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Federal Communications Commission
Radio Frequency Interference Statement

Warning: The equipment described herein has been certified to
comply with the limits for a Class B computing device, pursuant
to Subpart J of Part 15 of the FCC rules. Only peripherals
(computer input/output devices, terminals, printers, etc.) certified
to comply with the Class B limits may be attached to the
computer. Operation with non-certified peripherals is likely to
result in interference to radio and TV reception. If peripherals
not offered by IBM are used with the equipment, it is suggested to
use shielded grounded cables with in-line filters if necessary.

CAUTION

This product described herein is equipped with a grounded plug for
the user’s safety. It is to be used in conjunction with a properly
grounded receptacle to avoid electrical shock.

iii



Notes:

iv



Preface

This publication describes the various components of the IBM
Personal Computer XT and IBM Portable Personal Computer;
and the interaction of each.

The information in this publication is for reference, and is
intended for hardware and program designers, programmers,
engineers, and anyone else with a knowledge of electronics
and/or programming who needs to understand the design and
operation of the IBM Personal Computer XT or IBM Portable
Personal Computer.

This publication consists of two parts: a system manual and an
options and adapters manual.

The system manual is divided into the following sections:

Section 1, “System Board”, discusses the component layout,
circuitry, and function of the system board. .

Section 2, “Coprocessor”, describes the Intel 8087
coprocessor and provides programming and hardware
interface information.

Section 3, “Power Supply”, provides electrical input/output
specifications as well as theory of operation for both the IBM
Personal Computer XT power supply and the IBM Portable
Personal Computer power supply.

Section 4, “Keyboard”, discusses the hardware makeup,
function, and layouts of the IBM Personal Computer XT
83-key and 101/102-key keyboards and the IBM Portable
Personal Computer keyboard. In addition, keyboard encod-
ing and usage is discussed.

Section 5, “System Bios”, describes the basic input/output
system and its use. This section also contains the software



interrupt listing, a BIOS memory map, descriptions of vec-
tors with special meanings, and a set of low memory maps.

Section 6, “Instruction Set”, provides a quick reference for
the 8088 and 8087 assembly instruction set.

Section 7, “Characters, Keystrokes, and Colors”, supplies the
decimal and hexadecimal values for characters and text
attributes.

A glossary, bibliography, and index are also provided.

The Technical Reference Options and Adapters manual provides
information, logic diagrams, and specifications pertaining to the
options and adapters available for the IBM Personal Computer
family of products. The manual is modular in format, with each
module providing information about a specific option or adapter.
Modules having a large amount of text contain individual indexes.
The modules are grouped by type of device into the following
categories:

Expansion Unit
Displays

Printers

Storage Devices
Memory Expansion
Adapters

Miscellaneous

Cables and Connectors.

Full-length hard-tab pages with the above category descriptions,
separate the groups of modules.

The term “Technical Reference manual” in the Options and
Adapters manual, refers to the:

o IBM Personal Computer XT/IBM Portable Personal
Computer Technical Reference manual

o IBM Personal Computer Technical Reference manual

« IBM Personal Computer AT Technical Reference manual.

The term “Guide to Operations manual” in the Options and
Adapters manual, refers to the:
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IBM Personal Computer Guide to Operations manual

IBM Personal Computer XT Guide to Operations manual
IBM Portable Personal Computer Guide to Operations manual
IBM Personal Computer AT Guide to Operations manual.

Prerequisite Publications

. IBM Personal Computer XT Guide to Operations

« IBM Portable Personal Computer Guide to Operations.
Suggested Reading

o BASIC for the IBM Personal Computer

o Disk Operating System (DOS)

« Hardware Maintenance Service manual

« Hardware Maintenance Reference manual

o Macro Assembler for the IBM Personal Computer.
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System Block Diagram (XT)

The following is a system block diagram of the IBM Personal
Computer XT.

SYSTEM UNIT
System Board Power Supply
130 Watt
4 Level
8088 Oscillator
8 Interrupt Speaker Speaker
Levels Adapter
4 Channels Keyboard
Direct Memory| Adapter
Access Keyboard
Memory Read-0Only
Memory
Math
Coprocessor
(Optional)
Extender Card
to
Receiver Card
(See Expansion
8 Unit Block
7 Diagram)
6
5
4
3
2 8-Slot
1 1/0 Channel

Note: A “System to Adapter Compatibility Chart,” to identify
the adapters supported by each system, and an ‘“Option to
Adapter Compatibility Chart,” to identify the options supported
by each adapter, can be found in the front matter of the Technical
Reference Options and Adapters manual, Volume 1.
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System Block Diagram (Portable)

The following is a system block diagram of the IBM Portable
Personal Computer.

