5V TO -10V 

NOTE DO NOT EXCEED NEGATIVE 

LOGIC INPUT RANGE OF DAC 

1.3K!! 

3.9KU 

10K ECL 
VTH ". -1.29V 
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CIRCUIT DESCRIPTION 
The NE5020 provides ten data latches, an 
internal voltage reference, application resis
tors, and a scaled output voltage, in addition 
to the basic DAC components (see block 
diagram, figure 1). 

Latch Circuit 
Digital interface with the NE5020 is readily 
accomplished through the use of two latch 
enable ports (LE 1 and LE2) and ten data 
input latches. LE2 controls the two most sig
nificant bits of data (DB9 and DBa) while 
LE 1 controls the eight lesser significant bits 
(DB7 through DB</». Both the latch enable 
ports (LE) and the data inputs are static and 
threshold sensitive. When the latch enable 
ports (LE) are high (Logic '1') the data in
puts become very high impedances and es
sentially disappear from the data bus. Ad
dressing the LE with a low (Logic '0') the 
latches become active and adapt the logic 
states present on the data bus. During this 
state, the output of the DAC will change to 
the value proportional to the data bus value. 
When the latch enable returns to a high 
state, the selected set of data inputs (i.e., 
depending on which LE goes high) 'memo
rize' the data bus logic states and the output 
changes to the unique output value corre
sponding to the binary word in the latch. 

The data inputs are inactive and high imped
ance (typically requiring -2/lA for low (.av 
max) or O. l/lA for high (2.0V min» when the 
LE is high. Any changes on the data bus with 
LE high will have no effect on the DAC 
output. 

The digital logic inputs (LE and DB) for the 
NE5020 utilize a differential input logic sys
tem with a threshold level of + 1.4 volts with 
respect to the voltage level on the digital 
ground pin (Pin 1). Figure 11 details several 
bias schemes used to provide the proper 
threshold voltage levels for various logic 
families. 

To be compatible with a bus orientated sys
tem the DAC should respond in as short a 
period as possible to insure full utilization of 
the microprocessor, controller and 1/ 0 con
trollines. Figure 10 shows the typical timing 
requirements of the latch and data lines. 
This figure indicates that data on the data 
bus should be stable for at least 50nsec 
after LE is changed to a high state. 

The independent LE (LE 1 and LE2) lines al
low for direct interface from an 8 bit data bus 
(see figure 12). Data for the two MSB's is 
supplied and stored when LE2 is activated 
low and returned high according to the 
NE5020 timing requirements. Then LEl is 
activated low and the remaining eight LSB's 
of data are transferred into the DAC. With 
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LE 1 returning high the loading of ten bit data 
word from an eight bit data bus is complete. 

Occasionally the analog output must change 
to its data value within one data address 
operation. This is no problem using the 
NE5020 on a 16 bit bus or any other data 
bus with 10 or greater data bits. 

NE5020-F,N 

This can be accomplished from an 8 bit data 
bus by utilizing an external latch circuit to 
preload the two MSB data values. Figure 13 
shows the circuit configuration. 

After preloading (via LE pre-load) the exter
nal latch with the two MSB values, LE2 is 
activated low and the eight LSB's and the 
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two MSB's are concurrently loaded into the 
DAC in one address operation. This permits 
the DAC output to make its appropriate 
change at one time. 

Reference Interface 
The NES020 contains an internal bandgap 
voltage reference which is designed to have 
a very low temperature coefficient and ex
cellent long term stability characteristics. 

The internal bandgap reference (1.23V) is 
buffered and amplified to provide the S volt 
reference output. Providing a VREFADJ (pin 
t4) allows trimming of the reference output. 
Utilization of the adjust circuit shown in fig
ure 16 performs not only VREF adjustment 
but also full scale output adjust. Notice that 
the VREFADJ pin is essentially the sum 
node of an op amp and is sensitive to exces
sive node capacitance. Any capacitance on 
the node can be minimized by placing the 
external resistors as close as possible to 
the VREFADJ pin and observing good layout 
practices. 

The VREF out node can drive loads greater 
than the DAC VREF input requirements and 
can be used as an excellent system voltage 
reference. However, to minimize load ef
fects on the DAC system accuracy, it is rec
ommended that a buffer amplifier is used. 

Input Amplifier 
The DAC reference amplifier is a high gain 
internally compensated op amp used to con
vert the input reference voltage to a preci
sion bias current for the DAC ladder net
work. 

Figure 1 details the input reference amplifier 
and current ladder. The voltage to current 
converter of the DAC amp will generate a 
lmA reference current through OR with a S 
volt VREF. This current sets the input bias to 
the ladder network. Data bit 9 (DB9)(Q9), 
when turned on, will mirror this current and 
will contribute 1 rnA to the output. DBa (Oa) 
will contribute 11" of that value or O.SmA and 
so on. These current values act as current 
sinks and will add at the sum node to 
produce a DAC ladder to sum node function 
of: 

( DB9 + DB8 + DB7 + 
2 4 8 

DB6 + DB5 + DB4 + DB3 + 
16 32 64 128 

DB2 DBI DBa) 
256 + 512 + 1024 

Because of the fixed internal compensation 
of the reference amp, the slew rate is limited 
to typically O. 7V ilLsec and source 
impedances at the VREF INPUT greater than 
SkU should be avoided to maintain stability. 

The -VREF INPUT pin is uncommitted to al
low utilization of negative polarity reference 
voltages. In this mode +VREF INPUT is 
grounded and the negative reference is tied 
directly to the -VREF INPUT. The -VREF 
INPUT contains a SkU resistor that matches 
a like resistor in the +VREF INPUT to reduce 
voltage offset caused by op amp input bias 
currents. 

Output Amplifier and Interface 
The NES020 provides an on chip output op 
amp to eliminate the need for additional ex
ternal active circuits. Its two stage design 
with feed forward compensation allows it to 
slew at ISV ilLsec and settle to within 
± 'hLSB in SlLsec. These times are typical 
when driving the rated loads of RL 2:. Sk and 
CL ::5 SOpF with recommended values of 
CFF = lnF and CFB = 30pF. Typical input 
offset voltages of 5mV and 50k open loop 
gain insure an accurate current to voltage 
conversion is performed when using the on 
chip RFB resistor. RFB is matched to RREF 
and RBIP to maintain accurate voltage gain 
over operating conditions. The diode shown 
from ground to sum node prevents the DAC 
current switches from saturating the op amp 
during large signal transitions which would 
otherwise increase the settling time. 

The output op amp also incorporates output 
short circuit protection for both positive and 
negative excursions. During this fault condi
tion lOUT will limit at ± 15mA typical. Recov
ery from this condition to rated accuracy will 
be determined by duration of short circuit 
and die temperature stabilization. 

NE5020-F,N 

Bipolar Output Voltage 
The NE5020 includes a thermally matched 
resistor, RBIP, to offset the output voltage 
by 5 volts to obtain -SV to +5V output volt
age range operation. This is accomplished 
by shorting pins la and 22 (see figure 14). 
This connection produces a current equal to 
(VREF IN - Vsum node) + RBIP, (ImA nomi
nal), which is injected into the sum node. 
Since full scale current out is approximately 
2mA (1.99aOmA), (2mA - lmA)5k = 5V will 
appear at the output. For zero DAC output 
currents, lmA is still injected into sum mode 
and VOUT = -(5k)(lmA) = -5V. Zero scale 
adjust and full scale adjust are performed as 
described below, noting that full scale volt
age is now approximately +S volts, zero 
scale adjust may be used to trim VOUT = 
0.00 with the MSB high or VOUT = -5.0V 
with all bits off. 

Zero Scale Adjustment 
The method of trimming the small offset er
ror that may exist when all data bits are low 
is shown in figure 15. The trim is the result of 
injecting a current from resistor R2 that 
counteracts the error current. Adjusting po
tentiometer Rl until VOUT equals 0.000 
volts in the unipolar mode or.-5.000 volts in 
the bipolar mode (see bipolar section) ac
complishes this trim. 

Full Scale Adjustment 
A recommended full scale adjustment circuit 
when using the internal voltage reference is 
shown in figure 16. Potentiometer R3 is 
adjusted until VOUT equals 9.99023V. In 
many applications where the absolute accu-
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racy of full scale is of low importance when 
compared to the other system accuracy fac
tors. then this adjustment circuit is optional. 

As resistors RREF. Rfb and RBIP shown in 
figure 1 are integrated in close proximity. 

they match and track in value closely over 
wide ambient temperature variations. Typi
cal matching is less than ± 0.3% which im
plies that typical full scale (or gain) error is 
less than ± 0.3% of ideal full scale value. 

ZERO SCALE ADJUSTMENT 
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DESCRIPTION 
The NE5537 monolithic Sample and Hold 
amplifier combines the best features of ion 
implanted JFET's with bipolar devices to ob
tain high accuracy, fast acquisition time, 
and low droop rate. This device is pin com
patible with the LF198, and features supe
rior performance in droop rate and output 
drive capability. The circuit shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the Sam· 
pie mode. The first amplifier has bipolar in
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve low leak
age current from the hold capaCitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera· 
ture. The output stage has the capability to 
drive a 2KO load. The logic input is compati-

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power dissipation (package Iimitation)l 
Operating ambient temperature range 

SE5537 
NE5537 

Storage temperature range 

Input voltage 

ble with TTL, PMOS or CMOS logic. The dif
ferential logic threshold is 1.4V with the 
Sample mode occurring when the logic input 
is high. It is available in 8-lead TO-5 and 8-
pin plastic DIP packages. 

FEATURES 

• Operates from ± 5V to ± 18V supplies 
• Hold leakage current 6pA @ Tj25·C 
• Less than 10l'S acquisition time 
• TTL, PMOS, CMOS compatible logic 

input 
• 0.5mV typical hold step at Ch = 0.011'F 
• Low input offset: 1MV (typical) 
• 0.002% gain accuracy with RL = 2kO 
• Low output noise in hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio in sample or 

hold 
• Wide bandwidth 

RATING UNIT 

±18 V 
500 mW 

-55 to +125 ·C 
o to +70 ·C 

-65 to +150 ·C 

Equal to supply 
voltage 

Logic to logic reference differential voltage2 +7, -30 V 
OutPUt short circuit duration Indefinite 
Hold capacitor short circuit duration 10 
Lead temperature (soldering, lOsec) 300 

NOTES 

1. The maximum junction temperature of the SE5537 is 1500 C and for the NE5537 
is 10QoC. When operating 8t elevated ambient temperature, the TO-5 and plastic DIP 
packages must be derated based on a thermal resistance (8ja) of 150°C/W. 

2. Although the differential voltage may not exceed the limits given. the common mode 
Yoltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must always 
be at least 2V below the positive supply and 3V above the negative supply. 
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ELECTRICAL CHARACTERISTICS3 

SE5537 NE5537 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max 
UNIT 

Input offset voltageS Tj = 25°C 1 3 2 7 mV 
Full temperature range 5 10 mV 

Input bias current6 Tj = 25°C 5 25 10 50 nA 
Full temperature range 75 100 nA 

Input impedance Tj = 25°C 1010 1010 11 

Gain error Tj = 25°C, 0.002 0.007 0.004 0.01 % 
-10V ::5 VIN ::5 10V, RL = 2K 

-11.5V ::5 VIN ::5 11.5V, 
RL = 10K 

Full temperature range 0.02 0.02 % 

Feedthrough attenuation ratio at 1 kHz Tj = 25°C, Ch = O.OlI'F 86 96 80 90 dB 

Output impedance Tj = 25°C, "HOLD" mode 0.5 2 0.5 4 11 
full temperature range 4 6 

"HOLD" Step4 Tj = 25°C, Ch = O.OlI'F, 0.5 2.0 1.0 2.5 mV 
VOUT = 0 

Supply current6 Tj=25°C 4.5 6.5 4.5 7.5 mA 

Logic and logic reference 
input current Tj = 25°C 2 10 2 10 I'A 

Leakage current into hold capacitor6 Tj = 25°C hold mode5 6 50 6 100 pA 

Acquisition time to 0.1% VOUT = 10V, 
Ch = 1000pF 4 4 I'S 
Ch = O.Oll'f 20 20 I'S 

Hold capacitor charging current VIN - VOUT = 2V 5 5 mA 

Supply voltage rejection ratio VOUT = 0 80 110 80 110 dB 

Differential logic threshold Tj = 25°C 0.8 1.4 2.4 0.8 1.4 2.4 V 

NOTES 

3. Unless otherwise specified, the following conditions apply. Unit is in "sample" mode, 
Vs = ± 15V. Tj = 25"C. -11.5V :$ VIN:$ 11.5V. Ch = O.Ol~F. and RL = 2k!l. Logic 
reference Yoltage = OV and logic voltage = 2.SV. 

4. Hold step is sensitive to stray capacitive coupling between input logic signals and the 
hold capacitor. 1pF, for instance, will create an additional O.SmV step with a 5V logic 
swing and a O.01F hold capacitor. Magnitude of the hold step is inversely proportional 
to hold capacitor value. 

5. Leakage current i8 measured at a junction temperature of 25°C. The effects of 
junction temperature rise due to power dissipation or elevated ambient can be calcu· 
lated by doubling the 25°C value for each 11°C increase in chip temperature. leak· 
age is guaranteed over full input signal range. 

6. These parameters guaranteed over a supply voltage range of ± 5 to ± laV. 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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SAMPLE AND HOLD 

INTRODUCTION 

lOOK 

For many years designers have used the 
sample and hold (or track and hold) to oper
ate on analog information in a time frame 
which is expedient. 

By sampling a segment of the information 
and holding it until the proper timing for con
verting to some form of control signal or 
readout allows the designer certain freedom 
in performing predetermined manipulative 
functions. Therefore, the sample and hold 
can be defined as a "selective analog mem
ory cell". 

The memory is volatile and will also decay 
with time. 

When using the sample and hold method for 
evaluating signal information, the designer 
is given the added feature of eliminating out
side noise elements. With the analog to digi
tal converter products available today the 
"dc memory" of the sample and hold can be 
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easily converted to digital format and further 
incorporated into microprocessor based 
systems. 

Parametric evaluation of the sample 
and hold will be discussed in the following 
paragraphs. 

DEFINITION OF TERMS 
ACQUISITION TIME: The time required to 
acquire a new analog input voltage· with an 
output step of 10V. Note that acquisition 
time is not just the time required for the out
put to settle, but also includes the time re
quired for all internal nodes to settle so that 
the output assumes the proper value when 
switched to the hold mode. 

APERTURE DELAY TIME: The time 
elapsed from the hold command to the open
ing of the switch. 

APERTURE JITTER: Also called "aperture 
uncertainty time", it's the time variation or 
uncertainty with which the switch opens, or 
the time variation in aperture delay. 

S!!IDotiCS 
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APERTURE TIME: The delay required be
tween "hold" command and an input analog 
transition, so that the transition does not 
affect the held output. 

BANDWIDTH: The frequency at which the 
gain is down 3dB from its dc value. It's mea
sured in sample (track) mode with a small
signal sine wave that doesn't exceed the 
slew rate limit. 

EFFECTIVE APERTURE DELAY: The time 
difference between the hold command and 
the time at which the input signal is at the 
held voltage. 

FIGURE OF MERIT: The ratio of the avail
able charging current during sample mode to 
the leakage current during hold mode. 

HOLD-MODE DROOP: The output voltage 
change per unit of time while in hold. Com
monly specified in V I s, p,V I p,S or other con
venient units. 

HOLD-MODE FEEDTHROUGH: The per
centage of an input sinusoidal signal that is 
measured at the output of a sample-hold 
when it's in hold mode. 

HOLD SETTLING TIME: The time required 
for the output to settle within lmV of final 
value after the "hold" logic command. 

SAMPLE-TO-HOLD OFFSET ERROR: The 
difference in output voltage between the 
time the switch starts to open, and the time 
when the output has settled completely. It is 
caused by charge being transferred to the 
hold capacitor switch as it opens. 

SLEW RATE: The fastest rate at which the 
sample & hold output can change (specified 
in V/p,s). 

HOLD STEP: The voltage step at the output 
of the sample and hold when switching from 
sample mode to hold mode with a steady 
(de) analog input voltage. Logic swing is 5V. 



DYNAMIC SAMPLING ERROR: The error 
introduced into the held output due to a 
changing analog input at the time the hold 
command is given. Error is expressed in mV 
with a given hold capacitor value and input 
slew rate. Note that this error term occurs 
even for long sample times. 

GAIN ERROR: The ratio of output voltage 
swing to input voltage swing in the sample 
mode expressed as a percent difference. 

THRESHOLD: Level shall be defined as 
that level which causes the switch control to 
change state. 

BASIC BLOCK DIAGRAM 
The basic circuit concept of the sample and 
hold circuit incorporates the use of two (2) 
operational amplifiers and a switch control 
mechanism (which determines sample, hold 
or track conditions). Reference figure 1. 

The block diagram of the NE5537 is a 
closed loop non-inverting unity gain sample 
and hold system. The input buffer amplifier 
supplies the current necessary to charge 
the hold capaCitor, while the output buffer 
amplifier closes the loop such that the 
output voltage is identical to the input volt
age (with consideration for input offset volt
age, offset current, and temperature vari
ations which are common to all sample and 
hold circuits, be they monolithic, hybrid or 
modular). 

When the sampling switch is open (in the 
hold mode) the clamping diodes close the 
loop around the input amplifier to keep it 
from being overdriven into saturation. 

The switch control is driven by external logic 
levels via a timing sequence remote from the 
sample and hold device. Reference figure 2. 
The switch control has a floating reference 
(pin 7), referred to as the logic reference 
which makes the sample and hold device 
compatible to several types of external log
ic signals (TTL, PMOS, & CMOS). The 
switching device operates at a threshold 
level of 1.4V. 

The switch mechanism is on (sampling an 
information stream) when the logic level is 
high (pin 8 is 1.4 volts higher than pin 7) and 
presents a load of 5 microamperes to the 
input logic signal. The analog sampled sig
nal is amplified, stored (in the external hold
ing capacitor), and buffered. At the end of 
the sampling period the internal switch 
mechanism turns off (switch opens) and the 
"stored analog memory" information on the 
external capacitor (pin 6) is loaded down by 
an operational amplifier connected in the 
unity gain non-inverting configuration. This 

amplifier, whose input impedance is elfec
tively: 

R = RIN(AOL)/(l + l/A) 

where R = Effective input impedance 
RIN = Open loop input impedance 
AOL = Open loop gain 
A = AC loop gain 

Therefore, the higher the open loop gain of 
the second operational amplifier, the 
larger the effective loading on the capac
itor. The larger the load, the lower the 
"leakage" current and the better the droop 
characteristics. 

In actuality the amplifiers are designed with 
special leakage current cancellation circuits 
along with FET input devices. The leakage 
current cancellation circuits give better high 
temperature operstion (remember that the 
FET amplifiers double in required bias cur
rent for every 10 degree increase in junction 
temperature). 

Sampling time for the NE5537 is less than 
10l'sec, (measured to 0.1 'Ill of input signal). 
Leakage current is SpA at a rate output losd 
of 2kD. 

BASIC APPLICATIONS 

Multiplying DAC 
As depicted in the block diagram of figure 3, 
the sample and hold circuit is used to supply 
a "variable" reference to the digital to ana
log converter. As the input reference varies, 
the output will change in accordance with 
equation 1, shown in figure 3. 

Varying the input signal reference level can 
aid the system in performing both com
pression and expansion operations. The 
multiplying DAC's used are the Signetics 
SEINE 5008; however, if the rate of change 
of the reference variation is kept slow 
enough a miCroprocessor compatible DAC 
can be incorporated, such as the NE5018 or 
the NE5020. 

DATA ACQUISITION SYSTEMS 
As mentioned earlier, the designer may wish 
to operate on several different segments of 
an "analog" signal; however he is limited by 
the fact that only one analog to digital con
verter channel is available to him. Figure 4 
shows the means by which a multiplexing 
system may be accomplished. 

APPLICATION HINTS 

Hold C8pacHor 
A significant source of error in an accurate 
sample and hold circuit is dielectric absorp
tion in the hold capacitor. A mylar cap, for 

GillDOliCG 
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instance, may "sag back" up to 0.2'1& after a 
quick change in voltage. A long "soak" time 
is required before the circuit can be put 
back into the hold mode with this type of 
capacitor. Dielectrics with very low hyster
esis are polystyrene, polypropylene, and 
Teflon. Other types such as mica and 
polycarbonate are not nearly as good. 
Ceramic is unusable with > 1'1& hysteresis. 
The advantage of polypropylene over poly
styrene is that it extends the maximum ambi
ent temperature from 85·C to 100·C. The 
hystereSiS relaxation time constant in poly
styrene, for instance, is 10-50ms. If A-to-D 
conversion can be made within 1 ms, hyster
esis error will be reduced by a factor of ten. 

DC Zeroing 
DC Zeroing is sccomplished by connecting 
the offset adjust pin to the wiper of a 1 kD 
potentiometer which has one end tied to V+ 
and the other end tied through a resistor to 
ground. The resistor should be selected to 
give ""O.SmA through the lKD potentio
meter. 

Sampling Dynamic Signals 
Sampling errors due to moving (changing) 
input signals are of significant concern to 
designers employing sample and hold cir
cuits. There exist finite phase delays 
through the sample and hold circuit causing 
an input-output phase differential for moving 
signals. In addition, the series protection re
sistor (3000 to pin S of the NE5537) will add 
an RC time constant, over and above the 
slew rate limitation of the input 
buffer I current drive amplifier. This means 
that at the moment the "hold" command ar
rives, the hold capaCitor voltage may be 
somewhat different than the actual analog 
input. The effect of these delays is opposite 
to the effect created by delays in the logic 
which switches the circuit from sample to 
hold. For example, consider an analog input 
of 20 Vp-p at 10kHz. Maximum dV I dt is 
O.SV II's. With no analog phase delay and 
lOOns logic delay, one could expect up to 
(O.ll's) (O.SV II's) = SOmV error if the "hold" 
signal arrived near maximum dV I dt of the 
input. A positive going input would giVe a 
± SOmV error. Now assume a 1 MHz (3dS) 
bandwidth for the overall analog loop. This 
generates a phase delay of 1 SOns. If the 
hold capacitor sees this exact delay, then 
error due to analog delay will be (O.lSl's) 
(O.SV II's) = -96mV (analog) for a total of 
-3SmV. To add to the confusion, analog de
lay is proportional to hold capaCitor value 
while digital delay remains constant. A fam
ily of curves (dynamic sampling error) is in
cluded to help estimate errors. 
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A curve labeled Aperture Time has been 
included for sampling conditions where the 
input is steady during the sampling period, 
but may experience a sudden change nearly 
coincident with the "hold" command. This 
curve is based on a 1mV error fed into the 
output. 

A second curve, Hold Settling Time indi
cates the time required for the output to 
settle to 1mV after the "hold" command. 

Digital Feedthrough 
Fast rise time logic signals can cause hold 
errors by feeding externally into the analog 
input at the same time the amplifier is put 
into the hold mode. To minimize this prob-

TYPICAL APPLICATIONS 

TYPICAL CONNECTION 

y+ 

OUTPUT 

Figure 2 

356 

lem, board layout should keep logic lines as 
far as possible from the analog input. 
Grounded guarding traces may also be used 
around the input line, especially if it is driven 
from a high impedance source. Reducing 
high amplitude logic signals to 2.5V will also 
help. 

Logic signals also couple to the hold ca
paCitor. This hold capacitor should be 
guarded by a P.C. card trace connected to 
the sample-and-hold output. This will also 
minimize board leakage. 

NE/SE5537-H,N • NE5537-H,N 

SPECIAL NOTES 
1. Not all definitions herein defined are 

measured parametrically for the NE5537, 
but are legitimate terms used in sample 
and hold systems. 

2. Reference should be made to Design 
Engineering, volumes 23 (Nov. 8, 1978), 
25 (Dec. 6, 1978) and 26 (Dec. 20, 1978) 
for articles written by Eugene Zuch of 
Datel Systems, Inc. for a further discus
sion of sample and hold circuits. 

3. Reference also made to National 
Semiconductor Corporation's Special 
Functions Data Book (1976). 

MULTIPLYING DAC APPLICATION 

51( 

5K 

YOUT = YIN X 2:' { 1f' Do + 2' 0, + 27 OJ} EDUATION' 

Figure 3 

ANALOG DATA MULTIPLEXING 

5D50oo 

ANALOG INPUT 1 0 I L.J i f- - --
CONTROL 1 ~ I : 

I I I 
ANALOG INPUT 2 ~ 

_ I T I I 
CONTROl 2 u--r- I I 

ANALOG INPUT 3 ~ 
! T I I 

CONTROL 3 C>-t--' I I 

ANALOG INPUT 4 ~ 
_ I T I 

CONTROL 4 u--r- I 
~.STRATE 

Figure 4 
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DESCRIPTION 
CA3089 is a monolithic integrated circuit 
that provides all the functions of a compre
hensive FM-IF system. Figure 6 is a block 
diagram showing the CA3089 features, 
which include a three-stage FM-IF amplifi
er/limiter configuration with level detectors 
for each stage, a doubly-balanced quadra
ture FM detector and an audio amplifier that 
features the optional use of a muting 
(squelch) circuit. 

The advanced circuit design of the IF sys
tem includes desirable features such as de
layed AGC for the RF tuner, an AFC drive 
circuit, and an output signal to drive a tun
ing meter and/or provide stereo switching 
logic. In addition, internal power supply 
regulators maintain a nearly constant cur
rent drain over the voltage supply range of 
+8 to +18 volts. 

The CA3089 is ideal for high-fidelity opera
tion. Distortion in a CA3089 FM-IF system is 
primarily a function of the phase linearity 
characteristic of the outboard detector coil. 

The CA3089 utilizes a 16-lead dual-in-line 
plastic package and can operate over the 
ambient temperature range of -40·C to 
+a5·C. 

FEATURES 
• Exceptional limiting sensitivity: 10/LVtyp. 

at -3dB point 
• Low distortion: 0.1% typo (with double

tuned coil) 

BLOCK DIAGRAM 

• Single-coil tuning capability 
• High recovered audio: 400mV typo 
• Provides specific signal for control of 

Interchannel muting (squelch) 
• Provides specifiC signal for direct drive of 

a tuning meter 
• Provides delayed AGC voltage for RF 

amplifier 
• Provides a specific circuit for flexible 

AFC 
• Internal supply/voltage regulators 

APPLICATIONS 
• High-fidelity FM receivers 
• Automotive FM receivers 
• Communications FM receivers 

ABSOLUTE MAXIMUM RATINGS 

DC supply voltage: 
Between terminals 11 and 4 
Between terminals 11 and 14 

DC Current (out of terminal 15) 
Device dissipation: 

Up to TA = 6O·C 
Above TA = 60·C 

Ambient temperature range: 
Operating 
Storage 

Lead temperature (during soldering): 

PIN CONFIGURATION 

IF INPUT 
BYPASSING 

IF INPUT 
BYPASSING 

N PACKAGE 

ORDER PART NO. 
CA3089N 

RATING 

18 
18 
2 

600 
derate linearly 

6.7 

-40 to +85 
-65 to +150 

At distance not less than 1/32" (0.79mm) +265 
from case for 10 seconds max. 

v+ 

TO INTERNAL 
REGULATIONS 

DELAYED 

AGCFORC~----~litl~~:J 
RF AMPL. 

10K 

FRAME SUBSTRATE 

NOTE 

All resistors values are typical and in ohms. 
'L tunes with l00pF lei at 10.7MHz 
a"" 75 (G.I. EX22741 or equivalentl 

11 

13 
'}-'w\r--4-----------<: TO STEREO 

TUNING METER OUTPUT 33. 

SmnOliDS 

THRESHOLD 
LOGIC CIRCUITS 

AFC 
OUTPUT 

CA3089-N 

NC 

DELAYED AGe 

SUBSTRATE 

TUNE METER 

MUTE lOGIC 

REF. BIAS 

QUADRATURE 
INPUT 

UNIT 

V 
V 

mA 

mW 

mW/·C 

·C 
·C 

·C 

MUTING 
SENSITIVITY 
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CA3089-N 

EQUIVALENT SCHEMATIC 
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CA3089-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C. V+ = 12V unless otherwise specified. 

CA3089 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

STATIC (DC) CHARACTERISTICS 
111 Quiescent circuit current No signal input. non-muted 16 23 30 mA 
DC Voltages:4 
V, Terminal 1 (IF input) No signal input. non-muted 1.2 1.9 2.4 V 

V2 Terminal 2 (ac return to input) No signal input. non-muted 1.2 1.9 2.4 V 
V3 Terminal 3 (dc bias to input) No signal input. non-muted 1.2 1.9 2.4 V 

Ve Terminal 6 (audio output) No signal input. non-muted 5.0 5.6 6.4 V 
V7 Terminal 7 (A.F.C,) No signal input. non-muted 5.0 5.6 6.0 V 

V'O Terminal 10 (dc reference) No signal input. non-muted 5.0 5.6 6.0 V 

DYNAMIC CHARACTERISTICS 
VI(lim) Input limiting voltage (-3dB pOint)3 10 30 J.lV 

AMR AM Rejection (terminal 6)4 VIN = 0.1V. Fo = 10.7MHz. 
fmod = 400Hz. AM Mod = 30% 45 55 dB 

Va Recovered audio voltage (terminal 6)3 300 400 500 mV 

Total harmonic distortion:' 
THO Single tuned (terminal 6)3 0.5 1.0 % 
THO Double tuned (terminal 6)4 fmod = 400Hz. VIN = 0.1 0.1 % 

S+N/N Signal plus noise to noise ratio (terminal 6)3 Deviation = ±75kHz 60 67 dB 
MUIN Mute input (terminal 5) V5 = 2.5V 70 dB 

MUOUT Mute output (terminal 12) VIN = 50J.lV .5 V 
VIN = OV 4.0 V 

MTR Meteroutput (terminal 13) VIN = O.lV 3.5 4.5 V 
VIN = 500J.lV 1.0 1.5 V 

VIN = OV .7 V 

AGC Delayed AGC (terminal 15) VIN = O.lV .5 V 
VIN = l0J.lV 4.0 5.0 V 

THO Double tuned (terminal 6)4 fmod - 400Hz 0.1 % 
VIN = 0.1 

NOTES 
1. THO characteristics and Audio Level are essentialily a function of the phase and Q 

characteristics of the network connected between terminals 8, 9 and 10. 
2. Test circuit Figure 1. 
3. Test Circuit Figure 2. 
4. Test circuit Figures 1 and 2. I 
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CA3089-N 

TEST CIRCUITS 

TYPICAL FM TUNER (With a single-tuned detector coil.) 

300B 
INPUT 

T~:ER1. 
(NOTE 181'+ ..... _ ................ 

SYSTEM DESIGN 
CONSIDERATIONS 
The CA3089 is a very high gain device and 
therefore careful consideration must be 
given to the layout of external components 
to minimize feedback. The input by-pass 
capacitors should be located close to the 
input terminals and the values should not be 

Y +::: 12V 

NOTES: All resistors values are typical and in ohms. 

1. Waller 4SN3FIC or equivalent 
2. Murate SFG 10.7mA or equivalent 
3. As will affect stability depending on circuit layout. 

To increase stability As is decreased. Aange of As is 
330 to SOO, A, + As ,;; 3300 

4. L tunes with 100pF IC) at 10.7MHz 
0 0 unloaded S!i 75 (G.I. EX22741 or equivalent) 

Performance data at to = 98MHz, fMOD = 400Hz, deviation = 
±74kHz: 

large nor should the capacitors be of the 
type which might introduce inductive react
ance to the circuit. An example of good by
pass capacitors would be ceramic disc with 
values in the range of .01 to .05 microfarad. 

The input impedance of the CA3089 is ap
proximately 10,000 ohms. It is not recom
mended to match this impedance. The value 

-3dB limiting sensitivity 
20dB quieting sensitivity 
30dB quieting sensitivity 

2p.V (antenna levell 
1p.V (antenna levell 

1.S",V (antenna level) 

of the input termination resistor should be 
as low as possible without degrading sys
tem operation. The lower the value of this 
resistor the greater the system stability. An 
input terminating resistor between 50 and 
100 ohms Is recommended. 

TYPICAL PERFORMANCE CHARACTERISTICS 

362 

MUTING ACTION, TUNER AGC 
(Tuning meter output as a 

function of input 
signal voltage.) 

'" DC VOLTAGE SUPPLY V t ~ 12V 
~ AMBIENT TEMPERATURE(T A) + 2S"C 
:! 0 TEST CIRCUIT - SEE FIGURE 3 

Ql ~ =~g~v;~t~ O"uU~~~T 
~ : -10 r---f--(LEFT CO~ORDINATE) 

Qi 
Ox -20 
=>", 

.. 
+-~.-f---l 4 !:; 

"'::E 
e .... m ~ -30 
>0 

M ~ -40 I--tt---+---I~-++-+--j 
0:0 

u 
!1-50 1--i-+---:::.oIC 

§ 
2-60 .. ~~--~-------~~ 

1 10 100 1K 10K 

INPUT SIGNAL - p.V 

g 
u 
e 

SI!)DotiCS 

125 

100 

~ 75 

: 50 

'" i 25 

ffi .... 
o ! -25 

~ -50 
0: 
a:: -75 

B 
-100 

-125 

AFC CHARACTERISTICS 
(Current at Term. 7 as a 

function of change in 
frequency.l 

DC POWER SUPPLY (V+) = 12V J :/-
AMBIENT TEMPERATURE (T AI" 25°C 
SEE TEST CIRCUIT FIGURE 3 

~ 
I.A V 

V 
1/ 

/ 
/ 

~ 

r-

-100 -so 50 100 

CHANGE IN FREQUENCY (6.0 - kHz 



TEST CIRCUITS 

TEST CIRCUIT 
(Using a single-tuned detector coil.) 

SIGNAL 
INPUT 

VOLTAGE 

'NOTE 

L tunes with 100pF lei at 1O.7MHz. 
All resistors values are typical and in ohms. 
00 (unloaded) 5!;! 75 (G.!. automatic mfg. div. EX22741 or equivalent). 

Figure 1 

CA3089-N 

TEST CIRCUIT 
(Using a double-tuned detector coil.) 

V' 12V 

if!j~i I 100pF I 
I I 
I Cl I 
I--IT" 
I I 
I I 

820K 

'* NOTE: All resistors values are typical and in ohms. 

AFC OUTPUT 

AUDIO 
OUTPUT 

T: Pri. - 00 lunloadedl ~ 75 Itunes with 100pF le1120 t of 34e on 7/32" dia. forml 
Sec. - 00 lunloadedl ~ 75 Itunes with 100pF le2120 t of 340 on 7/32" dia. forml 
kQ (percent of critical coupling) > 70% 

IAdjusted for coil voltage Vel ~ 150mV 
Above values permit proper operation of mute (squelch) circuit "E" type slugs, spacing 
4mm 

Figure 2 
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DESCRIPTION 
The MC1496 is a monolithic Double
Balanced Modulator/Demodulator de
signed for use where the output voltage is a 
product of an input voltage (signal) and a 
switched function (carrier). The MC1596 will 
operate over the full military temperature 
range of --55°C to +125°C. The MC 1496 is 
intended for applications within the range of 
O°C to +70°C. 

FEATURES 
• Excellent carrier suppression 

65dB typ @ O.5MHz 
50dB typ @ 10MHz 

• Adjustable gain and signal handling 
• Balanced inputs and outputs 
• High common-mode rejeclion-85dB typ 

EQUIVALENT SCHEMATIC 

CARRIER H 

INPUT (+) 

SIGNAL H 

INPUT (t) 

BIAS 

10 

(Pinout for H pkg. shown) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Applied voltage1.2 

Differential input signal (V7-VS) 

Differential input signal (V4-V1) 

Inputsignal (V2-V1, V3-V4) 

Bias current (15) 

Power dissipation (pkg. limitation) 
N package 

Operating temperature range 
MC1496 
MC1596 
Storage temperature range 

NOTES 

APPLICATIONS 
• Suppressed carrier and amplitude modu-

lation 
• Synchronous detection 
• FM detection 
• Phase detection 
• Sampling 
• Single sideband 
• Frequency doubling 

RATING 

30 
±5.0 

(5 ± 15 Re) 
5.0 
10 

900 

o to +70 
-55 to +125 
-65 to +150 

GAIN 

ADJUST 

UNIT 

V 

V 

V 

V 

mA 

mW 

°C 
°C 
°C 

1. Voltage applied between pins 6-7. 8-1. 9-7. 9-8. 7-4. 7-1. 8-4. 6-8. 2-5. 3-5. 
2. Pin number references pertain to H package pinout only. 
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MeI4IS/ Me15IS 

MC1496-F,N,H 
MC1596-F,H 

PIN CONFIGURATIONS 

POSITIVE 
SIGNAL INPUT 

NEGATIVE 
SIGNAL INPUT 

POSITIVE 
OUTPUT 

GAIN ADJUST 

GAIN ADJUST 

NEGATIVE SIGNAL 
INPUT 

F, N PACKAGE 

ORDER PART NO. 
MC1496F.N 

MC1596F 

H PACKAGE 

NC 

NEGATIVE 
OUTPUT 

NEGATIVE 
CARRIER INPUT 

POSITIVE 
CARRIER INPUT 

NEGATIVE OUTPUT 

BIAS 

ORDER PART NO. 
MC1496H 
MC1596H 

NEGATIVE CARRIER 
INPUT 

POSITIVE CARRIER 
INPUT 

~Metal cans (HI not recommended for new designs 



MCI'I&/MCI59& 
MC1496-F,N,H 
MC1596-F,H 

DC ELECTRICAL CHARACTERISTICS V+ = +12Vdc, V- =-8.0Vdc, 15 = 1.0mAdc, RL = 3.9kn, Re= 1.0kn, 
T A = 25° C unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Single-ended input impedance Signal port, f = 5.0MHz 
Rip Parallel input resistance 
Cip Parallel input capacitance 

Single-ended output impedance f = 10MHz 
Rop Parallel output resistance 
Cop Parallel output capacitance 

Input bias current 

IbS IbS=~ 
2 

IbC IbS=~ 
2 

Input offset current 
lioS lioS = i1 - 14 
lioC lioC = 17 - 18 

Average temperature coefficient 
Telio of input offset current 

Output offset current 
100 16 - 19 

Teloo Average temperature coefficient 
of output offset current 
Common-mode quiescent 

Vo Output voltage (Pin 6 or Pin 9) 

Power supply current 
10+ 16 + 19 
10- 110 

Po DC power dissipation 

NOTE 

Pin number references pertain to H package pinout only. 

CARRIER REJECTION AND SUPPRESSION 

10K 10j..lF Is INPUT 

1001! 60DU 

SDK 

1000 
10K 

-=-

3.9K ~ 500pF 

OUTPUT ,. Ie INPUT 

0 
.01 

r" ·8V 

.011 1.BK 

-=-

s~notics 

MC1596 

Typ 

200 
2.0 

40 
5.0 

12 

12 

0.7 
0.7 

2.0 

14 

90 

8.0 

2.0 
3.0 

33 

MC1496 

Max Min Typ Max 
UNIT 

200 kn 
2.0 pF 

40 kn 
5.0 pF 

p.A 

25 12 30 

25 12 30 p.A 

p.A 
5.0 0.7 7.0 
5.0 0.7 7.0 p.A 

2.0 nA/oC 

50 15 80 p.A 

90 nA/oC 

8.0 Vdc 

mAdc 
3.0 2.0 4.0 
4.0 3.0 5.0 

33 mW 

SIGNAL GAIN AND OUTPUT SWING 

-SVDC ~ 

12VDC 

3.9K 

/-O-+-'"f-4' V 0 

/-O-..... -Vo 

6.8K 
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AC ELECTRICAL CHARACTERISTICS v+ = +12Vdc, v- = -9.0Vdc, 15 = 1.0mAdc, RL = 3.9kO, Re = 1.0kO, 
TA = +25°C unless otherwise specified. 

MC1596 MC1496 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ 

VeFT Carrier feedthrough Vc = 60mVrms sinewave and 
offset adjusted to zero 

fe = 1.0kHz 40 40 
fe = 10MHz 140 140 

Vc = 300mVp-p squarewave: 
Offset adjusted to zero fe= 1.0kHz 0.04 0.2 0.04 
Offset not adjusted fe = 1.0kHz 20 100 20 

Ves Carrier suppressions fs = 10kHz, 300mVrms sinewave 
fe = 500kHz, 60mVrms sinewave 50 65 40 65 
fe = 10MHz, 60mVrms sinewave 50 50 

BW3dB Transadmittance bandwidth Carrier input port, Ve = 60mVrms 300 300 
(Magnitude) (RL = 500) sinewave fs = 1.0kHz, 

300mVrms sinewave 
Signal input port, Vs = 300mVrms 80 80 

sinewave IVel = 0.5Vdc 

AVs Signal gain Vs = 100mVrms; f = 1.0kHz 2.5 3.5 2.5 3.5 
IVel = 0.5Vdc 

CMV Common-mode input swing Signal port, f. = 1.0kHz 5.0 5.0 
ACM Common-mode gain Signal port, fs = 1.0kHz -85 -85 

IVel = 0.5Vdc 

DVOUT Differential output voltage 8.0 8.0 
swing capability 

NOTE 

Pin number references pertain to H package pinout only. 

CARRIER REJECTION AND SUPPRESSION 

12VDC 
1K 1K 

":" 

RL 

e, 3.9K 

CARRIER O.l.uF 

INPUT Vee-) • Vo 

V. -Vo 
MODULATING 

SIGNAL 10K 
INPUT 

-8VDC 
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MC1496-F,N,H 
MC1596-F,H 

UNIT 
Max 

~Vrms 

0.4 mVrms 
200 

dB 

MHz 

MHz 

V/V 

Vp-p 
dB 

Vp-p 



DESCRIPTION 
The NE544 is a servo amplifier and pulse
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor
ates a linear one shot for improved position
al accuracy and outputs for external pnp 
motor drive transistors. 

