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Preface

This publication describes the various units of the IBM 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.

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 the IBM
Personal Computer power supply.

Section 4, “Keyboard,” discusses the hardware make up,
function, and layout of the IBM Personal Computer keyboard.

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 vectors
with special meanings, and a set of low memory maps. In
addition, keyboard encoding and usage is discussed.

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



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

Section 8, “Communications,” describes communications
hardware and discusses communications interface standards
and the sequence of events to establish communications.
A glossary, bibliography, and index are also provided.
The 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 page length hard tabs with the above category descriptions,
separate the groups of modules.

The term “Technical Reference manual” in the option and adapter —~
manual, refers to the IBM Personal Computer Technical Reference
system manual. -



The term “Guide to Operations manual” in the option and adapter
manual, refers to the IBM Personal Computer Guide to Operations
manual.



Prerequisite Publications

IBM Personal Computer Guide to Operations

Suggested Reading

BASIC for the IBM Personal Computer

Disk Operating System (DOS), Version 1.1

Disk Operating System (DOS), Version 2.1

IBM Personal Computer Hardware Maintenance and Service

MACRO Assembler for the IBM Personal Computer
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System Block Diagram

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

System Unit

System Board

Power Supply

63.5 Watt
/ 4 level
Oscillator
/

Cassette

Speaker

Keyboard

Cassette
8088 Adapter
8 Interrupt Speaker
Levels Adapter
4 Channels
Direct Memory :zhz’rd
Access P
Read-Only
Memory Memory
Math
Coprocessor
(Optional)
5 Slot
1/0 Channel

Extender Card

5

Expansion Unit

Expension Board

Power
Supply
130 Watt
4 Level

Oscillator

8 Slot Expanded
1/0 Channel

» Receiver
Card

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
and is approximately 215.5 mm (8-1/2 in.) x 304.8 mm (12 in.).
It is a 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 six-pin connectors. Other
connectors on the board are for attaching the keyboard, audio
cassette and speaker. Five 62-pin card edge-sockets are also
mounted on the board. The I/0O channel is bussed across these
five I/0 slots.

Two dual-in-line package (DIP) switches (two eight-switch
packs) are mounted on the board and can be read under program
control. The DIP switches provide the system software with
information about the installed options, how much storage the
system board has, what type of display adapter is installed, what
operation 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 consists of five functional areas: the
microprocessor subsystem and its support elements, the read-only
memory (ROM) subsystem, the read/write (R/W) memory
subsystem, integrated I1/0 adapters, and the I/O channel. The
read/write memory is also referred to as random access memory
(RAM). All are described in this section.

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
divide, and supports 20 bits of addressing (1 megabyte of
storage). It also operates in maximum mode, so a
comicroprocessor can be added as a feature. The microprocessor
operates at 4.77-MHz. This frequency, which is derived from a
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14.31818-MHz crystal, is divided by 3 for the microprocessor
clock, and by 4 to obtain the 3.58-MHz color burst signal
required for color televisions.

At the 4.77-MHz clock rate, the 8088 bus cycles are four clocks
of 210-ns, or 840-ns. 1/0 cycles take five 210-ns clocks or
1.05-pus.

The system board contains circuits for attaching an audio
cassette, the keyboard, and the speaker. The cassette adapter
allows the attachment of any good quality audio cassette through
the earphone output and either the microphone or auxiliary
inputs. The system board has a jumper for either input. This
interface also provides a cassette motor control for transport
starting and stopping under program control. This interface reads
and writes the audio cassette at a data rate of between 1,000 and
2,000 baud. The baud rate is variable and depend on data
content, because a different bit-cell time is used for 0’s and 1°’s.
For diagnostic purposes, the tape interface can loop read to write
for testing the system board’s circuits. The ROM cassette
software blocks cassette data and generates a cyclic redundancy
check (CRC) to check this data.

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.