SYSTEM UNIT
—] Composite CRT
System Board Power Supply
114 watt
L Level
8088 Oscillator
8 Interrupt Speaker Speaker
Levels Adapter
4 Channels Keyboard
Direct Memory| Adapter
Access Keyboard
Memory Read-Only
Memory
Math
Coprocessor
(Optional)
8
7
6
5
g 4
3
2 <+«——Diskette Adapter .
1 < Extender Card to Receiver Card”
. < Color/Graphics Adapter
* See the Expansion Unit Block Diagram

Note: A “System to Adapter Compatibility Chart,” to identify
the adapters supported by each system, and an “Option to
Adapter Compatibility Chart,” to identify the options supported
by each adapter, can be found in the front matter of the Technical
Reference Options and Adapters manual, Volume 1.
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Expansion Unit Block Diagram

The following is an expansion unit block diagram for the IBM
Portable Personal Computer and IBM Personal Computer XT
with the 64/256K system board.

EXPANSION UNIT
Power Supply Expansion Board
130 wWatt
4 Level Oscillator
Receiver Card 8-Slot
from Expanded
Extender Card 1/0 Channel
8
7
6
5
4
3
2
1

Note: A “System to Adapter Compatibility Chart,” to identify
the adapters supported by each system, and an “Option to
Adapter Compatibility Chart,” to identify the options supported
by each adapter, can be found in the front matter of the Technical
Reference Options and Adapters manual, Volume 1.
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Description

The system board fits horizontally in the base of the system unit
of the Personal Computer XT and Portable Personal Computer
and is approximately 215 mm by 304 mm (8-1/2 x 12in.). Itisa
multilayer, single-land-per-channel design with ground and
internal planes provided. DC power and a signal from the power
supply enter the board through two 6-pin connectors. Other
connectors on the board are for attaching the keyboard and
speaker. Eight 62-pin card-edge sockets are also mounted on the
board. The I/O channel is bussed across these eight I/0 slots.
Slot J8 is slightly different from the others in that any card placed
in it is expected to respond with a 'card selected' signal whenever
the card is selected.

A dual in-line package (DIP) switch (one 8-switch pack) is
mounted on the board and can be read under program control.
The DIP switch provides the system programs with information
about the installed options, how much storage the system board
has, what type of display adapter is installed, whether or not the
coprocessor is installed, what operational modes are desired when
power is switched on (color or black-and-white, 80- or
40-character lines), and the number of diskette drives attached.

The system board contains the adapter circuits for attaching the
serial interface from the keyboard. These circuits generate an
interrupt to the microprocessor when a complete scan code is
received. The interface can request execution of a diagnostic test
in the keyboard.

The system board consists of five functional areas: the processor
subsystem and its support elements, the ROM subsystem, the
read/write (R/W) memory subsystem, integrated I/O adapters,
and the I/O channel. All are described in this section.

System Board 1-3
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Microprocessor

The heart of the system board is the Intel 8088 Microprocessor.
This is an 8-bit external-bus version of Intel’s 16-bit 8086
Microprocessor, and is software-compatible with the 8086. Thus,
the 8088 supports 16-bit operations, including multiply and N
divide, and 20 bits of addressing (1M byte of storage). It also
operates in maximum mode, so a coprocessor can be added as a
feature. The microprocessor operates at 4.77MHz. This
frequency is derived from a 14.31818MHz crystal, the frequency
of which is divided by 3 for the microprocessor clock, and divided
by 4 to obtain the 3.58MHz color-burst signal required for color
televisions.