BLOCK DIAGRAM 

FEATURES 
• 500mA load current capability 
• Bidirectional bridge output with single 

power supply 
• Low standby power drain 
• Adjustable dead band and trigger thresh

olds 
• High linearity, 0.5% maximum error 
• Output drive for external PNP transistors 

(optional) 
• Wide supply voltage range 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

V+ Supply voltage 6.0 V 
10 Output current 500 mA 
TA Operating temperature -20 to +75 °C 
Tstg Storage temperature -65 to +150 °C 

SagDOliCS 

NE544/644-N ,W 
NE544-D 

PIN CONFIGURATIONS 

D,N PACKAGE 

Timing Capacitor 1 Position Feedback 

Timing Resistor 2 Output (8) 

Regulator Output 3 PNP Drive IB) 

PNP Drive (AI 

Pulse Stretcher 6 

Deadband 7 8 Trigger Threshold 

Timing Resistor 1 

Rp.~JlIral0r Output 2 

Ground (SIgnal) 4 

Ground (Power) 5 

Pulse Stretcher 6 

Deadband 7 

Trigger Threshold 8 

ORDER PART NO. 
NE544N 
NE544D 

N PACKAGE 

Order part no. NE644N 

W PACKAGE' 

Timing Capacitor 

Position Feedback 

Output (B1 

PNP Drive rB) 

V· 

PNP Drive fA) 

*Pinout same as 644N package 
Order pari no. NE644W 
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SERVO itMPLlFlER 

EQUIVALENT CIRCUIT SCHEMATIC 

Z·7 

OUTPUT 

J.!.15 

.1.. 16 

,!.2 

TIMING 

.§..4 GND (SIGNAL) 

NOTE 
Underlined pins refer to NE544 

DC ELECTRICAL CHARACTERISTICS TA = 25°e, Vs = 4.BV unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

Vee Supply voltage 3.2 

lee Supply current Pin 11 Quiescent 4.2 

VTH Input threshold Pin 4 
On 
Off 

liN Input resistance Pin 4 

Output voltage 
VOL Low 

Pin 9 or 13. I L = 400mA 
VOH High 

VREG Regulated voltage Pin 3 2.1 

.::lVREG Regulation Pin 3 3.5V S Vee S 6V 

Minimum dead band Pin 7 ROB=O 

One shot temperature coefficient 

Standby output voltage Pin 9 and 13 

PNP drive current Pin 10 and 12 

368 sinnoties 

NES".644 

NE544/644-N,W 
NE544-D 

~.10 

5.5 

GND (POWER I 

LIMITS 
UNIT 

Typ Max 

4.8 6 V 

5.5 10 mA 

V 
1.5 
1.4 
18 kll 

V 
0.3 
3.9 

2.5 2.9 V 

10 mVN 

1 /.I.s 

.01 %/oe 

2.5 V 

20 mA 



SERVO AMPLIFIER 

RF 

S60k 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 

NES J1 E 11 
NE544/644-N. W 

NE544-D 

r---------------~------------------_.----~ vee 4.8V 

TA' Ta 
OPTIONAL 
USE MPS 6562 
OR EQUIV. 

L-__ ~====~~::~::~~~~t-~------~------~~------------~----~---oGND 
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NE-S44 AA 

370 

Typical PC Board Layout 
Bottom Vlew-4X 

PC Board Layout 
Bottom View-4X 

PC BOARD-N PACKAGE 

r---
,-----

PC BOARD-W PACKAGE 

5~nDtic5 

Parts Layout 
Top View 

NE544/644-N ,W 
NE544-D 

Cs~ • • 

J'~?~be ...... .. -,,::' 
NE644W 

Parts Layout 
Top View 

o RT~ 

• 

.. \ 
... c 

~~. \T 



SERVO AMPLIFIER NES44 644 

NE544/644-N,W 
NE544-D 

TYPICAL CONNECTION OF NE644W AND NE644N FOR LINEAR ONE SHOT TIMING 

0.1# 

~ __________________ -+ ______ ~~ __ -oVcc 

GATE 

S!!IDotiCS 

c, 

4.av 

TA' 18 
OPTIONAL 
USE MPS 6562 
OR EOUIV 

4.7J1 

GND 

371 



SERIO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 
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DESCRIPTION 
The NE5044 is a programmable parallel in
put. serial output pulsewidth encoder. A 
multiplexed dual linear ramp technique is 
used to allow up to 7 inputs to be converted 
to a serial pulsewidth modulated signal with 
excellent linearity and minimal crosstalk. 
Fixed or variable frame rates can be used. 
externally controlled. for ease of demodula
tion. An onboard 5V regulator eliminates 
power supply sensitivities and provides up 
to 20mA current capability for driving exter
nalloads. 

FEATURES 
• 3 to 7 channels, externally selectable 
• Constant current dual linear ramp 

for linearity beUer than _3% 
• Internal voltage regulator for low drift 
• Wide supply range 4_5 - 16V 
• Fixed or variable frame rate set 

by external R-C 
• External control for channel gain 

orrange 
• Versatile applications; exponential 

rates, mixing, dual rate, reversing etc_ 
• Compatible with all transmission 

mediums 

BLOCK DIAGRAM 

CONSTANT 
CURRENT 
GENERATOR 

~ ICmux 

MULTIPLEXER 
PARALLEL 
INPUTS 

VMUX 

Vn 

COUNTEiR 
00 

APPLICATIONS 
• Radio controlled aircraft, cars, 

boats, trains 
• Industrial controllers 
• Remote controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• Automotive sensor systems 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Vee. Supply voltage 
Regulator ouput current 
Serial output peak current 
Constant current generator 
Parallel inputs. range input 
One shot input. frame generator input 
Operating temperature 
Storage temperature 

NOTE 

1. TA = 25° unless otherwise stated. 

VREG 

Flo 
I. 

., rCo I. 

ONE SHOT 

T 

-= 

VRANGE 

-= 

C 
CONTROl. FRAME 

LOGIC GENERATOR 

G!!)DotiCG 

PIN CONFIGURATION 

11 
SERIAL 
OUTPUT 

VREG 

"" 

ICF 

D,N PACKAGE 

ORDER PART NO. 

NE5044D 
NE5044N 

RATING 

17 
-25 
30 
-1 

O-VREG 
O-VREG 

-20 to +75 
-65 to +150 

Vee ,. 
VOLTAGE REGlA.ATOR 

GROUND 

• 

NE5D44 

NE5044-D.N 

UNIT 

V 
mA 
mA 
mA 
V 
V 
·e 
·e 

II 
IS 

373 



HESDaa 
NE5044-D.N 

DC ELECTRICAL CHARACTERISTICS Test conditions T A = 25·C. VCC = 10V using Test Circuit A unless otherwise stated. 

PARAMETER TEST CONDITIONS 

POWER SUPPLY REQUIREMENTS' 
Power supply voltage range 

Power supply current Excluding control pots and 
serial output currents 

VOLTAGE REGULATOR 
VREG Output voltage 

Output current VR 2: 4.5V 

Line regulation 7 ~ VCC ~ 16 

MULTIPLEXER 
Input current Vn = 2.5v 
Input voltage range Vn - VRange 2: .75V 
Crosstalk 

OUTPUT PULSE 
Tn Position RI • Cmux = 1.25ms 

Vn = .5VREG; VRANGE = .2VREG 
Position linearity error 

Position tempco O·C ~ TA ~ 70·C. 

Position PSR 6V ~ Vce ~ 16V 

TO Width ROCO = 300l's 
Saturation voltage 10 = 25mA 

111 Leakage current 

Range input voltage RI = 50kO 

RI = 25kO 

Frame time (Fixed) RFCF = 30ms 
Inhibit threshold 

NOTE 
1. At supply Yoltages exceeding 12 V, a current limiting resistor of 20 to 500 in series with 

Vee is recommended. 

t 

OUTPUT PULSE WIDTH (Tn) 
VB INPUT VOLTAGE (Vn) 

T A = 25"C un .... otherwise staled 

2.0 1--+--If---,,~tI--Ir---I 

! 1.5 1--+--"2II"--+----if--i 
~ 

2.0 2.5 3.0 3.5 

VN(VOLTS) .... 

374 

16 

10 

FRAME TIME (TF) VB RF 

IC.J,,.. j CF=.J 
I / ./ 
I / ./ CF = .1JlF 

I I ./ 
,/ 

1// ,/ 

100 200 300 400 

RF(kf!)-. 

!ii!)DotiC!i 

NE 5044 

Min Typ Max 
UNIT 

4.5 16 V 

11 15 rnA 

4.5 5.0 5.5 V 

-20 rnA 

.005 0.2 V/V 

±30 ±200 nA 

1.5 5 V 

±1 ±5 I'S 

1350 1500 1650 I'S 

5 I'S 
.15 I's/·C 

.5 1 I's/V 

240 285 330 I'S 
.6 1 V 

.05 50 I'A 
.75 V 

1.00 V 

17 20 23 ms 

.4 V 

OUTPUT ONESHOT TIME (TO) vs RO 

600 

t 500 

.. 400 

~300 

J L .L J I 
ICo .1,uF /Co - .022/lF 1/ 
I -40"".! .01,.. 

I / ./ 
I V V 

I' / " 
200 

100 

10 20 30 40 50 

R()(kg)~ 



OUTPUT SATURATION VOLTAGE 

1.0 

.5 

VB OUTPUT CURRENT 

./ 
I-' 

/ 
~ 

10 20 

le(mA) 

CONTROL 
POTS 
25kU 

'5 

Jr--...:V'--I I 

Jr---+V;.>.' -I 2 

J.---+---t 3 

J..---+--I • 

J.----+--I 5 

J.----+--I 6 

J..----I---1 7 

CONSTANT CURRENT VB RI 

t 200 

c 
3 ,00 

~ 
.9 

50 

'0 

'" I' ." ...... 
" to-. 

20 304050 '00 .00 
"I (kO) 

TEST CIRCUIT A 

NE5044 
7 CHANNEL 
ENCODER 

legAoties 

Vee 

16~ 

J '.7~ 

,. 
.047,1lf'Myler ± 1% 

'3 ~ 1OkO ±1% 

.I:.1• r F 
- 1Ok~ 

I. 14: l 
.I .01", O-;-..-., ........ kOr--, 

-=- At 
RANGE 

500 11 t-t-""""--t_Vcc 

I~----~r------=------- ~~ 
Ro SOkO 

10 ='= .L-
*Co .01~ 

9 FRAME WIDTH 1 ·~OOkO 
I Cf .47.F 

OUTPUTPW 

NE5044-0,N 

I 

375 



DESCRIPTION 
The NE5045 is a serial input. parallel output. 
decoder intended for applications in pulse 
width or pulse position modulation systems. 
The serial input pulse. either positive or neg
ative. is shaped and amplified before being 
fed to the counter I decoder. An integrating 
type sync. separator detects pulses greater 
than T w = RsCs. The amplified input pulse 
triggers an internal one-shot (minimum 
pulse) which in turn clocks the counter-de
coder. thereby enhancing system noise re
jection. A missing pulse detector resets the 
decoder during the sync. pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod
er logic. 

FEATURES 
• Decodes up to 7 channels 
• High gain input amplifier 
• Externally set sync_ pause and 

minimum pulse 
• Wide supply voltage range. 3_6V-8V_ 
• Positive or negative pulse inputs 
• Noise and flutter rejection 
• Outputs reset to zero without Inputs 
• Compatible with all transmission 

mediums 

BLOCK DIAGRAM 

I. 
12 

11 

RS 

376 

APPLICATIONS 
• Radio controlled aircraft, cars, 

boats, trains 
• Industrial controllers 
• Remote controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• Automotive sensor systems 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

VCC. Supply voltage 
Regulator output current 
Decoded output current 
Pause input voltage 
Input amplifier voltage 
Operating temperature 
Storage temperature 

NOTE 
1. TA = 25°C unless otherwise stated 

YR 

RM 

10 

~CM 

l... 

c 
llo 
0, 1 CHANNEL 1 

02 2 CHANNEL 2 

COUNTER O. • CHANNEL 3 

DECODER 
O. 4 CHANNEl. 

05 5 CHANNELS 

Os 6 CHANNElS 

07 7 CHANNEL 7 

SsgRotiDS 

PIN CONFIGURATION 

,. 
BYPASS 

~ 

D,N PACKAGE 

ORDER PART NO. 
NE5045N 
NE50450 

RATING 

10 
-25 
±5 

Oto VR 
OtoVR 

-20 to +75 
-65 to +150 

16 Vee 

VOLTAGE 
REGULATOR 

8 GROUND 

NE5045-D.N 

UNIT 

V 
mA 
mA 
V 
V 
·C 
·C 



NE5045-D,N 

DC ELECTRICAL CHARACTERISTICS Standard conditions: (TA = 25°C, VCC = 5.0V unless otherwise stated), 
using Test Circuit # 1 

PARAMETER 

POWER SUPPLY REQUIREMENTS 
Power supply voltage range 
Power supply current 

VOLTAGE REGULATOR 
Output voltage 

VR Output current 
Line regulation 
Voltage drop 

INPUT AMPLIFIER 
Input bias current 
Input voltage range 
Open loop gain 
Feedback current 
Detection threshold 

TS Sync. pause time 
TM Minimum pulse time 

OUTPUTS-ALL CHANNELS 
VOL 

VOH 
'-----

VOL va SINK CURRENT 
AND VOH va SOURCE CURRENT 

k VOH r--
-- f-- -- --r~ .-

t 3 

~ 2.7 
> 

""VOL 
.4 r .-

4 

IS (mA) -+-

i 
E 

TEST CONDITIONS 

-

Test circuit # 1 
Excluding input bias current 

VR?': 3.7V 

VCC = 6V to 8V 
VCC = 4V,IR = -lOrnA 

Test circuit #1, AV12 & 13 
Rs Cs = 6.0ms 

Rm Cm = 500p.s 

ISINK = lmA 

ISOURCE = 2mA 

MINIMUM PULSE TIME, 
TMvsRM, CM 

11 1 
~ .,"' 1 1 

'{ . 047fJ.F .022.uF 

J I ~.O'"F 

1 I /r"'" 
.OO47J,tF 

800 

700 

600 

II I l/ 
(, '" 

... 500 

400 

300 

200 

'00 

/ I, 
I / v , 

If / ~ \ 
1/ ..... Cm 

10 20 30 40 50 60 70 80 90 100 
RM(k{l) _ 

REGULATOR VOLTAGE 
vs LOAD CURRENT 

'0 20 30 40-

'R(mA) 

Si!l0otiCS 

-

NE5045 

Min Typ Max 

3.6 8.0 
9.0 14.0 

3.7 4.1 4.5 
-15 

.01 .05 
1.3 

10 100 
2.0 4.0 

60 
100 200 400 

8 20 
5.1 6.0 6.9 

405 475 545 

.25 .5 

2.7 

SYNC. PAUSETIME, 
Ts vs RsCs 

,_ ' I . 
.47JJF .1,uF .047f1F 

';J VjV .022J1F 

~ ~ 

I / /V 

UNIT 

V 
rnA 

V 
rnA 

VIV 
V 

nA 
V 

dB 
p.A 
mV 
ms 

p's 

V 

V 

I <- "".- ....--.O'"F 

'It / ,,) V" 

c. 
t 

100 200 300 400 500 600 

Rs(kO) -
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NE5045-D,N 

TEST CIRCUIT # 1 
Vee 

378 SmootiCS 



DESCRIPTION 
The NE5046 is a serial input parallel output 
decoder designed for 2 channel digital pro
portional pulse width or pulse position mod
ulation systems. The detection threshold is 
internally set and has hysteresis to prevent 
false triggering on noise. In a typical appli
cation, the serial input from the receiver is 
processed through an amplifier and pulse 
shaper, then converted to parallel output 
with a shift register. An internal sync separa
tor detects the sync pause and clears the 
shift register. An internal voltage regulator 
provides power for the decoder and can be 
used to supply power for a radio receiver. 

FEATURES 
• High gain Input amplifier with 

hysteresis 
• Externally adjustable sync separator 
• Wide supply voltage range 3.6V-8V 
• NOise and flutter rejection 
• Outputs reset to zero without input 
• Compatible with all transmission 

mediums 

APPLICATIONS 
• Radio-controlled aircraft, cars, boats, 

trains 
• Industrial controllers 
• Remote-controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• Automotive sensor systems 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

Vee, Supply voltage 
Regulator output current 
Decoded output current 
Sync pause input 
Input amplifier voltage 
Input amplifier current 
Operating temperature 
Storage temperature 

NOTE 

1. TA = 25°C unless otherwise stated. 

BLOCK DIAGRAM 

INPUT 

RS 

VR 
(4.1V) 

Si!loOliCS 

5 GROUND 

PIN CONFIGURATION 

R£G 
BYPASS 

REG 
OUTPUT 

SYNC 
PAUSE RIC 

N PACKAGE 

ORDER NE5046N 

21tE5I4i 
NE5046-N 

2 CHANNEL DECODER 

RATING UNIT 

10 V 
-25 mA 
±5 mA 

OtoVR V 
OtoVR V 

±1 mA 
-20 to +75 De 

-65 to +150 De 

COUNTER 01 7 CHANNEl1 

DECODER 

6 CHANNEL 2 
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DC ELECTRICAL CHARACTERISTICS Test Conditions: TA = 25°C, VCC = 5V, Test Circuit 1, unless otherwise stated. 

PARAMETER TEST CONDITIONS 
Min 

Vce supply voltage 
Power supply current 

Regulator output voltage 
Regulator output current VR;;::: 3.6V 

Regulator line regulation VCC = 6Vto BV 
Regulator voltage drop VCC = 4V, IR = -10mA 

Input threshold voltage 
Sync. pause time RS Cs = 6ms 

Output voltage both channels 
VOL ISINK = lmA 
VOH ISOURCE = 2mA 

TEST CIRCUITS 

INPUT '.F 
---411--' 

Vee 

~---------t 2 

NE5046 

~J 
3 

4.7,u.F 

RS 'OOK 

1.5$o1F ~4 

csT .'.F 

NOTE 

• A 2kO to 10kO resistor may be required to insure start-up under extreme load current and 
supply voltage conditions at low temperatures. 

380 Gi!lDotiCG 

3.6 

3.0 

.15 
5.1 

2.7 

Vee 

8~--~---------, 

1_ 4.7.F 

3.24K 

'.OK 

51---, 

NE5046 

Typ Max 

5.0 B.O 
6.0 9.0 

4.1 4.5 
-15 

.01 .05 
1.0 

6.0 6.9 

.25 
.5 

NE5046-N 

UNIT 
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V 
mA 

VIV 
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V 
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DESCRIPTION 
TCA440is a monolithic IC, especially devel
oped for AM receivers up to 30M Hz. It in
cludes a RF stage with AGC, a balanced 
mixer, separate oscillator and an IF amplifi
er with AGC. Because of its low current 
consumption and of its internal stabilization 
the TCA440 is perfectly suited for battery 
operated portables, car and home radios. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 

FEATURES 
• Balanced circuit 
• Separately controllable prestage 
• Multiplicative push-pull mixer with sep

arate oscillator 
• High signal handling capability even with 

4.5V supply voltage 
• 100dB feedback control range in 5 slages 
• Direct connection for tuning meter 
• Minimum external components 

RATING UNIT 

15 V 
Tamb Ambient temperature in operation -15 to +80 ·C 
Ts Storage temperature -30 to +125 
Vee Range of operation 

BLOCK DIAGRAM 

%fl:, II 
U 

I 
I 
I 
I 
I 
I 
I 
I 
I 

4.5 to 15 

r--+_-....... --o +vee 
4.5 TO 1SV 

IF UNIT 

I 

Si!lDOliCS 

·C 
V 

AF 

I 

PIN CONFIGURATION 

RF INPUT 1 

RF INPUT 2 

AGe RF 3 
STAGE 

MULTIPLIER 
INPUT 
MULTIPLIER 
INPUT 

OSCILLATOR 6 

IF OUTPUT 7 

N PACKAGE 

TCA440-N 

MIXER OUTPUT 

MIXER OUTPUT 

+ SUPPLY 

IF DECOUPLE 

If INPUT 

METER OUTPUT 

9 AGe IF STAGE 

ORDER PART NO. 
TCA440N 

TUNING METER 
Recommended instruments: 

or 500I.lA (R1 = BOOn) 
300l.lA (R1 = 1.5kn> 

The IC offers at pin 10 a tuning meter volt
age of 600 mVEMP max. with a source im
pedance of approx. 400.0. 

FUNCTION 
As pictured in the circuit diagram the 
TCA440 comprises two control loops inde
pendent of each other which control the RF 
stage and the IF stages. By AGCing the RF 
stage, excellent signal handling is obtained. 
A voltage of 2.6Vpp on the IC input can be 
handled with very low distortion. The push
pull mixer operates multiplicatively, thereby 
resulting in few harmonic mixing products 
and whistling pOints. The oscillator which is 
separated from the mixer is also apted ex
cellently for short waves. From the AGC of 
the RF amplifier a voltage is derived for a 
tuning meter which can be connected di
rectly to the meter. The symmetric composi
tion of the circuit provides high stability 
against oscillation and. at the same time, an 
AGC range of more than 1 OOdB. The bridge 
circuit of the mixer provides good isolation 
of the oscillator, 
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TCA440-N 

EQUIVALENT SCHEMATIC 
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TCA440·N 

DC ELECTRICAL CHARACTERISTICS Vee = 9V, TA = 25°C unless otherwise specified. 

TCA440 
PARAMETER TEST CONDITIONS Min Typ Max UNIT 

lee Total current consumption at: Vee = 4.5V 7 mA 
Vee = 9V 10.5 mA 

Vee = 15V 12 mA 

AC ELECTRICAL TEST VCC = 9V, TA = 25°C, fc = 1MHz, fMaD = 1kHz unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Va Audio output voltage m =30% VIN = 1.0mV 

SEN Input sensitivity Va = 30mV 
(fe = 1MHz, m = 30%10%, 
RG = 5400) 

Noise VIN = 1.0mV NO MOD. 

Ma Meter Output VIN = 4p.V 

TYPICAL APPLICATIONS 

APPLICATION EXAMPLE FOR BROADCAST BAND 

AA118 

330pF 

.\C ~f 
I 

2,2K 

47pF 

T TUNING METER 

".l,... 
(,./, /\.., 

~iE;51~ --,.,,-I 
I 
I 

AA118 

Min 

-Vee 
4.5-15V 

TCA440 
UNIT 

Typ Max 

100 mV 

10 p.V 

1.5 mV 

150 p.V 

L 1-L2 with Vogt coil set D21-2375.1 
L3-L1 with Vogt coil set 041-2519 
L 1 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12 x 0.04 CuLS 
L4 35 turns 12 x 0.04 CuLS 
L5 15 turns 0.10 CuL 
L6 70 turns 12 x 0.04 CuLS 
L7 35 turns 12 x 0.04 euLS 
La 20 turns 12 x 0.04 CuLS 
L9 50 turns 12 x 0.04 CuLS 
L 10 22 turns 12 x 0.04 CuLS 
L 11 400 turns 0.06 CuL 

I 
I ~-C~---'----4D~--1r---------------o~F 
I 
I 

39K 

I 

V iRF 

3.3nF I 12K 

I 
8.2K 

9~nDliC9 383 

I 



TYPICAL APPLICATIONS (Cont'd) 

APPLICATION EXAMPLE FOR BROADCAST BAND 

,---.... ~--... --<lo---... -----------o +4,Sbls15V 

330pF 

"e;.~ 
320~ 

I 
I 
I 
I 
I 
I 

.6c=1 

ViRF 0------.... 

T 100nF 
2,2K 

12K 

1.BK 
I5~' 

8,2K 

TCA440-N 

Prestage control Is derived 
.from IF control 

L1 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12 x 0.04 CuLS 
L4 35 turns 12 x 0.04 CuLS 
L5 15 turns 0.10 CuL 
LB 20 turns 12 x 0.04 CuLS 
L9 50 turns 12 x 0.04 CuLS 
L10 22 turns 12 x 0.04 CuLS 
L11 400 turns 0.04 CuL 
L1-L2 with Vogt coil set 021-23751 
L3-L11 with Vogt coil set 041-2519 

APPLICATION EXAMPLE FOR AM USING VARICAP DIODES BB 113 

,-----.... - ..... - .... --<lr---o +vee (4,5-15VI 

12K 

lSi" 

384 !ifgDotiC!i 

L1 105 turns 12 x 0.04 CuLS 
L2 7 turns 0.10 CuL 
L3 80 turns 12 x 0.04 CuLS 
L4 35 turns 12 x 0.04 CuLS 
L5 15 turns 0.10 CuL 
LB 20 turns 12 x 0.04 CuLS 
L9 50 turns 12 x 0.04 CuLS 
L10 22 turns 12 x 0.04 CuLS 
L11 400 turns 0.06 CuL 

L1-L2 with Vogt coil s.t 021-23751 
L3-L 11 with Vogt coli set 041-2519 

Vo = B.5V-f, = 800kHz 
Vo = 3OV-f, = 1620kHz 



TYPICAL APPLICATIONS (Cont'd) 

SM 

f 

CONVERSION CONDUCTANCE 
VB OSCILLATOR VOLTAGE 

mS 
3. 
30 
2. V 
20 

Sv=..!!t =.!1!.. 
V1_2 Y1-2 

y.::: CONST.= 1mVATP INI 
I. Fi= 1MHz; m= r 
10 

F OS ::: 1,455 MHz 

F IF ::: 455 kHz 

Vee= +ty 

0 
va=omv 

1DmVRMS 10OmY,1f 1VRMS 

VOSC AT 5 (4 WITH CAPACITANCE TO GROUND) 

+v, 

w 

" 

mV 

600 

~ 500 

g 

5 +IV3 
400 

~ 
8 300 

~ 
If 

100 

RF STAGE CONTROL 

V I ::: 600 KHz unmod. 
V 15::: 480 KHz unmod. 

0~0----~'0~---~2=0~---~30~---~~;---~d~. 

- ATTENUATION AG y 

The input Is not powsr matched and can be driven with a higher resistance, Vi is chosen so 
that a constant V,. is obtained ISOmVpp). 

IF CONTROL 

-------.I:J.Gv ATTENUATION 

VIF (469kHz; m = 80%; fmod = 1kHz) is chosen so that always a constant VAF is obtained 

1200mVRMS) 

9i!1DotiC9 

TCA440-N 

> .... ---OV,5 

I 
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TCA440-N 

TYPICAL PERFORMANCE CHARACTERISTICS 

AF OUTPUT VOLTAGE AND NOISE 
FIGURE vs RF INPUT VOLTAGE 

(switching position 1) 

mV RMS 

.03 

2 

i-"'" 

.~ 
'\ 

.0 

'0 
0 

'0-• 

iedB 
AG= MOO 

r\ 
\ 
I\. 

-1D 3 10 2 10 1 100 101 102mvRMS 

~VIRFAT60U 

TEST FIGURES FOR APPLICATION 

EXAMPLE FOR MW HARMONIC 
DISTORTION AND AF OUTPUT 

VOLTAGE vs RF INPUT VOLTAGE 
MEASURED SYMMETRICALLY AT 

PINS 1 AND 2 fi -1MHz, fmod -1kHz, 
flF - 455kHz, V cc - 9V 

mVeff 

.~ 4OOr--+--;-~r--r--r--t~ 

386 

SIGNAL TO NOISE RATIO vs 
RF INPUT VOLTAGE 
(switching position 2) 

dB 
80 

ZI 70 + Z .. 
80 

.- f-I-" 
50 

40 J 
30 / 

) RO= 540n 

1I 
20 

0 

0 - -.0 3.0 2.0 '100 10' '02.o'mV 

----.. VIRF AT 60n 

SIGNAL TO NOISE RATIO vs 
RF INPUT VOLTAGE 

(parameter Is generator Impedance) 
(switching position 1) 

dB 

1= ~ 50 

40 

30 

20 

4.8K'~ VL 
240n W.../.. 

..i!fZ. ~80n 
o~ r-RG =·5n 

oZ i 
- -

TEST FIGURES FOR APPLICATION EXAMPLE FOR AM USING BB 113 
fl = 1MHz, fmod • 1kHz, flF - 455 kHz, 

Vee - 9V, VIRF measured symmetrically at pins 1 and 2 

mVeI( 

% 
'5 30 0 

..... r-.. 
v AF /(m = 80%) 

.-V Klm= 3O%IM 

Klm'j_) :-""1 
\ 

VAF 

.-,;;;-;; 30%) Ll 
"'r"o, 

i,:r: 
.00 

50 

0 - -10 3 10 2 10 1 100 

----- V,RF 

Example for moving coil Instruments 

R; for full-scale deflection 

1.5kll 
1.5kll 
2kll 

3501l 

9~nD1iC9 

TUNING METER VOLTAGE 
vs IF CONTROL VOLTAGE 

(parameter is impedance of tuning 
meter) 

mV 
600 

V10 SOD 

1 400 

300 

200 

.00 

o 

RI~ '.~KII tL 
RI'= .L. ,~ V 

~ ~ Ri =500n 

~ ~ /L, f-

l% ~ ", - ", = 25011 

l.;I ~~ 
o 200 400 600 800 I _v. 



TEST CIRCUITS 

TEST CIRCUIT FOR NOISE FIGURE 

r-----------.---~._--~--------_.--_o.9V 

AA118 

B 

330pF 

.-'40;;f 
I 
I 
I 
I 
I 
I 
I 

V IRF 0-+-----------'
Zj=6D!! t-----------------------~~~~,A 

8.2K 

9(gDltiC9 

vAF 

TCA440·N 

L l-L2 M25 pot core 
L3-L 11 wilh Vogi coil set 041·2519 

Lt 2+6 turns 6xI2xO.04CuLS 
L2 n 0.15 CuL 
La 90 turns 12 x 0.04 CuLS 
L4 35 turns 12 x 0.04 CuLS 
L5 15 turns 0.10 CuL 
L6 70 turns 12 x 0.04 CuLS 
L7 35 turns 12 x 0.04 CuLS 
L8 60 turns 12 x 0.04 CuLS 
LtO 22 turns 12 x 0.04 CuLS 
Ltl 68 turns 0.06 CuL 

switch 
A B C 

off on off separate RF stage control 
on off on RF stage control voltage derived 

from IF control voltage 

fi = lMHz; m = 30% 

n(turns) RGenerator(fl) 

1 15 
2 60 
4 240 
6 540 
9 1.2K 
12 2.2K 
18 4.8K 

II 
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DESCRIPTION 
The p,A758 is a monolithic phase-locked 
loop FM stereo multiplex decoder. The de
vice decodes an FM stereo multiplex signal 
into right and left audio channels while 
inherently suppressing SeA information 
when it is contained in the composite input 
signal. The device includes automatic 
mono-stereo mode switching and drive for 
an external lamp to indicate stereo mode 
operation. 

The p,A758 operates over a large voltage 
range and requires a minimum number of 
external components. A simple setting of an 
external potentiometer adjusts the oscilla
tor frequency. No coils are required. 

BLOCK DIAGRAM 

FEATURES 
• 45dB channel separation 
• Automatic stereo/mono switching 
• 70dB SCA rejecllon 
• 10V to 16V supply range 
• High impedance input-low Impedance 

output 

SWITCH Fil TEA LOOP FILTER OSCILLATOR Re NETWORK 

j.lA758-N 

PIN CONFIGURATION 

N PACKAGE 

Mut. TlPLEX INPUT 1 

AMPLIFIER OUTPUT 2 

LEFT CHANNEL 3 
DE.atPHAS'S 

15 :~~~RRC 

LOOP FILTER 

LOOP FILTER 

DETECTOR INPUT 

LEFTC~~=~ 4 

RIGHT~=i 5 

AIG:~=:~ 6 
STEREO INDI~= 7 

11 1111 HI TEST SIGNAL 

SWITCH FILTER 

GROUND 8 9 SWITCH FIL TI!R 

ORDER PART NO. 
~A758N 

L-__________ -l __ + _____________ -==:::!:=-_---t.!!..-~~~;~~EST 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage +18 
Supply voltage (s; 15 seconds) +22 
Voltage at lamp driver terminal 

(Lamp OFF) +22 
Internal power dissipation 730 
Operating temperature range -40 to +85 
Storage temperature range -55 to +125 
Lead temperature (SOsec) 300 

388 !ii!lDOliC!i 

I--~_ ~~~1NEL 
OUTPUT 

I--+"-- ~~~~~EL 
OUTPUT 

____________ ...1 

UNIT 

V 
V 

V 
mW 
°e 
°e 
°e 

• 
RIGHT CHANNEL 
DE·EMPHASIS 



EQUIVALENT SCHEMATIC 

: 

F.~'i! i~ 11:;:: ~ 

o .: • fi 

t--t--

Gi!lnDliCG 

~ 
t--1r----..vv-jr-' ~ 

g8~ ~ 

~ 

J1A758-N 

~~ I ~J, -. 1 

• I 

.f. 1 
~ I 

~ 
I 
I. 

I 
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~758-N 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, V+ = +12V, 19kHz pilot level = 30mVRMs, multiplex signal 
(L = R, pilot OFF) = 300mVRMS, modulation frequency = 400Hz or 1Hz, 
test circuit 1, unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Icc Supply current Lamp OFF 
IL Maximum available lamp current 

V7 Voltage at lamp driver terminal Lamp = 50mA 

n I nput resistance 
ro Output resistance 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER TEST CONDITIONS 

~(V4&V5) DC voltage shift at either output Stereo to mono operation 
terminal 

pS.R.R. Power supply ripple rejection 200Hz,200mVRMs 
SEP Channel separation 100Hz 

400Hz 
10kHz 

BAl. Channel balance 

Av Voltage gain 1kHz 

Pilot input level Lamp turn-on 
Lamp turn-off 

Pilot input level hysteresis Lamp turn-off to turn-on 

Capture range 
T.H.D. Total harmonic distortion Multiplex level = SOOmVRMS pilot OFF 

19kHz rejection 
38kHz rejection 
SCA rejection l 

VCO Tuning resistance2 

VCO Frequency drift O°C ~ TA ~ 25°C 
25°C ~ TA ~ 70°C 

NOTES 

1. Measured with a stereo composite signal consistency of 80% stereo, 10% pilot and 10% 
SCA as defined in the FCC Rules on Broadcasting. 

2. Total resistance from pin 15 to ground, in test circuit, required to set reference 
frequency at pin 11 to 19kHz ± 10hz. 

TYPICAL PERFORMANCE CHARACTERISTICS 

CHANNEL SEPARATION YS 

AUDIO FREQUENCY 
HARMONIC DISTORTION YS 

INPUT LEVEL 

I II 
cal~/ 

!II C-2~V 

i ~HHW~~~-+~~~~ 
I ~~~-r-1+tt-t-It#-r-1+~ 

H+tt-+--1+tt-t-I+++-+-~: ~[: 1 
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........ 1/ 
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,uA758 
UNIT 

Min Typ Max 

31 38 mA 
75 150 mA 

1.3 1.8 V 

20 35 kO 
0.9 1.3 2.0 kO 

,uA758 
UNIT 

Min Typ Max 

30 150 mV 

35 dB 
40 dB 

30 45 dB 
45 dB 
0.3 1.5 dB 

0.5 0.9 1.4 VIV 

18 25 mVRMs 
2.0 7.0 mVRMS 

3.0 7.0 dB 

2.0 4.0 S.O % 
0.4 1.0 % 

25 35 dB 
25 45 dB 

70 dB 

21.0 23.3 25.5 kO 

+0.1 ±2 % 
-0.4 ±2 % 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR YS AMBIENT 

TEMPERATURE 

r-J~ 
.,. 1.0 

I u 

I .... f""'.. 
g _0.5 

i 



TYPICAL PERFORMANCE CHARACTERISTICS (Cont'dJ 

LAMP TURN ON .. TURN OFF 
SENSITIVITY VI AMBIENT 

TEMPERATURE 

CAPTURE RANGES VI PILOT LEVEL 

-V.l,ZV 
,.-I--

--~LAMPON 

V 

~AMPOF' 

, . 

./ 1--..1 ... 
TA~p:~ v::: 

./' 

4 . 

~ 

;;2:: 
~ .... 
~ 

'~ 

........ +."C 

--...TA·~.·C -,~ .... ,' , 

TEST CIRCUIT AND TYPICAL APPLICATION 

v+ -+12V 

C4 Cs 

.,.... 
........ 