Both the keyboard and cassette interfaces on the system board

are 5-pin DIN connectors that extends through the rear panel of
the system unit.
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Data Flow Diagrams
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The following pages contain the system-board Data Flow
Diagrams.
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System Memory Map

The following pages contain the System Memory Map.
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Start Address
Decimal Hex Function
(o] 00000
16K 04000
32K 08000
48K 0C000
64K 10000
80K 14000
96K 18000
112K 1000 64 to 256K Read/Write Memory
128K 20000 on System Board
144K 24000
160K 28000
176K 2C000
192K 30000
208K 34000
224K 38000
240K 3C000
256K 40000
272K 44000
288K 48000
304K 4C000
320K 50000
336K 54000
352K 58000
368K 5C000
384K 60000
400K 64000
416K 68000 Up to 384K Read/Write
432K 6C000 Memory in I/O Channel
448K 70000
464K 74000
480K 78000
496K 7C000
512K 80000
528K 84000
544K 88000
560K 8C000
576K 90000
592K 94000
608K 98000
624K 9C000

System Memory Map for 64/256K System Board (Part 1 of 2)
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Start Address
Decimal Hex Function

640K A0000
656K A4000

672K A8000 128K Reserved
688K ACO000

704K BOO0OO Monochrome

720K B4000 .

736K B8000O Color/Graphics

752K BCO0O

768K C0000
784K C4000

800K C8000 Fixed Disk Control

816K CCO000

832K D0000

848K D4000 192K Read Only Memory
864K D8000 Expansion and Control

880K DCO000
896K EO000

912K E4000

928K E8000

944K EC000

960K FO000 Reserved
976K F4000

992K F8000 48K Base System ROM

1008K FCO00

System Memory Map for 64/256K System Board (Part 2 of 2)
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System Timers
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Three programmable timer/counters are used by the system as
follows: Channel 0 is a general-purpose timer providing a
constant time base for implementing a time-of-day clock, Channel
1 times and requests refresh cycles from the Direct Memory
Access (DMA) channel, and Channel 2 supports the tone
generation for the speaker. Each channel has a minimum timing
resolution of 1.05-us.

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 highest 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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Number

Usage

NMI

wWN =0

NOoO O

Parity

8087

Timer

Keyboard

Reserved

Asynchronous Communications (Alternate)
SDLC Communications

BSC Communications

Cluster (Primary)

Asynchronous Communications (Primary)
SDLC Communications

BSC Communications

Fixed Disk

Diskette

Printer

Cluster (Alternate)

8088 Hardware Interrupt Listing
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ROM

The system board supports both Read Only Memory (ROM) and
Random Access Memory (RAM). It has space for up to 512K of
ROM or Eraseable Programmable ROM (EPROM). Six module
sockets are provided, each of which can accept an 8K or 8 byte
device. Five sockets are populated with 40K of ROM. This
ROM contains the cassette BASIC interpreter, cassette operating
system, power-on selftest, Input/Output (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 of 250-ns and a cycle time of 375-ns.

RAM

The RAM on the system board is as shown in the following chart.

System Board | Minimum | Maximum Memory Soldered Pluggable
Storage Storage Modules {Bank 0) (Bank 1-3)
64K by 1 Bank 3 Banks
64/256K 64K 256K 1 Bit of 9 of 9

Memory greater than the system board’s maximum is obtained by
adding memory cards in the expansion slots. All memory is
parity-checked and consists of dynamic 64K by 1 bit chips with
an access time of 250-ns and a cycle time of 410-ns.

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
prioritized interrupt levels.
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Three of the four DMA channels are available on the I/O bus and
support high-speed data transfers between I/O devices and
memory without microprocessor intervention. The fourth DMA
channel is programmed to refresh the system 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 storage both on the system board and in the system
expansion slots. All DMA data transfers, except the refresh
channel, take five microprocessor clocks of 210-ns, or 1.05-us if
the microprocessor ready line is not deactivated. Refresh DMA
cycles take four clocks or 840-ns.

The three programmable timer/counter devices 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 1 is used to time and request refresh cycles from
the DMA channel; and Channel 2 is used to support the tone
generation for the speaker. Each channel has a minimum timing
resolution of 1.05-us.

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 highest priority, is
attached to Channel O of the timer/counter device 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.

I/0 Channel

The I/O 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/0 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
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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 Vdc, +12
Vdc, and -12 Vdc. These functions are provided in a 62-pin
connector with 100-mil card tab spacing.

A ‘ready’ line is available on the I/O channel to allow operation
with slow I/O or memory devices. If the channel’s ready line is
not activated by an addressed device, all
microprocessor-generated memory read and write cycles take four
210-ns clocks or 840-ns/byte. All microprocessor-generated I/0O
read and write cycles require five clocks for a cycle time of
1.05-us/byte. All DMA transfers require five clocks for a cycle
time of 1.05-us/byte. Refresh cycles occur once every 72 clocks
(approximately 15-us) and require four clocks or approximately
7% of the bus bandwidth.