At the 4.77TMHz clock rate, the 8088 bus cycles are four clocks of

210 nanoseconds (ns) each, or 840ns total. Some I/O cycles take
five 210ns clocks or 1.05 microseconds (us).
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Data Flow Diagrams

The system board data flow diagram starts on the next page.
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System Memory Map

Start Address Function
Decimal | Hex 64/256K 256/640K
0K 00000
16K 04000
32K 08000
48K 0C000
64K 10000
80K 14000
86K 18000
112K 1€000
128K 20000 128-256K 256-6L40K
144K 24000 | Read/Write Read/Write
160K 28000 | Memory Memory
176K 2C000 | on the on the
System Board | System Board
192K 30000
208K 34000
224K 38000
240K 3C000
256K 40000
272K 44000
288K 48000
304K 4co00
320K 50000
336K 54000
352K 58000
368K 5C000
384K 60000 384K R/W
Look 64000 | Memory
416K 68000 | Expansion
432K 6C000 in the
1/0 Channel
L48K 70000
LeLK 74000
480K 78000
496K 7€C000
512K 80000
528K 84000
544K 88000
560K 8C000
576K 90000
592K 94000
608K 98000
624K 9C000

System Memory Map (Part 1 of 2)
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Start Address Function
Decimal Hex 64/256K &  256/640K
640K A0000
656K ALQOO
672K A8000 128K Reserved
688K AC000
704K B0O0OO Monochrome
736K B8000 Color/Graphics
752K BCO0OO
768K €0000 Enhanced Graphics
784K €6000 Professional Graphics
800K €8000 Fixed Disk Control
816K €Co00 PC Network
832K DO000 Cluster
848K D4000
864K D8000 192K Read Only Memory
880K DC000 Expansion and Control
896K £E0000
912K E4000
928K E8000
9hhK EC000
960K F0000
976K F4000 6LK Base system
992K F8000 B10S and BASIC ROM
1008K FCO000

System Memory Map (Part 2 of 2)
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System Timers

Three programmable timer/counters are used by the system as
follows: Channel O is used as a general-purpose timer providing a
constant time base for implementing a time-of-day clock.

Channel 0 System Timer
GATE 0O Tied on
CLKINO 1.193182 MHz OSC

CLK OUT 0 8259A IRQ 0O

Channel 1 is used to time and request refresh cycles from the
DMA channel.

Channel 1 Refresh Request Generator
GATE 1 Tied on
CLKIN 1 1.193182 MHz OSC

CLKOUT 1 Request refresh cycle

Note: Channel 1 is programmed as a rate generator to
produce a 15-microsecond period signal.

Channel 2 is used to support the tone generation for the audio

speaker. Each channel has a minimum timing resolution of
1.05us.

Channel 2 Tone Generation for Speaker
GATE 2 Controlled by bit 0 of port hex 61, PPI bit
CLK IN 2 1.193182 MHz OSC

CLK OUT 2 Used to drive the speaker

The 8254-2 Timer/Counter is a programmable interval
timer/counter that system programs treat as an arrangement of
four external 1/O ports. Three ports are treated as counters; the
fourth is a control register for mode programming. The following
is a system-timer block diagram.
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+5 Vdc

w
“Refresh Refresh Request :g
] b Q =
8253-5 I Clock S
System Bus —» Clear f
Gate 0
Clock In 0O
+5 Vde Gate 1
Clock In 1
1/0 Address
Hex 0061 Gate 2
Port Bit 0
Clock In 2
8259A IRQ O
Clock Out 0 597 IRQ
Clock Out 1 ._‘ Driver
Clock Out 2
1/0 Address AND Il;(a):s — To Speaker
Hex 0061 Filter
Port Bit 1
PCLK Divide
(2.38MHz) by 2

System-Timer Block Diagram

System Interrupts

Of the eight prioritized levels of interrupt, six are bussed to the
system expansion slots for use by feature cards. Two levels are
used on the system board. Level 0, the higher priority, is attached
to Channel O of the timer/counter and provides a periodic
interrupt for the time-of-day clock. Level 1 is attached to the
keyboard adapter circuits and receives an interrupt for each scan
code sent by the keyboard.

The non-maskable interrupt (NMI) of the 8088 is used to report
memory parity errors.
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The following diagram contains the System Interrupt Listing.

Number Usage
NMI Parity
8087
0 Timer
1 Keyboard
2 EGA Display, PC Net, 3278/79
3 Asynchronous Communications (Alternate)

PC Net(Alternate)
3278/79(Alternate)

SDLC Communications

BSC Communications

Cluster (Primary)

4 Asynchronous Communications (Primary)
SDLC Communications

BSC Communications .
Voice Communications Adapter ™
Fixed Disk

Diskette

Printer

Cluster (Alternate)

~ oo

* Jumper selectable to 2, 3, 4, 7.