-.~ 

0025"F 0.33 "F 

~~~--------ir-----------+--------' 

NOTE 

COMPOSITE C, 

MULTIPLEX _-I--I+----+--I 
UNIT 

LED 
STEREO 

INDICATOR 
LAMP 

LEFT 
OUTPUT 

2.F 

~~; 4-1f-------i 

(TOPVIEWI 

Tolerance on resistors is ±5% and tolerance on capacitors is ±20% unless otherwise 
specified. C, tolerance = +'00%; -20%, <AI tolerance = ±1% in test circuit and ±S% in 
typical applications, A3 tolerance = ±1%, A4 tolerance = ±1 0%, A, and A2 tolerances = ±1 % 
in test circuit and ±5% in typical application. 

swnObCS 

J.lA758-N 

CHANNEL SEPARATION VI 

OSCILLATOR FREE RUNNING 
FREQUENCY ERROR 

T,..·a"C 1 UTSlGNAl-3OnN ..... 
10 ~V"2V -+--I--+--MULTIPUXSlGNAL 
I) f'lK". !l·IA.O,'ILOTOFFI-

RC 
Skn 
OSCILLATOR 

ADJ 
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Section 12'-TV CIRCUITS 

LM1880 
TBA1.20S 
TBA 1440G/1441G 
ULN2211 

394 

Vertical! Horizontal Processor ................................................... 395 
8-Stage Amplifier with Balanced Demodulator ...................................... 398 
TV Video Amplifier with Demodulator ............................................. 401 
2-Watt TV I FM Sound Channel ................................................... 405 



DESCRIPTION 
The LM 1880 uses compatible Linear 112L 
technology to produce the first T. V. horizon
tal and vertical processing system which 
completely eliminates the hold controls. The 
heart of the system is a preCision 32 times 
horizontal frequency veo which is designed 
to use a low-cost ceramic resonator as a 
tuning element. 

The veo signal ia divided down in the hori
zontal section to produce a pre-driver output 
which is locked to negative sync by meana 
of an on-chip phases detector. The vertical 
output ramp is injection-locked by vertical 
sync subject to a sync window derived from 
the vertical countdown section. A gate pulse 
centered on the chroma burst is also 
provided. 

FEATURES PIN CONFIGURATION 
• No frequency set-up required for hori

zontal or vertical 
• Ceramic resonator frequency 

reference 
• Accurate horizontal pre-driver duty 

cycle 
• Vertical sync window referenced to 

horizontal 
• Precise Interlaced vertical output 
• APC loop parameters completely 

adjustable 
• Vertical retrace time adjustable 
• Chroma burst gate output 
• Internal voltage regulator 

BLOCK DIAGRAM 

FLYSACK 0'------.... 
SAWTOOTH 

vco 
PINS 

HORIZ 
SYNC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Sawtooth input voltage (Pin 1) 
Package dissipation, TA = 25°e 

Above TA = 25°e, Derate Based on 

,. 
BURST 
GATE 
OUT 

TJ(MAX) = 1500 e and BJA = 150° e/w 
Storage temperature range 
Operating temperature range 
Lead temperature (Soldering, 10 seconds) 
Supply current (Pin 9) 
Output voltage (Pins 8, 12, 13) 
Output current 

Pin 8 
Pin 12 
Pin 13 

Sync. input voltage (Pins 10, 14) 

ssgnotics 

F PACKAGE 

FLYBACK 
SAWTOOTH 

LOOP 
FLYER 

45% 
PHASESHFT 

VERTICAL 
SYNC 

RATING 

5 
0.83 

11 
VERTICAL 
RETRACE 
TIlliNG 

-55°C to 150 
ooe to +70 

300 
40 
12 

50 
15 
10 
5 

(MIllO 

LM1880-F 

HORIZSYNC 

BURST GATE 

VERTICAL OUT 

VERT 
RETRACE TIllING 

VERT SYNC 

UNIT 

Vp-p 
W 

°C 
°C 
°e 
mA 
V 

mA 
mA 
mA 

Vp-p 
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• I 
II 

.s 
7.5 

11 
V. RETRACE .-.. 

.,. 
>OK 

.3 
12 • 

. , 
5K 

., 
10K ,. 
V.SYNC 

oeRE • 
• 

OUT 

vco 

"0 IN H. OUTPUT LOOP FILTER 

... 
12. 

1 • 

~=?Y-¥ 

.50 .. 
H. SYNC OGND 

; 
~ 
(; 

52 
~ 
i 
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~ 
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VERTICAL, HORlwNTI! PROCESSOR 

ELECTRICAL CHARACTERISTICS (Test circuit, all SW normally pos. 1, TA = 25°C) 

PARAMETER TEST CONDITIONS 

Regulated voltage (Pin 9) 
Supply current (Pin 9) SW 7 Pos. 2 
VCO reference voltage (Pin 3) 
VCO control current (Pin 2) V2 = 5V 
Horizontal phase deteC10r sink current SW 1, SW 4 Pos. 2, V1 = 3.9V, V2 =5V 
(Pin 2) 
Horizontal phase detector source current SW 1, SW 4 Pos. 2, V1 = 1.9V, V2 = 5V 
(Pin 2) 
Horizontal output leakage (Pin 8, OFF Change SW 3 to Pos. 2 with Pin 8 High 
Condition) 
Horizontal output saturation voltage Change SW 3 to Pos. 2 with Pin 8 Low 
(Pin 8, ON condition) 
Vertical output saturation voltage SW 3, SW 5 Pos. 2 
(Pin 12) 
Burst gate saturation voltage (Pin 13) SW 1, SW 4 Pos. 2, V1 = 1.9V 
Horizontal oscillator free-running SW 2 Pos. 2 
Frequency (Pin 8) 1 
Horizontal oscillator maximum frequency V2 = 7V 
(Pin 8) 
Horizontal oscillator minimum frequency V2 = 3V 
(Pin 8) 
Vertical minimum lock frequency (Pin 12) fH = 16,734 Hz 
Vertical maximum lock frequency (Pin 12) SW 6 Pos. 2, fH = 15,734 Hz 

NOTE 
1. Assumes ceramic resonator fR = 503.48kHz. 

TEST CIRCUIT 

+~ 
VI"):' 

V2 

o 
2 

SW3 

SWI 

e001p.FI 

2K 

l000pF 

14 

13 

" 

11 

10 

9 

8 

2 

SW4 ~ 

6K 

2.4K 

SW5 

t·Ol ,.F 

lOOK 
SWa ~-IOV 

2 
18k 

SW7 

Io.'jLF · r 100 

500 

12V 1.SY 

SjgDObCS 

EMIlIO 

LM1880-F 

LIMITS 

Min Typ Max 

8.2 8.7 9.2 
12 18 24 

5.1 
0.25 1.0 

0.3 0.5 

0.3 0.5 

150 

0.15 0.4 

0.25 0.5 

0.15 0.4 
15,550 15,750 15,950 

16,300 

16,160 

58.1 
61.7 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

UNIT 

V 
mA 
V 
~A 
mA 

mA 

JlA 

V 

V 

V 
Hz 

Hz 

Hz 

Hz 
Hz 

YCO CONTROL CHARACTERISTIC 

8.5 

4 

3.5 
14 

V 
/ 

/ 
j 

I 
14.5 15 15.5 18 18.5 

HOIIIZONTAL FREQUENCY (IcIfzJ 

HORIZONTAL FREE-RUNNING 
FREQUENCY YS TEMPERATURE 
30 

20 

I 10 -- -...... 
r---...... 

" 
i ° 
i-10 
1-20 

-40 
-25 ° 25 50 75 
~ TEMPERATURE (OC) 

17 

100 
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DESCRIPTION 
An eight stage amplifier with balanced de
modulator for amplifying, limiting and the 
demodulation of FM signals, specially de
signed for the sound~IF in TV and RF-IF 
amplifier in radios. An electronic Volume 
Control for the audio outputsignal is also 
provided. 

Groups: 
TBA 120 S is delivered in groups: 
An attenuation of -30dB of the audio output 
signal requires a resistor from pin 5 to 
ground typo value 1.8K to 3.4K. 

EQUIVALENT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Operating temperature range 
Storage temperatu re 
Power dissipation 

max 1 minute 
Supply current 

max 1 minute 
Current 13 

14 
Operating supply voltage 
Frequency range 

398 

PIN CONFIGURATION 

11 

N PACKAGE 
GROUND 

IF 1 IF INPUT (HI 

DECOUPLING 2 IF INPUT (L) 

COLLECTOR ZENER OUTPUT 
(REGULATORI 3 REGULATOR 

(REGULA~~~ 4 

VOLUME 
CONTROL 

IF AMPLIFIER 6 
OUTPUT 

LC 7 
RESONATOR 

OROER PART NO. 
TBA120SN (DIP). 

IF AMPLIFIER 
OUTPUT 

9 LC RESONATOR 

8 AUDIO OUTPUT 

TBAl20ASN (QUAD-iN-LINE) 

8 

• 10137 • 

RATING UNIT 

18 V 
-15 to +70 ·C 
-40 ,to +125 ·C 

400 rnW 
500 rnW 
15 rnA 
20 rnA 
1 rnA 
1 rnA 

6 to 18 V 
o to 12 MHz 

Spl!liCS 

TBA120S-N 



TBA120S-N 

DC ELECTRICAL CHARACTERISTICS (Vee = 12V; Tamb = 25°CI 

TBA120S 
PARAMETER TEST CONDITIONS UNIT 

MIn Typ Max 

lee Total current requirement Rs=" 14 24 mA 
Rs=O 16 26 mA 

VB dc-portion of the output signal Vl =0 8·6 V 
Vs Voltage -1dB down 2.4 V 

-70dB down 1.3 V 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 12V unless otherwise specified. Fe = 4.5 or 5.5MHz. 

TBA120S 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Av IF-voltage gain Vs/V14 f = 5.5MHz 68 dB 

VIF I F-output voltage at 
limiting; each output 250 mV 

Vo AF-output voltage f = 5.5MHz; AI = ±40kHz; .50 .9 1.4 V 
VI = 10mV; Imod = 1kHz; 

Q = 45; k = 4% 
I = 5.5MHz; AI = ±40kHz; 500 mV 
VI = 10mV; Imod = 1kHz; 

Q = 20; k = 1% 

Vlim Input voltage starting limiting Vout = -3dB 30 70 p.V 

ZI Input impedance 1= 5.5MHz 40/4.5 kn/pl 
Ro Output resistance Pin 8 2.6 kG 

VOL Range 01 volume control 70 dB 

AMR AM-rejection f = 5.5MHz 40 48 dB 
VI = 500p.V; fmod = 1 kHz; 

MO=30% 

Rs Potentiometer resistance -1dB down 3.7 4.7 kG 
-70dB down 1.0 1.4 kG 

CHARACTERISTICS OF THE AUXILIARY 
CIRCUIT 
V12 Z-voltage 112 = 5mA 11.2 12 13.2 V 
Rz Z-resistance 30 G I 

SI!I0otiCS 399 



TYPICAL PERFORMANCE CHARACTERISTICS 

TYPICAL CURVE FROM PRODUCT 
SELECTION NR3. 

KI%I."~ Vee 12 VOLTS 
2nd HARMONIC 1KHz 
UIN SOOmV 

f i50KHz 
tmod 500Hz 
f 5.5MHz 

I-t--

ol.i:..Lrt~.. ~~~i±±±l±I±I 
-70 -60 -50 -40 -30 -20 -10 ULF 

-,. 
-20 

-50 

-60 

-7. 

-00 

-'00 , 

400 

VOLUME CONTROL 
SIGNETICS TBA120S 

{db) 

Vee 12 VOLTS 
UIN ,OmV 
UOU1 700mV 
61 £SOKHz 
fmod S"OOHr 
f 5.6MHz 

Kn 
R5 

-70 

db 

60 

.. 
40 

30 

20 

, 

TBA120S-N 

TYPICAL CURVE FROM PRODUCE-REFLECTION NR3. 

0 

,., ,02 ,0" ,.-

TEST CIRCUIT 

O.1~F 

12V 

22 
nF 

VE--i I--<.-----':::..r ..... 

122nF 

Vee = 12 VOL T8 
.6.f = '±50KHz 
f mod = 500Hz. -= -= -= 

I 

,0' ".V INPUT 

2.2pF 

!---ONF 

1.SnF 

f = 5.SMHz VOLUME CONTROL 

9i!1notic9 

V,. 



DESCRIPTION 
The TBA1440G (for pnp tuner pre-stages) 
snd TBA 1441G (for npn tuner pre-stages) 
have been developed from the TBA440P/N. 
Their improvements are as follows: 
• Reduced residual IF at outputs 11 and 12 
• Reduced residual IF at pin 13 
• Considerably improved intermodulation 

distance 
• Excellent tuning attitude even with low-

ohmic tank circuit at demodulator 

The IC's contain a high-amplifying control
lable video IF amplifier. a controlled demod
ulator and two low-resistance video outputs 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V13 Supply voltage 
V4 Voltages 
V5 
V14 
R8-9 Ohmic resistance between 

pins 8 and 9 
RTHSA Thermal resistance (system-air) 
TJ Junction temperature 
TS Storage temperature 
V13 Supply voltage range 

with positive· and negative-going signals as 
well as the complete keyed control and de
layed tuner control. 

• Large control range with low noise and 
wide dynamic range 

• High sensitivity 
• Controlled demodulator. so minimum 

1.07MHz disturbances 
• Internal temperature stabilization 
• The white levels of the video signals at 

the positive and negative video output are 
independent of the operating voltage 

• The white and black levels can be 
adjusted separately 

RATING UNIT 

15" V 
5 V 
20 V 
5 V 

:S20 n 
100 K/W 
150 ·C 

-40 to +125 ·C 
10.5 to 15 V 

TA Ambient temperature in operation -25 to +80 ·C 

NOTE 
Sriefly 18.5V 

TBA 1440G/1441G-N 

PIN CONFIGURATION 

IF INPUT 
HIGH 

NPACKAGE 

ORDER PART NO. 

TBAf44OG. TaAf44fG 

DE-COUPLING 

WMftLEVEL 
ADoIUIT 

Vee 
VIDEO OUT 
NE .... TIVE 
VIDEO OUT 
POaITYl! 
IILACII LEVEL 
AD.tU8T 

DC ELECTRICAL CHARACTERISTICS V13 = 12.4. TA = 25·C; all data with reference to ground. unless otherwiBe specified. 

TBA1440G/1441 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

113 Current consumption V13 = 15V 34 47 80 mA 

Vl1 DC voltage at output 11 VIN = 0 4.5 
R14-3 = 68k V 
R14-3 = 0 6.4 V 

V12 DC voltage at output 12 VIN = 0 
R14-3 = 68K 1.9 V 

R14-3 = 0 3.5 V 

V6 AGC threshold 2.4 V 

V4 IF control voltage For max. gain VIN = 0 .5 V 
For min. gain VIO = 0 2.5 V 

V7 Sync input .7 1.2 V 

IV5 AGC leakage .5 mA 

aVl1 V13= 10.5 to 15V 
100 mV/V 

aV12 50 mV/V 

NOTES 
1. According to test circuit; V 1 = effective sync pulse level at sao. 
2. Test level ace = -3dB 

8 ce = -2OdB referring to picture carrier. 
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TBA 1440G 11441 G-N 

AC ELECTRICAL CHARACTERISTICS V13 = 12.4; fc = 45 MHz; fm = 1kHz; MOD = 78% 

PARAMETER TEST CONDITIONS 

Black level Pin 11 
VIN = 80 mv NO. MOD 

Black level Pin 12 

A.G.C. sat. vol. Pin 5 1440G VIN = 80 mv 
1441G VIN = 0 

Audio output P11, 12 VIN = 80 mV 

Sensitivity VOUT - 3DB 

Intermodulation (3 MHz) 

NOTES 
1. According to teat circuit; V 1 = effective sync pulae level at 600. 
2. Teat level ace = -3dB 

Bce -= -20dB referring to picture carrier. 

TYPICAL PERFORMANCE CHARACTERISTICS 

NOISE FIGURE VI 

ATTENUATION (MEASURED 
AD VIDEO FREQUENCY) 

-Vfb = 3V, VCC = 15V, f = 38MHz, 
4f = 3MHz, RG = sooa 

dB ,. 
14 

12 

10 

t • 
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402 

/ 

/ 
V 

V,1 = 3V 
Vee = 15V 
f = 36MHz 
.If = 311Hz 

R~= S":,!l 

o 10 20 30 40 SOdS 

--....ATTENUATION-A 

CONTROL VOLTAGE VI 

ATTENUATION 
-Vfb = 3V, VCC = 15V, f = 38MHz, 

RG = 5000 

~ 

V 
2.0 

1.5 

V 

} 
~ 

..-~ 
V11 = 3Y 
Vee = 15V 

I 
1 = 36MHz 
RG = 5OO!l 

t 1.0 

0.5 
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m' 
20 
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12 

10 
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.... ATTENUAnoN-A 

TUNER CONTROL CURRENT 
VI ATTENUATION 
RG = PARAMETER 

TBA1441 

", ...... ....... ~ 
\ \ \ \ 

r~ rill ~ Ii ~ 0 ,.; .; .; 
r-", 

\ 
\ \ \ \ 
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--+-ATTEMJATION-A 
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TBA1440G/1441G 

Min Typ Max 
UNIT 

.7 V 

5.8 V 

1.3 2.2 V 

3.2 3.8 4.5 VPR 

240 750 /LV 

45 DB 

TUNER CONTROL CURRENT 
V8 ATTENUATION 

m' 
20 

18 

,. 
14 

12 
3 

10 

o 

~ 
.; 

RG = PARAMETER 
TBA1440G 

"../ -:;:::;~ 
r I { 

.. -iii -! " ~ 0: .. ;l 
d 0 

1 1 
o 10 20 30 40 50 60dS 

~ ATTENUATION-A 



APPLICATION 

TEST CIRCUIT 
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DESCRIPTION 
The ULN2211 contains a limiting amplifier, 
an FM quadrature detector, an electronic 
gain control stage and a 2-watt aud io output 
stage. It can be used to detect and amplify 
any FM modulated signal having a 
0.1-20MHz carrier frequency. 

It is especially recommended as a complete 
TV sound channel requiring few external 
components and only one tuning adjust
ment for the 4.5MHz tank circuit. Provision 
is made for 6dS/octave de-emphasis and 
tone control. 

BLOCK DIAGRAM 

V[J 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, Vee 
Input voltage (pin 10) 
Power consumption (internal) 
Operating temperature 
Storage temperature 

FEATURES 
• 2-watt output 
• DC volume control attenuation, 70dB typ 
• Limiter gain of 70dB 
• Limiting threshold typically less than 

200/LV 
• Automatic thermal shutdown 
• Over-current limiting 
• 20dB ripple rejection 
• Single supply operation (18-30V) 
• No crossover distortion 

PIN CONFIGURATION 

DC VOLUME 
CONTROL 

DETECTOR 
AUDIO OUTPUT 

POWER AMP. 
AUDIO INPUT 

REGULATOR 
OUTPUT 

N PACKAGE 

ORDER PART NO. 
ULN2211N 

ULN2211-N 

DE-EMPHASIS 
TONE CONTROL 

PHASE SHIFT 

PHASE SHIFT 

AUDIO GND 

AUDIO GND 

IF DECOUPLING 

IF INPUT 

NOTE: Internal power dissipation in watts. 

"0 

QUADRA
TURE 

DETECTOR 

VGAIN 

*' .1 -= 

Vee 
la-JOY 

t-_____ I-____ ':..:4::..5V~ "EG 

10K 

16 

GAIN 
CONTROL 

STAGE 

1_ 
e1 

DE-EMPHASIS 
CAP. 

C1(~FJ ';:8 

RATING 

+30 
+4.0 

See Figure 1 
-25 to +70 
-65 to +150 

5fgDOtiC5 

2V 

50K 

1K 0.1 

AUDIO 
M COUPLING 

.01 I COMPENSATION 

UNIT 

V 
Vrms 

°C 
°C 

2211 

6 VCC/2 

220 .. F 

4,5,12,13 

405 
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2 WI\II IV EM SOUND CHANNH 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +24V; fo= 4.5MHz, af = 25kHz, fm = 400Hz 

unless otherwise specified. 

PARAMETER 

VTH Recovered audio limiting threshold' 

AMR AM rejection2 

Vo Recovered AF voltage (pin 16) 

THDo Detector output distortion 
THDo Output distortion 

Play through 

IMAX Current limit 
VN Noise 

Av Power AMP voltage gain3 
VoNee Output tracking IVsN7) 
ZIN Audio amp input impedance 

NOTES 
,. Measured with output at -3dB. reference V,N = 'OmV. Af = 25kHz 

2. AMR = 20 log Vo IFM, Af = 7.5kHz) 
Vo lAM. 30%) 

1 
3. Set Vo = 1Vrms. Av = 20 log -

IV3rms) 

TEST CONDITIONS 
Min 

Adjust V, for Vo = 5.6V (Po = 2W) 

Adjust V, for 2W, VIN = 10mV 30 
VIN = 10mV, f = 25kHz 500 

VIN = 10mV, f = 25kHz 
Po = 2W, RL = 16 

V, =0 

RL = 0 
VIN = 0, V, = +BV 

25 
Vee = 1B to 27V 

f = 1kHz 40 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = +24V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
Min 

lee Standby current VIN = 0 25 

Vs Terminal voltage 10.5 
V'O 
V" 
V14, V'5 
VIS 
Va 14 
V2 
V3 

TYPICAL PERFORMANCE CHARACTERISTICS 

ULN2211 

Typ 

150 

55 
BOO 

1.0 
2 

10 

BOO 
15 

27 
0.5 
50 

ULN2211 

Typ 

45 

12.5 
1.4 
1.4 
4.0 
B.O 
14.5 
10 
2.6 

UtN2211 

ULN2211-N 

UNIT 
Max 

350 p.V 

dB 
mVrms 

2.0 % 
10 % 

15 mVrms 

mA 
25 mVrms 

29 dB 
VN 

60 kO 

UNIT 
Max 

60 mA 

14.5 V 
V 
V 
V 
V 

16 V 
V 
V 

GAIN CONTROL CHARACTERISTIC OUTPUT VOLTAGE AND LINEAR 
RANGE vs Q OF DETECTOR COIL 

TYPICAL POWER DISSIPATION 
vs LOAD RESISTANCE AND V CC 

Yo 

(Vrmsl 

w 

" .. 
~ 
> 
5 .. 
5 
o 

fm ::- 400Hz 
I---+~+c:..:..:"::":"'-VIN:: 10mVrms 

0~~_-L ___ R~L_·_'·_0H_M_S~ 

o 10 15 

ATTENTUATOR CONTROL VOLTAGE V, 

406 
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/" 

~ ...... l'---
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2 WAil IV FM SOUND ClUtNNEl 

MAXIMUM ALLOWABLE POWER DISSIPATION 

5.0W 

4.56W - I' ./' ...... 
r----.. 

....... 
-3.24W :-- ""'< r-

......... 

/v 

:--. v 
Io.. 

r--... 

UNIT SOLDERED INTO PRINTED WIRING 
BOARD WITH APPROXIMATELY SO MIL CLEAR· 
ANCE BETWEEN PACKAGE BOTTOM AND BOARD. 
A HEAT fiN (APPROX. AREA OF 2 3/4") 
SOLDERED INTO BOARD ON EACH SIDES OF 
PACKAGE (PINS 4,5,12, and t3) • 

UNIT SOLDERED INTO PRINTED WIRING 
BOARD WITH APPROX. 50 MIL CLEARANCE 
BETWEEN PACKAGE BOTTOM AND BOARD. PINS 
4,5,12, AND 13 SOLDERED TO GROUND 
FOil BOARD. GROUND FOIL AREA APPROX • 
2 SQUARE INCHES. 

UNIT MEASURED IN SOCKET SOLDERED 
INTO A 2 OZ. COPPER·CLAD PRINTED 

o WIRING aOARD. 
W ~ ~ ~ ~ ~ ro " ~ 

AMBIENT TEMPERATURE U c 

TYPICAL APPLICATION 

OMI 

VOLUME 
CONTROL 

10K 

RECOMMENDED 
HEAD SINK

STAVER V8-3 

0.1 

10 

4.SmHz 
10.lmHz 

Figure 1 

ULN2211 

Table 1 

L 

lD-14"H 
1-3"H 

Figure 2 

---I 
I 10.01"" ...L 1" 0.22." 

~ 25KfOPTIONAL 
TONE 

CONTROL 

RD 

~ 

5K 

9i!1RotIG9 

!II '2211 

ULN2211-N 
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Section 13:""'AUDIO CIRCUiTS 

LM387 
NE/SE540 
NE542 
NE545· 
NE570 I 571 I SA571 
NE572 
NE6458 16468-N 

NEW PRODUCT 

SD5340 

NOTE 

Dual Low-Noise Preamp ......................................................... 411 
Power Driver .' ...... , ...... ; ..................................................... 415 
Dual Low Noise Preamp .•....................................................... 420 
Dolby Noise Reduction Processor ............. . 
Compandor .................................................................... 423 
Programmable Analog Compandor ................................................ 425 
Dolby Noise Reduction Processor ............................................... 427 

4-lnputl2-0utput Audio Source Selector-Available 2nd Quarter 1981 

'This data sheet may be obtained by writing Publication Services at Signetics. 
811 E. Arque., MIS 027, Sunnyvale, California 94086, or by calUng (408)746-2111. 
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DESCRIPTION 
The LM387 is a dual preamplifier for the 
amplification of low level signals in applica
tions requiring optimum noise perform
ance. Each of the two amplifiers is com
pletely independent, with an internal power 
supply decoupler-regulator, providing 
110dB supply rejection and 60dB channel 
separation. Other outstanding features in
clude high gain (104dB), large output volt
age swing (Vee - 2V p-p), and wide power 
bandwidth (75kHz, 20V p-p). The LM387 
operates from a single supply across the 
wide range of 9 to 40V. 

The amplifiers are internally compensated 
for all gains greater than 10. The LM387 is 
available in an 8 lead dual-in-line package. 

LM387-N 

FEATURES PIN CONFIGURATION 
• Low nOise-0.8/LV total input noise 
• High galn-104dB open loop NPACKAGE 

• Single supply operation 
• Wide supply range 9 to 40V 
• Power supply rejection-110dB -IN 2 7 -IN (2, 
• Large output voltage swing (VCC - 2V 

p-p) 
GND 3 6 Vee 

• Wide bandwidth 15MHz unity gain 

"N(I'O" "N(2, 

OUTPUT (1) 4 5 OUTPUT (2) 

• Power bandwidth 75kHz, 20V p-p 
• Internally compensated 
• Short circuit protected 

EQUIVALENT CIRCUIT 

,----
I 
I Rl 

I 
I Dl 

I 
I 
I 
I 
I ZI 

I 
I 
I 
I 

Vee 

ORDER PART NO. 

LM387N 

----I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L----+~_+_.Q(4. 51 

I 
I 
I 

L ___ --L __ _ _____ -1-____ -1 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage +40 V 
Power dissipation 500 mW 
Operating temperature range o to +70 °C 
Storage temperature range -65 to +150 °C 
Lead temperature (soldering, 60sec) +300 °C 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless 
otherwise specified. 

LM387 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Voltage gain Open loop 160,000 V/V 
Supply current Vee 9 to 40V, RL = .. 10 mA 

Input resistance Positive input 100 k{} 
Negative input 200 k{} 

Input current Negative input 0.5 /LA 
Output resistance Open loop 150 {} 

Output current Source 8 mA 
Sink 2 mA 

Output voltage swing Peak-to-peak Vee-2 V 

sagnotics 411 
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LM387-N 

AC ELECTRICAL CHARACTERISTICS TA = 25 DC, Vee = 14V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Small signal bandwidth 
Power bandwidth 20V p-p (Vee = 24Vl 
Maximum input voltage Linear operation 

Supply rejection ratio f=1kHz 
Channel separation f=1kHz 

Total harmonic distortion 75dB gain, f = 1 kHz 
Total equivalent input noise Rs = 600n, 100-1 O,OOOHz 

Noise figure 50kn,100-10,OOOHz 
10kn,100-10,OOOHz 
5kn,100-10,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

2 
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0 

, 
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, 
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LM387 
UNIT 

Min Typ Max 

15 MHz 
75 kHz 
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110 dB 
60 dB 
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0.8 1.4 !'Vrms 

1.0 dB 
1.6 dB 
2.8 dB 

VCcvslCC 

, 

2 

, 

, --,/'" 
,/ 

8 

, 

, 
" 

SUPPLY VOLTAGE IVI 

CHANNEL SEPARATION 

----
---r-.. 

""" "-
, ~ 
, 

, 

, 
AV 10{)0 

Vee 12V 



DUIE EOi NOiSL rRLIIa 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

PSRR vs FREQUENCY 
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TYPICAL APPLICATIONS 

TYPICAL MAGNETIC PHONO 
PREAMPLIFIER 
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TYPICAL APPLICATIONS (Cont'd) 

TWO-POLE FAST TURN-ON NAB 
TAPE PREAMPLIFIER 
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DESCRIPTION 
The NE/SE540 is a monolithic, class AB 
power amplifier designed specifically to 
drive a pair of complementary output tran
sistors. The device features low standby 
current yet retains a high output current 
drive capability with internal current limit
ing. A wide power bandwidth and excellent 
linearity make this device ideal for use an 
audio power amplifier. 

EQUIVALENT SCHEMATIC 

FEATURES 
• Internal current limiting 
• Low standby current 
• High output current capability 
• Wide power bandwidth 
• Low distortion 

PIN CONFIGURATION 

NON-INVERTING 
INPUT 

NC 

H PACKAGE 

v' 

POWER LIMIT 

ORDER PART NO. 
NE540H. SE540H 

r---------------~, 

r---r_--~------~----,,----------------~--r_~~~T_~--------~--~'o 

Q, 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Supply voltage 
SE540 ±27 V 
NE540 ±22 V 

Operating temperature range 
SE540 -55 to +125 °C 
NE540 o to +70 °C 

Storage temperature range -65 to +150 °C 
Output short circuit duration Indefinite 

(Not exceeding maximum dissipation,) 

SmDotiCS 

NE/SE540-H 
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NElSES40-H 

DC ELECTRICAL CHARACTERISTICS TA = 2SoC and Vee = ±20V unless otherwise specified. 

SE540 NE540 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Operating supply voltage ±S ±2S ±S ±20 V 
Quiescent current 13 20 13 20 mA 

Input offset voltage S 7 7 10 mV 
Input offset current 0.3 0.7 0.5 1 p.A 

Input bias current 1.S 3 2 S p.A 
Input impedance 20 20 kO 

Current gain 80 100 70 90 dB 
Gain variation over 40dB gain ±0.1 ±O.1 dB 
temperature range 

Power supply rejection ratio 40dB gain 80 90 60 80 dB 
Common mode rejection ratio 110 90 dB 

Output drive current ±120 ±1S0 ±80 ±100 mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C and Vee = ±20V unless otherwise specified. 

SE540 NE540 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Frequency response 40dB gain ±1dB SOO 100 kHz 
Distortion 40dB gain, Output 3dB below 0.2S 0.5 O.S 1.0 % 

clipping 
RL =6000 
RL = 2kO 0.06 0.06 

Equivalent input noise voltage Rs = 6000 
SOHz to SOak Hz 10 10 p.V 

Slew rate Vee = ±20V 200 200 V/p.s 
VOUT = ±1SV 

416 SmODties 



NE/SE540-H 

TYPICAL PERFORMANCE CHARACTERISTICS 

CLOSED LOOP OPEN LOOP GAIN AND PHASE RESPONSE vs 
FREQUENCY RESPONSE FREQUENCY RESPONSE FREQUENCY 
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NE/SE540-H 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TEST CIRCUITS 

OFFSET VOLTAGE MEASUREMENT 

10000l 
1% 

+v 

IOpF 
loon 
1% 

-v 

VOFFSET' VOUT 
100 

I 2000PF 

35 WATT AMPLIFIER 

P.C. BOARD LAYOUT 
(Bottom View) 

OUTPUT BIAS CONTROL 

100 

+v 

-v R1 = IK 

BIAS CONTROL FOR 
OUTPUT TRANSISTORS 

PARTS LAYOUT 
(Top View) 

~h~ loon 

<:_ ~O.I"F 
S6n 

r-~~--~C4 ~.--. 

B ~1 }.8~ 
o-+_-+ __ ".10.K?T ! 

OUTPUT E 10pF ~ 10K 

~~~:~~~~:B: ~~ '* 

NE/SES40-H 

C -...AAA~ 0.5"F 0 
....J CYYV---1.. INPUT 
":I r:: D.lau O.l~F 
o 5000pF T 
v+ 
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DESCRIPTION 
The NE542 is a dual preamplifier for the 
amplification of low level signals in applica
tions requiring optimum noise perform
ance. Each of the two amplifiers is com
pletely independent, with individual internal 
power supply decoupler-regulator, provid
ing 110dB supply rejection and 70dB chan
nel separation. Other outstanding features 
include high gain (104dB),largeoutputvolt
age swing (Vee -2Vp-p), and internal com
pensation to 10dB. The NE542 operates 
from a single supply across the wide range 
of 9 to 24V. 

The NE542 is ideal for use in stereo phono, 
tape, or microphone preamps and other 
applications requiring low noise amplica
tion of small signals. 

420 

NE542-N 

FEATURES PIN CONFIGURATION 
• Low noise-,7ILV 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 

(V CC -2V p-p) 
• Wide bandwidth 15MHz unity gain 
• Power bandwidth 100kHz (15V p-p) 
• Internally compensated (stable at 10dB) 
• Short circuit protected 
• High slew rate 5V/ ILS 

EQUIVALENT CIRCUIT 

Vee 

,-----
R3 

NPACKAGE 

·IN (n 2 7 -IN (2) 

GND 3 6 Vee 

"N 1110' "NI2I 

Output (1 ~ 4 5 Output (2) 

ORDER NO. 
NE542N 

----I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

(4.5) 

_____ ..L ____ ~ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage +24 
Power dissipation 500 
Operating temperature range Oto+70 
Storage temperature range -65 to +150 
Lead temperature (soldering, 60sec) +300 

DC ELECTRICAL CHARACTERISTICS TA = 25° C, Vee = 14V 
unless otherwise specified. 

NE542 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Supply voltage 9 24 
Supply current Vce=9t018V,RL='" 9 15 

Input resistance 
Positive input 100 
Negative input 200 

Output resistance Open loop 150 

GjgDotiCG 

UNIT 

V 
mW 
°C 
°C 
°C 

UNIT 

V 
rnA 

kn 
kn 

n 



NE542-N 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vee = 14V unless otherwise specilied. 

PARAMETER TEST CONDITIONS 

Voltage gain Open loop 

Input current 
Negative input 

Output current Source 
Sink Clinear operation) 

Output voltage swing 

Small signal bandwidth 
Slew rate 

Power bandwidth 15V p-p 

Maximum input voltage Linear operation 

Supply rejection ratio 1=60, 120Hz 
1 = 1kHz 

Channel separation 1 = 1kHz 

Total harmonic distortion 75dB gain, 1 = 1kHz 
Total equivalent input 

Noise RS = 600n, 100 - 10.000Hz 

Noise ligure RS = 50KO, 10 - 10,OOOHz 
RS =20kO, 10 10,OOOHz 
RS = 10kO, 10 - 10,OOOHz 
RS = 5kn, 10 -1O,OOOHz 

TYPICAL PERFORMANCE CHARACTERISTICS 

LARGE SIGNAL FREQUENCY RESPONSE 
22 

Vee = 24V, AV = 1000 

20 
< ,% DISTORTION 

4 

" \ 
\ 
\ 
\ 
\ 

"'-... 
O'kHz 

FREQUENCY 1Hz) 

P-P OUTPUT VOLTAGE SWING 
vs VCC 

/ 
/ 

/ 
/v 

/ 

SUPPLY VOLTAGE (V) 

'COM 

GAIN vs TEMPERATURE 

'ooL,, ________ ~ ______ ~ ____ __J 

TEMPERATURE (OCI 

% DISTORTION 

, 
Vee" 2V , 

, 
, 
, 
6 

5 
NAB EQUIVALENl 

4 

'",- / 3 

2 ""'"/ Y 
--:::;::p-:: ,./ , 

."'" 

SjgnOliCS 

NE542 
UNIT 

Min Typ Max 

160,000 VIV 

.5 p.A 

8 14 mA 
2 3 mA 

Vee -2.5 Vee -2 V 

15 MHz 
5 V/p.s 

100 kHz 

300 mVrms 

100 dB 
110 dB 
70 dB 

.1 % 

.7 1.2 p.Vrms 

1.2 dB 
1.2 dB 
1.5 dB 
2.4 dB 

VCC vs ICC 

, - f.-- f.--
,...--f.--, --

, 

, 

7 

. 
" 

SUPPLY VOLTAGE IV) 

CHANNEL SEPARATION 

,...--...., 

/ \ 
/ '-

~ 
./ 

Av= 1000 
VCC D 12V , 

10kHz 100kHz 1MHz 

FREOUENCY (Hz) 
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DUAL LOW NOISE PlEAIiP IE5,2 
NE542-N 

TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

PSRR vs FREQUENCY GAIN AND PHASE RESPONSE VOLTAGE GAIN vs 
SUPPLY VOLTAGE 

'" 
120 """ 

,,. 
n. " n • 

n. .-- , .. 30 

/ \ \ '\ "" 90 45 
90 ". ~ \ " eo 

~ ~GAIN .. 
-" " " ~ l\ ~ PHASE " " 

90 " Z 60 90 

~ 

~l " ~ 50 o 50 'OS 
'l .. 

"I- 40 

~ i 
,,. 

500PFd~ " '" AU 
Av 1000 \ "f-- " ". 30 

'\l 
I I ~I " ~ '" 

20 

" 
, .. 

" 6°10 '" " , .. , ... 'M 'OM " ". " '''' O.lM '" "M " " " 25 

FREQUENCY (Hz) FREQUENCY IHzt SUPPLY VOLTAGE (V) 

NOISE VOLTAGE vs NOISE CURRENT PULSE RESPONSE 
FREQUENCY vs FREQUENCY 

" · NOTE: RS.O NOTE: RS~6Oi< AV" 10 , 
" , 

"1"'- .S 
, 

~s l'\. 
• 

" · r-.. -

"'r-- 3 , II .• 
2 

r-- , \ . 
2 \ • 

'" " "" ". " "k -~20 -" , ,. 2D 30 40 " SO 70 80 

fREQUENCY (Hzl 
fREQUENCY 1Hz) TIME (141 

TYPICAL APPLICATIONS 

TYPICAL TAPE PLAYBACK AMPLIFIER AUDIO MIXER 

"F 

A o--IhW-f., 

, 
Nc>-_~~_~J 

TWO-POLE FAST TURN-ON NAB TAPE PREAMP R1AA MAGNETIC PHONO PREAMP 

(4,51 

120pF 

II 

*21<F 

NOTE: All resistors values are typical and in ohms. 
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DESCRIPTION 
The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres
sor or expandor. Each channel has a full 
wave rectifier to detect the average value of 
the signal; a linerarized, temperature 
compensated variable gain cell; and an 
operational amplifier. 

The NE570/571 is well suited for use in tele
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 
• Complete compressor and expandor in 

llC 
• Temperature compensated 
• Greater than 110dB dynamic range 
• Operates down to 6Vdc 
• System levels adjustable with external 

components 
• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 
The NE570J571 compandor building 
blocks, as shown in the block diagram, are a 
full wave rectifier, a variable gain cell. an 
operational amplifier and a bias system. The 
arrangement of these blocks in the IC result 
in a circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi
ased at VREF. The rectified current is aver
aged on an external filter capacitor tied to 
the CRECT terminal, and the average value 
of the input current controls the gain of the 
variable gain cell. The gain will thus be 
proportional to the average value of the 
input signal for capacitively coupled voltage 
inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of p ro
ducing a gain error. The only error will come 
from the bias current of the rectifier (sup
plied internally) which is less than .1/-lA. 

G 0: 
IVIN - VREFI ave 

R, 

IVINlave 
~ 

or 

The speed with which gain changes to fol
low changes in input signal levels is deter
mined by the rectifier filter capacitor. A 
small capacitor will yield rapid response but 
will not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com-

APPLICATIONS 
• Telephone trunk compandor-570 
• Telephone subscriber compandor-57l 
• High level limiter 
• Low level expandor-noise gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

TA Operating temperature range 
NE 
SA 

Po Power dissipation 

BLOCK DIAGRAM 

1 of 2 

R2 20K 

6G IN O---.A,/\""'--I 

R1 10K 

REel IN 0---""''''''--1 

pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times. and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) = (Ginitial - Gfinal) e-th 

+ Gfinal; T = 10K X CRECT 

The variable gain cell is a current in, current 
out device with the ratio lOUT/liN con
trolled by the rectifier. "N is the current 
which flows from the.t:.G input to an internal 
summing node biased at V REF. The follow
ing equation applies for capacitively cou
pled inputs. The output current, 'OUT. is 
fed to the summing node of the op amp. 

9i!1nOliC9 

R3 

NE57D;5111S1511 

NE570/571-F,N 
SA571-F,N 

PIN CONFIGURATION 

R3 
20K 

F, N PACKAGE 

RATING 

24 
18 

o to 70 

Order Part No. 
NE570 F,N 
NE571 F,N 
SA571 F.N 

-40 to +85 
400 

V REF 

UNIT 

Vdc 

°C 
°C 

mW 

output 

R4 1.8V 
30K 

VIN - VREF VIN 
liN = R, "'R;' 

A compensation scheme built into the .t:.G 
cell compensates for temperature, and can
cels out odd harmonic distortion. The only 
distortion which remains is even harmonics, 
and they exist only because of internal 
offset voltages. The THO trim terminal pro
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal
ly compensated) has the non-inverting in
put tied to VREF, and the inverting input 
connected to the .t:.G cell output as well as 
brought out externally. A resistor. R3, is 
brought out from the summing node and 
allows compressor or expandor gain to be 
determined only by internal components. 
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The output stage is capable of ±20mA out
put current. This allows a +13dBm (3.5V 
rms) output into a 300n load which, with a 
series resistor and proper transformer, can 
result in +13dBm with a600n output imped
ance. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT 
TRANSFER CURVE 

I .20r-------------~ 
A band gap reference provides the refer
ence voltage for all summing nodes, a regu
lated supply voltage for the rectifier and l:.G 
cell, and a bias current for the l:.G cell. The 
low tempco of this type of reference pro
vides very stable biasing over a wide tem
perature range. 

The typical performance characteristics il
lustration shows the basic input-output 
transfer curve for basic compressor or ex
pandor circuits. 

~ 
w +10 

~ 
~ 

ii' 
!; 
o -10 
0: o 
~ -20 

~ 
~ -30 

0: 

~ 40 

> 
~ so 
ii' 
~ 
0: 
o 
'" :fl 
0: 

~ 
o 
u 

30 20 10 0 -10 
COMPRESSOR OUTPUT LEVEL 

OR 
EXPANDOR INPUT lEVEL (dBm) 

DC ELECTRICAL CHARACTERISTICS TA = 25°e, Vee = 15V' 

PARAMETER TEST CONDITIONS Min 

Vee Supply voltage 6 

lee Supply current No signal 
Output current capability ±20 
Output slew rate 
Gain cell distortion2 Untrimmed 

Trimmed 
Resistor tolerance 
I nternal reference voltage 1.7 
Output dc shift3 Untrimmed 
Expandor output noise No signal, 20Hz-20kHz 

Unity gain level 
Gain change2,4 -40oe < T < 70 0 e 

ooe < T < 70 0 e 
Reference drift4 -40oe < T < 70 0 e 

ooe < T < 70 0 e 
Resistor drift4 -40oe < T < 70 0 e 

ooe < T < ?Doe 

Tracking error 5, input Rectifier input, V2 = 

V, = OdBm +6dBm 
-10dBm 
-20dBm 
-30dBm 
-40dBm 

NOTES 

1. Except where indicated, the 571 specifications are identical to the 570 
2. Measured at OdBm.1kHz 
3. Expandor ae input change from no signal to OdBm 
4. Relative to value at T A := 25° C 
5. Relative to OdBm 
6. Electrical characteristics for the SA571 only are specified over -40 to 

+85 0 C temperature range. 

424 

-1 

Si!lDOliCS 

NE570 
Typ 

3.2 

±.5 
.3 
.05 
±5 
1.8 
±20 
20 
-15 
0 

±.1 
±.1 

+2, -25 
±5 

+8,-0 
+1,-0 

±.2 
+.2 
+.2 
+.2 

+.2,-.4 

"E570/571/SI571 
NE570/571-F,N 

SA571-F,N 

TYPICAL TEST CIRCUIT 

~,o 

I' 8.2K 

NE/SA5716 
Max Min Typ Max UNIT 

24 6 18 V 
4.0 3.2 4.8 mA 

mA 
V/us 

1.0 .5 2.0 % 
.1 

±15 % 
1.9 1.65 1.8 1.95 V 
±50 ±30 ±100 mV 

}lV 
dBRNe 

+1 -1.5 0 +1.5 dBm 
±.1 dB 

±.2 ±.1 ±.4 
'10, -40 +2, -25 +20, -50 mV 

±10 ±5 ±20 
% 

dB 

-.2,+.4 +.2 -.2,+.5 
-.3,+.6 +.2 -.4,+.7 
-.5,+1 +.2 -1,+1.5 

+.2,-.4 



PRELIMINARY SPECIFICATION 

DESCRIPTION 
The NE572 is a dual channel, high perfor
mance gain control circuit in which either 
channel may be used for dynamic gain com
pression or expansion. Each channel has a 
full wave rectifier to detect the average 
value of input signal; a linearized, tempera
ture compensated variable gain cell and a 
dynamic time constant buffer. The buffer 
permits independent control of dynamic at
tack and recovery time with minimum exter
nal components and improved low frequency 
gain control ripple distortion over previous 
compandors. 

The NE572 is intended for noise reduction in 
high performance audio systems. It can also 
be used in a wide range of communication 
systems and video recording applications. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

VCC Supply voltage 
TA Operating temperature range 
Po Power dissipation 

BLOCK DIAGRAM 

16 15 

FEATURES 
• Independent control of attack and 

recovery time. 
• Improved low frequency gain control 

ripple 
• Complementary gain compression and 

expansion with external Op Amp 
• Wide dynamic range-greater than 

110dB 
• Temperature compensated gain 

control 
• Low distortion gain cell 
• Low noise 
• Wide supply voltage range-down 

to 6V. 
• System level adjustable with external 

components. 

APPLICATIONS 
• Dynamic noise reduction system 
• Voltage control amplifier 
• Stereo expandor 
• Automatic level control 
• High level limiter 
• Low level noise gate 
• State variable filter 

RATING UNIT 

22 VOC 
Oto 70 °c 

500 mW 

G~nDtiCG 

PIN CONFIGURATION 

N PACKAGE 
(Top view) 

ORDER PART NO. 
NE572N 

NE572 

NE572-N 

I 
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PRELIMINARY SPECIFICATION NE572-N 

ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) VCC = 15V TA = 25°C Expandor mode 
(see test circuit) Input signals at unity gain level = 100mV RMS at 1KHz, V1 = V2, R2 = 3.3K 
R3 = 17.3K 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

VCC Supply voltage 6 22 VOC 

ICC Supply current No Signal 6 mA 

Internal voltage reference 2.3 2.5 2.7 VOC 

THO (untrimmed) 1kHz CA = 1.0"F .2 1.0 % 

THO (trimmed) 1kHz CR = 10"F .05 % 

THO (trimmed) 100Hz .25 % 

No signal output noise Input to V1 and V2 grounded (20-20kHz) 10 25 uV 

DC level shift (untrimmed) Input change from no signal to 100mV RMS ±20 ±50 MV 

Unity gain level -1 0 +1 dB 

Large signal distortion V1 = V2.= 400mV 1.0 3.0 % 

Tracking error measured relative Rectifier input ±.2 dB 
to value at unity gain output V2 = +6dB 

-30dB ±.5 -1.5 
+.8 

Channel crosstalk 200mV RMS into channel A, measured output on 60 dB 
channelB 

Power supply rejection ratio 120Hz 60 dB 

TEST CIRCUIT 

.1"" 100!) 
r-1---..._--..J\I'I/'v--- -15V 

2.2pF 
(7,8) 8.8K (5,11) 

V1o--f 
R1 

":" 

sll (2,14) 

2.2K 
>-..... --oVo 

CR (8,10) 

=101'" I 1K + 

CA (4,12) 

=1pFJ 
(8) 

":" 

(1,15) 

2.2pF (3,13) 
V2 o--j (18) 

100!l 

+15V 

R2 + 
1% .1#FI J 221'" 
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DESCRIPTION 
The NE645B/646B is a monolithic audio 
noise reduction system circuit. This circuit 
is used to reduce the level of background 
noise introduced during recording and 
playback of audio signals on magnetic tape, 
and to improve the noise level in FM broad
cast reception. This circuit is intended for 
use in a Dolby' B-type noise reduction 
system and is available only to licensees of 
Dolby Laboratories Licensing Corporation, 
San Francisco. 