I/0 devices are addressed using I/O mapped address space. The
channel is designed so that 512 I/O 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 I/O channel is repowered to provide sufficient drive to power
all five system unit expansion slots, assuming two low-power
Schottky loads per slot. The IBM I/0 adapters typically use only
one load.
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System Board Diagram

The following shows the system board’s component layout.
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I/0 Channel Diagram

The following page contains the I/O Channel Diagram. All lines
are TTL-compatible.
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Rear Panel

Signal Name Signal Name

GND H-B1 A1 -1/0 CH CK

+RESET DRV — 1 +D7

+5V H— —1 +D6

+IRQ2 H— . +D5

-5VDC - .1 +D4

+DRQ2 T - +D3

-12V H— —+ +D2

Reserved H -1 +D1

+12v —[ - +DO

GND H-B10 A10H +1/0 CH RDY

-MEMW -—L — +AEN

-MEMR s — +A19

-IOW --l: — +A18

-IOR H — +A17

-DACK3 —[ — +A16

+DRQ3 -— — +A15

-DACK1 H— — +A14

+DRQ1 H— — +A13

-DACKO H— — +A12

CLK H-B20 A20- +AT11

+IRQ7 H— —j +A10

+IRQ6 M 1 +A9

+IRQ5 u - +A8

+IRQ4 _[ 4l . +A7

+IRQ3 . ] +A6

-DACK2 1 11 +Ab5

+T/C H— —H +A4

+ALE L —+ +A3

+5V H— — +A2

+0SC M - +A1

+GND B31 A31H +A0
Component Side

1/0 Channel Diagram
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I/0 Channel Description

The following is a description of the IBM Personal Computer I/0
Channel. All lines are TTL-compatible.

Signal I/O Description

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. AO 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 O Address Enable: This line is used to
de-gate the microprocessor and other
devices from the I/0 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 (0 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/0 channel as an indicator of a valid
microprocessor address (when used with
AEN). Microprocessor addresses are
latched with the falling edge of ALE.

CLK (0] System clock: It is a divide-by-three of
the oscillator and has a period of 210-ns
(4.77-MHz) The clock has a 33% duty
cycle.
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D0-D7
~
-DACKO to
-DACK3
DRQ1-DRQ3
~
-1/O CH CK
I/O CH RDY
~

I/0

Data Bits 0 to 7: These lines provide
data bus bits O to 7 for the
microprocessor, memory, and I/O
devices. DO is the least significant bit
(LSB) and D7 is the most significant bit
(MSB). These lines are active high.

wn
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(x]
=
o
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-DMA Acknowledge O to 3: These lines
are used to acknowledge DMA requests
(DRQ1-DRQ3) and refresh system
dynamic memory (-DACKO0). They are
active low.

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
DRAQ line must be held high until the
corresponding DACK line goes active.

-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/0O Channel Ready: This line,
normally high (ready), is pulled low (not
ready) by a memory or I/O device to
lengthen I/O or memory cycles. It
allows slower devices to attach to the
I/0 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
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-IOR o

-IOW o

IRQ2-IRQ7 |

-MEMR o

-MEMW 0

1-22 System Board

clock cycles. Machine cycles (I/O or
memory) are extended by an integral
number of clock cycles (210-ns).

-I/O 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.

-I/O 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.

Interrupt Request 2 to 7: These lines
are used to signal the microprocessor
that an I/O device requires attention.
They are prioritized with IRQ2 as the
highest priority and IRQ?7 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).

-Memory Read Command: 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.

-Memory Write Command: 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

RESET DRV

T/C

(0]

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

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.