8088 Hardware Interrupt Listing

System Boards

There are two types of system boards, 64/256K and 256/640K.
RAM

64/256K System Board

The 64/256K system board has either 128K or 256K of R/W
memory. Memory greater than the system board’s maximum of
256K is obtained by adding memory cards in the expansion slots.
The memory consists of dynamic 64K by 1 bit chips with an
access time of 200ns and a cycle time of 345ns. All R/W
memory is parity-checked.
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256/640K System Board

The 256/640K system board has either 256K, 512K or 640K of
R/W memory. The memory consists of dynamic 64K by 1 bit
chips in Banks 2 and 3 and dynamic 256K by 1 bit chips in Banks
0 and 1 with an access time of 200ns and a cycle time of 345ns.
All R/W memory is parity-checked.

%
m
o
=
o
2
—

System Board| Minimum| Maximum| Memory | Pluggable | Pluggable
Storage| Storage| Modules|(Banks 0-1)|(Banks 2-3)
64/256K 64K 256K 64K by | 2 Banks 2 Banks
1 bit of 9 of 9
256/640K 256K 640K 256K by| 2 Banks 2 Banks
1 bit of 9 of 9
and 64K
by 1 bit

The system board supports both read only memory (ROM) and
R/W memory. It has space for 64K by 8 of ROM or erasable
programmable read-only memory (EPROM). Two module
sockets are provided, each of which can accept a 32K or 8K
device. On the 64/256K system board, one socket has 32K by 8
bits of ROM, the other 8K by 8 bits. On the 256/640K system
board, both sockets have 32K by 8 bits of ROM installed. This
ROM contains the power-on self test, I/O drivers, dot patterns
for 128 characters in graphics mode, and a diskette bootstrap
loader. The ROM is packaged in 28-pin modules and has an
access time and a cycle time of 250ns each.
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DMA

The microprocessor is supported by a set of high-function support
devices providing four channels of 20-bit direct-memory access

(DMA), three 16-bit timer/counter channels, and eight N\
prioritized interrupt levels.

Three of the four DMA channels are available on the I/O bus and
support high-speed data transfers between I/0 devices and
memory without microprocessor intervention. The fourth DMA
channel is programmed to refresh the system’s dynamic memory.
This is done by programming a channel of the timer/counter
device to periodically request a dummy DMA transfer. This
action creates a memory-read cycle, which is available to refresh

dynamic memory both on the system board and in the system
expansion slots. DMA data transfers take five clock cycles of

210ns, or 1.05us. (See I/O CH RDY on page 1-22.) Refresh
cycles occur once every 72 clocks (approximately 15us) and
require four clocks or approximately 5.6% of the bus bandwidth.

The following formula determines the percentage of bandwidth

used for refresh. ’ '
64K X 1
% Bandwidth used 4 cycles X 128 512
for Refresh = mm=-ses------- = ----- = 5.6%
1.93ms/210ns 9190
256K X 1

% Bandwidth used 4 cycles X 256 1024
for Refresh = m------o---o-o = ----- = 5.6%
3.86ms/210ns 19048
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I/0 Channel
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The I/0O channel is an extension of the 8088 microprocessor bus.
It is, however, demultiplexed, repowered, and enhanced by the
addition of interrupts and direct memory access (DMA)
functions.

The I/O channel contains an 8-bit, bidirectional data bus, 20
address lines, 6 levels of interrupt, control lines for memory and
I/0 read or write, clock and timing lines, 3 channels of DMA
control lines, memory refresh-timing control lines, a 'channel
check' line, and power and ground for the adapters. Four voltage
levels are provided for I/O cards: +5 Vdc + 5%, -5 Vdc +
10%, +12 Vdc + 5%, and -12 Vdc + 10%. These functions are
provided in a 62-pin connector with 100-mil card tab spacing.

An 'I/0 channel ready' line (I/0O CH RDY) is available on the
I/0 channel to allow operation with slow I/O or memory devices.
These devices can pull /O CH RDY low to add wait states to the
following operations:

« Normal memory read and write cycles take four 210ns clocks
for a cycle time of 840ns/byte.

« Microprocessor-generated I/0 read and write cycles require
five clocks for a cycle time of 1.05us/byte.

« DMA transfers require five clocks for a cycle time of
1.05us/byte.

I/0 devices are addressed using I/O mapped address space. The
channel is designed so that 768 1/0O device addresses are available
to the I/O channel cards.