NOTE 
'T.M Dolby Laboratories 

NE645/646B-N 

PIN CONFIGURATION (Top View) 

N PACKAGE 

Order Part No. NE645BN/646BN 

BLOCK DIAGRAM 

r-----------------------------------, 

~ i 
I 
I , 

[5----
AMP 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Temperature range 

Operating 
Storage 

Lead temperature (soldering, 60sec) 

sagnotics 

RATING 

24 

a to +70 
-65 to +150 

+300 

UNIT 

V 
DC 

DC 

I 
I 
I 
I 
I 
I 
I 
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DC ELECTRICAL CHARACTERISTICS Vee = 12 volts, f = 20Hz to 20kHz. 
All levels referenced to 580mVrms (OdB) at Pin 3, TA = +25°C 
unless otherwise noted. 

PARAMETER TEST CONDITIONS 

Supply voltage range 
Supply current 
Voltage gain (Pins 5-3) f = 1kHz (Pins 6 & 2 connected) 
Voltage gain (Pins 3-7) f = 1 kHz, OdB at pin 3, 

Noise reduction out 
Distortion f = 20Hz -20kHz Odb 

f = 20Hz -15kHz, +10db 
Signal handling f = 1 kHz distortion <0.3% 
Signal handling f = 1kHz distortion < 0.5% 

'Signal-to-noise ratio Record (Pins 6 & 2 connected) 
Record (Input on pin 2) 
Playback (Pins 6 & 2 connected) 
Playback (Input on pin 2) 

Record mode 
Frequency response f = 1.4kHz 
(at pin 7) Input at pin 5 = OdB 

= -20dB 
= -30dB 

f = 5kHz 
Input at pin 5 = OdB 

= -20dB 
= -30dB 
= -40dB 

f = 20kHz 
Input at pin 5 = OdB 

= -20dB 
= -30dB 

Back-to-back frequency Using typical record 
Response Mode response 
Input resistance Pin 5 

Pin 2 
Output resistance Pin 6 

Pin 3 
Pin 7 

NOTE 

. All noise levels are measured CCIR/ARM weighted and 10K source with respect to Dolby 
levet. See Dolby Laboratories bulletin 19. 
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Min 

8 

24.5 
-0.5 

+10 

67 
67 
77 
77 

-1 
-16.6 
-23.5 

-0.7 
-17.8 
-22.8 
-30.2 

-0.3 
-18.3 
-25.2 

-1 

35 
3.1 
1.9 

NE6458 NE6468 

Typ Max Mil, Typ 

20 8 
16 24 16 
26 27.5 24.5 26 
0 +0.5 -0.5 0 

0.05 0.1 0.05 
0.15 0.3 0.2 
+14 

+10 +12 
72 64 68 
72 64 68 
82 74 78 
82 74 78 

0 +1 -1.5 0 
-15.6 -14.6 -17.1 -15.6 
-22.5 -21.5' -24.0 -22.5 

+0.3 +1.3 -1.2 +0.3 
-16.8 -15.8 -18.3 -16.8 
-21.8 -20.8 -23.8 -21.8 
-29.7 -28 .. 7 -30.2 -29.7 

+0.7 +1.7 -0.8 +0.7 
-17.3 -16.3 -18.8 -17.3 
-24.2 -23.2 -25.7 -24.2 

0 +1 -1.5 0 

50 65 35 50 
4.2 5.3 3.1 4.2 
2.4 3.1 1.9 2.4 
80 120 80 
80 120 80 

NE645/6468-N 

UNIT 
Max 

20 V 
24 mA 

27.5 dB 
+0.5 dB 

0.2 % 
0.5 % 

dB 
dB 
dB 
dB 
dB 
dB 

+1.5 dB 
-14.1 dB 
-21.0 dB 

+1.8 dB 
-15.3 dB 
-20.3 dB 
-28.2 dB 

+2.2 dB 
-15.8 dB 
-22.7 dB 

+1.5 dB 

65 k!l 
5.3 k!l 
3.1 k!l 
120 !l 
120 !l 



PERFORMANCE CHARACTERISTICS NE6458 

ICC vs SUPPLY VOLTAGE 

ICC mA 

20 

'6 

'2 

8Y 10V 12V 14V 16V 18V 20V Vee 

Icc vs Vee 

THO vs OUTPUTS 

'O'O~~ 
~ -~ 

THO vs FREQUENCY 
RECORD MODE 

,.0 __ 

THO O.,%=-_ 
f 

.Ol ,!::OO:-HL, ...1--L....L..l...L.I..l..L!;":-H-' -L...L.J..JLl.J.l..J!.'O::-'-H'...J 

OdS Dolby record 

Vee = l2V 

+20 

·'0 

MAXIMUM SIG. HANDLING 
vs 

SUPPLY VOLTAGE FOR 0.3% 
THO RECORD 

15 

NE645 I 646B·N 

THO vs FREQUENCY 
PLAY MODE 

,.0 __ 

THO 
O"%~_.L 

~ 

.0', '":O"'OH:-, ............................ ......" k""H:-, ........ -'-..... L..U~, 0:::-'-, -' 

OdS Dolby play 
Vee = 12V 

THO vs FREQUENCY 

THO 

"O%'~ftI1 ~ ,kH, 
1/ 

>~ 
",w 
~> 
Ow 
o~ 

~ dB 
0-

5 0 
o 

kHz THOlilllll+'IOd. 
0.1% 

.d. 

.O_'2_':0---..l,O----L-• .,-J5L.-• ..l'O,--,,-J.15 

THO vs Output and 10 record 
Vee = l2V 

BACK TO BACK RESPONSE vs 
TEMP AND FREQUENCY 

100Hz 

OdS Dolby level 
Vee = l2V 
Decode = 25° C 

10kHz 

-20 
6V BV 10V 12\1 14V 16V 18Y 20V 

Vee 

BACK TO BACK RESPONSE vs 
TEMP AND FREQUENCY 

--
25°e 1ttt1t-rt1T1fftr""t"i'9-I::f!9f+!:;;::::j 

~ 

100Hz 

-10dS Dolby level 

Vee = l2V 
Decode = 25°C 

10kHz 

SmootiCS 

.0' ,=--'-L..J...LI..L1.lL.--'--.L.l....LJLl.J.-':':c-,.,---
100Hz 1kHz 10kHz 

Noise reduction off 
Vee = l2V 

BACK TO BACK RESPONSE vs 
TEMP AND FREQUENCY 

~l 
,oo·e rt+tIt"""";;t--+-lYitttt--+-++liIoIH1"-I ..... --75°C 

..... r-- v 
50·C 

25"C 

o·e 

-
-lO"e 

100Hz 10kHz 

-2OdS Dolby level 
Vee = l2V 
Decode = 25°C 
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PERFORMANCE CHARACTERISTICS NE645B (cont'd) 

BACK TO BACK RESPONSE vs BACK TO BACK RESPONSE vs 
TEMP AND FREQUENCY TEMP AND FREQUENCY 

100°C 
~! 

l00·C 
w.l 

~r- -- V .....- ........ 

75°C 75°C ....-
sooe sace - r-
25"C 25c C --- .... 
O"C O·C 

........ 
-30°C -30°C 

......... 
-...... 

100Hz 1kHz 10kHz 100Hz 1kHz 10kHz 

-30dB Dolby level -40dB Dolby level 
Vee = 12V Vee = 12V 
Decode = 2S"C Decode = 25° C 

DOLBY B-TYPE ENCODER Output for constant level input (single tone frequency response) 

~ 
level 0 

Freq. (dB) (Dolby -5 -10 -15 

(kHz) 
Level) 

0.1 0 0.1 0 0.1 
0.14 0 0.2 0.2 0.2 
0.2 0 0.3 0.4 0.5 
0.3 0 0.3 0.6 1.1 
0.4 

0.5 0 0.3 0.8 1.8 
0.6 

0.7 0 0.4 0.9 2.1 
0.8 
0.9 
1.0 0 0.4 1.0 2.3 

1.2 
1.4 0 0.3 0.9 2.3 
2.0 0.1 0.4 0.9 2.2 
3.0 0.2 0.6 0.9 1.9 
5.0 0.3 0.6 1.0 1.7 
7.0 0.3 0.6 1.0 1.7 
10.0 0.4 0.7 1.1 1.7 
14.0 0.5 0.8 1.1 1.8 

20.0 0.7 0.7 1.2 1.9 

NOTE 

The figures given in this table are the average response of many of Dolby Laboratories' 
professional encoders, and are not intended to betaken as required consumer equipment 
performance characteristics. Thus, no inference should be drawn on the tolerances which 
licensees must maintain in consumer 8-Type circuitry. Thefigures can however be used 
to plot typical characteristics. 
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-20 

0 
0.2 

0.5 
1.3 
2.0 
2.6 

3.5 

4.2 

4.4 
4.3 

3.9 
3.2 

2.8 
2.6 
2.7 

2.7 

SmootiCS 

-25 -30 

0 0 
0.2 0.1 

0.6 0.6 
1.3 1.3 
2.1 2.2 

2.9 2.9 

3.6 3.7 

4.3 4.4 

4.8 5.0 

5.6 
5.7 6.1 

6.9 
6.6 7.5 

7.0 8.5 

6.6 8.8 
5.4 8.2 

4.7 7.3 

4.2 6.5 

4.1 6.1 

4.0 5.8 

NE645/646B·N 

-35 -40 -45 

0 0 0.1 
0.2 0.1 0.2 

0.3 0.5 0.6 
1.3 1.3 1.3 
2.3 2.1 2.2 

3.0 2.9 3.0 
3.8 3.7 3.8 
4.5 4.4 4.6 
5.3 5.1 5.2 

5.8 5.6 5.8 
6.3 6.2 6.3 

7.1 7.1 7.1 
7.7 7.7 7.7 

8.9 8.9 8.9 

9.7 9.7 9.8 
10.0 10.3 10.4 

9.7 10.4 10.6 

9.1 10.4 10.6 
8.5 10.3 10.6 

8.0 9.9 10.6 
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APPLICATION INFORMATION 
The NE645B/646B is a direct replacement 
for the NE545B. For a ±1 dB back-to-back 
frequency response, the external compo
nonts should be changed as shown in the 
test circuit. The critical component is R307 
which should be shorted out. All other com
ponents, R303, R30a, and C30a are now 
connected to empty pins. 0301 will only 
effect the burst performance. C20a is only 
necessary in the test circuit in order to 
eliminate high frequency oscillation. In the 
actual application the 19kHz filter between 
pin 6 and 2 will perform the same high 
frequency roll off. All curcuit parameters are 
guaranteed at 12V Vee. 

TEST CIRCUIT NE645B/646B 

+ST020V r--------------------------------------------~ I 
1 '6 I 

I 
I 
I 
I 
I 
I 
I 

R314 ,. 

C201 
1110 

~_'N_P_UT __ ~~~+----9-~ 
I L ___ _ 

NOTE 

C208 I 470pF 

All resistors standard and are measured in OHMS 

The following components have been elimi
nated from the NE545B test circuit: (over) 

R303, R306, R307, R30a, C30a, 0301 

Component changes: 
C20a is changed from 200pF to 470pF 
and is moved from pin 5 to pin 6/2 
R305 is changed from 6aOK to 200K and 
terminated at pin 4 

.. 
" o 

C206 
10/15 

smADties 

C304 10.047 
5% 

R305 
200k 

5% 

. R304 

270k 

C3D6 0·1 C3D7 10.33 
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TEST CIRCUIT NE5458 

432 

+10 TO 20V 

R314 
1k 

r---------------------------------------------l 
I I 
1 16 1 

C201 
1/10 

INPUT ~ 1-+-o~-6-''---l 

NOTE 

AU resistors standard and are measured in OHMS. 

>

" o 

C206 
10/15 

120 

C304 

5% 10047 

C3D6 C307 

5% 0'1 10
.
33 

-::-
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Section 14-PHASE LOCKED LOOPS 

NE/SE564 
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PHASE LOCKED LOOPS DEFINITIONS 

TA 
Ambient temperature range. Range of the surrounding environment 
of the operating device. 

TJ 
Junction Temperature. The maximum temperature of the device. 
150·C is standard for silicon devices. 

TSTG 
Storage temperature range. Temperature range that the device can 
be stored in a non-operating condition. 

TSOLD 
Soldering Temperature. The temperature which can be applied to 
the lead frame of the device for short periods of time (normally 
specified for a duration of 10 sec). 

Truth Tables 

o is logic level low 
1 is logic level high 
X - don't care condition - has no effect under circuit conditions 
listed. 

Absolute Maximum Rating 

Operating safe zones exceeding these limits could cause perma
nent damage to the device and are not meant to imply that devices 
can operate at these limits. 

Power Dissipation 

The power that the device can safely handle at 25·C. The dissipa
tion must be derated as indicated for the individual package type. 

Package Type Designation 

See full package designations in Appendix. 

VCC (-VCC) 
Supply Voltage. The range of power supply voltage over which the 
device will operate safely. 

FREE-RUNNING FREQUENCY (fo', wo')-
Also called the center frequency, this is the frequency at which the 
loop veo operates when not locked to an input signal. The "prime" 
superscripts are used to distinguish the free-running frequency 
from fo' and wo' which are used for the general oscillator frequency. 
(Many references use fo' and wo' for both the free-running and 
general oscillator frequency and leave the proper choice for the 
reader to infer from the context). The appropriate units for fo' and 
wo' are Hz and radians per second respectively. 

LOCK RANGE (2fL, 2WL).' 

The range of frequencies over which the loop will remain in lock. 
Normally the lock range is centered at the free-running frequency 
unless there is some nonlinearity in the system which limits the 
frequency deviation on one side of fo'. The deviations from fo' are 
referred to as the Tracking Range or Hold-in Range. (See figure 
1.6). The tracking range is therefore one-half of the lock range. 

CAPTURE RANGE (2fc , 2wc)_" 

Although the loop will remain in lock throughout its lock range, it 
may not be able to acquire lock at the tracking range extremes 
because of the selectivity afforded by the low-pass filter. The cap-

ture range also is centered at fo' with the equal deviations called 
the Lock-in or Pull-in Ral/ges. The capture range can never exceed 
the lock range. 

LOCK-UP TIME (tL)-'" 

The transient time required for a free-running loop to lock. This time 
depends principally upon the bandwidth selectivity designed into 
the loop with the low-pass filter. The lock-up time is inversely 
proportional to the selectivity bandwidth. Also, lock-up time exhib
its a statistical spreading due to random initial phase relationships 
between the input and oscillator phases. 

PHASE COMPARATOR CONVERSION GAIN (Kd)-

The conversion constant relating the phase comparators output 
voltage to the phase difference between input and veo signals 
when the loop is locked. At low input signal levels, Kd is also a 
function of signal amplitude. Kd has units of volts per radian 
(V Irad). 

VCO CONVERSION GAIN (Ko)' 

The conversion constant relating the oscillators frequency shift 
from fo' to the applied input voltage. Ko has units of radians per 
second per volt (rad/sec/volt). Ko is a linear function of wo' and 
must be obtained using a formula or graph provided or experimen
tally measured at the desired wo'. 

LOOP GAIN (Kv)-
The product of Kd, Ko, and the low-pass filters gain at dc. Kd is 
evaluated at the appropriate input signal level and Ko at the appro
priate wo'. Kv has units of (sec)-1. 

CLOSED LOOP GAIN (CLG). 

The output signal frequency and phase can be determined from a 
product of the CLG and the input signal where the CLG is given by 

Kv 
CLG=--

1 + Kv 

NATURAL FREQUENCY (wn)-

(Equation 1.4) 

The characteristic frequency of the loop, determined mathemat
ically by the final pole positions in the complex plane or determined 
experimentally as the modulation frequency for which an 
underdamped loop gives the maximum frequency deviation from fo' 
and at which the phase error swing is the greatest. 

DAMPING FACTOR Hl-
The standard damping constant of a second order feedback sys
tem. For the PLL, r refers to the ability of the loop to respond 
quickly to an input frequency step without excessive overshoot. 

LOOP NOISE BANDWIDTH (BL)-

A loop property relating wn and T which describes the effective 
bandwidth of the received signal. Noise and signal components 
outside this bandwidth are greatly attenuated. 

• Also called Synchronization Range. 
•• Also called Acquisition Range. 
••• Also called Acquisition Time. 

NOTE 
Refer to Section 10 of the 1979 Analog Applications Manual for an in·depth explanation of 
Phase Locked Loops and their applications. 
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DESCRIPTION 
The NE564 is a versatile. high frequency 
Phase Locked Loop designed for operation 
up to 50MHz. As shown in the block diagram, 
the NE564 consists of a veo, limiter, phase 
comparator, and post detection processor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

v+ Supply voltage 
Pin 1 
Pin 10 

Po Power dissipation 
TA Operating temperature NE 

Operating temperature SE 

tstg Storage temperature 

BLOCK DIAGRAM 

FEATURES 
• Operation with single 5V supply 
• TTL compatible inputs and outputs 
• Operation to 50MHz 
• External loop gain control 
• Reduced carrier feedthrough 
• No elaborate filtering needed in FSK 

applications 
• Can be used as a modulator 
• Variable loop gain (Externally 

Controlled) 

RATING UNIT 

V 
14 
6 

400 mW 
Oto 70 °e 

-55 to +125 
-65 to 150 °e 

v+ r------- ------- -0------ 14--------, 
I 
I 

436 

10 

PHASE 
COMPARATOR 

11 

vco 

1 

POST DETECTION 
PROCESSOR 

16 

15 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

13-------t----------------.J 
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PIN CONFIGURATION 

D,F,N PACKAGE 

v+ 1 
LOOP GAIN 

CONTROL 2 

INPlIT TO PHASE 
COMPARATOR 3 

FROM.CO 

lOOP FILTER 4 

LOOP FILTER 5 

Fu/RF INPUT 6 

BIAS FILTER 7 

TTL OUTPUT 

HYSTERISIS SET 

ANALOG OUTPUT 

FREQ. SET CAP. 

FREQ. SET CAP. 

11 veo OUTPUT #2 

ORDER PART NO. 
NE/SE584F 
NE/SE664N 
NElSE564D 

v+ 

9 veo OUTPUT TTL 

FUNCTIONAL DESCRIPTION 
The NE564 is a monolithic phase locked 
loop with a post detection processor. The 
use of Schottky clamped transistors and op
timized device geometries extends the fre
quency of operation to greater than 50MHz. 
In addition to the classical PLL applications, 
the NE564 can be used as a modulator with 
a controllable frequency deviation. 

The output voltage of the PLL can be written 
as shown in the following equation: 

(fin - fo> 
vo=--

Kvco 
Equation 1 

Kveo = conversion gain of the veo (see figure 7) 
fin = frequency of the input signal 
fo = free running frequency of the veo 

The process of recovering FSK signals in
volves the conversion of the PLL output into 
logic compatible signals. For high data 
rates, a considerable amount of carrier will 
be present at the output of the PLL due to 
the wideband nature of the loop filter. To 
avoid the use of complicated filters, a com
parator with hysterisis or Schmitt trigger is 
required. With the conversion gain of the 
veo fixed, the output voltage as given by 
Equation 1 varies according to the frequen
cy deviation of fin from fa. Since this differs 
from .system to system, it is necessary that 
the hysterisis of the Schmitt trigger be ca
pable of being changed, so that it can be 
optimized for a particular system. This is 



NE/SE564-D,F,N 

ELECTRICAL CHARACTERISTICS V+ = 5V, TA = 25·C, fo = 5MHz, Ie = -200"A unless otherwise specified. 
Test Circuit: Figure 1 

SE564 
PARAMETER TEST CONDITIONS 

Min Typ 

Maximum VCO frequency 50 65 

Lock range Input 2:: 200mVrms, TA = 25·C 60 90 
= 125·C 30 50 
= -55·C 120 150 
= O·C 
= 70·C 

Capture range Input 2:: 200mVrms, R2 = 270 25 35 
= 1000 35 50 

VCO frequency drift with fo = 5MHz, T A = -55·C to 125·C 400 
temperature = O·C to 70·C 

fo = 500kHz, TA = -55·C to 125·C 250 
= O·C to 70·C 

VCO frequency change with 
V+ = 4.5V to 5.5V 3 

supply voltage 
Demodulated output voltage Modulation frequency: 1 kHz, fo = 

5MHz 
Input deviation: 10%, T ., 25·C 120 140 

linearity 

Signal to noise ratio 
AM rejection 

Supply current 
Leakage current 
Output current 

Supply voltage 

accomplished in the 564 by varying the volt· 
age at pin 15 which results in a change of 
the hysterisis of the Schmitt trigger. 

For FSK signals, an important factor to be 
considered is the drift in the free running 
frequency of the veo itself. If this changes 
due to temperature, according to Equation 1 
it will lead to a change in the dc levels of the 
PLL output, and consequently to errors in 
the digital output signal. This is especially 
true for narrow band signals where the devi
ation in fin itself may be less than the 
change in fo due to temperature. This effect 
can be eliminated if the dc or average value 
of the signal is retrieved and used as the 
reference to the comparator. In this manner, 
variations in the dc levels of the PLL output 
do not affect the FSK output. 

veo Section 
Due to its inherent high frequency perform
ance, an emitter coupled oscillator is used in 
the yeo. In the circuit, shown in the equi-

1%, T = 25·C 10 14 
T = O·C 
= -55·C 8 12 
= 70·C 
= 125·C 14 16 

Deviation: 1% to 8% 1 

40 
35 

V+ = 5V 35 
Pin 9 1 
Pin 9 

Pin 1 4.5 
Pin 10 4.5 

valent schematic, transistors 021 and 023 
with current sources 025-026 form the ba
sic oscillator. The free running frequency of 
the oscillator is shown in the following equa
tion: 

1 
fo = 16RcC 1 

Equation 2 

Rc = RIg = R20 = 1001/ (INTERNAL) 
C 1 = external frequency setting capacitor 

Variation of V d (phase detector output volt
age) changes the frequency of the oscilla
tor. As indicated by Equation 2, the frequen
cy of the oscillator has a negative 
temperature coefficient due to the positive 
temperature coefficient of the monolithic re
sistor. To compensate for this, a current IR 
with negative temperature coefficient is in
troduced to achieve a low frequency drift 
with temperature. 

Phase Comparator Section 
The phase comparator consists of a double 
balanced modulator with a limiter amplifier 

Smnotics 

NE564 

Max Min Typ Max 
UNIT 

45 60 MHz 

60 90 %offo 

100 120 
50 70 

25 35 % of fo 
35 50 

1000 PPM/·C 
400 1250 

500 
400 850 

6 3 6 % of fo 

120 140 mVrms 
10 14 mVrms 
9 13 mVrms 

mVrms 
13 15 mVrms 

mVrms 
3 1 3 % 

40 dB 
35 dB 

50 35 50 mA 
10 1 10 "A 
6 6 mA 

12 4.5 12 V 
5.5 4.5 5.5 V 

to improve AM rejection. Schottky clamped 
vertical PNPs are used to obtain TTL level 
inputs. The loop gain can be varied by 
changing the current in 04 and 015 which 
effectively changes the gain of the differen
tial amplifiers. This can be accomplished by 
introducing a current at pin 2. 

Post Detection Processor 
Section 
The post detection processor consists of a 
unity gain transconductance amplifier and 
comparator. The amplifier can be used as a 
dc retriever for demodulation of FSK sig
nals, and as a post detection filter for linear 
FM demodulation. The comparator has ad
justable hysterisis so that phase jitter in the 
output signal can be eliminated. 

As shown in the equivalent schematic, the 
dc retriever is formed by the transductance 
amplifier 042-043 together with an exter
nal capacitor which is connected at the am-
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plifier output (pin 14). This forms an integra
tor whose output voltage is shown in the 
following equation: 

Equation 3 

gm = transconductance of the amplifier 
C2 = capacitor at the output (pin 14) 
Vin = signal voltage at amplifier input 

With proper selection of C2, the integrator 
time constant can be varied so that the out
put voltage is the dc or average value of the 
input signal for use in FSK, or as a post 
detection filter in linear demodulation. 

The comparator with hysterisis is made up 
of 049-050 with positive feedback being 
provided by 047-048' The hysterisis is 
varied by changing the current in 052 with a 
resulting variation in the loop gain of the 
comparator. This method of hysterisis con
trol, which is a dc control, provides symmet
ric variation around the nominal value. 

EQUIVALENT SCHEMATIC 

438 

Design Formula 
The free running frequency of the veo is 
shown by the following equation: 

1 
fo = 16RcC1 in Hz Equation 4 

Rc = 10011 
C 1 = external cap in farads 

The loop filter diagram shown is explained 
by the following equation: 

1 
F(s) = ---

1 + sRC3 
Equation 5 

R = R12 = R13 = 1.3k!1 (INTERNAL) 

By adding capacitors to pins 4 and 5, two 
poles are added to the loop transfer function 

1 
atw = -

RC3· 

FM DEMODULATOR 
The NE564 can be used as an FM 
demodulator. The connections for operation 

9i!1RotiC9 
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at 5V and 12V are shown in figures 2 and 3 
respectively. The input signal is ac coupled 
with the output signal being extracted at pin 
14. Loop filtering is provided by the capaci
tors at pins 4 and 5 with additional filtering 
being provided by the capacitor at pin 14. 
Since the conversion gain of the veo is not 
very high, to obtain sufficient demodulated 
output signal the frequency deviation in the 
input signal should be fairly high (1 % or 
higher). 

MODULATION TECHNIQUES 
The NE564 phase locked loop can be modu
lated at either the loop filter ports (pins 4 
and 5) or the input port (pin 6) as shown in 
figure 4. The approximate modulation fre
quency can be determined from the frequen
cy conversion gain curve shown in figure 5. 
This curve will be appropriate for signals 
injected into pins 4 and 5 as shown in 
figure 4. 



FSK Demodulation 
The 564 PLL is particularly attractive for 
FSK demodulation since it contains an inter
nal voltage comparator and veo which have 
TTL compatible inputs and outputs, and it 
can operate from a single 5 volt power sup
ply. Demodulated dc voltages associated 
with the mark and space frequencies are 
recovered with a single external capacitor in 
a dc retriever without utilizing extensive fil
tering networks. An internal comparator, 
acting as a Schmitt trigger with an adjust
able hysteresis, shapes the demodulated 
voltages into compatible TTL output levels. 
The high frequency design of the 564 en
ables it to demodulate FSK at high data 
rates in excess of 1.0M baud. 

Figure 6 shows a high-frequency FSK de
coder designed for input frequency devi
ations of ± 1.0MHz centered around a free
running frequency of 10.8MHz. The value of 
the timing capacitance required was esti
mated from figure 8 to be approximately 
40pF. A trimmer capacitor was added to fine 
tune fo' to 10.8MHz. 

Figure 9 indicates that the ± 1.0MHz fre
quency deviations will be within the lock 
range for input signal levels greater than ap
proximately 50mV with zero pin 2 bias cur
rent. While strictly this figure is appropriate 
only for 5MHz, it can be used as a guide for 
lock range estimates at other fo' fre
quencies. 

The hysteresis was adjusted experimentally 
via the 10kf! potentiometer and 2kf! bias ar
rangement to give the wave shape shown in 
figure 7 for 20K, 500K, 2M baud rates with 
square wave FSK modulation. Note the mag
nitude and phase relationships of the phase 
comparators output voltages with respect to 
each other and to the FSK output. The high 
frequency sum components of the input and 
veo frequency also are visible as noise on 
the phase comparators outputs. 

NElSE564-D,F,N 

SEINE 564 TEST CIRCUIT 

+5V 

R3 lK -= 
Rl +--..... --0() vco OUTPUT 

C3 

INPUT~ 1 2 10 16 • 6 3 
lK 

~ f:; 430 R2 

C2 R2 

-=- 430pF 

FM INPUT 0.47pF 

Smnotics 

14 t----t-o DEMODULATED 

564 

I. 
O.,~ 

Cl 

I. 

-= 

Figure 1 

FM DEMODULATOR AT SV 

LOCK RANGE ADJUSTMENT 

LOOP FILTER 

O.01"F 

~ 

OUTPUT 

15 
ANALOG OUT 

6V 5V 

FREQUENCY SET CAP 

lK 

Figure 2 

1kHz: 
POST DETECTION FILTER 
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FM DEMODULATOR AT 12V 

112 LOCK RANGE ADJUSTMENT 

+ O.01~F 

INPUT 0.47/-lF 
f c =5MHz 0-..1 
fm=1kHz 1K 

BIAS fiLTER ~ O.1pF 

~ LOOP FILTER 

ANALOG OUT 
1kHz 

POST DETECTION FILTER 

~O.l'" 
200 1K 

,.V 

Figure 3 

VCO CONVERSION GAIN 

1.0 .8 .6 .4 .2 ........ .4 .• .8 1.0 

mV 

......... ""'"---. 
PIN 4·5 VOLTAGE (VD) 

1 to= 4MHz 

KyCO = CONVERSION GAIN 

KVCO=~:=::::: -1.8~ 
AVO V 

FOR KO OF PLL MODEL 
KO = (At/fo):::: -(1.8MHz/4MHz) 

VOLT ---;YOU-

:::: -0.45 RADIANS 

VOLT 

= -4.Sx10-4 RADIANS/mY 

Figure 5 

MODULATING 
INPU1 
1kHz 

O.47j..1F 

1kHz c---t 
..cI -=- O.1,uF 

5V 

, . 

MODULATOR 

NE/SE564 

NElSE564-D,F,N 

5V FINE fREQUENCY 
ADJUSTMENT 

5V MODULATED OUTPUT 
ITTLI 

Figure 4 

10.8MHz FSK DECODER USING THE 564 
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2K 
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300!1 

+SV 12 
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11 13 
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Figure 6 
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PHASE COMPARATOR (PINS 4 AND 5) AND FSK (PIN 16) OUTPUTS FOR DATA RATES OF 

= 
1- -~ ,.. 
--r--- "--

~ 

2V 

NOTE 
Top trace-pin 4 
Center trace-pin 5 
Bottom trace-pin 16 

~~mv - 50,.,.5 

~ ~ 

W- ~ - -- -
~ --

........ ......... 

(a) 20K BAUD 

--
I-----r-r---

-
100mV 

2V 

-
10..--

---
100mV 

(e) 2.0M BAUD 

Figure 7 

(b) SOOK BAUD 

SOOnS 

NE/SE564-D,F,N 

L-________________________ _ ______________________ ---' 
TYPICAL PERFORMANCE CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT 

1000 

8 

100 

10 

I I I 
I PIN2 = 400.uA 

I 1 I 
1" IPIN, ~""A" 

\ J 

1\ I VV"~5V 
1\\ If 'Y 5MI' 

0.7 O.S 0.9 1.0 1.1 1.2 1.3 

NORMALIZED LOCK RANGE 

VCO CAPACITOR vs FREQUENCY 

10' 

10' '" H" '" 10' " '0' " \. , 10 
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FREOUENCY kHI 

Figure 8 
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TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCTION OF 

PIN 2 BIAS CURRENT 

! 
if 1.01 

~ 1.00 

~ 0.99 I 0.98 

0.97 

0.96 
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FREQUENCY: 50MHz 

~ I'-

, 
600jLA 400 200 o +200 

BIAS CURRENT (I'A). PIN 2 

TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCTION OF 

PIN 2 BIAS CURRENT 

I I I I 
I I I I 

VCO FREQUENCY: 5MH1: 

1""- ..... 
...... 

.... 1-0. 

0.90 

-600IlA -400 -200 +200 +400 

BIAS CURRENT (#LA), PIN 2 

9~nltic9 

NE/SE564-D,F,N 

NORMALIZED VCO FREQUENCY 
AS A FUNCTION OF TEMPERATURE 
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0.90 

BIAS CURRENT: -200pA 
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'> 10-b... 
f~ \ --~ ~ ......... 

FREQUENCY: 500 KHz 
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DESCRIPTION 
The SElNE565 Phase-Locked Loop (PLU is 
a self-contained, adaptable filter and de
modulator for the frequency range from 
0.001 Hz to 500kHz. The circuit comprises a 
vOltage-controlled oscillator of exceptional 
stability and linearity, a phase comparator, 
an amplifier and a low-pass filter as shown 
in the block diagram. The center frequency 
of the PLL is determined by the free-running 
frequency of the veo; this frequency can be 
adjusted externally with a resistor or a ca
pacitor. The low-pass filter, which deter
mines the capture characteristics of the 
loop, is formed by an internal resistor and an 
external capacitor. 

FEATURES 
• Highly stable center frequency 

(200ppmfOC typ.) 
• Wide operating voltage range (±6 to ±12 

volts) 
• Highly linear demodulated output (0.2% 

typ.) 
• Center frequency programming by 

means of a resistor or capacitor, voltage 
or current 

• TTL 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 com

parator in frequency discriminator 
• Bandwidth 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 
• Wldeband FM discriminators 
• Data synchronizers 
• Tracking fillers 
• Signal restoraUon 
• Frequency multiplication & division 

PIN CONFIGURATIONS 

F,N PACKAGE 

PHAse COMPARATOR 

veo INPUT 

REFERENCE 
OUTPUT 

DEMODULATED 
OUTPUT 

BLOCK DIAGRAM 

INPUT 

EXTERNAL 

C FOA veo 
EXTERNAL 
A FOA veo 

EQUIVALENT SCHEMATIC 

INPUT 

INPUT 

NE/SE565-F,H,N 

H PACKAGE" 

EXTERNAL C FOR veo 

EXTERNAL A FOR veo 
DEMODULATED 
OUTPUT 

PHAse COMPARATOR veo INPUT 

*Metal Cans (Hl not recommended for new designs 

c, 

r-"""'~"""+''''''-o DEMOO. OUTPUT 

,-==-+-+'--0 REF. OUTPUT 

FREQUENCY SETTING RESISTOR v+ 
8 - ~------ -- ---- --- ------ -- --- --- -- -- To -------- ----------- ------ -- --I 

4 

: 
t C2 

t=:=:Jf--t::±=l:5~1 OUTPUT OIJTPUT 
6 R£FERt:t«:E 

I ____ H _____ , 

v- c, FREQUENCY SETTING VCOOUTPUT PttASE SIGNAi..INPlIT 

, 
SIGNAL INPUT 

CAPACITOR COMPARA11JfI 

ABSOLUTE MAXIMUM RATINGS TA = 25D C unless otherwise specified. 

PARAMETER RATING UNIT 

MaxinlUm operating voltage 26 V 
Input voltage 3 Vp-p 
Storage temperature -65 to +150 DC 
Operating temperature range 

NE565 o to +70 °c 
SE565 -55 to +125 °c 

Power dissipation 300 mW 
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ELECTRICAL CHARACTERISTICS TA = 25DC, Vee = ±6V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

SUPPLY REQUiREMENTS 
Supply voltage 
Supply current 

INPUT CHARACTERISTICS 
Input impedance1 

Input level required for fo = 50kHz, ±10% 
tracking frequency deviation 

VCO CHARACTERISTICS 
Center frequency 

Maximum value Cl = 2.7pF 
Distribution2 Distribution taken about 

fo= 50kHz, Rl = 5.0kO, Cl = 1200pF 

Drift with temperature fo = 50kHz 
Drift with supply voltage fo = 50kHz, Vee = ±6 to ±7 volts 

Triangle wave 
Output voltage level 
Amplitude 
Linearity 

Square wave 
Logical "1" output voltage fo = 50kHz 
Logical "0" output voltage fo = 50kHz 

Duty cycle fo = 50kHz 

Rise time 
Fall time 

Output current (sink) 
Output current (sou rce) 

DEMODULATED OUTPUT CHARACTERISTICS 
Output voltage level Measured at pin 7 

Maximum voltage swing 3 

Output voltage swing ±10% frequency deviation 
Total harmonic distortion 
Output impedance4 

Offset voltage (V6-V7l 
Off SAt voltage vs temperature (drift) 

AM rejection 

NOTES 

1. Both 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 adjustmen,t (R1) must have a value between 2kn 
and 20kll. 

3. Output voltage swings negative as input frequency increases. 
4. Output not buffered. 
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SE565 

Min Typ 

12 
8 

7 10 
10 1 

300 500 

-10 0 

200 
0.1 

1.9 0 
2.4 
0.2 

+4.9 +5.2 
-0.2 

45 50 

20 
50 

0.6 1 
5 10 

4.25 4.5 

2 
250 300 

0.2 
3.6 

30 
50 

30 40 

NE/SE565-F,H,N 

NE565 
UNIT 

Max Min Typ Max 

±12 ±6 ±12 V 
12.5 8 12.5 mA 

5 10 kO 
10 1 mVrms 

500 kHz 
, 

+10 -30 0 +30 % 

300 ppm/DC 
1.0 0.2 1.5 %/V 

1.9 0 V 
3 2.4 3 Vp-p 

0.5 % 

+4.9 +5.2 V 
+0.2 -0.2 +0.2 V 

55 40 50 60 % 

100 20 ns 
200 50 ns 

0.6 1 mA 
5 10 mA 

4.75 4.0 4.5 5.0 V 

2 Vp-p 
200 300 mVp-p 

0.75 0.4 1.5 % 
3.6 kO 

100 50 200 mV 
100 I.N/DC 

40 dB 



TYPICAL PERFORMANCE CHARACTERISTICS 

POWER SUPPLY CURRENT 
AS A FUNCTION OF 

SUPPLY VOLTAGE 

20,,..----,----r----,---, 
Rt = FREQUENCV SETTING RESISTOR 

! 
!'SI---+--+_----l.,c---,---_I 

i 
i,.'I---+~~+_----l--_1 

104 18 22 
TOTAL 5UPPl Y VOlTAGE [VOLTS) 

LOCK RANGE 

26 

AS A FUNCTION OF 
GAIN SETTING RESISTANCE 

(PIN 6-7) 
2 

V+ -6V 
v- -6V 

1 

~ bt ~ r-.... 
......... f-l ~ J 

1 

-, 

o 
o 2 .. .6 .8 1 12 1.4 1.6 1.8 2 

RELATIVE FREE RUNNING FREOUEMCY.'O 

DESIGN FORMULAS 
(See Figure 1) 
Free-running frequency of VCO: fo"'~in Hz 

4R,C, 
8fo 

lock-range: fL = ± Vcc in Hz 

1 j21rTfL Capture-range: fc '" ± 2rr 
where T = (3.6X103) 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 fre
quency 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. Consequently, 
the linearity of the phase comparator output 
with frequency is determined by the 
voltage-to-frequency transfer function of 
the VCO. 

VCO CONVERSION GAIN 

2 
V+'+611 
V-=-611 

., ~ 

/ 
V 

1 

V 
/ ., 

Q 

~ 
lI. 
i 

,/ 
/ 

0.5 1 l5 2 2.5 
VOLTAGE BETWEEN PIN 7 AND PIN 10 

1'110- 1111 

CHANGE IN FREE-RNNING 
VCO FREQUENCY AS A 

FUNCTION OF TEMPERATURE 

+2. , 
~+2 0 

I::: 
8 +0. 

, 
0 

5 

~ 0 

; ~~: 
; -, 
0-'" 

• 
-,~ 

V 6VOLTS 

v+ = 6 VOLTS /' 
V 

/' 
:/ 

,/ 
:/ 

:/ 
,-

- -1& 50 25 0 +25 +50 +75 +100 +125 
TEMPfRATURE-C· 

Because of its unique and highly linear 
VCO, the 565 PLL can lock to and track an 
input signal over a very wide bandwidth 
(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 

fo = 4~'~Cl and should be adjusted to be at 

the center of the input signal frequency 
range. C1 can be any value, but R1 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 com
parator. Pin 6 provides a dc reference volt
age that is close to the dc potential of the 
demodulated output (pin 7). Thus, if a resist
ance 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 

Si!l00liGS 
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1 
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;;; 
f 0 

1-2 
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NElSE565-F,H,N 

LOCK RANGE 
AS A FUNCTION OF 

INPUT VOLTAGE 

I 
V+=V-.12V 

~v 1-"1'0 

\ 
V+=V~=6V V \' II 

'\ 

~ I 
V 

.• 1 1. 02 0 0.6 o.a 2 
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1.. 1.6 1.8 

V' 

VCO OUTPUT 
WAVEFORM 

1\ 1\ 
\ ./ 1\ / 

l- I-

'-- -
V+·V-06va..TS 

1\ / 

f--, 

-

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 ±6Vl. 

A small capacitor (typically 0.0011-'FJ should 
be connected between pins 7 and 8 to elimi
nate possible oscillation in the control cur
rent source. 

A Single-pole loop filter is formed by the 
capacitor C2, connected between pin 7 and 
the positive supply, and an internal resist
ance of approximately 3600 ohms. 

,..--..----1--o+6V 

DEMODULATED 
OUTPUT 
REFERENCE J1J DUTPUT 

'---~---o -6V 

Figure 1 
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Frequency Shift Keying (FSK) 
FSK refers to data transmission by means of 
a carrier wh ich is sh ifted between two preset 
frequencies. This frequency shift is usually 
accomplished by driving a VCO with the 
binary data signal so that the two resulting 
frequencies correspond to the "0" and "1" 
states (commonly called space and mark) of 
the binary data signal. 

A simple scheme using the 565 to receive 
FSK signals of 1070Hz and 1270Hz is 
shown in Figure 2. As the signal appears at 
the input, the loop locks to the input fre
quency and tracks it between the two fre
quencies with a corresponding dc shift at 
the output. 

The loop filter capacitor C2 is chosen small
er than usual to eliminate overshoot on the 
output pulse, and a three-stage RC ladder 
filter is used to remove the carrier compo
nent 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 150Hz) and twice 
the input frequency (approximately 
2200Hz). 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 frequen
cy is adjusted with R1 so as to result in a 
slightly-positive voltage at the output with 
fiN = 1070Hz. 

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). 

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 fre
quency of the VCO 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 little tracking required, the 
loop can generally be locked to anyone of 
the first 5 harmonics. For higher orders of 
multiplication, or for cases where a large 
lock range is desired, the second scheme is 
more desirable. An example of this might be 
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+BV 
c, 
Q15 0.02 0.02 0.02 

FSK OJ 
INPUT<>--l 

1m. 10k 10k JL 
5748 

30K 

-6V 
Figure 2 

Figure 3 

a case where the input signal varies over a 
wide frequency range and a large multiple 
of the input frequency is required. 

A block diagram of the second scheme is 
shown in Figure 3. Here the loop is broken 
between the VCO and the phase compara
tor, 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 fre
quency 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 of the VCO is then ad
justed by means of R1 and C1 (as discussed 
under FM demodulation) so that the output 
frequency of the divider is midway between 
the input frequency limits. The filter capaci
tor, C2, should be large enough to eliminate 
variations in the demodulated output volt
age (at pin 7), in order to stabilize the VCO 
frequency. The output can now be taken as 
the VCO squarewave output, and its funda
mental will be the desired multiple of the 
input frequency (fiN) as long as the loop is in 
lock. 

seA (Background Music) Decoder 
Some FM stations are authorized by the 
FCC to broadcast uninterrupted back
ground music for commerical use. To do 
this a frequency modulated subcarrier of 
67kHz is used. The frequency is chosen so 

Si!lDntics 

r----t--_--...---_---<>+6V 

t~_-6V 
Figure 4 

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 cir
cuits. 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 estab
lish 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 signal amplitude, 
between 80mV and 300mV, is required at the 
input. Its source should have an impedance 
of less than 10,000 ohms. 