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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Hex Range* Usage

000-00F DMA Chip 8237A-5

020-021 Interrupt 8259A

040-043 Timer 8253-5

060-063 PPl 8255A-5

080-083 DMA Page Registers

OAX** NMI Mask Register

200-20F Game Control

210-217 Expansion Unit

2F8-2FF Asynchronous Communications (Secondary)
300-31F Prototype Card

320-32F Fixed Disk

378-37F Printer

380-38C*** SDLC Communications

380-389*** Binary Synchronous Communications (Secondary)
390-393 Cluster

3A0-3A9 Binary Synchronous Communications (Primary)
3B0-3BF IBM Monochrome Display/Printer
3D0-3DF Color/Graphics

3FO0-~3F7 Diskette

3F8-3FF Asynchronous Communications (Primary)
790-793 Cluster (Adapter 1)

B90-B93 Cluster (Adapter 2)

1390-1393 Cluster (Adapter 3)

2390-2393 Cluster (Adapter 4)

* These are the addresses decoded by the current set of adapter
cards. IBM 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 |/0 Address hex AO (enable NMI)
Clear mask: Write hex 00 to I/O Address hex AO (disable NMI)

*** SDLC Communications and Secondary Binary Synchronous Communications
cannot be used together because their hex addresses overlap.

1/0 Address Map
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Other Circuits

~ Speaker Circuit

The sound system has a small, permanent magnet, 57.15 mm
(2-1/4 in.) speaker. The speaker can be driven from one or both
of two sources:

o An 8255A-5 programmable peripheral interface (PPI) output
bit. The address and bit are defined in the “I/O Address
Map™.

« A timer clock channel, the output of which is programmable
within the functions of the 8253-5 timer when using a
1.19-MHz clock input. The timer gate also is controlled by an
8255A-5 PPI output-port bit. Address and bit assignment are

in the “I/O Address Map*‘.
PPI Bit 1, I/0 Address Hex 0061 ——»]
1.19 MHz AND
Clock Low | To
—
in2 Timer Clock Out 2—» —| Driver ’—J Pass =Speaker
—» Gate 2 Filter

PPI Bit O, I/O Address Hex 0061

Speaker Drive System Block Diagram

Channel 2 (Tone generation for speaker)
Gate 2 — Controller by 8255A-5 PPI Bit
(See I/0 Map)
Clockin2 — 1.19318- MHz OSC
Clock Out 2 — Used to drive speaker

7~  Speaker Tone Generation
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The speaker connection is a 4-pin Berg connector. See “System
Board Component Diagram,” earlier in this section, for speaker
connection or placement.

Pin Function
1 Data
2 Key
3 Ground
4 + 5 Volts

Speaker Connector

The speaker drive circuit is capable of about 1/2 watt of power.
The control circuits allow the speaker to be driven three 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 device may be programmed to generate a
waveform to the speaker; (3) the clock input to the timer/counter
device can be modulated with a program-controlled I/O register
bit. All three methods may be performed simultaneously.
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Cassette Interface
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The cassette interface is controlled through software. An output
from the 8253 timer controls the data to the cassette recorder
through pin 5 of the cassette DIN connector at the rear of the
system board. The cassette input data is read by an input port bit
of the 8255A-5 PPI.. This data is received through pin 4 of the
cassette connector. Software algorithms are used to generate and
read cassette data. The cassette drive motor is controlled through
pins 1 and 3 of the cassette connector. The drive motor on/off
switching is controlled by an 8255A-5 PPI output-port bit (hex
61, bit 3). The 8255A-5 address and bit assignments are defined
in “I/O Address Map”’ earlier in this section.

A 2 by 2 Berg pin and a jumper are used on the cassette ‘data out’
line. The jumper allows use of the ‘data out’ line as a 0.075-Vdc
microphone input when placed across the M and C of the Berg
Pins. A 0.68-Vdc auxiliary input to the cassette recorder is
available when the jumper is placed across the A and C of the
Berg Pins. The “System Board Component Diagram’ shows the
location of the cassette Berg pins.

M A M A
] [}
[} a
C C C C
Microphone Input Auxiliary Input
(0.075 Vdc) (0.68 Vdc)

System Board 1-27



Cassette Circuit Block Diagrams

Circuit block diagrams for the cassette-interface read hardware,
write hardware, and motor control are illustrated below.

18k Ohm 1M Ohm
GND Resistor Resistor
+5V
|
Cassette
0.047 uF 18k Ohm — 18k Ohm _TFt I
_| Capacitor Resistor MC1741 | OP Resistor atafn
| AMP
-5V
18k Ohm Silicon
i Resistor GND — Diode —
Data From VIR=.4V Cathode
Cassette
Recorder
Earphone GND
Jack