A 'channel check' line exists for reporting error conditions to the
microprocessor. Activating this line results in a non-maskable
interrupt (NMI) to the 8088 microprocessor. Memory expansion
options use this line to report parity errors.

The 1/0 channel is repowered to provide sufficient drive to power
all eight (J1 through J8) expansion slots, assuming two low-power
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Schottky (LS) loads per slot. The IBM I/0 adapters typically use
only one load.

Timing requirements on slot J8 are much stricter than those on
slots J1 through J7. Slot J8 also requires the card to provide a
signal designating when the card is selected.

The following figure shows the pin numbering for I/O channel
connectors J1 through J8.

Rear Panel
B1 ? 1 Al
1 1
1 1
1 1
1 1
1 1
1 1
1 1
B10 : : A10
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
B20 1 1 A20
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
B31 1 E. A31

Component Side

1/0 Channel Pin Numbering (J1-J8)
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The following figures show signals and voltages for the I/O

(7]
m
channel connectors. 2
o
1/0 Pin | Signal Name | 1/0 =
Al -1/0 CH CK I
A2 sD7 1/0
A3 SD6 1/0
Al SD5 1/0
A5 SDh 1/0
Ab SD3 1/0
A7 SD2 1/0
A8 SD1 1/0
A9 SDO 1/0
A0 1/0 CH RDY |
A1l AEN 0
A12 SA19 /0
A13 SA18 1/0
A1k SA17 1/0
A15 SA16 1/0
A16 SA15 1/0
A17 SA1L 1/0
A18 SA13 1/0
A19 SA12 1/0
A20 SAT1 1/0
A21 SA10 1/0
A22 SA9 1/0
A23 SA8 1/0
A2L SA7 1/0
A25 SA6 1/0
A26 SAS 1/0
A27 SAL 1/0
A28 SA3 1/0
A29 SA2 1/0
A30 SA1 1/0
A31 SAO 1/0

1/0 Channel (A-Side, J1 through J8)
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1/0 Pin Signal Name 1/0
B1 GND Ground
B2 RESET DRV 0
B3 +5 Vdc Power
BL4 IRQ 2 [
B5 -5 Vdc Power
B6 DRQ2 |
B7 -12 Vdc Power
B8 -CARD SLCTD |
B9 +12 Vdc Power
B10 GND Ground
B11 -MEMW 0
B12 -MEMR 0
B13 -10owW 1/0
Bk -10R 1/0
B15 -DACK3 0
B16 DRQ3 [
B17 -DACK1 0
B18 DRQ1 |
B19 -DACKO 1/0
B20 CLK 0
B21 IRQ7 |
B22 IRQ6 [
B23 IRQ5 |
B24 IRQ4 |
B25 IRQ3 |
B26 -DACK2 0
B27 T/C 0
B28 ALE 0
B29 +5Vdc Power
B30 0SsC 0
B31 GND Ground

1/0 Channel (B-Side, J1 through J8)
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System Board Diagram
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The following diagram shows the component layout for the
system board. All system board switch settings for total system

»~~ memory, number of diskette drives, and types of display adapters
are shown on page 1-27.

Clock Chip/
Color

Trimmer
System Expansion Slots / Keyboard I/O

| E%E?zctions
@m
S LALLLL i ey
E Eﬂ l [ D Eu BIOS
| Adnno0onna i %cm
ﬂiﬁé‘?'y"'i, | :— _D[ﬂ__l: [_ E],D]:[ :ll [ | l: [ Switches
with parity <: B ID ]D]]jl[m]
i | 000000000m3A0q0"
1000000007°0000(]
v v °

System Board Component Diagram
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I/0 Channel Description

The following is a description of the I/O Channel. All lines are
TTL-compatible.

A0-A19 (O)

Address bits 0 to 19: These lines are used to address memory and
I/0 devices within the system. The 20 address lines allow access
of up to 1M byte of memory. AQ is the least significant bit (LSB)
and A19 is the most significant bit (MSB). These lines are
generated by either the microprocessor or DMA controller. They
are active high.

AEN (0)

Address Enable: This line is used to de-gate the microprocessor
and other devices from the I/0O channel to allow DMA transfers
to take place. When this line is active (high), the DMA controller
has control of the address bus, data bus, Read command lines
(memory and I/0), and the Write command lines (memory and
1/0).