The Phase Locked Loop is tuned to 67kHz 
with a 5000 ohm potentiometer; only ap
proximate 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 the 
high-frequency noise which often accom
panies SCA transmission. Note that no ca
pacitor 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 
50mV and the frequency response extends 
to 7kHz. 
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DESCRIPTION 
The NE/SE 566 Function Generator is a 
voltage controlled oscillator of exceptional 
linearity with buffered square wave and 
triangle waite outputs.The frequency of os
cillation is determined by an external resis
tor and capacitor and the voltage applied to 
the control terminal. The oscillator can be 
programmed over a ten to one frequency 
range by proper selection of an external 
resistance and modulated over a ten to one 
range by the control voltage, with excep
tional linearity. 

BLOCK DIAGRAM 

EQUIVALENT SCHEMATIC 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Maximum operating voltage 
Input voltage 
Storage temperature 
Operating temperature range 

NE566 
SE566 

Power dissipation 

448 

FEATURES 
• Wide range 01 operating Yoltage (up to 24 

Yolts) 
• High linearity 01 modulation 
• Highly stable center frequency (200 

ppm/DC typical) 
• Highly linear triangle wave output 
• Frequency programming by means 01 a 

resistor or capacitor, Yoltage or current 
• Frequency adjustable over 10 to 1 range 

with same capacitor 

APPLICATIONS 
• Tone generators 
• Frequency shill keying 
• FM modulators 
• Clock generators 
• Signal generators 
• Function generators 

y' 

RATING UNIT 

26 V 
3 Vp_p 

-65 to +150 °C 

o to +70 °C 
-55 to +125 °C 

300 mW 

9jgnotiC9 

NE/S£5U 
NE/SE566-F,N,H 

PIN CONFIGURATIONS 

H PACKAGE-

TRIANGLE WAVE OUTPUT 

ORDER PART NO. 
NE/SE566H 

*Metal cans (HI not recommended for new designs 

N PACKAGE 

GROUNOo'V' NC 2 1 C 1 

SQUARE WAVE 3 ~ A 
OUTPUT 1 

TRIANGLE WAVE 4 5 MODULATION 
OUTPUT INPUT 

ORDER PART NO. 
NElSE566N 

F PACKAGE 

NC ' 

NC ' 

GROUND 3 

SQUARE WAVE 4 

TRIANGLE WAVE 5 

NC' 

NC' 

ORDER PART NO. 
NE/SE566F 



ELECTRICAL CHARACTERISTICS TA = 25°C; Vee = 12V unless otherwise specified. 

PARAMETER 
Min 

GENERAL 
Operating temperature range -55 

Operating supply voltage 
Operating supply current 

VCOI 
Maximum operating frequency 

Frequency drift with temperature 
Frequency drift with supply voltage 

Control terminal input impedance2 

FM distortion (±10% deviation) 

Maximum sweep rate 
Sweep range 

OUTPUT 
Triangle wave output 

Impedance 

Voltage 1.9 
Linearity 

Square wave input 
Impedance 

Voltage 5 
Duty Cycle 45 

Rise time 
Fall Time 

NOTES 

1. The external resistance for frequency adiustment (Rl1 must have a value between 2kO 
and 20KO. 

2. The bias voltage Nel applied tothe control terminal (pin 51 should be in the range 

3/4V+::;: Vc $. V+. 

TYPICAL PERFORMANCE CHARACTERISTICS 

SES66 

Typ Max 

125 

24 
7 12.5 

1 

200 
1 

1 
0.2 0.75 

1 
10:1 

50 

2.4 
0.2 

~O 

5.4 
50 55 

20 
50 

NORMALIZED FREQUENCY AS A 
FUNCTION OF CONTROL VOLTAGE 

NORMALIZED FREQUENCY AS A 
FUNCTION OF RESISTANCE (Rl) 

. 

V 
. ""V 
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""V 
V I'" 
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0 

1.9 

5 
40 

NE/SE566-F,N,H 

NES66 
UNIT 

Typ Max 

70 °C 

24 V 
7 12.5 mA 

1 MHz 

300 ppm/oC 
2 %N 
1 Mn 

0.4 1.5 % 

1 MHz 
10:1 

50 n 

2.4 Vpp 
0.5 % 

50 n 

5.4 Vpp 
50 60 % 

20 ns 
50 ns 

CHANGE IN FREQUENCY AS A 
FUNCTION OF TEMPERATURE 

V· -12VOLTS 
"C"QVOllS 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 

POWER SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

.r-------t----r-/.....---.-... ~~' 
".I--f---;+--+---1----J 

// '/ 

.L.-~,,~~w-~.--.~.-~a 

OPERATING INSTRUCTIONS 
The SEINE 566 Function Generator is a 
general purpose voltage controlled oscilla
tor designed for highly linear frequency 
modulation. The circuit provides simul
taneous square wave and triangle wave 
outputs at frequencies up to 1 MHz. A typical 
connection diagram is shown in Figure 1. 
The control terminal (pin 5) must be biased 
externally with a voltage (Vel in the range 

3/4 V+ S Vc S v+ 

where Vee 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 

....--o--_-<>v+ 

FIGURE 1 

450 

FREQUENCY AS A FUNCTION 
OF CAPACITANCE (Cl) 

~ 
! G.1 . 
I ., ., 
-, 

the capacitor C2. The modulating signal can 
be direct coupled as well. If the appropriate 
dc bias voltage is applied to the control 
terminal. The frequency is given approxi
mately by 

2[(V+) - (Vc)] 

R1C,v+ 

and R1 should be in the range 2kO < R1 < 
2OkO. 

A small capacitor (typically 0.001 "fl should 
be connected between pins 5 and 6 to elimi
nate possible oscillation in the control cur
rent source. 
If the VCO is to be used to drive standard 

1.SK 

10K 

sl!InotlGS 

NE/SE566-F.N.H 

VCO OUTPUT WAVEFORMS 

~ 4 I----'H<--+-+-+4-+--+--+-.I 
~ .. /!'\. /!'\. 1/ 
L/ 1\./ \./ 
I I- f-H'-+--+-+-l-+-J 

'" Hr---l=:::±=:t--+-t;=:::±:;...;.;:::l-+--l 

logiC circuitry. it may be desirable to use a 
dual supply of ±5 volts as shown in Figure 2. 
In this case the square wave output has the 
proper dc levels for logic circuitry. RTL can 
be driven directly from pin 3. For DTL orT2L 
gates. which require a current sink of more 
than 1mA. it is usually necessary to connect 
a 5kO resistor between pin 3 and negative 
supply. This increases the current sinking 
capability to 2mA. The third type of inter
face shown uses a saturated transistor be
tween the 566 and the logic circuitry. This 
scheme is used primarily for T2L circuitry 
which requires a fast fall time «50ns) and a 
large current sinking capability. 

FIGURE 2 



DESCRIPTION 
The SElNE567 tone and frequency decoder 
is a highly stable phase-locked loop with 
synchronous AM lock detection and power 
output circuitry. Its primary function is to 
drive a load whenever a sustained frequen
cy within its detection band is present at the 
self-biased input. The bandwidth center 
frequency, and output delay are independ
ently determined by means of four external 
components. 

BLOCK DIAGRAM 

IN.:1'T<r--4.,-4 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Operating temperature 
NE567 
SE567 

Operating voltage 
Positive voltage at input 
Negative voltage at input 
Output voltage (collector 
of output transistor) 

Storage temperature 
Power dissipation 

FEATURES 
• Wide frequency range (,01 Hz to 500kHz) 
• High stability of center frequency 
• Independently controllable bandwidth 

(up to 14 percent) 
• High out-band signal and noise rejection 
• Logic-compatible output with 100mA 

current sinking capability 
• Inherent Immunity to false signals 
• Frequency adjustment over a 20 to 1 

range with an external resistor 
• Military processing available 

APPLICATIONS 
• Touch Tone@ decoding 
• Carrier current remote controls 
• Ultrasonic controls (remote TV, etc,) 
• Communications paging 
• Frequency monitoring and control 
• Wireless Intercom 
• Precision oscillator 

LOOP 
LOW 
'ASS 
FILTER 

~C2 

RL 

RATING 

o to +70 
-55 to +125 

10 
0.5 + Vs 

-10 
15 

-65 to +150 
300 

Si!l0otiCS 

UNIT 

DC 
DC 
V 
V 

Vdc 
Vdc 

DC 
mW 

NElSE567-F,N,H 

PIN CONFIGURATIONS 

OUTPUT FILTER 
CAPACITOR C 3 

F PACKAGE 

H PACKAGE· 
OUTPUT 

SUPPLY VOLTAGE +Y 
*MetaJ cans not recommended for new designs 

N PACKAGE 

~~~~~:6~T~~ Os OUTPUT 
LOW·PASS FILTER 2 7 GROUND 

CAPACITOR C2 TIMING 

INPUT 3 6 ELEMENTS R 1 

SUPPLY AND C 1 
VOLTAGE +y 4 5 TIMING 

ELEMENTR, 
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NElSE567-F,N,H 

DC ELECTRICAL CHARACTERISTICS (V+ = 5.0V; TA = 25°C unless otherwise specified,) 

PARAMETER TEST CONDITIONS 

CENTER FREQUENCYl 
Highest center frequency (fo) 

Center frequency stability2 -55 to +125°C 
o to +70°C 

Center frequency shift with supply voltage fo = 100kHz 

DETECTION BANDWIDTH 
largest detection bandwidth fo = 100kHz 
largest detection bandwidth skew 
Largest detection bandwidth- Vj = 300mVrms 
variation with temperature 
Largest detection bandwidth- Vj = 300mVrms 
variation with supply voltage 

INPUT 
Input resistance 

Smallest detectable input voltage (Vj) IL = 100mA, fj = fo 
Largest no-output .input voltage IL = 100mA, fj = fo 

Greatest simultaneous outband 
signal to inband signal ratio 
Minimum input signal to wideband Bn = 140kHz 
noise ratio 

OUTPUT 
Fastest on-off cycling rate 

"1" output leakage current 
"0" output voltage IL = 30mA 

IL = 100mA 
Output fall time3 RL = 500 
Output rise time3 RL = 500 

GENERAL 
Operating voltage range 

Supply current quiescent 
Supply current-activated RL = 20kO 

Quiescent power dissipation 

NOTES 

1. Frequency determining resistor Rl should be between 1 and 20kO. 
2. Applicable over 4.75 to 5.75 volts. See graphs for more detailed information, 
3. Pin 8 to Pin 1 feedback RL network selected to eliminate pulsing during turn-on and 

turn-off. 

TYPICAL PERFORMANCE CHARACTERISTICS 

Min 

100 

12 

10 

4.75 

BANDWIDTH vs INPUT 
SIGNAL AMPLITUDE 

LARGEST DETECTION 
BANDWIDTH vs 

OPERATING FREQUENCY 

\.. 
\ 

"'-
.. .. .. .. 

~ .. 

SE567 

Typ 

500 

35±140 
35±60 

0.5 

14 
2 

±0.1 

±2 

20 

20 
15 

+6 

-6 

fo/20 

0.01 
0.2 
0.6 
30 
150 

6 
11 

30 

\ 

UNDWIDTH('I'ol)l'lo) CI!NTEfiFAEQUENC'( ...... ' 

SillBOlies 

Max 

1 

16 
4 

25 

25 
0.4 
1.0 

9.0 

8 
13 

," 

," 

,,. 

," 

NE567 

Min Typ Max 
UNIT 

100 500 kHz 

35±140 ppm/oC 
35±60 ppm/oC 

0.7 2 %N 

10 14 18 % of fo 
3 6 % of fo 

±0.1 %/oC 

±2 %N 

20 kO 

20 25 mVrms 
10 15 mVrms 

+6 dB 

-6 dB 

fo/20 

0.Q1 25 p.A 
0.2 0.4 V 
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 

~ 
~ ~ 

'" "'-i'--
i'---........ 

I'--- " -........ 
I'--- " 

BANDWlIITH('IIoOFI.,) 
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TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TYPICAL OUTPUT VOLTAGE 
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DESIGN FORMULAS 
fo~~ 

R1C1 

F "iG; 

BW ~ 1070J f~2 in % of fo, VI :s; 200mVrms 

Where 

Vi = Input Voltage (Vrms) 
C2 = Low-Pass Filter Capacitor (I'F) 

PHASE LOCKED LOOP 
TERMINOLOGY CENTER 
FREQUENCY (fo) 
The free-running frequency of the current 
controlled oscillator (CCo) in the absence 
of an input signal. 

Detection Bandwidth (BW) 
The frequency range, centered about fo, 
within which an input signal above the 
threshold voltage (typically 20mVrms) will 
cause a logical zero state on the output. The 
detection bandwidth corresponds to the 
loop capture range. 

Lock Range 
The largest frequency range within which 
an input signal above the threshold voltage 
will hold a logical zero state on the output. 

Detection Band Skew 
A measure of how well the detection band is 
centered about the center frequency, fa. The 
skew is defined as (fmax + fmin -2fo)/2fo 
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 center
ing adjustment. 

OPERATING INSTRUCTIONS 
Figure 1 shows a typical connection dia
gram for the 567. For most applications, the 
following three-step procedure will be 
sufficient for choosing the external compo
nents R1, C1, C2 and C3. 

1. Select R1 and C1 for the desired center 
frequency. For best temperature stability, 
R1 should be between 2K and 20K ohm, and 
the combined temperature coefficient of the 
R1C1 product should have sufficient stabili
ty over the projected temperature range to 
meet the necessary requirements. 

2. Select the low pass capaCitor, C2, by 
referring to the Bandwidth versus Input 
Signal Amplitude graph. If the input ampli
tude 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, con-

u 

TYPICAL RESPONSE 

Input 

Output 

Response to 100mVrms tone burst. 
RL = 100 ohms. 

Output 

Input II .......... . 
Response to same input tone burst 
with wideband noise. 

S = -6db RL = 100 ohms 
N Noise Bandwidth ~ 140Hz 

stant bandwidth operation requires that 
input amplitude be above 200mVrms. The 
bandwidth, as noted on the graph, is then 
controlled solely by the foC2 product (fo 
(Hz), C2 (I' fdll. 

3. The value of C3 is generally non-critical. 
C3 sets the band edge of a low pass filter 
which attenuates frequencies outside the 
detection band to elminate spurious out
puts. If C3 is too small, frequencies just 
outside the detection band will switch the 
output stage on and off at the beat frequen
cy, or the output may pulse on and off 
during the turn-on transient. If C3 is too 
large, turn-on and turn-off of the output 
stage will be delayed until the voltage on C3 
passes the threshold voltage. (Such delay 
may be desirable to avoid spurious outputs 
due to transient frequencies.l A typical 
minimum value for C3 is 2C2. 

AVAILABLE OUTPUTS (Figure 2) 
The primary output is the uncommitted 
output transistor collector, pin 8. When an 
in-band input Signal is present, this transis
tor saturates; its collector voltage bei ng less 
than 1.0 volt (typically 0.6V) at full output 
current (100mA). The voltage at pin 2 is the 
phase detector output which is a linear 
function of frequency over the range of 0.95 
to 1.05 fo with a slope of about 20mV per 
percent of 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 

SmnOliCS 

HI • HI hilI 

NE/SE567-F,N,H 

+V +V 

INPUTe---) 

JLr 
517 

"1 

Figure 1 

output of magnitude (+V -2Vbe) ~ (+V -l.4V) 
having a dc average of+Vl2. A 1 kO load may 
be driven from pin 5. Pin 6 is an exponential 
triangle of 1 volt peak-to-peak with an 
average dc level of +V/2. Only high imped
ance loads may be connected to pin 6 
without affecting the CCO duty cycle or 
temperature stability. 

OPERATING PRECAUTIONS 
A brief review of the following precautions 
will help the user achieve the high level of 
performance of which the 567 is capable. 

1. Operation in the high 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-band 
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 components from 
sub-harmonic signals, so the 567 becomes 
sensitive to signals at f0/3, f0/5, etc. 

2. The 567 will lock onto signals near (2n + 
1) fo, and will give an output for signals near 
(4n + 1) fowhere n=O,l, 2, etc. Thus,signals 
at 5fo and 910 can cause an unwanted 
output. If such signals are anticipated, they 
should be attenuated before reaching the 
567 input. 

3. Maximum immunity from noise and out
band signals is afforded in the low input 
level (below 200mVrms) and reduced band
width 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 operation, care should 
be taken in lead routing. Lead lengths 
should be kept to a minimum. The power 
supply should be adequately bypassed 
close to the 567 with a O.Olj.1F or greater 
capacitor; grounding paths should be 
carefully chosen to avoid ground loops and 
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unwanted voltage variations. Another factor 
which must be considered is the effect of 
load energization on the power supply. For 
example, an incandescent lamp typically 
draws 10 times rated current atturn-on. This 
can cause supply voltage fluctuations 
which could, for example, shift the detec
tion band of narrow-band systems suffi
ciently to cause momentary loss of lock. 
The result is a low-frequency oscillation 
into and out of lock. Such effects can be 
prevented by supplying heavy load currents 
from a separate supply or increasing the 
supply filter capacitor. 

SPEED OF OPERATION 
Minimum lock-up time is related to the 
natural frequency of the loop. The lower it 
is, the longer becomes the tu rn-on tran
sient. 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 form the incoming frequen
cy rather than toward it. Under this condi
tion, which is of course unpredictable, the 
lock-up 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 informa
tion maY be detected without information 
loss due to the turn-on transient or output 
chatter is about 10 cycles per bit, corre
sponding to an information transfer rate of 
f0l10 baud. 

130 
C2 =t;; "F 

In cases where turn-off time can be sacri
ficed 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, sensitiv
ity to beat frequencies, noise and extrane
ous signals will be increased. 

OPTIONAL CONTROLS (Figure 3) 

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 
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taken of the added control possibilities 
available through the use of additional ex
ternal components. In the diagrams given, 
typical values are suggested where appli
cable. For best results the resistors used, 
except where noted, should have the same 

temperature coefficient. Ideally, silicon di
odes would be low-resistivity types, such 
as forward-biased transistor base-emmiter 
junctions. However, ordinary low-voltage 
diodes should be adequate for most appli
cations. 
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SENSITIVITY ADJUSTMENT 
(Figure 3) 
When operated as a very narrow band de
tector (less than 8 percent), both C2 and C3 
are made quite large in order to improve 
noise and out band signal rejection. This will 
inevitably slow the response time. If, how
ever, 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 (10mV or lower). 

By adding current to terminal 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, frequen
cies just outside the detection band could 
cause false outputs underthis condition. By 
desensitizing the output stage, the outband 
beat notes do not feed through to the output 
stage. Since the input level must be some
what 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 (Figure 4) 

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 thresh
old more than once. Many loads, for exam
ple 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 1) 
the chatter can be eliminated. Three 
schemes for doing this are given in Figure4. 
All operate by feeding the first output step 
(either on or off) back to the input, pushing 
the input past the threshold until the tran
sient conditions are over. It is only neces
sary to assure that the feedback time con
stant 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. 

DETECTION BAND CENTERING 
(OR SKEW) ADJUSTMENT 
(Figure 5) 

When it is desired to alter the location of the 
detection band (corresponding to the loop 
capture range) within the lock range, the 

+v 

581 8 5117 8 

+v 

lit 
10K 

NElSE567-F,N,H 

+v +V 

RA 
200 TO 1K 

5117 8 R," 

r 310K 

-OPTIONAL - PERMITS 
LOWER VALUE Of Ct 

RA 
200 TO 
1K 

Figure 4 

C:]. 
LOWERS'. Je" 

561211 C. 

RAISES'. 1-: R 

+v 

561 'l-__ l.-'V,:",AK..--_~;;rRSI. IC2 RAISES '0 

RAISESf. -: ~7~'}~K SILICON 

DIODES 

~7 i~.\'PERATURE 
COMPENSATION 
(OPTIONAL) 

-: 

Figure 5 

circuits shown above can be used. By mov
ing 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 frequen
cy. Since Rs also alters the duty cycle slight
ly, this method may be used to obtain a 
precise duty cycle when the 567 is used as 
an oscillator. 

ALTERNATE METHOD OF 
BANDWIDTH REDUCTION 
(Figure 6) 

Although a large value of C2 will reduce the 
bandwidth, it also reduces the loop damp
ing 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 condi
tions. Note that the reduced impedance 
level at terminal 2 will require that a larger 

SmootiCS 

value of C2 be used for a given filter cutoff 
frequency. If more than three 567s are to be 
used, the network of Rs and Rc can be 
eliminated and the RA resistors connected 
together. A capacitor between this junction 
and ground may be required to shunt high 
frequency components. 

OUTPUT LATCHING (Figure 7) 

To latch the output on after a signal is 
received, it is necessary to provide a feed
back resistor around the output stage (be
tween pins 8 and 1). Pin 1 is pulled up to 
unlatch the output stage. 

REDUCTION OF C1 VALUE 
(Figure 8) 

For preCision very low-frequency applica
tions, where the value of C, becomes large, 
an overall cost savings may be achieved by 
inserting a voltage follower between the Rl 
C, junction and pin 6, so as to allow a higher 
value of Rl and a lower value of C, for a 
given frequency. 
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PROGRAMMING TYPICAL APPLICATIONS 
To change the center frequency, the value 
of R1 can be changed with a mechanical or 
solid state switch, or additional C1 capaci
tors may be added by grounding them 
through saturating npn transistors. 

'OETECTION BAND - '" of to 

r 
RaRe 

R=RA+---I Ra+ Re 
f RC where RA > 10l<O 

OPTIONAL SILICON 
DIODES FOR 
TEMPERATURE 
COMPENSATION 

Adjust control for symmetry of detection band 
edges about 10 . 

Figure 6 

OUTPUT LATCHING 

-u-
UNLATCH 

-, 
I 

;~;;:CA 

~ 

&67 8 

CA prevents latch-up when power supply is turned on. 

Figure 7 
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+V 

RL 

Component values (Typical) 

R, 6.8 10 15K ohm 
R2 4.7K ohm 
R3 20K ohm 
C, O.IOmld 
C2 I.Omld 5V 
C3 2.2mld 6V 
C. 250 pF 6V 

PRECISION VLF 
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~ 
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TYPICAL APPLICATIONS (Cont'd) 

CARRIER-CURRENT REMOTE 
CONTROL OR INTERCOM 

'0"" 100KHz 

c" ----~ 
.oa& AUDIO OUT 

l c, IC3 (IF INPUT IS o.OCMmfdI .G2 FREQUENCY 
MODULATED) -= "=' ":" ":" 

DUAL-TONE DECODER 

+V 

ZOK 

~~'.!'trNEL 0---) 
OR RECEIVEA 

'/4-8885 

1. Resistor and capacitor values chosen for desired frequencies and bandwidth. 
2. If C3 is made large so as to delay turn-on of the top 567, decoding of sequential If, f2) 

tones is possible. 

Vo 

SillDotiCS 

NE/SE567-F,N,H 

24% BANDWIDTH TONE DECODER 

INPUT SIGNAL 
(> 100mVrnu) 

0---7 I-

+V 

,..--3 567 81---

• 5 2 , 

R, 

'- c2 I--

c'IIIC3 

":"-":" 
RL 

'--3 567 8 

5 • 2 , 

R', ~-C2'~1 
° 

mid) 

C',=c, - R,-1.12R, 

0° to 180° PHASE SHIFTER 

OUTPUT 
(lNT01K 

' ..... 1 .. ) 
OHM MIN. 

SQUARE OR ' ~r-
LOAD) 

60mVRMS 3 567 5 
SINE INPUT 0--1 ~2 2 • 

~H·, 
R~LA 1=1 

R2 ~ R,/5 

Adjust R, so that", = 90· with control midway 
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TYPICAL APPLICATIONS (Cont'd) 

OSCILLATOR WITH 
QUADRATURE 

NOTE 

OUTPUT 

r 3 561 

~ 2 6 

CONNECT PIN 3 
TO 2.8V TO 
INVERT OUTPUT 

PULSE GENERATOR 
WITH 25% 

DUTY CYCLE 

587 

3 6 6 1 

'OKn 

R, 

Application information available on request. 
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OSCILLATOR WITH 
DOUBLE FREQUENCY 

OUTPUT 

587 

ft, 
'OK 

1UW2fo 

PRECISION OSCILLATOR TO 
SWITCH 100ma LOADS 

567 8-

Jl..JLJ 

ft, 

9~nl!tic9 

NE/SE567 
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PRECISION OSCILLATOR 
WITH 20ns SWITCHING 
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6 5 

R1 Rt > 1000n 
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DESCRIPTION 
TheSignetics O-MOS S021 0, 211, 212, 213, 
214 and 215 are silicon, insulated gate, field 
effect transistors of the N-channel enhance
ment mode type. They are fabricated by the 
Signetics double-diffused process which 
gives high switching speed and low capaci
tance. A zener diode is connected between 
the gate and substrate of the S0211, 213 and 
215. The diode bypasses any voltage tran
sients which lie outside the range of -0.3V to 
+30V. Thus, the gate is protected against 
damage in all normal handling and operat
ing situations. A drain-to-source break
down of typically 35V makes the S021 0 and 
211 ideally suited for ±10V switch driver 
applications. Other characteristics allow 
them to be used as ±5V switches. The 
S0214 and 215 are designed to switch sig
nals up to ±10V and the S0212 and 213 are 
designed to switch signals up to ±5V. 

All the devices feature low gate node capac
itance, extremely low drain node capaci
tance and very low feedback capacitance. 
Low "ON" resistance and hermetically 
sealed 4-lead TO-72 packages are also fea
tured. 

FEATURES 
• Low feedback capacitance: 0.30pF 
• Low drain node capacitance: 1.3pF 
• Low gate node capacitance: 2.4pF 
• Low feedthrough and feedback tran

sients 
• Ion-Implanted for greater reliability 
• Excellent isolation from Input to output: 

-120dB 
• 35V draln-to-source voltage for 

S0210/211 
• Military qualifications pending 

APPLICATIONS 
• Switch driver 
• Analog switch 
• Multiplexers 
• Olgltal switch 
• Sample and hold 
• Choppers 
• A-TO-O converters 
• 0-TO-A converters 

ABSOLUTE MAXIMUM RATINGS (all devices) 

PARAMETER RATING UNIT 

D rai n cu rrent (J D) 50 mA 
Ambient temperature range 

Storage -65 to +175 °C 
Operating -55 to +125 °C 

Transistor dissipation (PT) 

At 250C case temperature 1.2 W 
(Derate linearly to +125 OC 
case temperature at the rate of 
8.0mW/oCJ 

At 25°C free-air temperature 300 mW 
(Derate linearly to +125 OC 
free-air temperature at the 
rate of 2.0mW/OCJ 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified.' 

PARAMETER S0210 S0211 S0212 

Vos Drain-to-source +30 +30 +10 
Vso Source-to-drain" +10 +10 +10 
VOB Drain-to-substrate +30 +30 +15 
VSB Source-to-substrate +15 +15 +15 
VGS Gate-to-source ±40 -15 ±40 

+25 
VGB Gate-to-substrate ±40 -0.3 ±40 

+25 
VGO Gate-to-<:lrain ±40 -30 ±40 

+25 

'NOTE 

Refer to test conditions specified in Electrical Characteristics Table. 

S~DDtiCS 

SD210/211/212/213/214/215-EE 

PIN CONFIGURATION (Top View) 

EE PACKAGE 

Source Substrate 
and Case 

Drain Gate 

'Diode protection on SO 211/2131215 only. 

ORDER PART NO. 
S021OEE. S0211EE, S0212EE 
SD213EE, SD214EE, SD215EE 

CHIP DIAGRAM 

PAD NO. 

3 
4 

PAD FUNCTION 

SOURCE 
DRAIN 
GATE 
DIODE 

Die size 19X22 

For 80211, 213, 215 bond gate and diode 
to same point. 

S0213 S0214 S0215 UNIT 

+10 +20 +20 Vdc 
+10 +20 +20 Vdc 
+15 +25 +25 Vdc 
+15 +25 +25 Vdc 
-15 ±40 -25 Vdc 
+25 +30 
-0.3 ±40 -0.3 Vdc 
+25 +30 
-15 ±40 -25 Vdc 
+25 +30 
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DC ELECTRICAL CHARACTERISTICS T A = 25° C unless otherwise specified. 

SD210 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Breakdown Yoltage 
BVos Drain-to-source VGS = VBS = OV, 10 = 10/LA 30 35 

VGS = VBS = -5V, Is = 10nA 10 25 
BVso Source-to-drain VGO = VBO = -5V 10 

10 = 10nA 

BVOB Drain-to-substrate VGB = OV":'source OPEN 15 
10 = 10nA 

BVSB Source-to-substrate VGB = OV, drain OPEN 15 
Is = 10/LA 

Leakage current 
10s(OFF) Drain-to-source VGS = VBS = -5V 

Vos = +10V 1 10 
Iso(OFF) Source-to-drain VGO = VBO = -5V 

Vso = +10V 1 10 

IGBS Gate VOB = VSB = OV 
VGB = ±40V 0.1 
VGB = +25V 

Vr Threshold Yoltage Vos = VGS = Vr, Is = 1~ 0.5 1.0 2.0 
VSB =OV 

ros(ON) Drain-to-source resistance 10 = 1.0mA, VSB = 0 
VGS =+5V 50 70 

VGS = +10V 30 45 
VGS = +15V 23 
VGS = +20V 19 
VGS = +25V 17 

464 s~nDtiGS 

Min 

30 
10 
10 

15 

15 

0.5 

~ ~ 

SD210/211/212/213/214/215-EE 

SD211 SD212 
UNIT 

Typ Max Min Typ Max 

35 V 
25 10 25 V 

10 V 

15 V 

15 V 

1 10 1 10 nA 

1 10 1 10 nA 

0.1 nA 
10 /LA 

1.0 2.0 0.1 1.0 2.0 V 

50 70 50 70 n 
30 45 30 45 n 
23 23 n 
19 19 n 

17 n 



SD'111/S0211 
SD21"SD?13/SD214I SD2 I§ 

SD210/211/212/213/214/215-EE 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. 

SD213 SD214 SD215 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

Breakdown voltage 
BVos Drain-to-source VGS = VBS = -5V, Is = 10nA 10 25 20 25 20 25 V 
BVso Source-to-drain VGO = VBO = -5V 10 20 20 V 

10 = 10nA 

BVOB Drain-to-substrate VGB = OV, source OPEN 15 25 25 V 
10 = 10nA 

BVSB Source-to-substrate VGB = OV, drain OPEN 15 25 25 V 
Is = lO!LA 

Leakage current 
10s(OFF) Drain-to-source VGS = VBS = -5V 

Vos = +10V 1 10 nA 
Vos = +20V 1 10 1 10 nA 

Iso(OFF) Source-to-drain VGO = VBO = -5V 
Vso = +10V 1 10 nA 
Vso = +20V 1 10 1 10 nA 

IGBS Gate VOB = VSB = OV 
VGB = ±40V 0.1 nA 
VGB = +25V 10 !LA 
VGB =+30V 10 !LA 

Vr Threshold voltage VOS = VGS = Vr, Is = 1 !LA 0.1 1.0 2.0 0.1 1.0 2.0 0.1 1.0 2.0 V 
VSB = OV 

ros(ON) Drain-to-source resistance 10 - 1.0mA, VSB - 0 
VGS = +5V 50 70 50 70 50 70 n 

VGS = +10V 30 45 30 45 30 45 n 
VGS = +15V 23 23 23 n 
VGS =+20V 19 19 19 n 
VGS = +25V 17 17 n 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SD210 SD211 SD212 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

gfs Forward transconductance Vos = 10V, VSB = OV 10 15 10 15 10 15 mmhos 
10 = 20mA, f = 1kHz 

Small Signal Capacitances Vos - 10V, f -1MHz 
(See capacitance model) VGS = VBS = -15V 

C(GS+Go+GB)Gate node 2.4 3.5 2.4 3.5 2.4 3.5 pF 

C(GO+OB) Drain node 1.3 1.5 1.3 1.5 1.3 1.5 pF 

C(GS+SB) Source node 3.5 4.0 3.5 4.0 3.5 4.0 pF 

COG Reverse transfer 0.3 0.5 0.3 0.5 0.3 0.5 pF 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. 

SD213 SD214 SD215 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max Min Typ Max 

gfs Forward transconductance Vos = 10V, VSB = OV 10 15 10 15 10 15 mmhos 
10 = 20mA, f = 1kHz 

Small Signal Capacitances VOS = 10V, f = 1MHz 
(See capacitance model) VGS = VBS = -15V 

C(GS+Go+GB)Gate node 2.4 3.5 2.4 3.5 2.4 3.5 pF 

C(GO+OB) Drain node 1.3 1.5 1.3 1.5 1.3 1.5 pF 

C(GS+SB) Source node 3.5 4.0 3.5 4.0 3.5 4.0 pF II 
COG Reverse transfer 0.3 0.5 0.3 0.5 0.3 0.5 pF 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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TYPICAL APPLICATION 

D-MOS DRIVER/SWITCH 

I ±'ov ~
+"V I J ANALOG OUTPUT 

5 +. 1k I 
I G D o 15V 

ZE .. NER I 11+ S ANALOG INPUT 

CONTROL 
SIGNAL 

VIN o--+.(J ........ r.--.... I~-l.:;G~ D sit s ±'OV * I L ___ _ 

1k L_____ I 

DRIVER "----1~~1---.J 
S0210/211 I 

-15V I 

RB·Optional current limiting resistor 

NOTE 
*AII resistors standard and are measured in ohms. 

TEST CIRCUITS 

SWITCHING 

TO SCOPE +VOD 

( 

Input pulse: td. tr < 1 ns, 
Purse width = lOOns. 
Rep rate::: 1 MHz 

SAMPLING SCOPE 

t, <: 360ps 
RIN.o;: 1MH 

C,N = 2.0pF 

DISTORTION 

NOTE: All resistors standard and are measured in ohms. 

RSO SWITCH 
80214(215 

SD210/211/212/213/214/215-EE 

AI'IIALOG 
OUTPUT 

TYPICAL SWITCHING WAVEFORM 

+5v----

OV. ___ --' 

TYPICAL SWITCHING WAVEFORM 

OV 

+Voo---"""" 

Your 

'OFF 

SWITCHING CHARACTERISTICS 

td(ON( (nsl tr(ns) tOFFlns) 

I 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 

I 15 1k 0.9 1.0 14.0 

-tOFF is dependent on RL and CL and does not depend on the device characteristics. 

CAPACITANCE MODEL 

CGO 

r -tf--IF DRAIN (D) 
I I 
I ::;::: CDS 

GATE (G) ~ ... , I o SUBSTRATE (B) 

CGB~f t--j(--- j ¥CSB 

L -I f- - - SOURCE (S) 

CGS 

5i!1DOliC5 467 

I 



D liDS FE, p"n ,;., E N.cHIIi"" ENHINcEiiEii i 

DESCRIPTION GENERAL FEATURES 
The Signetics O-MOS 80300/303/304 are 
silicon, dual-insulated-gate, field effect 
transistor of the N-channel enhancement 
mode type. It is fabricated by the Signetics 
double-diffused process which gives super
ior high frequency performance. Zener di
odes are connected between the two gates 
and the substrate. These diodes bypass any 
voltage transients which lie outside the 
range of-Q.3V to +25.0V. Thus, the gates are 
protected against damage in all normal 
handling and operating situations. 

• Lower cross-modulation and wider dy
namic range than bipolar or single gate 
FETs 

• Reverse AGC capability 
• Linear mixing capability 
• Diode protected gates 
• High forward transconductance: 

10mmhos 
• ION-implanted 
• Positive bias only 

The device characteristics make it ideally 
suited for a variety of high frequency ampli
fier and mixer applications. The presence of 
two gates plus the incorporation of the drift 
region in the structure has made the feed
back capacity (Crss) low. AwideAGCcapa
bility plus a significant reduction in cross
modulation distortion is now available 
because of the inherent linearity of these 
devices. The S0300/303/304 are hermeti
cally sealed in a modified 4-lead TO-72 
package. 

FEATURES (Typical Values) 

PARAMETER S0300 

High gain through UHF range 13 
High gain through VHF range 
Low noise through UHF range 8 
Low noise through VHF range 
Low input capacitance 2.0 
Low feedback capacitance 0.02 
Low outut capacitance 1.0 

SD303 SD304 

14 
16 

5.5 
5 

3.0 2.5 
0.02 0.03 
0.6 1.0 

UNIT 

dB at lGHz 
dB at 500MHz 
dB at lGHz 

dB at 500MHz 
pF 
pF 
pF 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

Vos Orain-to-source 
S0300/304 +25 V 
80303 +20 V 

VG1B DC gate no. l-to-substrate voltage -0.3, +10 V 
VG2B DC gate no. 2-to-substrate voltage -0.3, +15 V 
10 Drain current 50 mA 
TA Ambient temperature range 

Storage -65 to +175 °C 
Operating -55 to +125 °C 

PT Transistor dissipation 
At +25°C case temperature 1.2 W 
(Derate linearly to +125°C 
case temperature at the 
rate of 8.0mW/oC.J 
At +25°C free-air temperature 300 mW 
(Derate linearly to +125°C 
free-air temperature at the 
rate of 2.0mW/oC.J 
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SiJIII/lul/111 
SD300 I 303-EC 

SD304-EE 

PIN CONFIGURATIONS (Top View) 

EC, EE PACKAGE 

ORDER PART NO. 
SD300EC SD303EC SD304EE 

CHIP DIAGRAM 

c 

c 

PAD NO. 

1 
2 
3 
4 

PAD FUNCTION 

DRAIN 
GATE NO.2 
GATEN9·1 
SOURCE 

Die Size 2OX20 

c 
• 

c 

DUAL GATE CASCODE BIAS SCHEME 

+VDS = 0 - +20 volts 
+VG1S = 0 - +4 volts 
+VG2S = 0 - +10 volts 
+ID8 = 0 - +20mA 



DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SD300 
PARAMETER TEST CONDITIONS 

Min Typ Max 

BVos Drain-to-source VG1S = VG2S = OV, 10 = 5pA 25 30 
Breakdown voltage 

IG1SS Gate 1 VG1S - +5V, 0.001 0.1 
Leakage current VG2S = Vos = OV 

IG2SS Gate 2 VG2S = +10V 0.001 0.1 
Leakage current VG1S = Vos = OV 

10(OFF) Drain-to-source Vos = +15V, 0.001 0.1 
Leakage current VG1S = VG2S = OV 

loss Zero bias Vos = +15V 0.001 0.1 
Drain current VG1S = VG2S:= OV 

VTl Gate 1 VOS = VG1S = Vn 0.1 1.0 2.0 
Threshold voltage VG2S = +10V, 10 = 1~ 

VT2 Gate 2 Vos = VG2S = VT2, 0.1 1.0 2.0 
Threshold voltage VG1S = +4V, 10 = 1IJ.A 

ros (ON) Drain-to-source VG1S = +5V, VG2S = +10V, 90 130 
On resistance 10 = 1.0mA 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 
SD304 

UNIT 
Min Typ Max 

BVos Drain-to-source VG1S = VG2S = OV, 10 = 5IJ.A 25 30 V 
Breakdown voltage 

IG1SS Gate 1 VG1S =+5V, 0.001 0.1 IJ.A 
Leakage current VG2S = Voc = OV 

IG2SS Gate 2 VG2S = +10V 0.001 0.1 IJ.A 
Leakage cu rrent VG1S = Vos = OV 

10(OFF) Drain-to-source Vos = +15V, 0.001 0.1 IJ.A 
Leakage current VG1S = VG2S = OV 

loss Zero bias Vos = +15V 0.001 0.1 IJ.A 
Drain current VG1S = VG2S = OV 

VTl Gate 1 VOS = VG1S = Vn 0.1 1.0 2.0 V 
Threshold voltage VG2S = +10V, 10 = 1IJ.A 

VT2 Gate 2 VOS = VG2S = TT2, 0.1 1.0 2.0 V 
Threshold voltage VG1S = +4V, 10 = 1IJ.A 

ros(ON) Drain-to-source VG1S = +5V, VG2S = +10V, 90 130 n 
On resistance 10 = 1.0mA 

SmnDtiCS 

SD303 

Min Typ 

20 25 

0.001 

0.001 

0.001 

0.001 

0.1 0.5 

0.1 0.5 

65 

SD300/303-EC 
SD304-EE 

UNIT 
Max 

V 

0.1 pA 

0.1 IJ.A 

0.1 IJ.A 

0.1 IJ.A 

1.5 V 

1.5 V 

80 n 
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AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

PARAMETER TEST CONDITIONS 
S0300 

Min Typ Max Mlr 

Small signal short circuit f = lMHz, Gate 2 
Capacitances AC grounded 

Ciss Input VOS = +15V, VG1S'" 3.5V, 2.0 2.5 
VG2S = +10V, 10 = 18mA 

Vos = +15V, VG1S '" +2.5V, 
VG2S = +10V, 10 = 18mA 

Coss Output Vos = +15V, 1.0 1.2 
VG1S = OV 

VG2S = +10V 
Cros Reverse transfer Vos = +15V 0.02 

VG1S = OV, VG2S = +10V 

gfs Forward transconductance VOS = +15V, VG1S '" +3.5V 8.0 10.0 
VG2S = +10V, 10 = 18mA, 

f = 1kHz 
VOS = +15V, VG1S '" +2.5V, 13.0 

VG2S = +10V, 10 = 18mA 

Gps Power gain Vos = +15V, VG1S '" +3.5V, 
VG2S = +10V, 10 = 18mA 

f = lGHz 9.0 13.0' 
f = 500MHz 
f = 200M Hz 22.0 24.0 

Vos = +15V, VG1S '" +2.5V, 10.0 
VG2S = +10V, 10 = 18mA 

f = lGHz 

NF Noise figure Vos = +15V, VG1S '" +3.5V, 
VG2S = +10V, ID = 18mA 

f = lGHz 8.0' 9.0 
f = 500MHz 
f = 200M Hz 3.0 4.0 

VOS = +15V, VG1S '" +2.5V, 
VG2S = +10V, 10 = 18mA, 

f = lGHz 

Eint Interfering signal level Vos = +15V, VG2S = +10V, 200 
at gate for 1 % cross- 10 = 18mA, 
modulation distortion. Desired signal f = 500MHz, 
Peak voltage referenced Undersired signal f = 501MHz 
to 3000 system. Vos = +15V, VG2S = +10V, 

10 = 18mA, 
Wanted Signal f = 1 GHz, 

Interfering signal f= 0.995GHz 

AGC Range of automatic Vos = +15V, VG1S '" +3.5V, 40 
(V G2S) Gai n control f = 500MHz 

VOS = +15V, VG1S '" +2.5V, 
f = 500MHz 

'NOTE 

Measured in amplifier test fixture. 
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SD303 
Typ Max Min 

3.0 3.5 

0.6 

0.02 

8.0 

15.0 

13.0 

14.0' 

5.5' 7.0 

150 

40 

S0300 I 303-EC 
S0304-EE 

SD304 
UNIT 

Typ Max 

2.5 3.0 pF 

pF 

1.0 1.2 pF 

0.03 pF 

10.0 mmhos 

mmhos 

dB 
16.0 dB 

dB 
dB 

dB 
5.0 6.0 dB 

dB 

200 mV 

mV 

40 dB 

dB 



S0300 TYPICAL PERFORMANCE CHARACTERISTICS 

SDSOO 1303·EC 
SD304·EE 

SD300 "S" PARAMETERS 

AMBIENT TEMP. (TA) = +25°C 
DRAIN MILLIAMPERES (10) = 18 
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SD300/303-EC 
SD304-EE 

SD303 TYPICAL PERFORMANCE CHARACTERISTICS 

~ 
ffi 
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;; 
z " ~ 

DRAIN CURRENT vs 
DRAIN-TO-SOURCE VOLTAGE 

\ 
\ 
\ 
\ 

AMBIENT TEMP. (TAJ m 25"C 

GATE NO. z·rD·SOURCE 

VOLTS IVG2SJ -+', 
\ J _+---+--1--", DISSIPATION ( +2.5 

\"~~ 

I 
I{ 

, 
" ' ... 

GATE NO.1·TO·SOURCE 
VOLTS (VG1S) 

ORAIN·TO.soURC[ VOLTS NOS) 

1kHz FORWARD 
TRANSCONDUCTANCE 

vs DRAIN CURRENT 

" r-~-'-"-NT-T-E-MP~(T-A-(--~~·~c-'------~------~ 
DRAIN-TO-SOURCE 

~~~~8~ = ;~~z 
+10.0 

DRAIN MILLIAMPERES (lD) 

DRAIN CURRENT vs 
GATE NO.1-TO-SOURCE VOLTAGE 

AMBIENT TEMP. (TAl ~ 25"C 1/'" DRAIN.TO·SOURCE /,. VOlTSIVoslm+15 

""h 

If 
GATE NO. 2·rO·SOURCE 

VOLTS (VG2S1 

! V 
....--

+2.5 

I/' 
GATE NO. l·ro SOURCE VOLTS (VG1S) 

POWER GAIN 
vs FREQUENCY 

N I: 
MSG I 

AMBIENT TEMP (TAJ " 25"C ~ 

~, DRAIN MILLIAMPERES (lo)" 18 
DRAIN·TO·SOURCE VOL T5 \Vos} " +15 

1 
, 

1 

I 
1./ 

/ /: 
/' I 

1 

FREQUENCY (GHz) 

-

.... MAIJ 

" , 

/ 

SD303 "S" PARAMETERS 

3 

, 

, 

, 

DRAIN CURRENT vs 
GATE NO. 2-TO-SOURCE VOLTAGE 

" AMBIENT TEMP iTA)" 25'"C 
DRAIN·TO-SOURCE 
VQlTS!VOS)-t15 - f------.-. 