Cassette-Interface Read Hardware Block Diagram
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Motor
On

w
@
o
=
=]
=
—

+siv
741838 3.9k Ohm
8253 Timer #2 0 R
Output OR
- =
4.7k Ohm
R
0 t
0.678V
to AUX 1.2k Ohm
Input R
0 s
0.075V
Input T
GND
Cassette Interface Write Hardware Block Diagram
+5V
+5V
4.7
kOhm SN75475 Relay
+5V—Clamp N/O]
S Coil
C Cassette
74LS38 Motor
vcc X Control
{0 OR In Out Coil
0 VSS Com
GND

Cassette Motor Control Block Diagram
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Cassette
Connector

Keyboard

Connector
5-Pin DIN Connector
Pin Signal Electrical Characteristics
1 Motor Control Common from Relay
2 Ground
3 Motor Control Relay N.O. (6 Vdc at 1A)
4 Data In 500nA at+ 13V -at 1,000 - 2,000 Baud
5 Data Out (Microphone or 250 YA at 0.68 Vdc
Auxiliary) or **
0.075 Vdc

*All voltages and currents are maximum ratings and should not be exceeded.

* *Data out can be chosen using a jumper located on the system board.
(Auxiliary -»0.68 Vdc or Microphone —+0.075 Vdc).

Interchange of these voltages on the cassette recorder could lead to damage
of recorder inputs.

Cassette Interface Connector Specifications
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8255A 1/0 Bit Map

The 8255A I/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/0 bit map.

[7¢]
32}
[x}
P
o
=
-—
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1-32 System Board

Hex PAO | +Keyboard Scan Code O WL 5-1/4 Diskette Drive {(SW1-1)
Port [ 1 1 Reserved (SW1-2)
Number | N 2 System Board Read/Write *(SW1—3)
0060 P Memory Size
U 3 3 System Board Read/Write *(SW1—4)
T Or Memory Size
4 4 + Display Type 1 **(SW1—5)
5 5 + Display Type 2 **(SW1—86)
6 6 No. of 5-1/4 Drives ***SW1-7)
7 7 No. of 5-1/4 Drives ***(SW1-8)
PBO | + Timer 2 Gate Speaker
(0] 1 + Speaker Data
U 2 [ + (Read Read/Write Memory Size) or (Read Spare Key)
0061 T 3| +Cassette Motor Off
P 4 [ - Enable Read/Write Memory
V] 5| —-Enable /O Channel Check
T 6 | —Hold Keyboard Clock Low
7 | - (Enable Keyboard or + (Clear Keyboard and Enable Sense Switches)
PCO | 1/0O Read/Write Memory (Sw2—1) 1/0 Read/
| 1] 1/0 Read/Write Memory (Sw2—2) Binary Or Write
N 2 | 1/0 Read/Write Memory (Sw2—3) Value Memory
0062 P 3| 1/0 Read/Write Memory (Sw2—4) X 32K {Sw2—5)
U 4 | +Cassette Dataln
T 5| +Timer Channel 2 Out
6| +1/0Channel Check
7| +Read/Write Memory Parity Check
0063 Command/Mode Register
Hex 99
Mode Register Value 7 6 54 3 2 10
10 01 1 0 0 1
* PA3 PA2 Amount of Memory
Swi1—4 Sw1-3 Located on System Board
1 1 64 to 256K
*x PAS PA4 Display at Power-Up Mode
Sw1—6 Sw1-5
(o] 0 Reserved
(o} 1 Color 40 X 25 (BW Mode)
1 o] Color 80 X 25 (BW Mode)
1 1 IBM Monochrome (80 X 25)
*Ex PA7 PAB Number of 5-1/4" Drives
Sw1-8 Sw1-—7 in System
0 0 1
0 1 2
1 o] 3
1 1 4
Note: A plus { +) indicates a bit value of 1 performs the specified function.
A minus (—) indicates a bit value of O performs the specified function.
PA Bit = O implies switch '‘ON.’‘ PA bit = 1implies switch *'OFF. "
8255A 1/0 Bit Map




System-Board Switch Settings

All system board switch settings for total system memory, number
of diskette drives, and type of display adapter are described under
“Switch Settings” in the IBM Personal Computer Guide to

A~ Operations. The diagram showing the system board switch

locations follows.