ALE (O)

Address Latch Enable: This line is provided by the 8288 Bus
Controller and is used on the system board to latch valid
addresses from the microprocessor. It is available to the I/O
channel as an indicator of a valid microprocessor address (when
used with AEN). Microprocessor addresses are latched with the
falling edge of ALE. '
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-CARD SLCTD (I)

-Card Selected: This line is activated by cards in expansion slot
J8. It signals the system board that the card has been selected
and that appropriate drivers on the system board should be
directed to either read from, or write to, expansion slot J§.
Connectors J1 through J8 are tied together at this pin, but the
system board does not use their signal. This line should be driven
by an open collector device.

CLK (O)

System clock: It is a divide-by-3 of the oscillator and has a period
of 210ns (4.77MHz). The clock has a 33% duty cycle.

D0—D71/0

Data Bits O to 7: These lines provide data bus bits O to 7 for the
microprocessor, memory, and I/O devices. DO is the LSB and D7
is the MSB. These lines are active high.

-DACKO to -DACK3 (O)

-DMA Acknowledge 0 to 3: These lines are used to acknowledge
DMA requests (DRQ1—DRQ3) and refresh system dynamic
memory (-DACKO). They are active low.

DRQ1-DRQ3 (I)

DMA Request 1 to 3: These lines are asynchronous channel
requests used by peripheral devices to gain DMA service. They
are prioritized with DRQ3 being the lowest and DRQ1 being the
highest. A request is generated by bringing a DRQ line to an
active level (high). A DRQ line must be held high until the
corresponding DACK line goes active.

System Board 1-21

)
m
o
=
o
=2
—




-1/O CH CK (I)

-I/0 Channel Check: This line provides the microprocessor with
parity (error) information on memory or devices in the I/O
channel. When this signal is active low, a parity error is indicated.

I/0 CH RDY (I)

I/O Channel Ready: This line, normally high (ready), is pulled
low (not ready) by a memory or I/O device to lengthen I/0 or
memory cycles. It allows slower devices to attach to the I/O
channel with a minimum of difficulty. Any slow device using this
line should drive it low immediately upon detecting a valid address
and a Read or Write command. This line should never be held
low longer than 10 clock cycles. Machine cycles (I/O or

memory) are extended by an integral number of clock cycles
(210ns).

-IOR (O)

-I/0 Read Command: This command line instructs an I/O
device to drive its data onto the data bus. It may be driven by the
microprocessor or the DMA controller. This signal is active low.

-IOW (0O)

-1/0 Write Command: This command line instructs an I/O
device to read the data on the data bus. It may be driven by the
microprocessor or the DMA controller. This signal is active low.

IRQ2—IRQ7 (I)

Interrupt Request 2 to 7: These lines are used to signal the
microprocessor that an I/0 device requires attention. They are
prioritized with IRQ2 as the highest priority and IRQ7 as the
lowest. An interrupt request is generated by raising an IRQ line
(low to high) and holding it high until it is acknowledged by the
microprocessor (interrupt service routine).
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-MEMR (O)

-Memory Read: This command line instructs the memory to drive
its data onto the data bus. It may be driven by the
microprocessor or the DMA controller. This signal is active low.
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-MEMW (0O)
-Memory Write: This command line instructs the memory to

store the data present on the data bus. It may be driven by the
microprocessor or the DMA controller. This signal is active low.

OSC (0)

Oscillator: High-speed clock with a 70ns period (14.31818MHz).
It has a 50% duty cycle.

RESET DRV (O)

Reset Drive: This line is used to reset or initialize system logic
upon power-up or during a low line-voltage outage. This signal is
synchronized to the falling edge of CLK and is active high.

T/C (0)

Terminal Count: This line provides a pulse when the terminal
count for any DMA channel is reached. This signal is active high.
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I/0 Address Map

The following pages contain the planar and channel I/O Address
Maps.

Hex Range* Device
000-01F DMA controller, 8237A-5
020-03F Interrupt controller, 8259A
040-05F Timer, 8253-5

060-06F PPI 8255A-5

080-09F DMA page registers

0AX™™ NMI Mask Registers

Note: 1/0 Addresses, hex 000 to OFF, are reserved for the
system board 1/0. Hex 100 to 3FF are available
on the 1/0 channel.

* These are the addresses decoded by the current set of
adapter cards. [|BM may use any of the unlisted
addresses for future use.