~ 

/' GATE NO. ,·ro.souRCE 
VOLTS\VG1S' 

/ ~ +2.5 

1/ +2.0 

1/ 
F +1.5 

GATE NO.2 TO·SOURCE VOLTS \VG2S1 

POWER GAIN YS 

DRAIN CURRENT 

AMBI ENT TEMP (TAl" 25· C 
FREQUENCY m " 1 GHz 
DRAIN·TO·SOURCE VOLTS (VOSI" +15 

DRAIN MILLIAMPERES (10) 

MAG 

AMBIENT TEMP. (T A) = +250 C 
DRAIN MILLIAMPERES (10) = 18 

DRAIN-TO-SOURCE VOLTS (VDS) = +15 

'.0 

0.' 

0.' 

0.4 

o. 2 

0 

1'1--. 
o· 

r--.. S,,! 
...... r-.... 

~ l"-
t'-. 

t'-.. 
LS11 

" I" " _100 0 

o 0.1 0.2 0.3 0.4 0.5 06 0.7 0.8 0.9 1.0 

FREQUENCY (OHz) 

GATE NO. 1-TO-SOURCE VOLTS (VG1S)'" +2.5 
GATE NO. 2-TO-SOURCE VOLTS (VG2S) = +10 

.on 

.010 

.009 

.00' 

.007 

Is,,1 .00' 

.005 

.004 

.003 

.002 

.001 

'" t--.... ") 

~ " "-

V \ 
IS12i 1/ S12 

/ 1\ 

" \ 

17 
o 0.1 0.2 0.3 0,4 0.5 0.6 0.7 0.8 0.9 1.0 

FREQUENCY (GHZ) 

o· 

472 SiYDOliCS 



SD300/SE304 TYPICAL PERFORMANCE CHARACTERISTICS(Cont'd) 
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SDSOO I 303-EC 
SD304-EE 

S0303 TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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Die'ectric is 1/16" Teflon-Fiberglass (3M-K6098-111. 
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L, = 0.42 inch C, = 0.8-10pF Johanson 5201 
L2 = 1.68 inches C2 = C4 1.20pF Johanson 5501 
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L4 = 1.52 inches RFC, = 0.221'H 
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DESCRIPTION 
The Signetics O-MOS S0305 and 306 are 
silicon, dual-insulated gate, field-effect 
transistors of the N-channel enhancement 
mode type. Zener diodes are connected 
between the two gates and the substrate. 
These diodes bypass any voltage transients 
which lie outside the range of -0.3V to 
+20.0V. Thus, the gates are protected 
against damage in all normal handling and 
operating situations. The characteristics of 
the devices make them ideally suited for a 
variety of VHF amplifier and mixer applica
tions. The presence of two gates plus the 
incorporation of the drift region in the struc
ture has made the feedback capacity (CG1 D) 
typically less than 0.03pF. A wide AGC 
capability plus significant reduction in 
cross modulation distortion is now available 
because of the inherent linearity of the 
devices. The SD305 and SD306 are hermeti
cally sealed in a 4-lead TO-72 package. 

GENERAL FEATURES 
• PoslUYe bias only 
• Low gate Yoltages 
• Enhancement mode operation 
• Wide AGC range: -SOdB at 200MHz 
• Zener diode gate protection 
• ION Implanted for greater reliability 

FEATURES-SD305 (VHF TV and 
FM Mixer) 
• High conyerslon gain: 17dB at 200MHz 

with V G1S = V G2S for biasing simplicity 
• Excellent Isolation from Gate No.1 (RF) 

to Gate No.2 (LO): -20dB at 200M Hz 
• Low Input capacitance: 4.0pF 
• Low feedback capacitance: 0.03pF 
• Excellent cross modulation performance 

and low noise operation 
• High transconductance: 27mmhos 

FEATURES-SD306 (VHF TV and 
FM RF Amplifier) 
• High power gain without neutralization: 

20dB at 200MHz 
• Low noise figure: 1.SdB at 200MHz 
• Low Input and output capacitance: 3.3pF 

and 1.0pF constant with AGC 
• Low feedback capacitance: 0.03pF 
• Superior cross modulation performance 
• High transconductance: 1Smmhos 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER RATING UNIT 

VDS Drain-to-source voltage +20 V 
VG1B Gate no. 1-to-substrate voltage -0.3 to +20 Vdc 
VG2B Gate no. 1-to-substrate voltage -0.3 to +20 Vdc 
10 Drain current 

S0305 150 mA 
S0306 50 mA 

TA Ambient temperature range 
Storage -65 to +175 °C 
Operating -55 to +125 °C 

PT Transistor dissipation 
At 25°C case temperature (Derate 1.2 W 
linearly to 125°C case temperature 
at the rate of 8.0mWfOC) 

At 25° C free-air temperature 300 mW 
<Derate linearly to 125° C 
free-air temperature at the 
rate of 2.0mW/OC) 

S0305/306-EE 

PIN CONFIGURATION 

OE PACKAGE 
(Top View) 

ORDER PART NO. 
SD305EE and SD306EE 

CHIP DIAGRAMS 

PAD NO. 

NOTE 

2 
3 
4 
5 

S0305 

PAD FUNCTION 
GATE NO. 1 

SOURCE 
GATE NO. 2 

SOURCE 
DRAIN 

Die Size 24 X 24 

Pads 2 and 4 must both be utilized for 
source connection 

S0306 

+ I 

PAD NO. PAD FUNCTION 
DRAIN 

GATE NO.2 
3 GATE NO. 1 
4 SOURCE 

Die Size 20 X 20 
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SD305/306-EE 

DC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SD305 SD306 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

OFF Characteristics 
BVos Drain-to-source VG1S = VG2S = OV, 20 30 20 25 V 

Breakdown voltage 10 = 5p.A 

10 (OFF) Drain-to-source Vos = +15V 0.001 1.0 0.001 1.0 p.A 
Leakage cu rrent VG1S = VG2S = OV 

loss Zero bias drain current Vos = +15V 0.001 1.0 0.001 1.0 p.A 
VG1S = VG2S = OV 

IG1SS Gate no. 1 leakage VG1S = +5V 0.001 0.1 0.001 0.1 p.A 
current VG2S = Vos = OV 

IG2SS Gate no. 2 leakage VG2S = +10V 0.001 0.1 0.001 0.1 p.A 
current VG1S = Vos = OV 

ON Characteristics 
VT1 Gate 1 threshold voltage Vos = VG1S = VT1, 0.1 1.0 2.0 0.1 0.5 1.5 V 

VG2S = +10V, '0 = 1p.A 
VT2 Gate 2 threshold voltage Vos = VG2S = VT2, 0.1 1.0 2.0 0.1 0.5 1.5 V 

VG1S = +5V, 10 = 1p.A 

ros(ON) Drain-to-source on VG1S = +5V, VG2S = +10V, 30 60 65 100 n 
resistance 10 = 1.0mA 

AC ELECTRICAL CHARACTERISTICS TA = 25°C unless otherwise specified. 

SD305 SD306 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Small signal characteristics 
gfs Forward transconductance Vos = +15V, 

VG2S = +10V, f = 1kHz 
10 = 50mA 24 27 mmhos 
10 = 18mA 13 15 mmhos 

gfs (CONV) Conversion transconductance Vos = +15V, VG1S = VG2S, 10 mmhos 
10 = 8mA, f = 1kHz, 
ELO(RMS) = 750mV 

Capacitances f = 1 MHz, gate 2 AC grounded 
CG1S Input Vos = +15V, VG2S = +10V 

10 =50mA 4.0 5.0 pF 
10 = 18mA 3.3 3.6 pF 

Vos = +15V, VG1S = VG2S, 4.0 5.0 pF 
'0 = 8mA 

Cos Output VOS = +15V, 1.3 1.7 1.0 1.3 pF 
VG1S = OV, VG2S = +10V 

CG1D Reverse transfer VOS = +15V 0.03 0.03 pF 
VG1S = OV, VG2S = +10V 

Input admittance f = 200MHz, Vos = +15V VG1S = VG2S, 10 = 8mA VG2s=+10V,lo=18mA 
Re(Y11) 1.05 1.11 mmhos 
Im(Y11) 6.66 4.76 mmhos 

Output admittance f = 200M Hz, Vos = +15V 
Re(Y22) 0.73 1.05 mmhos 
Im(Y22) 2.09 1.54 mmhos 

Forward transmittance f = 200M Hz, Vos = +15V 
Re(Y21) 4.69 13.23 mmhos 
Im(Y21) -3.01 -5.62 mmhos 

Reverse transmittance f = 200M Hz, Vos = +15V 
Re(Y12) 0.04 0.01 mmhos 
Im(Y12) -0.03 -0.04 mmhos 

Gps Power gain2 Vos = +15V, VG2S = +10V 17 20 dB 
10 = 18mA, f = 200M Hz 
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SD30S/306-EE 

AC ELECTRICAL CHARACTERISTICS (Cont'd) TA = 2S0C unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Gps(CONV) Conversion power gain1 Vos = +1SV, VG1S = VG2S, 
10 = SmA, frf = 200M Hz, 

fLO = 24SMHz 

NF Noise figure Vos = +1SV, VG2S = +10V, 
10 = 1SmA, f = 200M Hz 

AGCVG2S Range of automatic Vos - +1SV, VG1S '" +2.SV, 
gain control VG2S = +10V-OV, 

f = 200M Hz 

EINT Interfering signal level VOS = 1SV, VG2S = +SV, 
at gate 1 for 1 % cross 10 = 1SmA 
modulation distortion, Wanted signal f = 200M Hz 
peak voltage referenced interfering signal f = 196MHz 
to son system3 

NOTES 
1. Measured in mixer test fixture. 
2. Measured in amplifier test fixture. 
3. Measured as shown in block diagram, 

S0305 TYPICAL PERFORMANCE CHARACTERISTICS 
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S0305/306-EE 

S0305 TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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S0305 TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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S030S TYPICAL PERFORMANCE CHARACTERISTICS (Cont'd) 
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TEST CIRCUITS (Cont'd) 

SD306 
CROSS MODULATION 

v GG2 56k 3.300pF 

INPUT l' 56k S 6-
3
_.
3
"",HIV\,._-o +'5V 

r' f-: 
-= VGG, -= RF -= -= 

VOLTMETER 
TEST POINT 

BLOCK DIAGRAM OF CROSS MODULATION TEST 

GENERATOR =1 
H'60S 
WANTED FREQ. 200MHz 

9~nl!liC9 

SD305/306-EE 

SD306 
TEST PROCEDURE FOR 
CROSS MODULATION 
DISTORTION MEASUREMENTS 
1. Modulation on Generator #2 is set at 

100kHz. 30% AM modulation (sidebands 
down 15.6dB) with an output signal fre
quency equal to 196MHz. 

2. Generator #2 is set at approximately 
-15dbm.200MHz. 

3. While observing the test circuit output 
spectrum. adjust the signal level of the 
interfering frequency so that the side
bands 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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DESCRIPTION 
The 8ignetics DoMaS S05000 series are 
monolithic arrays of silicon, insulated-gate, 
field-effect transistors using the N-channel 
enhancement mode technology. 

This family of devices is designed to handle 
a wide Variety of analog switching and driver 
applications. They are capable of high 
speed operation where excellent transient 
response, and wide voltage range are re
quired. The S05000 quad switch array quad 
multiplexer can handle high voltage analog 
signals (±10Vl. The S05002 is designed for 
±7.5V analog signals using ±15V power 
supplies. The 805001 is designed for lower 
voltage applications. 

CHIP DIAGRAM 
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S05000, 5001, 5002 
SWITCH ARRAYS 

PAD NO. PAD FUNCTION 

1 Gate No.1 
2 Source No.1 
3 Source No.2 
4 Gate No.2 
5 Drain No.2 
6 Drain NO.3 
7 Gate NO.3 
8 Source NO.3 
9 Source No.4 

10 Gate No.4 
11 Drain No.4 
12 Drain No.1 

Die Size 4OX32 

SD5000/5001/5002·N 

FEATURES PIN CONFIGURATIONS 
• Low input capacitance: 2.4pF 
• Low feedback capacitance: 0.3pF 
• Low output capacitance: 1.3pF 
• ±10V analog signal range 
• Low propagation delay time: 600ps 
• Low on resistance: 300 -
• Low feedthrough and feedback 

transients 
• Ion implanted for greater reliability 
• High channel-to-channel isolation: 

107dB 
• Transient protection for gates 
• Military qualifications pending 

APPLICATIONS 
• S05000 applications 

N PACKAGE 

(Top View) 

ORDER PART NO. 
Analog switching (up to very high 
frequencies) 

S05000N S05001 N S05002N 

Audio routing 
Choppers 
Crosspoint switches 
Sample and hold 

FUNCTIONAL AND SCHEMATIC DIAGRAM 

S05000, 5001, 5002 

11°--i "o--j--14-
• ~ 0-012 9 o£1ll~.-<> 12 

140--i " o--j --14-
16 ~ 0-013 '6o£1f'U..o'3 

!ijgDDtiC!i 
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SD5000/5001/5002-N 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER S05000 S05001 S05002 UNIT 

Vos Drain-to-source +20 +10 +15 Vdc 
VSO Source-to-drain1 +20 +10 +15 Vdc 
VOB Drain-to-substrate +25 +15 +22.5 Vdc 
VSB Source-to-substrate +25 +15 +22.5 Vdc 
VGS Gate-to-source +30 +25 +30 Vdc 

-25 -15 -22.5 
VGB Gate-to-substrate +30 +25 +30 Vdc 

-0.3 -0.3 -0.3 
VGO Gate-to-drain +30 +25 +30 Vdc 

-25 -15 -22.5 
10 Drain current 50 50 50 mA 

Ambient temperature range 
Storage -55 to +150 °C 
Operating o to +85 °C 

Power Dissipation 
Total package dissi- 640 mW 
pation2 

Individual transistor 300 mW 
dissipation 

NOTES 
1. Refer to test conditions specified in Electrical Characteristics Table. 
2. Derated 5mW per degree centigrade. 

DC ELECTRICAL CHARACTERISTICS TA = +25°C unless olherwise specified. 

TEST CONDITIONS 
S05000 S05001 

PARAMETER UNIT 
Min Typ Max Min Typ Max 

BREAKDOWN VOLTAGE 
BVos Drain-to-source VGS = VBS = -5V. Is =,10nA 20 25 10 25 V 
BVso Source-to-drain VGO = VBO = -5V. 10 = 10nA 20 10 V 

BVOB Drain-Io-substrate VGB = OV. source Open 
10 = 10nA 25 15 V 

BVSB Source-to-substrate VGB = OV. drain Open 
Is = 10/LA 25 15 V 

LEAKAGE CURRENT 
10s(OFF) Drain-to-source VGS = VBS = -5V 

Vos = +20V 1 10 nA 
Vos = +10V 1 10 nA 

Iso(OFF) Source-Io-drain VGO = VBO = -5V 
Vso = +20V 1 10 nA 
Vso = +10V 1 10 nA 

IGBS Gate VOB = VSB = OV 
VGB = 30V 1 /LA 
VGB = 25V 1 /LA 

VT Threshold voltage Vos = VGS = VT. Is = 1/LA 0.1 1.0 2.0 0.1 1.0 2.0 V 
VSB = OV 

ros(ON) Drain-to-source- 10 = 1.0mA. VSB = 0 
resistance VGS = +5V 50 70 50 70 n 

VGS = +10V 30 30 n 
VGS = +15V 23 23 n 
VGS = +20V 19 19 n 

I 
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SD6000/6001/6002-N 

DC ELECTRICAL CHARACTERISTICS (Cont'd) TA = +25°C unless otherwise specified. 

SD5002 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

BREAKDOWN VOLTAGE 
BVos Drain-to-source VGS = VBS = -5V, Is = 10nA 15 25 V 

VGS = VBS = OV, Is = 1~A V 
BVso Source-to-drain VGO = VBO = -5V, 10 = 10nA 15 V 

BVOB Drain-to-substrate VGB = OV, source Open 
10 = 10nA 22.5 V 
10 = 1~A V 

BVSB Source-to-substrate VGB = OV, drain Open 
Is = 10~A 22.5 V 

LEAKAGE CURRENT 
10s(OFF) Drain-to-source VGS = VBS = -5V 

Vos = +15V 1 10 nA 
VGS = VBS = OV, Vos = +10V nA 

Iso(OFF) Source-to-drain VGO = VBO = -5V 
Vso = +15V 1 10 nA 

IGBS Gate VOB = VSB = OV 
VGB =30V 1 ~A 
VGB = 25V ~A 

Vr Threshold voltage Vos = VGS = Vr, Is = 11'A 0.1 1.0 2.0 V 
VSB =OV 

ros(ON) Drain-to-source- 10 = 1.0mA, VSB = 0 
resistance VGS =+5V 50 70 n 

VGS =+10V 30 n 
VGS =+15V 23 n 
VGS = +20V 19 n 

AC ELECTRICAL CHARACTERISTICS 
SD5000 SD5001 

PARAMETER TEST CONDITIONS Min Typ Max Min Typ Max 
UNIT 

gfs Forward transconductance Vos = 10V, VSB = OV 10 15 10 15 mmhos 
10 = 20mA, f = 1kHz 

Small signal capacitances VOS = 10V, f = 1MHz 
VGS = Vas = -15V 

C(GS+GO+GB) Gate node See capacitance model 2.4 3.5 2.4 3.5 pF 
C(GO+OB) Drain node in Figure 1 1.3 1.5 1.3 1.5 pF 
C(GS+SB) Source node 3.5 4.0 3.5 4.0 pF 
COG Reverse transfer 0.3 0.5 0.3 0.5 pF 

Cr Cross talk See test circuits -107 -107 dB 
no. 1 and 2, f = 3kHz 

486 &ROUbIS 



AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER TEST CONDITIONS 

gfs Forward transconductance Vos = 10V, VSB = OV 
10 = 20mA, f = 1kHz 

Small signal capacitances VOS = 10V, f = lMHz 

C(GS+GO+GB) Gate node 

C(GO+OB) Drain node 
C(GS+SB) Source node 
COG Reverse transfer 

CT Cross talk 

THEORY OF OPERATION 

The S05000 series consists. of four SPST 
switches with analog signal capability of up 
to ±10 volts for the S05000 and ±7.5 volts for 
the S05002. Each switch of the array is a 0-
MOS N-channel field-effecttransistorofthe 
enhancement-mode type; that is, the device 
is normally off when gate-to-source voltage 
(VGsl is zero volts. When VGS exceeds the 
threshold voltage, VT, the FET switch starts 
to turn ON with VGS in excess of +1 0 volts, a 
low resistance path (typically 300) exists 
between input and output of the switch. 
Figure 1 shows the normal mode of opera
tion 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. 
When analog signals are routed from one 
point to another the important factors are 
Iiolatlon, crolltalk between Iwltchel, feed
through and feedback tranllentl, Inlertlon 
lola and lpeed of operation. The S05000 
series offers superior performance in all 
these areas (Figure 1). 

VGS = VBS = -15V 
See capacitance model 

in Figure 1 

See test circuits 
no. 1 and 2, f = 3kHz 

IlOIatlon. ON resistance is typically 300 and 
OFF resistance is typically 10100, which 
results in an OFF to ON resistance ratio in 
excess of 1()9. Isolation from output to input 
from 3kHz analog signals is typically 
-107dB. 

Feedback and feedthrough tranllents. 
These are kept to a minimum because ofthe 
very low feedback and feedthrough capaci
tances. This means that "glitch less" or 
"clean" signals appear at the output. 

° OUTPUT 
'~~"""-<l ('5V) 

+5 
INPUT 

·5 

+10 

GATE 

10 

+5 
OUTPUT 

SD5000/6001/6002·N 

SD5002 

Min Typ Max 
UNIT 

10 15 mmhos 

2.4 3.5 pF 
1.3 1:5 pF 
3.5 4.0 pF 
0.3 0.5 pF 

-107 dB 

Insertion 1011. This depends upon the 
source and load impedances involved. As 
an example, for 6000 source impedance the 
insertion loss for voice signals (W RMS at 
3kHz) is less than 0.3dB. This indicates that 
the S05000 series would make good tele
phone cross-point switches. 

Speed. Because of the low ON resistance 
and low Input capacitance, the S05000 
switches turn ON at sub-nanosecond 
speeds. They are also capable of handling 
very high frequency analog signals and still 
maintain excellent isolation (20-3OdB at 
1GHz). 

Figure 1 
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SD5000/5001/5002-N 

TYPICAL PERFORMANCE CHARACTERISTICS 
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TEST CIRCUIT 

CROSSTALK MEASUREMENT 

SOD 

Quad Switch 
505000/505001/505002 

-5V 

-1 
V D 

600 600 

-5V 

Crosstalk = 20 Log~ 
V,N 

Where V,N = lV RMS at 3kHz 

SWITCHING WAVEFORMS 

OV 

'Voo -----,. 

VOUT 

tOFF 

.oo 

SD5000/5001/5002-N 

SWITCHING TEST CIRCUIT 

TO SCOPE +VOD 

51. 

Input Pulse Sampling Scope 

h. tF < lns 
Pulse Width = lOOns 

Rep Rate = 1 MHz 

tr < 350ps 
RIN= lMIl 
C,N = 2,OpF 

SWITCHING CHARACTERISTICS 

td (ON) (ns) t r (ns) 

VOO RL TYP MAX TYP MAX 

5 680 0.6 1.0 0.7 1.0 

10 680 0.7 0.8 

15 1k 0.9 1.0 

t OFF (ns). 

TYP MAX 

9.0 

9.0 

14.0 

-tOFF is dependent on RL and CL and does not depend on the device characteristics. 
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DESCRIPTION 
The Signetics NE5522 may be used in a 
wide range of industrial applications where 
closed loop control of machine speed and 
acceleration is required. Uses such as con
veyer systems, web infeed for plastic film or 
paper sheet, wire reel take-up a,nd many 
other process motion control areas, which 
involve the predetermined ramp up and final 
speed setting under closed-loop control, 
can be handled by the Universal Controller. 

Inputs to the device are descrete voltage 
level commands which tell the controller 
what function is desired such as "Set Mem
ory", 'Memory Erase', 'Positive Ramp', 
'Compare to Memory', etc. The closed loop 
control function is accomplished by an A-C 
tachometer frequency representative of the 
speed of the system being fed into the 
NE5522 where it is compared with an inter
nal reference voltage after being processed 
by the F IV converter. An error signal is then 
generated which governs the corrective re
sponse of the output. The output function 
consists of three buffered open collector 
transistor ports which provide gating and 
on-off commands to peripheral circuitry. An 
analog error output is also available for in
terface with linear control systems. 

Basically the NE5522 consists of a frequen
cy to voltage converter, an internal refer
ence oscillator, 0 to A converter, an 12L log
ic encoder-decoder and 256 bit F IV D.C. 
level data storage. 

The nominal supply voltage is +B.2V with a 
range of 7.4 to 9 volts allowed. Current drain 
is nominally 20mA for an B.2V supply. 

A typical operation sequence might be to 
bring a motor up to speed using the program 
accel mode. This would be accomplished by 
setting pin 3 (Command Input) to"" .55VCC. 
A ramp function determined by R20-C11 
(pins 14, 15) then automatically programs 
the error system to drive up at a fixed rate. 
Once the desired speed is reached a volt
age of .75VCC is momentarily impressed on 
the command input and the motor speed will 
then be controlled to stay at that level pre
viously programmed, in memory. Note that a 
voltage level of 1.1VCC must be applied mo
mentarily to the command input (pin 3) upon 
initial turn-on in order to enable the device. 

FEATURES 
• Adjustable system gain 
• Adjustable frequency sensitivity 
• Adjustable ramp rate 
• Voltage programmable command modes 

1. On 
2. Positive ramp and hold 
3. Compare to set memory 
4. Memory erase 
5. Set memory 
6. Off 

APPLICATIONS 
• Conveyer Controller 
• Web infeed controller 
• AC or dc motor speed control 
• Actuator control loop 
• Engine speed control 
• Process control 
• MagnetiCS tape transport control 
• Maglfloppy disc controller 

TRUTH TABLE 

PIN 3 
COMMAND INPUT VOLTAGE 

Greater than 1.1 VCC 
. 900 VCC to VCC 
.725 VCC to .8 VCC 
.482 VCC to .599 VCC 
.148 VCC to .272 VCC 
Less than .094 VCC 

TRUTH TABLE 

COMMAND MODE 
INPUT SEQUENCE 

OFF 
ON/C 
ON/C/A (VS« VM) 
ON/C/A (VS» VM) 
ON/C/A/D 
ON/CI A/DI A (VS « VM) 

(VS» VM) 
ON/DI A/disable 
ON/CI A/DIS/B (VS « VM) 

(VS» VM) 

NOTES 
Vs = F IV Output 
VM = Memory Voltage 
Disable = Pin 12, Output 3 

MODE 

ON 
A 
B 
C 
0 

OFF 

OUTPUT 
1 

L 
H 
H 
L 
L 
H 
L 
L 
H 
L 

NE5522 

NE5522-N 

PIN CONFIGURATION 

COMMAND 
INPUT 

COMMAND ...... 
MEMORY VOLTAGE 

OUTPUT 
"ASSETTItG 

IESISTOR 
FREQUENCY 

INPUT 

F!VCAPACITOR 9 

FlY OUTPUT 11 

OUTPUT. 
"SABLE 

N PACKAGE 

20 :rr INVERTING 

19 :.rOUT /DEADBAND 

18~ 

15 ~y:O~ID 
14 g:~TAGE 

ORDER PART NO. 
NE5522N 

FUNCTION 

ON 
Set memory after command C or D . 

Compare to set memory. 
Positive ramp. 
Memory erase. 

OFF 

OUTPUT OUTPUT 
V6 (MEMORY) 2 3 

L H <lV 
H L <lV 
H L VFIV 
L L VFIV 
L H <lV 
H L VFIV 
L L VFIV 
L H VFIV 
H L VFIV 
L L VF/V 

Command Delay Equations: td (All except command B) = 45K (C4)' td(B) = 305K (C4), C4 > ,05~ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Operating temperature o to +70 ·C 
Storage temperature -65 to +150 ·C 
Supply voltage 9 V 
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BLOCK DIAGRAM 

08C • 
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=3 12 

Vee 130----0 

FUNCTIONAL DESCRIPTION 
(1) Input Power (VCC)-A regulated power 
source of S.2 volts ± 10% must be applied 
between pin 13 and ground. Pins 1 and 24 
are the IC ground pins. Pin 2 should be con
nected to ground also. Standby current drain 
is typically 20mA. A resistor of 43kO ± 5% 
must be connected between pin 7 and 
ground to establish the internal current 
sources. 

(2) Frequency-to-Voltage Converter
The F IV input signal for this device is ap
plied to pin S. It may be in the form of any 
periodic wave with approximately 50% duty 
cycle at the zero crossings. Peak ampli
tudes greater than ± 2 volts should be cur
rent limited by a resistor in series with pin S. -
Maximum currents should not exceed 1 mAo 
This input is internally amplified and limited 
at the zero crossings (refer to typical test 
circuit). 

A capacitor. Ce. must be applied from pin 9 
to ground. A capacitor. C7. and resistor. 
R1S. must be applied in parallel between pin 
10 and ground. A voltage will then appear on 
pin 11 with a doc level. V s. proportional to 
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IIPlIT 

the input frequency. and a sawtooth ripple 
frequency equal to twice the input fre
quency. fs. Vs and the peak-to-peak ripple 
amplitude. Yr. are given approximately by 
the following equations: 

Vs = (4 volts) (R1S) (Ce) (fs) 

Vr = (2 volts) (~~) 1 -~SOko) Ce fs] 

The maximum linear value of V s is typically 
(VCC - 1.0 volt). The maximum input fre
quency for linear output is given by: 

1 
fs max = (SOkO)Ce' 

assuming symmetrical zero crossings in the 
input wave. A resistor of no less than 10kO 
from pin 11 to ground is allowable to main
tain bias on the NPN emitter follower output 
stage. 

The pin 11 voltage is applied internally to 
the positive input of the servo error amp. 

(3) Input Command Signal (V c)-The ana
log voltage applied to pin 3. V c. determines 
the operating mode. This input signal should 
be current limited and well filtered to avoid 

stgnotics 

COMItAHD..... CONTROl. 
a&CCONlROL YOLTAGE ....vVOLTAGE 
VOLTAGE CURRENTSET OUTPUT 

115 14 

.. 
+ .. 

, . 
-IN 

17 .... 
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11 -
noise pulses triggering spurious operating 
conditions. 

a) Turn-on:-When power is first applied 
the part normally comes up in the Off state. 
If Vc is raised above VCC so that the input 
current exceeds 1oo"a (in the current lim
ited mode). the internal logic circuitry will go 
into the standby mode and be ready to re
ceive other input commands. 

b) Standby-To maintain the part in the 
standby or control mode. Vc should be 
maintained in the voltage range for mode A 
as indicated in the table. 

c) PosiUve Ramp, Set-The voltage that 
appears on pin e. Vm• is the internally gener
ated servo drive voltage. This voltage is in
ternally connected to the negative input of 
the servo error amp. 

When Vc is in mode C as indicated in the 
table. the voltage Vm will increase at a rate 
given by (0.43 volts)/RSC1. where Ra is the 
resistor between pins 14 and 15. and C1 is 
the capaCitor between pin 15 and ground. 
The capacitor must have a leakage at S 
volts of much less than O.43v I RS under all 



conditions to minimize the variability of this 
rate. Rates as low as 50mv I sec are 
practical. 

When Vc is restored from mode C to mode 
A. the value of the pin 11 voltage. Vs. is 
stored in the internal memory. and this volt
age then appears on pin 6 as the servo drive 
voltage. Vm. 

The mechanism by which the value of V s is 
stored is as follows. A digital counter whose 
output is applied to a DAC is turned on. 
When the DAC output reaches the level of 
Vs. the counter is stopped. and the DAC 
output appears on pin 6. The frequency that 
the counter counts is generated by an inter
nal oscillator connected to a capacitor on 
pin 5. The oscillator frequency is inversely 
proportional to capaCitor size. and .0011'f 
produces about 75 kHz. This frequency de
termines the time that it takes for the DAC 
output to reach the V s level and set. Since 
the maximum count is 256. a frequency of 
75kHz (period = IS.Sl's) provides a maxi
mum set time of S.4ms. Frequencies higher 
than 100kHz are not recommended. 

d) Disable, Return to Memory-For normal 
servo and logic operation the voltage on the 
Disable input. pin 12. must be less than 
VCC/2. If this voltage is raised above 
VCC/2. the device reverts to the standby 
mode. except that the internal memory volt
age. Vm• remains set at its current level. If 
the input command voltage. VC. is then re
duced momentarily to mode B. as given in 
the table. the servo drive voltage. Vm• on pin 
6 will start at the current value of V sand 
increase at the positive ramp rate described 
earlier until it reaches the level stored in 
memory. It will then remain at this value. A 
Disable-Return sequence when Vs is great
er than the memory level will restore Vm to 
the memory level. 

e) Memory Erase, Set-If the value of Vc is 
reduced to mode D given in the table. the 
part will revert to the standby mode and 
memory is erased. If Vc then returns to 
mode A. the memory and the servo drive 
voltage. V m. will be set at the current value 
of V s in the same manner as described earli
er for the Positive Ramp. Set function. 

f) Off-If the value of Vc is reduced to the 
Off level as given in the table. the device 
reverts to the inactive state until turned on 
again as described earlier. 

g) Low Level Lockout-The device will re
vert to the standby condition whenever the 
value of the F IV output voltage. V s. drops 
below the LLlO voltage. which Is approxi
mately 1.5 volts. However. the internal mem
ory voltage is maintained. A Disable-Return 
sequence after Vs again rises above the 

lllO voltage. will return the voltage Vm to 
the memory level in the manner described 
earlier. 

h) Command-Delay-When the command 
voltage. VC. changes from the standby level 
as described above. the logic will not see 
the change for a period of time given in all 
but one case by the following equation: 

where Cs is a capaCitor that must be insert
ed between pin 4 and ground. Cs = .681'f 
produces a delay of td = SOms with nominal 
VCC. The exception to this formula is the 
delay for the Return to Memory function. 
This delay is given by: 

VCCCS 
tdr = 271'a' 

so that a typical delay with Cs = .681'f is 
200ms. These delays are designed to elimi
nate switch bounce problems. as well as 
other noise that might appear on the input 
command signal. In a relatively noise free 
environment. Cs may be small. reducing the 
delay times. 

(4) Error Amplifier-This amplifier has a 
gain of aproximately unity. The differential 
inputs are connected as described above. 
so that the output. which appears on pin 16. 
is approximately Vs - Vm. The current 
drawn from pin 16 should be less than 
± 501'a. The maximum linear voltage swing 
is about ±0.5 volts. The output is 
referenced to a level roughly equal VCC/2. 
which is typically equal to the reference lev
el on pin 17. Output currents from pin 17 
should also be limited to ± 5OI'a maximum. 

(5) Operational Ampllfler-The non-invert
ing input of this amplifier is pin 20. the invert
ing input is pin 18. and the output is pin 19. 
The output is internally connected to the in
put of the deadband circuit. The output im
pedance at pin 19 is high. typically 600K. so 
that for loads on pin 19 of lOOK or less. this 
becomes a transconductance amplifier. The 
amplifier input impedance is greater than 
one megohm. and the input bias current is 
typically less than Il'a. low frequency open 
circuit output gain is typically 150. with a 
bandwidth of about 10kHz. 

(6) Deadband Clrcult-The input of this cir
cuit comes from the Op Amp output. as de
scribed above. It is a differential amplifier 
with the second input internally connected 
to a voltage approximately equal to VCC/2. 
The input on pin 19 can be forced to any 
desired level between zero and VCC by ex
ternal circuitry. if desired. without damaging 
the part. The maximum drive current re
quired to do this is tYPcially ± 1001'a. 

9i!100liC9 
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The circuit deadband is typically ± 0.6 volts 
relative to VCC/2. The circuit outputs ap
pear on pins 21 and 22. These outputs are 
activated by the logic circuitry when it is in 
one of the control modes. If the pin 19 volt
age is above the upper dead band level in 
the active mode. both outputs will be high. If 
the pin 19 voltage is between the two 
dead band levels. pin 21 will be high. and pin 
22 low. If the pin 19 voltage is below the 
lower deadband voltage. both outputs will 
be low. 

When deactivated by the logic. both outputs 
are low. The signal output on pin 2S indi
cates the logic state and is low when the pin 
21 and 22 outputs are active. The pin 21. 22. 
and 2S outputs are essentially open collec
tor outputs for voltages below 5 volts. with a 
current sinking capability typically better 
than 20ma. 

(7) Motor Speed Control-In a typical 
speed control application an a-c tach signal 
is fed to the F IV input. pin 8. producing a doc 
tach signal on pin 11 (Vs). This is compared 
to the servo drive voltage. V m. on pin 6 in the 
error amplifier. The servo loop gain is estab
lished using the op amp with the negative 
input. pin 18. connected thru a suitable re
sistor (typically greater than 10km to the 
error amp output. pin 16. A feedback resis
tor between pins 19 and 18 sets the op amp 
gain. An acceleration feedback signal from 
the servo is also applied thru a suitable im
pedance to the negative input. pin 18. The 
sawtooth ripple from the F I V is amplified by 
the op amp sufficiently so that it sweeps thru 
one or both of the deadband circuit thresh
olds. producing pulse width modulated out
puts on pin 21 and 22. the pulse widths in
creasing as the doc level at pin 19 
increases. The frequency of the pulse width 
modulation is. of course. the frequency of 
the ripple. which is twice the input tach fre
quency. 

The pin 21 and 22 outputs are typically ap
plied to some type of "bang-bang" type ser
vo control in such a way that acceleration 
occurs when both outputs are high and de
celeration occurs when both outputs are 
low. 

DC MOTOR SPEED 
CONTROL APPLICATION 
This circuit was developed to independently 
control the speed of two or more model 
trains running on the same pair of tracks. 
Each train is equipped with a receiver tuned 
to a different carrier frequency. The carrier 
frequency is modulated at the transmitter by 
a variable audio frequency which carries the 
speed and direction information. The train 
which is tuned to the carrier frequency being 
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TYPICAL TEST CIRCUIT 

~ 
~ 

Vee = B.2V 

YIN> .5VP·P 

Ct. C7 2.2"F 
C2 .1~F 
C3 .6S#tF 
Col .001.F 
Cs .05/lF 
C6 .047~ 

R 

Cs 

~
"'5 

POWER "::' 

4.SY 

",. "2. R3 UK 
R4, RS. R'0, R11. Rte 10K 

He 1.5M 
R7 15K 
He 24M 
He 580D 

Rt2 2.2K 
"13 880ll 
At. 1200 
"15 IK 
"16 •. 21< 
R17 43K 
"IB 150K 
R20 61K 
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Vee = B.2V 

C, 

1-----__ -IHII 

TYPICAL PERFORMANCE CHARACTERISTICS transmitted will receive this signal and pro
vide an enable command to the receiver cir
cuit. The modulating audio frequency signal 
is demodulated and decoded. Train speed 
(motor voltage) adjusts to the decoded in
formation. When the carrier frequency is re
moved the receiver stores the last decoded 
signal and the train (motor) maintains the 
set speed until it is again addressed using 
its carrier frequency and the speed can be 
adjusted. 

TYPICAL TRANSISTOR 
CHARACTERISTICS PINS 21, 22, 23 
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20 

1 10 
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CLOCK OSCILLATOR FREQUENCY 
Vs PIN 5 CAPACITOR 
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~ 
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~ 

RECOMMENDED RANGE 

'" 
10-4 10-3 10-2 10-1 1.0 

cpfd 
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THEORY OF OPERATION 
(A) Transmitter-The transmitter's carrier 
frequency was selected to be in the 100 to 
500kHz range and the modulating frequency 
in the 1 to 4kHz range. A simple 
oscillator/modulator was built using an 
NE556N dual timer. 

The two required frequencies are generated 
by connecting each timer in the astable 



mode. These circuits generated square 
waves whose frequency is adjusted by 
changing the variable resistors (figure 2) RA 
and Ra respectively. The oscillation fre
quency is approximately equal to 0.72 divid
ed by the RC product of the charging and 
discharging path. For the low frequency os
cillator: fm = .721 (5K + RA)(.021') and for 
the high frequency oscillator: fc = .72/(3K 
+ Ra)(500p). This gives a carrier frequency 
which can be adjusted between 110 and 
480kHz. Each carrier frequency is adjusted 
to its receiver frequency which is set by a 
fixed resistor. This was done to eliminate 
any adjUst,'lIts at the receiver. The low fre
quency is '~riable between 1 and 3kHz. 
Modulation of the high frequency by the low 
is accomplished by connecting the low fre
quency output to the control voltage input of 
the high frequency oscillator thru a resistor 
whose value sets the amount of modulation. 

The modulated signal is connected to the 
train track thru an isolation transformer. A 
variable resistor Rc is connected in series 
with the output to adjust the output signal. 