Cassette 1/0

Memory

64 to 256K
Read/Write
Memory
with
Parity
Checking

Only |

Cassette
Microphone
or Auxiliary
Select

Pin1  Speaker Output\

E L Chip

N

N

w
@
o
F‘.
=]
=
—_

System
Board
Power

; * Connections

Clock

Trimmer

~ IBM Math

Coprocessor

N

Intel 8088
Microprocessor

DIP
Switch
Block 2

DIP
Switch
Block 1
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Specifications

The following voltages are available on the system-board I/O
channel:

+ 5 Vdc + 5% on 2 connector pins
— 5 Vdc +10% on 1 connector pin
+12 Vdc + 5% on 1 connector pin
—12 Vdc £10% on 1 connector pin
GND (Ground) on 3 connector pins

Card Specifications

The specifications for option cards follow.
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SE-1 pieog wdIskg

) ) )

. . 0.2 (5.08)
Front View (Component Side) —]
1 1
L - -
Loc. Hole Loc. Hol /'D
oc.
0.125 +.002 (3.175 * .05) = o= -0
0.125 +.002 (3.175 + .05)
Mounting Holes -

l 0.125 £ .005 (3.175 £ .127) s = .2 2
© < ] o ©
cl & o = &

— Copper Pad - - @ o st
Position B31 {To Ground) sl 2| <« < o
Is on Back - © <
(Pin Side) Loc. Holes »a -
— 0.125 *.002 (3.175 +.05) \O _
A31 A1l b [
— Y Y
1000 o1~
S 0.4 (10.16)
~
- 0.705 (17.907)
12.8(325.12) ° 13190 # .005 (81.026 +.127)
13.13 +£.020(333.502 +.508)
Notes:
1. All Card Dimensions 2. Max. Card Length is 13.15.(334.01) 4. 31 Gold Tabs Each Side, 5. Numbers in Parentheses
are +.010 (.254) Tolerance Smaller Length is Permissible. 0.100 +.0005 (2.54 +.0127) Center are in Millimeters. All Others
to Center, 0.06 + .0005 (1.524 +.0127) are in Inches.

(With Exceptions Indicated 3. Loc. and Mounting Holes are
on Drawing or in Notes). Non-Plated Thru.
(Loc. 3X, Mtg. 2X).

Width.
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Logic Diagrams

The following pages contain the logic diagrams for the system
board.
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Description

The Math Coprocessor (8087) enables the IBM Personal
Computer to perform high-speed arithmetic, logarithmic
functions, and trigonometric operations with extreme accuracy.

The 8087 coprocessor works in parallel with the microprocessor.
The parallel operation decreases operating time by allowing the
coprocessor to do mathematical calculations while the
microprocessor continues to do other functions.
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The first five bits of every instruction’s operation code for the
coprocessor are identical (binary 11011). When the
microprocessor and the coprocessor see this operation code, the
microprocessor calculates the address of any variables in memory,
while the coprocessor checks the instruction. The coprocessor
takes the memory address from the microprocessor if necessary.
To gain access to locations in memory, the coprocessor takes the
local bus from the microprocessor when the microprocessor
finishes its current instruction. When the coprocessor is finished
with the memory transfer, it returns the local bus to the
microprocessor.

The IBM Math Coprocessor works with seven numeric data types
divided into the three classes listed below.

« Binary integers (3 types)
o Decimal integers (1 type)

« Real numbers (3 types)

Programming Interface

The coprocessor extends the data types, registers, and instructions
to the microprocessor.
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The coprocessor has eight 80-bit registers, which provide the

equivalent capacity of the 40 16-bit registers found in the
microprocessor. This register space allows constants and

temporary results to be held in registers during calculations, thus

reducing memory access and improving speed as well as bus

availability. The register space can be used as a stack or as a

fixed register set. When used as a stack, only the top two stack N
elements are operated on. The figure below shows

representations of large and small numbers in each data type.

Data Type Bits Significant Approximate Range (decimal)
Digits (Decimal)
Word Integer 16 4 -32,768<X=< +32,767
Short Integer 32 9 -2x10°=X =< + 2x10°
Long Integer 64 18 -9x10'8<X < +9x1018
Packed Decimal 80 18 -99...99=<X =< +99...99 (18 digits)
Short Real* 32 6-7 8.43x1037<|X|<3.37x1038
Long Real * 64 15-16 4.19x10-307 < !X} < 1.67x 10308
Temporary Real | 80 19 3.4x10-4932< |X| < 1.2x 104932

*The short and long real data types correspond to the single and double precision data
types.