** At power-on-time, the Non Mask Interrupt into the 8088 is
masked off. This mask bit can be set and reset through
system software as follows:

Set mask: Write hex 80 to 1/0 Address
hex AO(enable NMI)
Clear mask: Write hex 00 to 1/0 Address
hex AO(disable NMI)

Planar I/0 Address Map
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Hex Range®

Device

200-20F
201
20C-20D
210-217
21F
278-27F
2B0-2DF
2E1

2E2 & 2E3
2F8-2FF
300-31F
320-32F
348-357
360-367
368-36F
378-37F
380_38F;“n
390-393
3A0-3AF
3B0-3BF
3C0-3CF
3D0-3DF
3F0-3F7
3F8-3FF
6E2 & 6E3
790-793
AE2 & AE3
B90-B93
EE2 & EE3
1390-1393
22E1
2390-2393
42E1

62E1
82E1
A2E1
C2E1
E2E1

Game Control
Game 1/0
Reserved
Expansion Unit
Reserved
Parallel printer port 2
Alternate Enhanced Graphics Adapter
GPIB (Adapter 0)
Data Acquisition (Adapter 0)
Serial port 2
Prototype card
Fixed Disk
DCA 3278
PC Network (low address)
PC Network (high address)
Parallel printer port 1
SDLC, bisynchronous 2
Cluster
Bisynchronous 1
Monochrome Display and Printer Adapter
Enhanced Graphics Adapter
Color/Graphics Monitor Adapter
Diskette controller
Serial port 1
Data Acquisition
Cluster (Adapter
Data Acquisition
Cluster (Adapter
Data Acquisition
Cluster (Adapter
GPIB (Adapter 1)
Cluster (Adapter 4)
GPIB (Adapter 2)
GPIB (Adapter 3)
GPIB (Adapter 4)
GPIB (Adapter 5)

g

(?dapter 1)
1

(Adapter 2)
2)

(Adapter 3)
3)

GPIB (Adapter
GPIB (Adapter 7

doksk

Note:

I/0 Addresses, hex 000
system board 1/0.

to OFF, are reserved for the

Hex 100 to 3FF are available

on the 1/0 channel.

* These are the addresses decoded by the current set of

adapter

cards.

IBM may use any of the unlisted

addresses for future use.

SDLC Communication and Secondary Binary Synchronous

Communications cannot be used together because their hex
addresses overlap.

' Channel I/0 Address Map

System Board
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Other Circuits

Speaker Circuit

The system unit has a 57.15 mm (2-1/4 in.) audio speaker. The
speaker’s control circuits and driver are on the system board. The
speaker connects through a 2-wire interface that attaches to a
3-pin connector on the system board.

The speaker drive circuit is capable of approximately 1/2 watt of
power. The control circuits allow the speaker to be driven three
different ways: 1.) a direct program control register bit may be
toggled to generate a pulse train; 2.) the output from Channel 2
of the timer/counter may be programmed to generate a waveform
to the speaker; 3.) the clock input to the timer/counter can be
modulated with a program-controlled I1/0O register bit. All three
methods may be performed simultaneously.

PPl Bit 1, 1/0 Address Hex 0061
1.19 MHz
NAND
Clock
—+| In 2 Low
Timer Clock Out 2| I Driver—Pass »To
—| Gate 2 Filter Speaker

PPI Bit 0, I/0 Address Hex 0061

Speaker Drive System Block Diagram

Channel 2 (Tone generation for speaker)

Gate 2 -- Controlled by 8255A-5 PPl Bit (See 8255 Map)
Clock In 2 -- 1.19318 MHz 0SC
Clock Out 2 -- Used to drive speaker

Speaker Tone Generation

1-26 System Board



The speaker connection is a 4-pin Berg connector.

%
m
x)
-
Pin Function o
—4
P3 1 Data out -
2 Key
3 Ground
4 +5 Vdc

Speaker Connector (P3)