(B) Receiver-The receiver is broken down 
into 5 sections ,for easier analysis (see fig-
ure 1); / 
(1) Receiver 1 Demodulator 
(2) Frequency Converter 1 Memory 
(3) Decoder 
(4) Motor Driver 
(5) Power Circuits 

TRANSMITTER 
NE566N 

LOW 
FREQUENCY 
MODULATOR 

CARRIER 
FREQUENCY 

leI 

RAn..ROAD TRACK 
WITH DC VOLTAGE 

APPLIED 

(1) Receiver/Demodulator (R/D)-An 
NE567N Phase Locked Loop is used to per
form this function. The lock frequency is set 
by the resistor R whose value is 1.1 X 109 
divided by the desired carrier frequency. 
Two signals from the RID circuit are used to 
drive the next circuit block; a logic low level 
on pin 8 when the tuned carrier frequency is 
detected and the demodulated low frequen
cy appearing on pin 1. 

(2) Frequency Converter IMemorY-An 
NE5522N Universal Analog Controller (UAC) 
is used for this function. The low frequency 
signal from the RID circuit is amplified and 
applied to the f to V converter of the UAC. A 
d.c. voltage proportional to the input fre
quency is generated. The conversion factor 
is set by the capacitor on pin 9 and the 
resistor on pin 10; its value is: Vdclf = 4 
R IOC9' Thus for the circuit values shown, 
Vdclf = 1.72mV/Hz; at 1kHz, 1.72V, at 
2kHz 3.44V and 3kHz 5.16V. 

When the enable signal is removed (carrier 
frequency turned off) the converted D.C. 
voltage is stored and is continuously avail· 
able on pin 6 of the UAC. 

(3) Decoder-An NE324N quad op amp is 
used to decode the d.c. level from the UAC. 
One amplifier is connected to give an output 
which is proportional to the d.c. level. Its 
output goes to zero at about 3.65V. Another 
amplifier is connected so that its output is 

CARRIER CURRENT 
MULTICHANNEL PROGRAMABLE 

NE5522-N 

inversely proportional to the d.c. level below 
3.25 volts. A deadband is set so that both 
amplifier outputs are at zero between 3.25 
and 3.65V. A transfer characteristic of 
these two amplifiers is shown in figure 3. 

The remaining two amplifiers are used as 
comparators, each going high when the am
plifier driving it goes positive. Thus when the 
UAC pin 6 voltage is greater than 3.65V, 
amplifier (4) and comparator (2) have posi
tive output voltages and when this voltage is 
less than 3.25V amplifier (3) and compara
tor (1) have positive output voltages. 

(4) Motor Driver-The motor driver con
sists of four NPN transistors connected in an 
H bridge configuration. The bases of the up
per transistors are driven by the decoder 
amplifier output voltages which are propor
tional to the UAC voltage as previously de
scribed. The bases of the lower transistors 
are driven by the decoder comparators and 
are either on or off depending on the UAC 
voltage above the deadband, inversely pro
portional to the UAC voltage below the 
deadband, and zero in the deadband. A sys
tem transfer function is shown in figure 4. 

(5) Power Circuits-The power supply for 
the IC's and the transistor drivers is sup
plied from a bridge rectifier. The transistor 
bridge and motor are supplied with rectified 
unfiltered 60Hz. A filtered, regulated 8 volt 
d.c. supply is used for the IC's. 

D_C. MOTOR SPEED AND DIRECTION CONTROL 

NE567N 

RECEIVER/ 
DEMODULATOR 

Figure 1 

Si!lnotics 
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APPLICATION-REMOTE DC MOTOR SPEED CONTROL-MODEL TRAIN 
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DECODER AMPLIFIER CHARACTERISTIC SYSTEM TRANSFER FUNCTION 
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MILITARY PRODUCTS/ 
PROCESS LEVELS 

The Signetics MIL 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 cus
tomers: 

• Fully compliant 883 flows on all products. 

• Standard processing flows to help mini
mize the need for custom 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 cua
tomer to buy product off-the-shelf or in 
various stages of production rather than 
waiting for devices started specifically to 
custom specs. 

The following explains the different process
ing options available to you. SpeCial device 
marking clearly distinguishes the type of 
screening performed. Refer to Tables 2, 3, 4 
and 5. 

JAN QUALIFIED (JB) 

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 stan
dardization programs, and is monitored by 
the Defense Electronic Supply Center 
(DESC), through the use of industry-wide 
procedures and specifications. 

JAN Qualified products are manufactured, 
processed and tested in a government certi
fied facility to Mil-M 38510, and appropriate 
device slash sheet specifications. Design 
documentation, lot sampling plans, electri
cal test data and qualification data for each 
specific part type has been approved by the 
Defense Electronic 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 performed every ninety 
days for each microcircuit group. Group D 
testing, per Mil-Std-883 Method 5005, is 
performed every six months for each pack
age type. 

In addition to the common specs used 
throughout the industry for processing and 
testing, JAN Qualified products also pos
lIeSS a req.uirement for a standard marking 
used throughout the IC industry. 

JAN 
SIGNETICS MILITARY PACKAGE TYPES 

CASE OUTLINE 
1--------

AND CAN DUAL-IN-LiNE 

~FINISH 8-PIN 1o-PIN 8-PIN 14-PIN 16-PIN 18-PIN 24-PIN 

PB - - FE - - - -
CB - - - F - - -
EB - - - - F - -
JB - - - - - - F 
DB - - - W - - -
FB - - - - W - -
ZC - - - - - - Q 
GC H - - - - - -
IC - H - - - - -
VB - - - - - I -

All products listed are also available In Ole form. 

Table 1 MILITARY PACKAGE AVAILABILITY 

JB RB RC 

Jan 
Qualified 8838 883C ._------_. __ ._---'----_ .. _----f--

54 X X X 
54LS X X X 
54S X X X 
82 X X X 
8T X X 
93XX X X X 
96XX X X 
Analog X X X 
Bipolar Memory X X X 
Microprocessor X X 

Table 2 MILITARY SUMMARY 

MIL-STD-883, LEVEL B 

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. Devices are 
selectively available as custom processed 
parts with electricals screened to the JAN 
Slash Sheets. 

MIL-STD-883, LEVEL C 

"you need a Military temp, range device, but 
do not require burn in screening performed, 
our 883C product is ideal. 883C parts are 
the standard full Mil-Temperature range 
product to the Signetics data sheet param
eters and screened to MIL-STD-883, Class 
C. 

MILITARY GENERIC DATA 

Signetics has a new program for those cus
tomers who require quality conformance 
data on their products. This program allows 
our customers to obtain reliability informa
tion without the necessity or running Groups 
B, C and D inspections for their particular 
purchase order. It provides for the customer 
something that has not been readily avail-

!ii!JIIOliC!i 

able before in the semiconductor industry in 
that all Military Generic Data is controlled 
and audited by both Government Inspection 
in the case of JAN data and Signetics Qual
ity Assurance. 

Signetics Military Generic Data is compiled 
by the Military Products Division based on 
data from 1) JAN quality conformance lots, 
and 2) Data generated by quality confor
mance lots run for other reliability programs. 
Refer to Table 4. 

A Military Generic family is defined as con
sisting of die function and package type 
families. 

Military Generic Data 

• Allows our customers to qualify Signetics 
products based on existing quality con
formance data performed at Signetics. 

• Allows our customers to reduce costs and 
improve deliveries. 

• Provides assurance that all Signetics die 
function families and packages meet Mil
M-38510 and customer reliability require
ments. 

• Provides an attributes summary to the 
customer backed by lot identity and 
traceability. 
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PROCESS LEVEL PRE-CAP BURN IN FUNCTIONAL DC/AC DC/AC 
AND MARI(ETING VISUAL TEST @2SOC @TEMP 

JB 2010, Condo B Yes 100% 100'lb 100'lb 
JM38510XXXXX 

RS 2010, Cond.B Yes 100'lb 100'lb 100'lb 
SXXXX883B 

RC 2010, Condo B No 100'lb 100'lb dc Sample 
SXXXX883C Sample ac dc only 

Table 3 MILITARY PRODUCTS PROCESSING MATRIX 

QUALIFIED 
QUALIFIES OPTION 1 

SUB-GROUPS 

A' Electrical Test 

B Package-Same package construction and lead Data selected from devices 
finish. manufactured within 6 weeks 

of the manufacturing period on 
the same production line 
through final seal. 

C Die I Process-Devices representing the same Data selected from represen-
process families. tative devices from the same 

microcircuit group and sealed 
within 12 weeks of the manu-
facturing period. 

0 Package-Same package construction and lead Data selected from the de-
finish. vices representing the same 

package construction and lead 
finish manufactured within the 
24 weeks of manufacturing 
period. 

If specific data not available, 
Option 2 will be supplied 

NOTE' 
Group A is performed on each lot or sublot of Signetic8 devices. 
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Table 4 DEFINITION AND QUALIFYING MANUFACTURING PERIODS 
FOR GENERIC DATA 

QPL OFFSHORE 

Yes No 

No Yes 

No Yes 

OPTION 2 

Data selected from devices 
manufactured within 24 weeks 
of manufacturing period. 

Data selected from the repre-
sentative devices from the 
same microcircuit group and 
sealed within 48 weeks of the 
manufacturing period. 

Data selected from the de-
vices representing the same 
package construction and lead 
finish manufactured within the 
52 weeks of manufacturing 
period. 



PROCESSING LEVELS 
DESCRIPTION OF MIL-M-38510 AND MIL-STD-

JAN REQUIREMENTS 883 REQUIREMENTS, METH- REQUIRE-
CLASS QUALIFIED 883B 883C AND SCREENS DS AND TEST CONDITIONS ME NT 

S (JB) (RB) (RC) 

General Mil·M·38510 The Manulacturer shall es· - X X N/A N/A 
1. Pre·Certification tablish and implement a 

A. Product Assur· Products Assurance Program 
ance Program Plan and provide for a manu· 
Plan facturer survey by the quali· 

B. Manufacturer's fying activity, Para. 3.4.1.1 
Certification 

2. Certification Received after manufacturer - X X N/A N/A 
has completed a successful 
survey, Para. 3.4.1.2 

3. Device Qualifica· Device qualification shall - X X N/A N/A 
tion consist of subjecting the de· 

sired device to groups A, B, C 
& 0 of method 5005 to tight· 
ened LTPD, Para. 3.4.1.2 

4. Traceability Traceability maintained back - X X X X 
to a production lot Para. 3.4.6 

5. Country of Origin Devices must be manufac· - X X N/A N/A 
tured, assembled, and tested 
within the U.S. or its territor' 
ies, Para. 3.2.1 

Screening Per 
Method 5004 of 
MII-Std-883 

6. Internal Visual 2010, Condo A or B 100% XA XB XB XB 
(Precap) 

7. Stabilization 1008, Condo C Min; (24 Hrs @ 100% X X X X 
Bake 150D C) 

8. Temperature 1010. Condo C; (10 cycles. 100% X X X X 
Cycling' -65 D C to +150 D C) 

• For Class Band C 
devices thermal 
shock may be sub· 
stituted, lOll, 
Condo A; (15 cycles, 
0 0 to + 100D C) 

9. Constant 2001, Condo E; (30kg in VI 100% X X X X 
Acceleration Plane) 

10. Visual Inspection There is no test method for 100% X X X X 
this screen; it is intended only 
for the removal of "Cata· 
strophic Failures" defined as 
"Missing Leads, Broken 
Packages or Lids Off." 

11. Seal 1014 
(Hermeticity) 

A. Fine Condo A or B (5.0 X 100% X X X X 
10-BCC/Sec) 

B. Gross Condo C2 Min. 100% X X X X 

12. Interim Per applicable device speci· 100% Optional 100% Read & Slash Sheet Data Sheet N/A 
Electricals Ii cation Record 
(Pre Burn·ln) 

13. Burn·1n lOIS, Condo as specified 100% 100% 240 hrs. X X NIA 
(160 hrs. Min. at 125 D C) 

14. Final Electricals Per applicable Device Speci· 100% 100% Read & Slash Sheet Data Sheet Data Sheet 
fication Record 

A. Static Tests Sub Group 1 X X X X 
@25 D C 

B. Static Tests 
@ +125 D C 

Sub Group 2 X X X N/A 

C. Static Tests Sub Group 3 X X X N/A 
@-55 D C 

Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS 
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PROCESSING LEVELS 
DESCRIPTION OF MIL-M-38510 AND MIL-STD-
REQUIREMENTS 883 REQUIREMENTS, METH- REQUIRE- JAN 

AND SCREENS ODS AND TEST CONDITIONS MENT CLASS QUALIFIED 883B 883C 
S (JB) (RB) (RC) 

D. Dynamic 

Test @25'C Sub Group 4 (for Linear Prod- X X X X 
uct Mainly) 

E. Functional 

Test @25'C Sub Group 7 X X X X 

F. Switching 

Test @25'C Sub Group g X X X N/A 

10% 
15. Percent Defec- A PDA 01 10% is a normal re- 10% 3% Funct"l X X N/A 

t,ve allowable quirement applied against 

(PDA) the static tests@25°C(A-1). 
This is controlled by the 
slash sheets lor JB products_ 
For RB 10% is standard 

16. Marking Fungus Inhibiting Paint 100% As Req'd JM385101 S X X X X SXXXX 883C 
XXXX Slash 8836 

Sheet # 

17_ X-Ray 2012 100% N/A N/A N/A 

18. External Visual 2009 100% X X X X 

Qualily Conform-
ance Inspeclion 
per Melhod 5005 01 
Mil-Sid 883 

19. Group A Electrical Tests-Final Each Lot X X X X 
Electricals (# 14 above) re-
peated on a sample basis. 
(Sub Groups 1 thru 12 as 
specified.) 

20. Group 6 Package functional and Every 6 X X Generic 
constructional related test week per Data Avail-
I.E. package dimensions, re- pkg. group able 
sistance to solvents, internal 
visual & mechanical, bond 
strength & solderability. 

21. Group C Die related tests I.E. 1,000 Every 3 X X Generic 
hr. operating life, tempera- months per Data Avail-
ture cycling, & constand ac- !,circuit type able 
celeration. 

22. Group D Package related tests I.E. Every 6 X X Generic 
physical dimensions, lead fa- months per Data Avail-
tigue, thermal shock, tem- package able 
perature cycle, moisture re- type 
sistance, mechanical shock, 
vibration variable frequency 
constant acceleration, & salt 
atmosphere. 

Table 5 REQUIREMENTS AND SCREENING FLOWS FOR STANDARD PRODUCTS (Cont'd) 
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LINEAR DEVICES 

DEVICE DESCRIPTION 

OPERATIONAL AMPLIFIERS 
LF155 JFET Op Amp 
LF156 JFET Op Amp 
LH2101A Dual Op Amp 
LM10l/A Hi Perf Op Amp 
LM124 Quad Op Amp 
LM158 Dual Op Amp 
MC1556 Hi Perf Op Amp 
MC1558 Dual Op Amp 
SE530 Hi Slew Op Amp 
SE532 Dual Op Amp 
SE5512 Dual Op Amp 
SE5532 Dual Op Amp 
SE5532A Dual Op Amp 
SE5534 Lo Noise Op Amp 
SE5534A Lo Noise Op Amp 
SE5537 Sample and Hold Amp 
SE5539 High Freq Op Amp 
p.A747 Dual Op Amp 

COMPARATORS 
SE521 Dual Differential Comparator 
SE522 Dual Differential Comparator 
SE527 Voltage Comparator 
SE529 Voltage Comparator 
LH2111 Dual Voltage Comparator 
LMlll Voltage Comparator 
LM139/A Quad Voltage Comparator 
lM193/A Dual Voltage Comparator 

DIFFERENTIAL AMPLIFIERS 
SE510 Dual Differential Amplifier 
SE511 Dual Differential Amplifier 
p.A733 Video Amplifier 

PHASE LOCKED LOOPS 
SE567 Tone Decoder Pll 
SE564 Phase Locked Loop 

TIMERS 
SE555 Timer 
SE556-1 Dual Timer 
SE558 Quad Timer 

DEVICE DESCRIPTION 

VOLTAGE REGULATORS 
SE5553 Dual Track Reg 
SE5554 Dual Track Reg 
p.A723 Adj Volt Reg 

PACKAGE" 

DIP CAN 

H 
H 

F 
F H 
F 

H 
F H 
F H 
F H 

H 
FE H 

F.FE H 
FE 

F.FE H 
FE H 
FE H 
F -
F H 

F 
F 
F H 
F H 
F 
F H 
F 

H 

F 
F 
F H 

F H 
F H 

F.FE H 
F 
F 

PACKAGE" 

DIP/ 
CAN CAN 

F H 
F H 
F H 

DEVICE DESCRIPTION 

D to A CONVERTERS 
DAC-08 8-Bit Mull DAC 
MC1508-8 8-Bit Mull CAC 
SE5008 8-Bit Mull DAC 
SE5009 8-Bit Mull DAC 
SE5018 8-Bit p.P-Comp DAC 
SE5019 8-Bit p.P-Comp CAC 
SE5118 8-Bit p.P-Comp DAC 
SE5119 8-Bit p.P-Comp DAC 

'-' 

DEVICE DESCRIPTION 

DUAL LINE RECEIVERS 
DS7820/A Dual Line Receiver 
DS7830/A Dual Dill Line Driver 

DEVICE DESCRIPTION 

MOS FET SWITCH 
SD210 Switch N-Channel Enhance 
SD211 Switch N-Channel Enhance 
SD5002 Quad Analog Switch 

DEVICE DESCRIPTION 

SMPS CONTROL CIRCUITS 
SE5560 SMPS Controller 
SG1524 Reg Pulse Width Mod 

JAN M - 38510 

DEVICE SLASH SHEET 

SE555 
SE555 
SE555 
SE556-1 
LH2101A 
lM101A 
lM101A 
lM101AH 
p.A741 
p.A747 
lM124 
DAC-08 
DAC-08A 
SE5537 
SG1524 

NOTES 

F = Cerdip 
H = TO·S 

10903BCB 
10903BPB 
10901BGC 
10902BCB 
10105BEB 
10 1 03BCB 
10103BPB 
10103BGC 
10101BGC 
10101BGC 
11005BCB 
11301BCB 
11302BCB 

S!!Inltics 

PACKAGE 

DIP CAN 

F.Q H 
F -
F -
F -
F -
F -
F -
F -

PACKAGE 

DIP CAN 

F -
F -

PACKAGE 

DIP CAN 

EE -
EE -
I 

PACKAGE 

DIP CAN 

F -
F -

PKG QUAL STATUS 

F QPL 1 
FE QPL 1 
H QPL 1 
F QPL 1 
F QPL 1 
F QPL 1 

FE QPl1 
H QPl1 
H QPl1 
H QPl1 
F 1980 
F 1980 
F 1980 

1980 
1980 
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LINEAR INDUSTRY CROSS REFERENCE 

FAIRCHILD SIGNETICS NATIONAL SIGNETICS RAYTHEON SIGNETICS 

/LA 111 LM111 LM161 SE527 LM111 LM111 
/LA139 LM139 LH2111 LH2111 LM139 LM139 
/LA733 /LA733 LM111 LM111 RM733 /LA733 
/LAF155/156 LF155/156 LM119 LM119 LF155/56/57 LF155/156 
/LA101 LM101 LM139 LM139 LM10l LM101 
/LA101A LM101A LM193 LM193/193A LM101A LM101A 
MC1556 MC1556 LM733 /LA733 LM124 LM124 
/LA1558 MC1558 LF155/56 LF155/156 RM1556 MC1556 

/LA747 /LA747 LH2101A LH2101A RM1558 MC1558 
MC1555 SE555 LH2108A LH2108A RM747 /LA747 
/LA556 SE556 LM101A LM101 RM555 SE555 
/LA 109 LM109 LM101 LM101A LM109 LM109 
/LA79XX 79XX(7) LM124 LM124 RM723 /LA723 
/LA723 /LA723 LM158 LM158 

LM1558 MC1558 
LM1581 SE532 

MOTOROLA SIGNETICS 

LM747 /LA747 
LM567 SE567 
DM7820 DM7820 

T.I. SIGNETICS 

LM111 LM111 
MLM111 LM111 DM7830 DM7830 SN52733 /LA733 
MC1733 /LA733 LM555 SE555 LF155/56 LF155/156 
LF155/56 LF155/156 LM109 LM109 SN52101A LM101A 
MLM101 LM10l LM723 /LA723 SN55182 DM7820 
MLM101A LM101A SN55183 DM7830 
MC1558 MC1558 SN52555 SE555 
MC1747 /LA747 SE556 SE556 
MC3556 SE556 
MLM109 LM109 

PMI SIGNETICS 
LM109 LM109 
/LA79XX /LA79XX(7) 

MC78XX 78XX(7) SSS1508 MC1508-8 SN52723 /LA723 
MC79XX 79XX(7) DAC-08 SE5008 
MC1723 /LA723 
MC1508 MC1508-8 
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INTRODUCTION 
The following information applies to all 
packages unless otherwise specified on in
dividual package outline drawings. 

General 
1. Dimensions shown are metric units (mil

limeters), except those in parentheses 
which are English units (inches). 

2. Lead spacing shall be measured within 
this zone. 
a. Shoulder and lead tip dimensions are to 

centerline of leads. 

3. Tolerances non-cumulative 
4. Thermal resistance values are deter

mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across the substrate diode in a digital 
device to monitor the junction tempera
ture rise during known power applica
tion 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 sol
der mounted to P.C. boards, with stan
dard stand-off, for measurement. 

NO_OF PACKAGE 
LEADS CODE 

Standard Dual-In-Line 
8 NE 

14 NH 
16 NJ 
18 NK 
20 NL 
22 NM 
24 NN 
24 NNE NNF 
28 NO 
40 NW 

Power Dual-In-Line 
14 NHA2 
16 NJA2 
18 NKA2 
20 NLA2 
24 NNA2 
28 NOA2 

SO Package. 
8 DE 

14 DH 
16 OJ 

NOTES 
1. Dual·in-Line packages unless otherwise described. 

Plastic Only 
5. Lead material: Alloy 42 (Nickel I Iron Al

loy) Olin 194 (Copper Alloy) or equiv
alents, solder dipped. 

6. Body material: Plastic (Epoxy) 
7. Round hole in top corner denotes lead 

No. 1. 
8. Body dimensions do not include molding 

flash. 
9. 50 Packages-microminature packages. 

a. lead material: AlloY·42. 

b. Body material: Plaslic (Epoxy). 

Hermetic Only 
10. Lead material 

a. ASTM alloy F·15 (KOVAR) or equivalenl
gold plaled, lin plated, or solder dipped. 

b. ASTM alloy F·30 (Alloy 42) or equivalent
lin plaled, gold plated or solder dipped. 

c. ASTM alloy F·15 (KOVAR) or equivalent
gold plaled. 

11. Body Material 
a. Eyelet, ASTM alloy F·15 or equivalent-

gold or lin plated, glass body. 

b. Ceramic wilh glass seal al leads. 

c. BeO ceramic with glass seal al leads. 

d. Ceramic with ASTM alloy F-30 or equiv· 
alenl. 

PLASTIC PACKAGES 

12. Lid Material 
a. Nickel or tin plated nickel, weld seal. 
b. Ceramic, glass seal. 
c. ASTM alloy F·15 or equivalent, gold plated, 

alloy seal. 
d. BeO Ceramic wilh glass seal. 

13. 5ignetics symbol, angle cut, or lead tab 
denotes Lead No. 1. 

14. Recommended minimum offset before 
lead bend. 

15. Maximum glass climb .010 inches. 
16. Maximum glass climb or lid skew is .010 

inches. 
17. Typical four places. 
18. Dimension also applies to seating plane. 

0ja/0jdoC/ W) DESCRIPTION' 

162/65 
150/65 
137/53 
135/53 
135/53 
120/53 
116/53 
120/60 
116/53 
110/50 

95/33 
95/33 
90/26 
90/26 
60/23 
56/21 

110 
100 
100 

TO-1161 MO-OO 1 
MO-001 

MO-015 
Slim Line 
MO-015 
MO-015 

Butterfly 
Butterfly 
Butterfly 
Butterfly 
Heatsink 
Heatsink 

SO-8 
50-14 
50-16 

2. Package outline is the same as corresponding standard Oual·in·Line package with 
identical number of leads. 
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,ICIIGES 

NO. OF PACKAGE 
LEADS CODE 

Metal Header. 
3 HBA 
4 EC 
4 EE 
8 HEA/HEB 

10 HFB/HFA 
10 HFD/HFC 

Flat Pack. 
10 OF 
10 WF 
14 OHA 
14 WH 
16 OJA 
16 RJA 
16 WJ 
18 RKA 
24 ONA 
24 RNA 
24 WN 
28 ROA 
40 RWA 

Cerdlp Family 
8 FE 

14 FH 
16 FJ 
18 FK 
20 FL 
22 FM 
24 FN 
28 FO 

Laminated Ceramic, Side Brazed Lead 
8 lEA 

14 IHA 
16 IJA 
18 IKA/IKB 
22 IMA 
24 INC/INH 
28 lOA 
28 
40 
44 
48 
50 

GO' 
IWA 
GX' 
JY' 
IZA 

• Contact factory for Package drawlnge. 
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HERMETIC PACKAGES 

DESCRIPTION1 

100/20 TO-5Header 
100/20 TO-46 Header 
150/25 TO-72 Header 
150/25 TO-5 Header 
150/25 TO-5/TO-1oo Header, Short Can 
150125 TO-5/TO-100 Header, Tall Can 

230/55 Flat Ceramic 
240/50 Flat Ceramic 
185/45 Flat Ceramic Laminate 
205/50 Flat Ceramic 
170/45 Flat Ceramic Laminate 
133/30 Flat Ceramic, BeO 
200/50 Flat Ceramic 
107122 Flat Ceramic, BeO 
155/44 Flat Ceramic Laminate 
107122 Flat Ceramic, BeO 
155/40 Flat Ceramic 
107122 Flat Ceramic, BeO 
95120 Flat Ceramic, BeO 

110/30 Dual-In-Line Ceramic 
110/30 Dual-In-Line Ceramic 
100130 Dual-In-Line Ceramic 
93/27 Dual-In-Line Ceramic 
90125 Dual-In-Line Ceramic 
75/27 Dual-In-Line Ceramic 
60/26 Dual-In-Line Ceramic 
57127 Dual-In-Line Ceramic 

100/30 Dip Laminate 
95/25 Dip Laminate 
90/25 Dip Laminate 
88125 Dip Laminate 
80/25 Dip Laminate 
65/25 Dip Laminate 
60/25 Dip Laminate 
90/35 Chip Carrier 
55/25 Dip Laminate 
75/30 Chip Carrier 
55/25 Dual-In-Line Ceramic 
42120 Dip Laminate 
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PLASTIC: Standard and Power Dual-In-Llne 

NE Package 

NJ Package 

2.79 {.1101 
2.291.0901 

:~:.::i--Ilg .~r;;J: M 2.29 {.0901 
0.53 {.0211 
0.381.0151 

1.14 {.0451 
0.64 {.0251 

I---~ J 
7.62 {.3001~ 

LEAD NO. 1 

NH Package 

NK Package 

0.531.0211 
0.381.0151 

Ijgnoticl 

2.791.1101 
2.29 {.0901 

3.431.135IL J 
3.051.1201 10.03 1.3951 

2.16 {.0851 7.62 1.3001 
1.65 {.0651 

LEAD NO. 1 

12] 

515 



PACKAGES 

PLASTIC: Standard and Power Dual-In-Llne (cont'd.) 

NLPackage 

NM Package 

0.53 (.0211 
0.381.0151 

NN Package 

=I 
3.43 1.1351 rl I-- .....J 
3.051.1201 I t~J ~ 
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PACKAGES 

PLASTIC: Standard and Power Dual-ln-L1ne (cont'd.) 

NNE/NNF Package 

lEAD NO. 1 0 

(~::::::::~r+ 
0.70 (.027) 

30.48 (1.200) 
29.97 (1.180) 

0.89 (.035) 

10.41 (.410) 
~) 

~~ 
F =to.SO(.031) 

r D.3sTcii5i 1r--TT""I1'.88 (.074) 

~0.~(.015) § ~O.25 (.010) 

NQ Package 

2.79 (.110) 
2.29 (.090) 

LEAD NO.1 

12] 

01 O 14.10 (.555) 
13.84 (.545) 

!-n-n-rTrTTMTTTTnrTTTTT"I"TTTTT'!~ 

I~I 
~1O.16(.400)4 

F ~'.'4(.045) 
36.8611.455) 051 (020) 
35.7811.440) ~.. t;:'5.491.6'0)~ 1.911.075) 

14.99 1.590) 1.65 1.065) 

~ 
3.941.155) -.L 
3.68 1.145) 0 q!I 0.38 1.015) I II I 0.251.0101 

1.32 (.052) .JII~ 3.43 I--17.651.695)--1 
1.121.0441 r"'\1+-- 13;~;) I 15.241.6001 . I 

0.53 (.021) 2.791.110)0 2.161.085) 1.120) 
0.381.015) 2.29 (.090) 1.65 (.065) 

NW Package 

1-__________ 52.19 (2.055) _________ --1 
51.8112.040) 

!i~nOliC!i 

17.651.695) 
i5.24T6Oiii 
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PLASTIC: SO Packages 

DE Package 

LEADNO.11i]j 

70 (4 PLCSI .771.0301 

~=:;::::=:~r1.75(.0691 l·641.0251 

H:i:Hi:l-i:r-I::J~~1=.35(.053tL !it::;:=:::;;t\!;=::;;;;;;%L~~ 
~ j ~TT 3._rt .49(.0191 1.27(.0501 ~ 
~ I- BSCrn 0.19(.0071 

0.35 (.0141 0.20 (.0081 

'O:"i'OT.Oo4i 

DH Package 

LEAD NO. 1 § 

0.20 (.008) 0.22 (.009) 
0T0T.0ii4i 'O:i'9'T.ii07i 

DJ Package 

LEAD NO.1 3 

F.==;c=========l,.......L,.75·";'(.~06=9):------ifJ'----\1 
~~~~~~~~~~I.~(.053Ildr~~~~ 

.56 (.0221 II .- --r-T 70 (4 PLCS) I 
'A5T.01iii 1.27 (.0501 I I I ~ 
~_ I-- BSCrn 0.20(.006) 0.22(.009) 

0.35 (.014) iiToTiiii4i iiT9'T.OO7i 
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HERMETIC: Metal Headers 

HBA Package 

L 
t 

0.76 (.030) 
0.51 (.020) 

",/ 
3 LEADS 
0.48 (.019) 
0.41 (.016) 

9.40 (.370) 
9.02 (.355) 
8.26 (.325) 
8.00 (.315) 

~ 
5.33 (.210) 
4.83 (.190) 

J 
4.70(.1 85) 
---s5i 4.19(.1 

-+ 14.27 (. 562) 
---00-) 12.70 (.5 

1 

2.67 (.105) 
2.42 (.095) 

2.67 (.105) 

PIN I-INPUT 
PIN 2 - OUTPUT 
CASE - GROUND 

~ 
,-~~~,r---~~--L 

CONSTRUCTION NOTES: lOa, "a, 12a 

EE Package 

:::~:: :~:: DIA. 

~ 

:W~I 4.32 (.170) -.l + 0.76 (.030) MAX. 

14.22 (.560) I 
'i2ToT.5Ooi 0 0 4 LEADS 

, 0.48 (,019) 

5.84 (.230) -1--------1 0.41 (0.16) 
5.31 (.209) DIA. 

2.54 (.100) T.P. 

CONSTRUCTION NOTES: 108, " •• 12a 

EC Package 

4.95 (.195) DIA. 
nnrm 

r----1 
5.33 (.2.10) T~ 4.+, ~'76 (.030) MAX. 

~~'560 ~ 12.70 (.500) 0 0 4 LEADS 
0.48 (.019) 

5.84 (.230) 0.41 (.016) 

5:3i"T.209l 

CONSTRUCTION NOTES: lOa. 11 •• 120 

HEA/HEB Package 

!i!IDliC!i 

r!:8.26 (.325) DIA.J 
8.00 (.315) l 

~
0'76('030) 

4.70 (.185) 0.51 (.020) 
4.19(.165) ~ 

+-14.28 (.562) 

12.70 (.500) n non n 

9.40 (.370) DIA. 
9.02lE5r 

CONSTRUCTION NOTES: lOa. 11 .. 12. 

1.14 (.045) INSULATOR 
0.38 (.015) 

0.48 (.019) DIA. 
0.41 (.0161 
8 LEADS 
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PACKAGES 

HERMETIC: Metal Headers (cont'd.) 

HFB/HFA Package 

L8.26 1.325) DIAJ I' 8.001.315) .] 

-'-~0'761'030) I 0.51 1.020) 

4.70 (.185) 
4.191.165) I 1.14 (.045),NSULATOR 

~ lJ,38 (.015) 

T . 
14.28 (.562) 

illOT5OOi ~ ~ ~ ~ 
9.40 (.370)DIA. 
9.021.355) 

CONSTRUCTION NOTES: lOa, 11a, 12a 

HERMETIC: Flat Packs 

QF Package 

rLE~~tNO.l 

D 

10 LEADS 
0.48 (.019) DlA. 
0.411.016) 

0.48 (.019) 
~~TYP. 

I l' 
I 
I 

I 
6.60 {.26 

6.10 1'24 
01 

---01 

f--6.35 1.25D)--I-~J 1.141.045) 
L~ 1.40 (.D~I 

5.B4 (.230) 6.10 (.240) 

1.91 (.750) 
1.85 (.730) 

--I~ !--0.76 1.0301 ~ 
CONSTRUCTION NOTES: lOe, l1d, 12b 

~:~~::~~: ~ 
0.79 (.031) 

0.51 (.020) 

1.91 (.075) 
1.27 (.050) 

HFD/HFC Package 

T~0'76('030) 
6.48 (.255) 0.51 (.020) 

5.97 (.235) I 1.14 (.045) INSULATOR + J...!38 (.015) 

14.28 (.562) 
12.70 (.500) 

V( 
0.86 (.034) 
0.71 (.028) 

CONSTRUCTION NOTES: lOa, 11a, 128 

~:~ ::~~~: DIA. 

10 LEADS 

WF Package 

1.40 (.065) 
~ LEAD NO. 1 0.51 (.020) 1.14 (.045) 

0.13 (.0051 
MIN. 

7.87 (.3101 -I- 6.60 1.260) -I 
1-"'7.",37!..:1",.2"'~"')-;-;-f---,,6'#.~s-"'.2"'4"'0 '-_ ~~:~ :::~: + II I----~~ 

0.15 (.0061 --I1-'1Hl 0.76 (.030) 
0.08 (.0031 

CONSTRUCTION NOTES: lOb, 11b, 12b 

1.02 (.040) 2.16 (.085) 
0.51 (.020) 1.40 (.~) 
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PAC I AGESS-

HERMETIC: Flat Packs (cont'd.) 

QHA Package 

.. h-~ ____ 2'.84(.860) _____ .jI·l.40('055) fj1 
LEAD NO. 1 !!~fi\ 21.34 (.840) 1 14 (045/ I..:!..I 

! T J@! D 7.B7tl0) 
0.13 (.005) ! MIN. 

.89 (.350) ~ 7.371'.01 I 

.38 (.3301 

I 
6.60 (.260) 0.48 (.019) J", ~7'871.3'OI 6.10 (.240) r--.S1 (.020) rnD.lS (.015) 1.14(.045) 

7.24 (.285) 2.16 (.085/ 

I ~1 - - 1_0.761.0301 1BJ -L,.78t 601 

t 
0.15 (.006) 4.70 (.185) I I 1,.27 (.050) 
0.10(.004) 4.20Cl651T--1!-O.76(.0301 

CONSTRUCTION NOTES: lDc, lld, 12b 

QJA Package 

~ L 24.38 (.960) 
LEAD ND·~t------23." (.9401 

j 
0.64 (.025) 
0.25 (.010) 

I 1.40 1.055) 1!1 
1.14{045) 

~ t.LI 
9.52 (,3751 8.64 (.340) 

MAX. 

WH Package 

rn 
j[!] r~ LEADND.' 0.511.0201-!}-

0.13 I0051 
MIN. 

1.40 1.055) 
1.14 (.045) 

I III 7.75 L051 .1. li 7.49 (.2951 

1 -II-@] ± 
T==TII~:EI~~2~ 

0.151 .0061 1 1-0.76 (.030) J l 
0.08 /.003) ~ . ~:~~ ::~~: ~:!: ::::: 
CONSTRUCTION NOTES: lOb, llb, 12b 

RJA Package 

{~~ LEAD NO.1 
m--I,--, '.521.060) 
L~ - I' - 0.51 (.020) 1.02 (.040) 

I ~..13601 J 
I I 8.64 (.340) 

--L j '0.3' 1.40'1 f 9.40,.3701 

J I. 9.40 (.370) 7.37 (.290) ~ ~ lL ~ ll~ 
1l1HL)~ ::: ::~i- -l:!: ::;"J- -.51 1.0201 rn ~: ::~~~: L I. (.0451 MAX. 

MIl ~ ,,1--=== --r-tl-_··_76_�.03_o_)=IHJ'--j;--__ L-l 

.13 (.005) 8.38 (.330) 6.48 /.255) 24.38 (.9SO) 10.38 (.015) Q.25 (.010) 

MI~'::::::~:1~~ba~~~~~~~~23~8~8;1.;.0~1 ;;::t:;!;==::::: 

0.15 (~006) 
0.10 (.004) 

,:5.~08",1c:.2::00:;1. -l-i----lJ r 1.27 (.050) 
4.57 (.1801 It-D. 76 (.030) 

CONSTRUCTION NOTES: lDc, 11d, 12b 

f t 
0.64 (.025) ~ 
0.25 (.010) 1.78 (.060J 

0.15 (.006) -II--IHI 0 76 ( 030) t 
o:ii8T.Oo3i ~:~~ :::~: ~:~~ :::~: 

RJA CONSTRUCTION NOTES: leb. l1c, 12b 
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PACKAGES 

HERMETIC: Flat Packs (cont'd.) 

WJ Package 

rMi LEAD NO.1 

III 1.40 (.055) 

-!j.-O.51 (.020) 1.14,(.045) 

t oct..J'360~ 1 

CONSTRUCTION NOTES: 10b, l1b, 12b 

ONA Package 

.000 MIN. 

1 ,.40 (.0551 lID 
1.14(.0451 

1.10 (.004) 

MIN. 
~ 

~ 
0.15 (.006) 

O"H~~~;:r 
0.64 (.0251 
0.25 (.010) 

9.40 (.370) 
8.38 (.330) 

CONSTRUCTION NOTES: lDc, 11d, 12b 

9.52 (.376) 

RKA Package 

~ \-00 0.51 (.0201 

r~LEAD 
NO.1 

1.52 (.060) 
1.02 (.040) 

9.901390) 
10.41 (.410) 

lID 

1 15.88:.6 25) 
0) 

14'J~ 

1-;9.40 (.370) -!-10.,6 (.400) --l 0.48 (.019) 

8.38 (.330) 9.14 (.360) 289811.140) ~ 
26.91 (1.0201 ...... 

~1r0'76(.0301 ? L~ ~ 1 
+'===='EI ~~ ~-~t =:=t 

~::~::::: ~2.16(.085) 
CONSTRUCTION NOTES: lOb, 11c. 12d 

RNA Package 

c: 
'-

c: 

,---9.40 (.370)+,0.,61.400) -' 
""---8.38 (.3301 9.14 (.38011 

0.52 (.020) 1.27 (.050) 

j 14.22 t5501 
00'3.72 (.640 

U 
T 
0.48 (.0191 
0.38 (.015) 

28'98("'40)~ 
TI-====~==14ir-~0'~76~1'03~0~)~-1:E~t:~'9~~~"~020~)~:±~~==:= -L.. I I 

f t 
0.15(.0061 1.02(.04012.161.085) 
0.10 (.004' 0.51(.020) 1.27 (.050) 
CONSTRUCTION NOTES: 10b, 11c, 12d 
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HERMETIC: Flat Packs (cont'd.) 

WN Package 

0.51 {.0lO) [fr---o I-- /Ilm 

1(1 
1.521.060) 00 
1.02 (.040) 

I 

, •. J,.5S0) 
1 

Tt 13.72 (.540) 

I I~ ...i.. 9.40 t37C 

~ lIll t 
.000 MIN.L 9.'0 1.3701_ a991.275j _ ~0.481.019), L 

r-1-_i8_.3_8_'.3_3_01_~ __ 6._22_1_.2_45_j_ -_ ~2'~.3~8ClI.~96!!!!O) 0.38 (.0151 O.l~~.~) 
I 23.881.9401 1!11 

+~=--j==4=r~==-!:E' ~t~~0.~761.03~0~~::=1 
~J L~ 0.15 (.006) 

0.08 (.003) 

CONSTRUCTION NOTES: lOb, 11b. 12b 

RQA Package 
0.51 1.020)_ i-[] ~Ilm 

0.51(.020) 1.40 (.055) 

1.02 (.040) 
f521.060) 

.f 
00 

16.76 (.66 

L 
I 
I 

9.40 (.370) 
8.38 (.330) 

-jf--~ 
I 

0.15 (.006) 
0.10 (.004) 

10.16 '.400) 
9.14 (.3GO) 

CONSTRUCTION NOTES: lOb, 11c, 12d 

RWA Package 

-1 
I 

[ID--o 1-0.51 1.020) ~®1 

1111lf 11111 

JIIJjlljlll 

16.26 (.64 

J.L 15.88 (.625) 

t 14.99 (.5OO) 

0.48 (.019) 
0.38 (.0151 

l 28.96(1.140) 2.16 (.085) 
25.91 (1.020) 1.27 (.050) 

I=~ 0.76(.030) =-l= 
t 

t021.04O) 
0.51 (.OlD) 

1.51 (.060) 
1.02 (.0401 

15.88 tl.6251 
10.09 (.5941 
3 

Jl ---r 24.38 (.9601 
I 23.88 (.940) 

.48 (.019 
0.38 (.015) 

34.68 (1.365) I 
--I ~ 31.85 (1.254,4 -1 I ~ 0.761.030) ~--I j::: ± 

T·~~=~~~31~~~~~ 

I 9.40 1.37~~_1----!5.881.62~~_ 
r-ius {.3301 10.09 (.5941 

0.151.006) f t 
0.10 (.004) 1.02 (.040) 2.16 (.085! 

CONSTRUCTION NOTES: lOb, 11c. 12d 0.51 1.020) 1.27 (.050) 

0) 
0) 
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HERMETIC' C . . erdlp Family 

FE Package 

LEAD NO.!. i!] 

FJ Package 

1.78(.070) -II Ilr 
0.76(.030) .....,;.j~ 

0.58 (.023) 2.79(.110) 
0.38 (.015) 2.29 (.090) 

CONSTRUCTION NOTES: lOb, llb, 12b 

524 

4.19 (.165) 
3.TIfT.i2!lI 

FH Package 

FK Package 

r ..... Uu::.!I..!~L~~L~~);LLEAD NO. 1 ~ 

CONSTRUCTION NOTES: lOb llb , ,12b 

9i!1DOliC9 

4.19 (.165) 
3.18 (.120) 



PACKAGES 

HERMETIC: Cerdip Family (cont'd.) 

FL Package 

FN Package 

CONSTRUCTION NOTES: lOb. lIb. 12b 

767 1.3021I1'AX. 

! 

4.191.1651 
3.18 (.1251 

FM Package 

0.581.0231 
0.381.0151 

CONSTRUCTION NOTES: lOb. lIb. 12b 

FQ Package 

I :::::::::::::I~:" 
5.081.2001 

37.8511.4901 3.811.1501 15.491.6101--\ 

36.5811.4401 11_~_1_4._99 __ 1.5_9_01-'I~w 
!.L.----'!Ii 2.54 1.1001 

-t 

CONSTRUCTION NOTES: lOb. l1b. 12b 
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HERMETIC: laminated Ceramic, Side Brazed Lead 

lEA Package 

D"5:·~ 7.11 (.2801 

~ 
I - 1397(.5501- I 
r--1295 (.5101---1 

1-1295 (.5101---l~ 
I 12.45 (.4901 10.63 (.0251 

~ 3.05 (.1201 -r- ~ I~--~~--~~-r 

~--1111--1.14 (.0451 r-1 ~ 8.74 (.3441 I 
7.11 (.2801--1 

0.53 (,021) 2.79 (.1101 
0.38 (.0151 2.29 (.0901 

CONSTRUCTION NOTES: lOb, lId, 12b 

IHA Package 
rLEAONO.l ~ 

) 7.8)(.310) 

] 7.IY2801 

I""·..----::::~ ~:~::----.. 

CONSTRUCTION NOTES: lOb, lId, 12b 

IJA Package 

I ~[~~]~fI 
I. 20.70 (.815) I Mal 

19.93 (.7851' "'" 
1.65 (.0851 I 12.95 (.5101 I 1.40 (.0551 B.13 (.320) 

0.51 (.02°lI-Jj,;·;;;n~~~~~Fl· im=:::;r-0',631-(1·0125~I~~~J:7:.37:;:(.~290=1 ~..L 

526 

13.(.005~N. T 

2.79 (.1101 
2.29 (.0901 

CONSTRUCTION NOTES: lOb, lId, 12b 

0.31 (.0121 
_-!-__ y 0.20 (.0081 

1•8.74 (.3441,1 
7.11 (.2801 
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- ---------------

HERMETIC: laminated Ceramic, Side Brazed Lead (cont'd.) 

IKAlIKB Package 

[I~~~]J~'~ 
I. 23.62 (.9301 , 1,.65 (,0651 

22.61 (.8901 0.76 (.0301 
L-12.95 (.510)-1 /--l 1 
,- 12.45 1.4901 - , i-TIlu-J][J:::;:;:::::t.l_ 

!~ • 1I-............ -1,~~ 

1.52 ('060~~ 0.14 (.0451 

0.53 (.0211 
0.38 (.0151 

lE 0.31 (.012) 
0.20 (.006) 

r1 I- L 8.74 (.344I...J rn 17.11 (.2801 -, 
1.40(.0551 ~ 

2.79 (.1101 0.63 (.0251 3.18 (.1251 

2.29 (.0901 

CONSTRUCTION NOTES: lOb, l1d, 12b OR 120 

IMA Package 

[~[~~I~1~:'" 
~ ______________ V~(I.'001-i~·~~·~: ~ 

'---~ 25 42 (1 0401"1 . I:: 10.87 (.4201..J 
1':""- 12.45 (.490 ---I 9.90 {.390 =, l 

-~ 

0.58 (.0231 
0.38 (.0151 

CONSTRUCTION NOTES: lOb. l1d, 12b 

INC/INH Package 

0.31 (.0121 
0.20 (.0081 

L 11.28 (.444I-l 
I. 9.65 (.3801 

4.45 (.1751 
3.18 (.1251 

LEADND.I § 

15.49 (.6101 O T 

T 

~~~II 
'-31.Q1 (1.2201 'I~ 1j]I!'5.74 (.6201 
~29.9711.1801 13.46 (.5301 I 0.76 (.0301 L~-I i4.99T.59oi 

0.131.0051 MIN. r--'295 ( 5101' ,,2.95 (,510 -I .1. 
=t~~ Till d ~~ 1 ~ 0.20 (.OOBI 

1.651.0651 ~~ 2.79(.1101 I. I 1--'6.36 (.6441 I 
0.76 (.0301 0.53 (.0211 2.29 (.0901 Wr ,- i4.73i:5iffii-

0.381.0151 
1.52 (.0601 3.05 (.1201 4.45 (.1751 
1. I 4 (.0451 2.03T.OOOi 3.i8T.i25i 

CONSTRUCTION NOTES: lOb, lIb, 12b 
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HERMETIC: Laminated Ceramic, Side Brazed Lead (cont'd.) 