8255A 1/0 Bit Map

The 8255A 1/0 Bit Map shows the inputs and outputs for the
Command/Mode register on the system board. Also shown are
the switch settings for the memory, display, and number of
diskette drives. The following page contains the I/O bit map.
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Hex PAO | + Keyboard Scan Code 0 Diagnostic Qutputs 0
Port | 1 1 1
Number [N 2 2 2
P 3 3| or 3
0060 U 4 4 4
T 5 5 5
6 6 6
7 7 7
PBO | + Timer 2 Gate Speaker
0 1 + Speaker Data
u 2 Spare
T 3 | Read High Switches or Read Low Switches
0061 |P L | - Enable RAM Parity Check
U 5 | - Enable 1/0 Channel Check
T 6 | - Hold Keyboard Clock Low
7 | - (Enable Keyboard or + (Clear Keyboard)
PCO | Loop on POST Sw-1 Display 0 **Sw-5
I 1 | + CoProcessor Installed , Sw-2 Display 1 U sw-6
N 2 | + Planar RAM Size 0 * Sw-3|0r|# Drives TESw-]
0062 |P 3 | + Planar RAM Size 1 * Sw-b # Drives 1 FFESw-8
] 4 | Spare
T 5 | + Timer Channel 2 Out
6 | + 1/0 Channel Check
7 | + RAM Parity Check
0063 Command/Mode Register Hex 99
Mode Register Value 7 6 5 4 3 2 1 0
1 0 0 1 1 0 0 1
* Sw-4 Sw-3 Amount of Memory on System Board - 64/256K
0 0 6KK
0 1 128K
1 0 192K
1 1 256K
* Sw-h Sw-3 Amount of Memory on System Board - 256/640K
0 0 256K
0 1 512K
1 0 576K
1 1 640K
** Sw-6 Sw-5 Display at Power-Up Mode
0 0 Reserved
0 1 Color 40 X 25 (BW Mode)
1 0 Color 80 X 25 (BW Mode)
1 1 IBM Monochrome 80 X 25
*EX Gu-8 Sw-7 Number of Diskette Drives in System
0 0 1
0 1 2
1 0 3
1 1 4
Notes:
PA Bit = 0 implies switch "ON'. PA Bit = 1 implies switch "OFF".
A plus (+) indicates a bit value of 1 performs the specified function.
A minus (-) indicates a bit value of 0 performs the specified function.

8255A 1/0 Bit Map
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Specifications
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System Unit

Size
o Length: 498 millimeters (19.6 inches)
« Depth: 411 millimeters (16.2 inches)

o Height: 147 millimeters (5.8 inches)

Weight

o 14.2 kilograms (31.6 pounds)

Power Cable

« Length: 1.8 meters (6 feet)

Environment

« Air Temperature
— System On: 15.6 to 32.2 degrees C (60 to 90 degrees F)
— System Off: 10 to 43 degrees C (50 to 110 degrees F)

« Wet Bulb Temperature
— System On: 22.8 degrees C (73 degrees F)

— System Off: 26.7 degrees C (80 degrees F)
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e Humidity
— System On: 8% to 80%
— System Off: 20% to 80%
« Altitude

— Maximum altitude: 2133.6 meters (7000 feet)

Heat Output

e 1229 British Thermal Units (BTU) per hour

Noise Level

o 43 decibels average-noise rating (without printer)

Electrical
« Power: 450 VA
. Input‘
— Nominal: 115 Vac

— Minimum: 100 Vac
— Maximum: 125 Vac
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Connectors

The system board has the following additional connectors:

« Two power-supply connectors (P1 and P2) Vo
« Speaker connector (J19)

« Keyboard connector (J22)

The pin assignments for the power-supply connectors, P1 and P2,

are as follows. The pins are numbered 1 through 6 from the rear
of the system.

Connector Pin | Assignments

Power Good
Key

+12 Vdc
-12 Vdc
Ground
Ground

Ground 7N\

Ground
-5 Vdc
+5 Vdc
+5 Vdc
+5 Vdc

P1

O\ W N —

P2

o\ W N —

Power Supply Connectors (P1, P2)
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The speaker connector, J19, is a 4-pin, keyed, Berg strip. The

(7]
pins are numbered 1 through 4 from the front of the system. The 5
pin assignments are as follows: =
2
Connector| Pin Function B

1 Data out

J19 2 Key
3 Ground
4 +5 Vdc

Speaker Connector (J19)

The keyboard connector, J22, is a 5-pin, 90-degree printed circuit
board (PCB) mounting, DIN connector. For pin numbering, see
the “Keyboard” section. The pin assignments are as follows:

Connector Pin Assignments

Keyboard Clock

1
J22 2 Keyboard Data
3 Reserved
4 Ground
5 +5 Vdc

Keyboard Connector (J22)
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Logic Diagrams - 64/256K

The following pages contain the logic diagrams for the 64/256K
system board.
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