IQA Package 

LEAD NO. 1 ~ 

D I 
14.73 (.5801 

~~~~~~~ ~ 
j • 36.32 (1.4301 .11.78(.0701_ 15.74 ('6201~ 

35.05 (1.380) 0.76(.030) 1498 (.5901 

13 ( 005) MIN I-'~ 'so i ~ ,- 13.46 (.530) J . ~ 12.95 (.510) 12.95 (.5101 I 1 
T~ rn ~ IU: ~ :::r 

1.65 (.065) I- ~~~ .-l I-rn 160~!~.~:1 , 
0.76 (.030) 0.53 (.021) I' 14.73 (.580)-

152 (060) ii:3iiT.iii51 2.79 (.1101 3.05 (.120) 4.45 (.175) 
1: 14 (:045) 2.29 (.0901 2.03 (.080) 3.18 (.125) 

CONSTRUCTION NOTES: lOb, lIb, 12b 

IWA Package 

."'OO"'1l~~~:~~:::j~:i:~p:~: 
T m rn J To.31 (.012) 

1.65 (.065)) u~ 1~1'52 (.060) 2.79 (."01 ' ~1.16.36 (.644) -' ii:2ii{.OOiii 
--- t- --l --- ----1 3 - I . 14 73 ( 580)-' 
0.76 (.030) 0.53 (.0211 1.14 (.045) 2.29 (.090\.78 (.0701 4.45'(,175) 

0.38 (.015) 0.76 (.0301 3.18 (.1251 

3.05 (.1201 
CONSTRUCTION NOTES: lOb, l1b, 12b 2.03 (.0801 

IZA Package 

rLEADNO. 1~ 

D -:19141 
22.45 (.8841 

23.37 (.9201 
. ~ 

15.75 (.620I!fi!i'ilii1fjlf IIfjli'jlfiIj'p rn 
15.24 (.600~1n IUD IHI D D D D 0.31 (.0121 T 
~ I- lt1.52 (.0601 2.79(.1101 II:!!- 23.~:~~4fl 
0.76 (.0301 I' 1.14 (.0451 2.29 (.0901, 2235i8iiiii-
~ ~ 3.05(.1'201' 
0.38 (.0151 0.76 (.0301 2.03 (.0801 

4.45 (.1751 
CONSTRUCTION NOTES: lOb, l1b, 12b 3.18 (.1251 
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WHAT IS A MINIATURE 
ICPACKAGE? 
In order to overcome the physical size 
constraint sometimes encountered with 
standard plaatic dual-in-line packages, 
N.V. Philips of Eindhoven, the Netherlands, 
with which 5ignetics is affiliated, developed 
the SO package (SO = small outline). The 
true advantage of this miniature package 
is that it is possible to seal standard inte
grated circuit die inside of a dual-in-line 
package with significantly reduced outside 
dimensions. 

This has advantages not only in the assem
bly of PC boards, but it also allows hybrid 
manufacturers to purchase fully DC- and 
AC-tested circuits for assembly onto sub
strates. Presently, with chip and wire 
assembly techniques, it is only possible 
to purchase DC-tested, unpackaged inte
grated circuits. 

A BRIEF HISTORY 
Early in the 1960's, hybrid circuit manufac
turers began using unpackaged chips. Prob
lems swiftly arose. Handling was difficult, 
mounting was messy, bonding was a hand 
operation, and AC- and DC-testing was 
almost impossible until the circuit was 
completed. 

In 1967, Philips introduced the first miniature 
packages for discrete components in the 
form of SOT -23 devices. These brought out
standing improvements in manufacturing 
yields with significant cost reductions to hy
brid circuits. 

In 1971, Philips commenced a similar devel
opment of a miniature package for inte
grated circuits for use in the Swiss watch 
industry. 

PRINCIPAL APPLICATIONS 
The so package is not only of interest for 
the hybrid manufacturer, but also for any 
equipment manufacturer when size, volume, 
and weight are critical. Miniaturization on a 
new,scale now becomes possible. In many 
applications, the small size of the new SO 
packages opens up new possibilities for 
equipment manufacturers. 

CURRENT USES OF THE NEW SO 
PACKAGES 
• Portable communications eqUipment 

(e.g. paging equipment) 
• Automobile Instrumentation 
• Portable Instruments 
• Television cameras 
• Photographic cameras 
• Telephone transmission equipment 
• Model control 

TYPES OF CIRCUITS CURRENTLY AVAILABLE 

TYPE PACKAGE FUNCTION 

LM301AD 50-8 High performance op amp 
LM311D 50-8 Single general purpose comparator 
LM319D 50·14 Dual voltage comparator 
LM324D 50-14 Quad op amp 
LM339D 50-14 Quad voltage comparator 
LM358D 50-8 Dual op amp 

LM 136000 I AD 50-8 Dual operational transconductance amplifier 
MC1458D 50-8 Dual op amp 
NE532D 50-8 Dual op amp 
NE544D 50-14 Servo amplifier 
NE555D 50-8 Timer 
NE556D 50-14 
NE564D 50-16 
NE592D 50-14 
NE5512 50-8 

NE5517D/AD 50-16 
NE5534D 50-8 
NE5539D 50-14 
NE5044D 50-16 
NE5045D 50-16 
I'A723CD 50-14 
I'A741CD 50-8 
I'A747CD 50-14 
I'A748CD 50-8 

PLANS FOR NEW TYPES 
Our analog product range will be extended 
to include devices in the new SO packaging. 
We are considering the full line of analog 
products. 

POWER DISSIPATION 
Considering their size, the SO packages 
exhibit excellent properties of power dissi
pation. When mounted on a ceramic sub
strate, the heat dissipated can be readily 
conducted away from the source. The thin 
size and short connections give a thermal 
resistance between junction and solder 
pads or heatsink about the same as for a 
normal DIP package mounted on a printed 
circuit board. The thermal resistance of the 
50-8 package is about 110·C/W, while that 
of the 50-14 and 50-16 is about l00·C/W, 
or lower. Thermal resistance does, how
ever, depend on chip size. The graph shows 
typical values of thermal resistance be
tween the junction and heatsink or ambient 
for SO packages. 

Curve A represents the thermal resistance 
when mounted on ceramic against a 
heatsink (.984 x .511 x .023 inches); curve B 
is when mounted on ceramic in free air; 
curve C is when mounted on a printed circuit 
board in free air. 

segnllties 

Dual timer 
Phase locked loop 
Video amplifier 
Dual high performance op amp 
Dual operational transconductance amplifier 
Low noise op amp 
Ultra high frequency op amp 
Seven channel R.C. encoder 
Seven channel R.C. decoder 
Precision voltage regulator 
General purpose op amp 
Dual general purpose op amp 
General purpose op amp 

::--I---+-t-l i 
~ 
! 

~~I 
~~~I 
f----+--'-'-'~fM__+_i I 

40 1----+--+--+---;-., 

oL-_~ __ ~ __ ~_~_~ 
8().14 S().18 

TYPE OF PACKAGE 
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RELIABILITY ENGINEERING QUALI
FICATION REPORT ON THE "SO" 
PACKAGE 
A Miniature Molded Epoxy 
Package 

K. M. Self & P. J. Naumchlk 
Signetics Reliability Engineering 

ABSTRACT 
This report summarizes the Reliability Engi· 
neering activities undertaken to evaluate 
and qualify a miniature molded epoxy pack· 
age configuration identified as the "SO." 
The evaluation demonstrated that the stress 
performance of the "SO" Package is equiv· 
alent to the larqer standard molded epoxy 
dual-Jn·line package in all aspects, and 
mounted, the package thermal resistance 
characteristics are exceptional considering 
the reduced size and mass of the package. 

BACKGROUND/ADVANTAGES 
The "SO" Package was developed by N.V. 
Philips in 1967 for applications in hybrid 
structures and later for watch modules. 

The reduced size of this package (refer to 
Figure 1) offers significant packing density 
improvements which up to now have been 
restricted to users of higher cost hermetic 
flat packages. For hybrid systems with lim
ited size constraints, the "SO" offers an 
ease·of-use and testability advantage 
over conventional chip and wire hybrid ap
proaches. 

EVALUATION PROGRAM 
aUF evaluation / qualification program in
cluded three Analog products; LM311 volt
age comparator, p.A747 dual op amp, and 
NE532 dual op amp. 

530 

These devices encompass three wafer fab
rication processes and both 8-Pin and 14-
Pin package configurations. 

All products were assembled on Alloy 42 
lead frames, die attached utilizing conven
tional gold-silicon eutectic and molded in our 
standard Morton 410B epoxy Novalac com· 
/lound. The devices were subjected to a se
ries of accelerated stresses and tested to 
conventional data sheet parameters. 
Variables data was taken and drift analysis 
was performed. 

The stress conditions employed were as fol
lows: 

• High Temperature Bias Life 
TA = 125°C VCC = ± 15V 

• High Temperature Storage Life 
TA = 150°C 

• Temperature/Humidity Bias Life 
TA = 85°C RH = 85% VCC = ± 15V 

• Temperature / Humidity / Pressure 
(Pressure Cooker) TA = 121°C 
15 PSIG 100% Sat. Steam 

• Thermal Shock (Liquid to Liquid) 
-65°C to 150°C 

Figure 1 

GBgnotiCG 

PROGRAM RESULTS 
The details of all the stress results are in
cluded in Table I. The size of the "SO" Pack
age tends to suggest that the .structure may 
be less rugged than its molded dual-in-line 
counter part. The test results demonstrate 
how misleading a factor size can be. In all 
stresses the "SO" devices performed as 
well as standard dual·in-line product. Re
quirements for qualification were met or ex
ceeded on all three products evaluated. 

THERMAL RESISTANCE 
Thermal resistance measurements were 
made with devices mounted on a 2CM x 1 CM 
(13/16" x 3/8") ceramic substrate. The re
sults were as follows: 
8-Pin "SO" (JJA = 110°C/W 
14-Pin "SO" 8JA = 100°C/W 
16-Pin ·50" (JJA = 100°C/W 

CONCLUSIONS 
The "SO· Package constructed with Alloy-
42 lead frame, Au·Si eutectic die attach, and 
molded in 410B epoxy Novalac provides an 
integrated circuit with a reliable barrier to 
hostile external environmental conditions 
and stresses. It is qualified for use with any 
Signetics Bipolar Analog or Bipolar Logic 
device which can tolerate the physical limi
tations of die attach pad size and can oper
ate reliably within the thermal resistance 
limitations of the package. 



RELIABILITY EVALUATION RESULTS 

RELIABILITY SIGNETICS 
ENGINEERING PRODUCT STRESS STRESS CUMULATIVE 
PROJECTID TYPE STRESS CONDITIONS DURATION RESULT ANALYSIS 

790707 LM311 HTOL 125°C 2,000 Hours 1/49 1 @ 168 Hours: Ball bond to trace 
(14 Lead "SO") short. 

HTSL 150°C 2,000 Hours 0/50 

Bias/Tempera- 85°C@85%RH 2,000 Hours 2/50 2 @ 2000 Hours: Internal metal 
ture IHumidity VCC = 5.5V corrosion. 

Pressure Pot 121°C 15PSIG 432 Hours 2/51 1 @ 192 Hours: Output leakage = 
68nA 
1 @ 432 Hours: Output Leakage = 
100nA 
Both internal metal corrosion. 

Thermal Shock -65°e TO +150 0 e 1,000 - 0/45 

790708 p.A747 HTOL 125°C ± 15V 2,000 Hours 2/50 1 @ 168 Hours: Vas = 10mV. 
(14 Lead "SO") Vas = 7.4mV@ 2K Hours 

1 @ 1500 Hours 
VOS = -80mV, IB = 8p.A 
Suspect static damage. 

HTSL 150°C 2,000 Hours 0/50 

Bias/Tempera- 85°C@85%RH 2,000 Hours 1/50 Vas reject@ 500 Hours (-80mV) 
ture I Humidity Vce = 5.5V suspect static damage 

Pressure Pot 121°C 15PSIG 312 Hours 3/50 Three Vas rejects @ 312 Hours 
(- 8mV) 

Thermal Shock -65°C TO +1500 e 1,000 - 1/48 Vas reject@ 700 - (-170 mV, 
IB- = 14p.A) 
Suspect static damage 

795003 ·NE532 HTOL 1500 e 2,000 Hours 0/45 To 500 Hours, 0/18 from 500 to 
(8 Lead "SO") 2000 Hours (due to capacity 

limitations). 

HTSL 150 0 e 2,000 Hours 0/46 

Bias/Tempera- 85°e@85%RH 2,000 Hours 2/49 1 @ 1500, 1 @ 2000-Both 
ture I Humidity output sink current failures due 

to corrosion. 

Pressure Pot 121°e 15PSIG 456 Hours 1/43 Output sink current @ 288 hours. 

Thermal Shock -85°e TO +150 0 e 1,000 - 1/45 Vas reject @ 200 - (15mV) 
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CA3081 13082 
CA3089 

DS7820/8820 
DS7820A 18820A 
DS7830/8830 

LF355/356 
LF398 

LM 111/211/311 
LM119/219/319 
LM124/224/324 
LM139/239/339 
LM158/258/358 
LM193/A/293/A/393/A 
LM301A 
LM387 
LM1880 
LM2901 
LM2903 
LM13600/13600A 

MC1456/1556 
MC1458/1558 
MC1488 
MC1489/1489A 
MC1496/1596 
MC 1508-8/1408-8/1408-7 
MC3302 

NE542 
NE544/644 
NE545' 
NE570/571/SA571 
NE572 
NE582 
NE587 
NE589 
NE590/591 
NE645B 1646B-N 
NE5007 1 5008 1 SE5008 
NE5020 
NE5044 
NE5045 
NE5046 
NE5517/5517 A 
NE5522 

NE/SE521 
NE/SE522 
NE/SE527 
NE/SE529 
NE/SE530 
NE/SE531 
NE/SE/SA532 
NE/SE535 
NE/SE538 
NE/SE540 
NE/SE555/SE555C 
NE/SA/SE556 

Seven Transistor Array ............................................................ 233 
FM-IF System .................................................................... 359 

Dual Line Receiver ............................................................... 243 
Dual Line Receiver ............................................................... 245 
Dual Differential Line Driver ........................................................ 249 

High Performance JFET Input Operational Amplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 
Monolithic Sample and Hold Circuits ................................................ 303 

Voltage Comparator .............................................................. 191 
Dual Voltage Comparator .......................................................... 194 
General Purpose Single Supply Operational Amplifier ................................. 37 
Quad Voltage Comparator ......................................................... 199 
Dual Operational Amplifier Single or Dual Power Supply Operation. . . . . . . . . . . . . . . . . . . . .. 67 
Low Power Dual Voltage Comparator ............................................... 204 
High Performance Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 41 
Dual Low-Noise Preamp ........................................................... 411 
Vertical 1 Horizontal Processor ..................................................... 395 
Quad Voltage Comparator ......................................................... 199 
Low Power Dual Voltage Comparator ............................................... 204 
Dual Operational Transconductance Amplifier ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 45 

High Performance Operational Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 48 
General Purpose Operational Amplifier .............................................. 51 
Quad Line Driver ................................................................ 251 
Quad Line Receivers ............................................................. 254 
Balanced Modulator-Demodulator .................................................. 364 
8-Bit Multiplying 01 A Converter .................................................... 307 
Quad Voltage Comparator ......................................................... 199 

Dual Low Noise Preamp ........................................................... 420 
Servo Amplifier .................................................................. 367 
Dolby Noise Reduction Processor 
Compandor ...................................................................... 423 
Programmable Analog Compandor .................................................. 425 
HEX Universal Driver ............................................................. 273 
LED Decoder I Driver .............................................................. 275 
LED Decoder 1 Driver .............................................................. 284 
Addressable Peripheral Drivers ................................................... 225 
Dolby Noise Reduction Processor ................................................. 427 
8-Bit High Speed Multiplying 01 A Converter ......................................... 313 
10-Bit Microprocessor-Compatible D/A Converter .................................... 343 
Programmable Seven Channel RC Encoder ......................................... 373 
Seven Channel RC Decoder ....................................................... 376 
2-Channel RC Decoder ........................................................... 379 
Dual Operational Transconductance Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 92 
Universal Analog Controller ........................................................ 493 

High Speed Dual Differential Comparator 1 Sense Amp ................................. 207 
High Speed Dual Differential Comparator I Sense Amp ................................. 211 
Voltage Comparator .............................................................. 215 
Voltage Comparator .............................................................. 219 
High Slew Rate Operational Amplifier ............................................... 56 
High Slew Rate Operational Amplifier ............................................... 61 
Dual Operational Amplifier Single or Dual Power Supply Operation. . . . . . . . . . . . . . . . . . . . .. 67 
Single or Dual High Slew Rate Operational Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 71 
Dual High Slew Rate Operational Amplifier .......................................... 76 
Power Driver .................................................................... 415 
Timer .......................................................................... 177 
Dual Timer ...................................................................... 180 
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NE 1 SA 1 SE556-11 SE556-1 C 
NE/SA/SE558 
NE/SE564 
NE/SE565 
NE/SE566 
NE/SE567 
NE/SE592 
NE/SA594 
NE/SE5009 
NE/SE5018 
NE/SE5019 
NE/SE5118 
NE/SE5119 
NE/SE5512 
NE/SE5514 
NE/SE5530 
NE/SE5535 
NE/SE5538 
NE/SE5532/5532A 
NE/SE5533/5533A 
NE/SE5534/5534A 
NE/SE5537 
NE/SE5539 
NE/SE5553/5554 
NE/SE5560 

SD210/211/212/213/214/215 
SD300/303/304 
SD305/306 
SD5000/5001/5002 

SG1524/2524/3524 

TBA120S 
TBA 1440G/1441G 

TCA440 

ULN2001/2003/2004 
ULN2211 

~A723/723C/SA723C 

~A733/733C 

~A741/741C/SA741C 

~A7471747C/SA747C 

~A748/748C 

~A758 

75S107 
75S108 
75S207 
75S208 

Note 

Dual Timer ...................................................................... 183 
Quad Timer ...................................................................... 186 
Phase Locked Loop ............................................................. 436 
Phase Locked Loop ............................................................. 443 
Function Generator .............................................................. 448 
Tone Decoder 1 Phase Locked Loop ............................................... .451 
Video Amplifier .................................................................. 137 
Vacuum Fluorescent Display Driver ................................................ 293 
8-Bit High Speed Multiplying 01 A Converter ......................................... 318 
8-Bit Microprocessor-Compatible 01 A Converter .................................... 325 
8-Bit Microprocessor-Compatible 01 A Converter .................................... 330 
8-Bit Microprocessor-Compatible b 1 A Converter-Current Output ....................... 335 
8-Bit Microprocessor-Compatible 01 A Converter-Current Output ....................... 339 
Dual High Performance Operational Amplifier ........................................ 81 
Quad High Performance Operational Amplifier ....................................... 87 
High Slew Rate Operational Amplifier ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 56 
Single or Dual High Slew Rate Operational Amplifier ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 71 
Dual High Slew Rate Operational Amplifier .......................................... 76 
Internally Compensated Dual Low Noise Operational Amplifier ......................... 98 
Single and Dual Low Noise Operational Amplifier ..................................... 104 
Single and Dual Low Noise Operational Amplifier ..................................... 104 
Sample and Hold Amplifier ........................................................ 351 
Ultra High Frequency Operational Amplifier ......................................... 109 
Dual Polarity Regulator ........................................................... 153 
Switched-Mode Power Supply Control Circuit ....................................... 157 

D-MOS FET Switch N-Channel Enhancement ......................................... 463 
D-MOS FET Dual Gate N-Channel Enhancement ..................................... 468 
D-MOS FET Dual Gate N-Channel Enhancement .................................... .475 
D-MOS FET Quad Analog Switch Arrays and Multiplexers ............................. 484 

Regulating Pulse Width Modulator ................................................. 161 

8-Stage Amplifier with Balanced Demodulator ........................................ 398 
TV Video Amplifier with Demodulator ............................................... 401 

AM Receiver Circuit .............................................................. 381 

High Voltage 1 High Current Darlington Transistor Arrays ............................... 236 
2-Watt TV 1 FM Sound Channel ..................................................... 405 

Precision Voltage Regulator ....................................................... 169 
Differential Video Amplifier ........................................................ 143 
General Purpose Operational Amplifier .............................................. 119 
Dual Operational Amplifier ..................................................... " .. 124 
General Purpose Operational Amplifier .............................................. 130 
FM Stereo Multiplex Decoder, Phase Locked Loop ................................... 388 

High Speed Dual Line Receiver .................................................... 256 
High Speed Dual Line Receiver .................................................... 259 
High Speed Dual Sense Amplifier for MOS Memories ................................. 263 
High Speed Dual Sense Amplifier for MOS Memories ................................. 266 

-This data sheet may be obtained by'writing Publication Services at Signetics. 811 E. 
Argues, M/6027, Sunnyvale, California 94086. or by calling (408) 746-2111. 
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SIGNETICS OHIO MICHIGAN DISTRIBUTORS 
Worthington Bloomfield Hills 

HEADQUARTERS Phone: (614) 888-7143 Enco Marketing ALABAMA 
TEXAS Phone: (313) 642-0203 Huntsville 

811 East Arques Avenue Austin Hamilton! Avnet Electronics 
P_O_ Box 409 Phone: (512) 458-2591 MINNESOTA Phone: (205) 837-7210 
Sunnyvale, California 94086 Dallas Edina Pioneer Electronics 
Phone: (408) 739-7700 Phone: (214) 661-1296 Mel Foster Technical Sales Phone: (205) 837-9300 

UTAH Phone: (612) 835-2252 ARIZONA 
Bountiful 

ALABAMA Phone: (80Il 298-2624 MISSOURI Phoenix 
Huntsville CANADA St. Louis 

Hamilton! Avnet Electronics 
Phone: (205) 837-5150 Phone: (602) 894-9600 

ARIZONA 
SIGNETICS CANADA, LTD_ B. C_ Electronic Sales Wyle Distribution Group Etobicoke, Ontario Phone: (314) 731-1255 Phone: (602) 249-2232 Phoenix Phone: (416) 626-6676 

Phone: (602) 265-4444 SIGNETICS CANADA, LTD-ILTEE_ NEVADA CALIFORNIA 
CALIFORNIA Pointe-Claire, Quebec 

Sierra Technology Costa Mesa 
Canoga Park Phone: (514) 697-3385 

Phone: (408) 354-9986 Avnet Electronics Phone: (213) 340-1431 Phone: (714) 754-6111 
Cupertino REPRESENTATIVES NEW YORK Hamilton Electro Sales 

Phone: (408) 725-8100 Phone: (714) 641-4100 
Inglewood ALABAMA Ithaca 

Phone: (213) 670-1101 Huntsville Bob Dean, Inc_ Culver City 
Irvine Electronic Sales, Inc_ Phone: (607)272-2187 Hamilton! Avnet Electronics 

Phone: (714) 833-8980 Phone: (205) 533-1735 Phone: (213) 558-2121 
(213) 588-3281 

CALIFORNIA OHIO Hamilton! Avnet Electronics 
San Diego Military 

Phone: (714) 560-0242 Los Gatos Cleveland Phone: (213) 558-2901 
Sierra Technology Norm Case Associates 

COLORADO Phone: (408) 354-9986 Phone: (216) 333-4120 EI Segundo 
Aurora San Diego Dayton Wyle Distribution Group 

Phone: (303) 751-5011 Mesa Engineering Norm Case Associates Phone: (213) 322-8100 
CONNECTICUT Phone: (714) 278-8021 Phone: (800) 362-6631 Irvine 
Danbury CONNECTICUT Schweber Electronics 

Call: Kanan, Danbury Danbury OKLAHOMA Phone: (714) 556-3880 
Phone: (203) 743-l8l2 Kanan Associates Tulsa Wyle Distribution Group 

DELAWARE Phone: (203) 743-l8l2 Cunningham Co_ Phone: (714) 641-1600 
Call: Micro-Camp, Baltimore FLORIDA Phone: (918) 492-0390 San Diego Phone: (30l) 247-0400 Altamonte Springs Hamilton! Avnet Electronics 

FLORIDA Semtronic Associates OREGON Phone: (714) 571-7510 
Lighthouse Point Phone: (305) 831-8233 Hillsboro Wyle Distribution Group 

Phone: (305) 782-8225 Clearwater Western Technical Sales Phone: (714) 565-9171 
GEORGIA Semtronic Associates Phone: (503) 640-4621 San Jose Phone: (813) 461-4675 Atlanta Anthem Electronics Inc_ Phone: (404) 396-1410 ILLINOIS TEXAS Phone: (408) 946-8000 
ILLINOIS Elk Grove Village Austin Santa Clara Schaumburg Micro-Tex, Inc_ Cunningham Co_ Phone: (312) 640-9633 Schweber Electronics Phone: (312) 843-7805 Phone: (512) 459-8947 Phone: (408) 496-0200 
INDIANA INDIANA Dallas Wyle Distribution Group 
Kokomo Fort Wayne Cunningham Co_ Phone: (408) 727-2500 

Phone: (317) 455-0299 Insul-Re~s, Inc. Phone: (214) 233-4303 Phone: ( 19) 482-1596 Sunnyvale KANSAS Indianapolis Houston Arrow Electronics Overland Park Insul-Reps, Inc. Cunningham Co. Phone: (408) 739-3011 Phone: (913) 492-3398 Phone: (317) 259-4431 Phone: (713) 461-4197 
Hamilton! Avnet Electronics 

MASSACHUSETIS IOWA Phone: (408) 743-3355 
Bedford Cedar Rapids VIRGINIA 

Phone: (617) 275-8900 Comstrand Inc. Lynchburg CANADA 

MINNESOTA Phone: (319) 377-1575 Micro-Comp, Inc_ Calgary, Alberta 
Edina KANSAS Phone: (804) 237-6221 Cam Gard Supply ltd. 

Phone: (612) 835-7455 Shawnee Mission Phone: (403) 287-0520 

NEW JERSEY B. C. Electronic Sales WASHINGTON Downsview, Ontario 
Cherry Hill Phone: (913) 888-6680 Bellevue Cesco Electronics 

Phone: (609) 665-5071 Wichita Western Technical Sales Phone: (416) 661-0220 
Piscataway B. C_ Electronic Sales Phone: (206) 641-3900 Mississauga, Ontario 

Phone: (201) 981-0126 Phone: (316) 684-0051 Hamilton! Avnet Electronics 
NEW YORK MARYLAND WASHINGTON, D.C. Phone: (416) 677-7432 
Melville Baltimore Call: Micro-Comp, Baltimore Zentronics 

Phone: (516) 752-0130 Micro-Comp, Inc. Phone: (301) 247-0400 Phone: (416) 676-9000 
Wappingers Falls Phone: (30l) 247-0400 Montreal, Quebec 

Phone: (914) 297-4074 MASSACHUSETIS WISCONSIN Cesco Electronics 
NORTH CAROLINA Reading Waukesha Phone: (514) 735-5511 
Cary Kanan Associates Micro-Tex, Inc. Zentronics 

Phone: (919) 469-3365 Phone: (617) 944-8484 Phone: (414) 542-5352 Phone: (514) 735-5361 
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Ottawa, Ontario ILLINOIS MISSOURI Cleveland 
Cesco Electronics Chicago Earth City Hamilton! Avnet Electronics 
Phone: (613l 729-5118 Bell Industries Hamilton! Avnet Electronics Phone: (216) 831-3500 

Hamilton! Avnet Electronics Phone: (312) 982-9210 Phone: (314) 344-1200 Pioneer Standard Electronics 

Phone: .. (613) 226-1700 Elk Grove NEW HAMPSHIRE Phone: (216) 587-3600 

Zentronics ltd. 
Schweber Electronics Manchester Centerville 

Phone: (613) 238-6411 
Phone: (312) 364-3750 Arrow Electron ics Arrow Electronics 

Quebec City 
Schaumburg Phone: (603) 668-6968 Phone: (513) 435-5563 

Arrow Electronics NEW JERSEY 
Dayton 

Cesco Electronics Phone: (312) 893-9420 Hamilton! Avnet Electronics 
Phone: (418) 524-4641 Schiller Park Cherry Hill 

Hamilton! Avnet Electronics Hamilton! Avnet Electronics 
Phone: (513) 433-0610 

Vancouver, B.C. Phone: (312) 671-4787 Phone: (609) 424-0100 Pioneer Standard Electronics 

Cam Gard Supply ltd. Fairfield 
Phone: (513) 236-9900 

Phone: (604) 291-1441 INDIANA Hamilton! Avnet Electronics 
Reading 

Indianapolis Phone: (20ll 575-3390 
Arrow Electronics 

Ville St. Laurent, Quebec Pioneer Electronics Schweber Electronics 
Phone: (513) 761-5432 

Hamilton! Avnet Electronics Phone: (317) 849-7300 Phone: (20ll 227-7880 
Solon 

Phone: (514) 331-6443 Arrow Electronics Moorestown 
Arrow Electronics 

Winnipeg, Manitoba Phone: (317) 243-9353 Arrow Electronics 
Phone: (2161 248-3990 

Cam Gard Supply Ltd. 
Hamilton! Avnet Electronics Phone: (609) 235-1900 OREGON 

Phone: (317) 844-9333 Saddlebrook Lake Oswego 
Phone: (204) 786-8481 Arrow Electronics Hamilton! Avnet Electronics 

COLORADO KANSAS Phone: (201) 797-5800 Phone: (503) 635-8831 

Denver 
Overland Park NEW MEXICO PENNSYLVANIA 

Arrow Electronics 
Hamilton! Avnet Electronics Albuquerque Horsham 

Phone: (303) 758·2100 
Phone: (913) 888-1051 Hamilton! Avnet Electronics Schweber Electronics 

Wyle Distribution Group MARYLAND 
Phone: (505) 765-1500 Phone: (2151441-0600 

Phone: (303) 457-9953 Baltimore NEW YORK 
Pittsburgh 

Inglewood Arrow Electronics Buffalo 
Arrow Electronics 

Phone: (301l247-5200 Summit Distributors 
Phone: (4121 351-4000 

Hamitton! Avnet Electronics Gaithersburg Phone: (716) 887-2837 
Pioneer! Pittsburgh 

Phone: (3031740-1000 Pioneer Washington Electronics East Syracuse 
Phone: (4121782-2300 

CONNECTICUT Phone: (30Il 948-0710 Arrow Electronics TEXAS 

Danbury 
Schweber Electronics Phone: (315) 652-1000 Austin 

Phone: (3011840-5900 Hamilton! Avnet Electronics Hamilton! Avnet Electronics 

Hamilton! Avnet Electronics Hanover Phone: (315) 437-2642 Phone: (5121837-8911 

Phone: (203) 797-2800 Hamilton! Avnet Electronics Farmingdale, L.J. Quality Components 

Schweber Electronics Phone: (30Il796-5000 Arrow Electronics Phone: (5121835-0220 

Phone: (2031 792-3500 Phone: (5161694-6800 Dallas 
MASSACHUSETTS Liverpool Hamilton! Avnet Electronics 

Wallingford Bedford Arrow Electronics Phone: (2141661-8661 

Arrow Electronics Schweber Electronics Phone: (315) 652-1000 Quality Components 

Phone: (2031265-7741 Phone: (617l275-5100 Melville Phone: (214) 387-4949 

FLORIDA 
Burlington Hamilton! Avnet Electronics Schweber Electronics 

Ft. Lauderdale 
Lionex Corp. Phone: (5161 545-6012 Phone: (2141661·5010 

Phone: (6171272-9400 Rochester Houston 

Arrow Electronics Woburn Arrow Electronics Hamilton! Avnet Electronics 

Phone: (305) 776-7790 Arrow Electronics Phone: (716) 275-0300 Phone: (713) 780-1771 

Hamilton! Avnet Electronics Phone: (617) 933-8130 Hamilton! Avnet Electronics Quality Components 

Phone: (305) 971-2900 Hamilton! Avnet Electronics Phone: (716) 475-9130 Phone: (7131772-7100 

Hollywood 
Phone: (6171273-7500 Schweber Electronics Schweber Electronics 

Phone: (7161424-2222 Phone: (713) 784-3600 

Schweber Electronics MICHIGAN Westbury, L.I. UTAH 
Phone: (3051927-0511 Ann Arbor Schweber Electronics Salt Lake City 

Palm Bay 
Arrow Electronics Phone: (516) 334-7474 Hamilton! Avnet Electronics 
Phone: (313) 971-8220 

Arrow Electronics Livonia 
NORTH CAROLINA Phone: (801)972-4300 

Phone: (305) 725-1480 Hamilton!Avnet Electronics 
Greensboro WASHINGTON 

St. Petersburg Phone: (313) 522-4700 
Pioneer Electronics Bellevue 

Hamilton! Avnet Electronics Pioneer Electronics 
Phone: (9191273-4441 Hamilton! Avnet Electronics 

Phone: (313) 525-1800 
Raleigh Phone: (206) 453-5844 

Phonerl813) 576-3930 Schweber Electronics 
Hamilton! Avnet Electronics Wyle Distribution Group 

GEORGIA Phone: (313) 525-8100 
Phone: (919) 829-8030 Phone: (2061453-8300 

Winston·Salem Tukwila!Seattle 
Atlanta MINNESOTA Arrow Electronics Arrow Electronics 

Schweber Electronics Eden Prairie Phone: (919) 725-8711 Phone: (2061 575-0907 

Phone: (4041449-9170 Schweber Electronics OHIO WISCONSIN 

Norcross Phone: (612) 941-5280 Beechwood Oak Creek 

Arrow Electronics 
Edina Schweber Electronics Arrow Electronics 

Phone: (4041449-8252 
Arrow Electronics Phone: (216) 464-2970 Phone: (414) 764-6600 

Hamilton! Avnet Electronics 
Phone: (612) 830-1800 Cincinnati New Berlin 
Hamilton! Avnet Electronics Arrow Electronics Hamilton! Avnet Electronics 

Phone: (404) 448-0800 Phone: (6121941-3801 Phone: (5131 761-5432 Phone: (414) 784-4510 
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FOR SIGNETICS COLOMBIA ITALY SINGAPORE/MALAYSIA 

PRODUCTS Sadape S.A. Philips S.p.A. Philips Singapore Pte., Ltd. 
Bogota Milano Singapore 

WORLDWIDE: Phone: 600600 Phone: 2·6994 Phone: 538811 
SOUTH AFRICA 

DENMARK JAPAN E.D.A.C. (PTYJ, Ltd. 
ARGENTINA Miniwatt A/S Signetics Japan, Ltd. Johannesburg 
Fapesa !.y.C. Kobenhavn Tokyo Phone: 24-6701-3 

Buenos·Aires Phone: (01) 69 1622 Phone: (03) 230·1521 
SPAIN 

Phone: 652·7438/7478 
KOREA Copresa S.A. FINLAND 

AUSTRALIA Oy Philips Ab Philips Elect Korea Ltd. Barcelona 

Philips Industries·ELCOMA Helsinki Seoul Phone: 329 63 12 

Lane·Cove, N.S. W. Phone: 1 72 71 Phone: 44·4202 SWEDEN 
Phone: (02) 427-0888 Elcoma A.B. 

FRANCE MEXICO Stockholm 
Queensland R.T.C. Electronica S.A. de C.Y. Phone: 08/67 97 80 

Brisbane Paris Mexico D.F. SWITZERLAND (07) 277·3332 Phone: 355-44-99 Phone: 533·1180 
South Australia Philips A.G. 

Adelaide GERMANY NETHERLANDS Zurich 
(08) 45-0211 Valvo Philips Nederland B.V. 

Phone: 01/44 22 11 

Victoria Hamburg Eindhoven TAIWAN 
Melbourne Phone: (040) 3296-1 Phone: (040) 79 33 33 Philips Taiwan, Ltd. 
(03) 699-0300 Taipei 

Western Australia 
GREECE NEW ZEALAND Phone: (02) 563·1717 
Philips S.A. Hellenique Philips Electrical Ind. ELCOMA Perth Athens THAILAND 

(09) 277·4199 Phone: 915 311 
Auckland Saeng Thong Radio, Ltd. 
Phone: 867119 Bangkok 

AUSTRIA HONG KONG Phone: 34985/36980 
NORWAY Osterrichische Philips Philips Hong Kong, Ltd. Electronica A.S. UNITED KINGDOM 

Wi en Hong Kong Oslo Mullard, Ltd. 
Phone: 93 26 22 Phone: 12-245121 Phone: (02) 15 05 90 London 

BELGIUM 
Phone: 01-580·6633 

INDIA PERU UNITED STATES M.B.l.E. Peico Electronics & Elect. Ltd. 
Elcoma Div. Cadesa Signetics International Corp. Brussels Bombay Lima Sunnyvale, California Phone: 523 00 00 Phone: 295·144 Phone: 628599 Phone: (408) 739·7700 

BRAZIL 
INDONESIA PHILIPPINES URUGUAY 

Ibrape Electronica Uda. P.T. Philips·Ralin Electronics Philips Industrial Dev., Inc. Luzilectron SA 
Sao Paulo Jakarta Makata-Rizal Montevideo 
Phone: (011) 211-2600 Phone: 581058 Phone: 868951·9 Phone: 943 21 

VENEZUELA 
CHILE ISRAEL PORTUGAL Industrias Yenezolanas 
Philips Chilena S.A. Rapac Electronics, Ltd. Philips Portuguesa SARL Philips S.A. 

Santiago Tel Aviv Lisbon Caracas 
Phone: 39·4001 Phone: 477115-6-7 Phone: 68 31 21 Phone: 239-8180 
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