Data Types / N

Hardware Interface

The coprocessor uses the same clock generator and system bus

interface components as the microprocessor. The coprocessor is

wired directly into the microprocessor. The microprocessor’s

queue status lines (QSO and QS1) enable the coprocessor to

obtain and decode instructions simultaneously with the

microprocessor. The coprocessor’s ‘busy’ signal informs the
microprocessor that it is executing; the microprocessor’s WAIT

instruction forces the microprocessor to wait until the coprocessor

is finished executing (WAIT FOR NOT BUSY). Yo

When an incorrect instruction is sent to the coprocessor (for
example, divide by O or load a full register), the coprocessor can
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signal the microprocessor with an interrupt. There are three
conditions that will disable the coprocessor interrupt to the
microprocessor:

1. Exception and interrupt-enable bits of the control word are set
to 1’s.

2. System-board switch-block 1, switch 2, set in the On position.
3. Non-maskable interrupt (NMI) register (REG) is set to zero.

At power-on time, the NMI REG is cleared to disable the NMI.
Any program using the coprocessor’s interrupt capability must
ensure that conditions 2 and 3 are never met during the operation
of the software or an “Endless WAIT” will occur. An “Endless
WAIT” will have the microprocessor waiting for the ‘not busy’
signal from the coprocessor while the coprocessor is waiting for
the microprocessor to interrupt.
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Because a memory parity error may also cause an interrupt to the
microprocessor NMI line, the program should check the
coprocessor status for an exception condition. If a coprocessor
exception condition is not found, control should be passed to the
normal NMI handler. If an 8087 exception condition is found,
the program may clear the exception by executing the FNSAVE
or the FNCLEX instruction, and the exception can be identified
and acted upon.

The NMI REG and the coprocessor’s interrupt are tied to the
NMI line through the NMI interrupt logic. Minor modifications
to programs designed for use with a coprocessor must be made
before the programs will be compatible with the IBM Personal
Computer Math Coprocessor.
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Coprocessor Interconnection

Detailed information for the internal functions of the Intel 8087
Coprocessor can be found in the books listed in the Bibliography.
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Description

The system power supply is located at the right rear of the system
unit. It is an integral part of the system-unit chassis. Its housing
provides support for the rear panel, and its fan furnishes cooling
for the whole system.

It supplies the power and reset signal necessary for the operation
of the system board, installed options, and the keyboard. It also
provides a switched ac socket for the IBM Monochrome Display
and two separate connectors for power to the 5-1/4 inch diskette
drives.

The two different power supplies available are designed for
continuous operation at 63.5 Watts. They have a fused 120 Vac
or 220/240 Vac input and provide four regulated dc output
voltages: 7 A at +5 Vdc, 2 A at +12 Vdc, 0.3 A at -5 Vdc, and
0.25 A at -12 Vdc. These outputs are overvoltage, overcurrent,
open-circuit, and short-circuit protected. If a dc overload or
overvoltage condition occurs, all dc outputs are shut down as long
as the condition exists.

The +12 Vdc and -12 Vdc power the EIA drivers and receivers
on the asynchronous communications adapter. The +12 Vdc also
power’s the system’s dynamic memory and the two internal 5-1/4
inch diskette drive motors. It is assumed that only one drive is
active at a time. The +5 Vdc powers the logic on the system
board and diskette drives and allows about 4 A of +5 Vdc for the
adapters in the system-unit expansion slots. The -5 Vdc is for
dynamic memory bias voltage; it tracks the +5 Vdc and +12 Vdc
very quickly at power-on and has a longer decay on power-off
than the +5 Vdc and +12 Vdc outputs. All four power supply dc
voltages are bussed across each of the five system-unit expansion
slots.
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Input Requirements

The following are the input requirements for the system unit

power supply.
Frequency Current
Voltage (Vac) (Hz) (Amps)
Nominal Minimum Maximum +/— 3Hz Maximum
120 104 127 60 2.5at 104 Vac
220/240 180 259 50 1.0at 180 Vac

Outputs

Vdc Output
The following are the dc outputs for the system unit power
supply.
Voltage
(Vdc) Current (Amps) Regulation (Tolerance)
Nominal Minimum Maximum +% - %
+5.0 2.3 7.0 5 4
-5.0 0.0 0.3 10 8
+12.0 0.4 2.0 5 4
-12.0 0.0 0.25 10 9
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Vac Output

The power supply provides a filtered, fused, ac output that is
switched on and off with the main power switch. The maximum
current available at this output is 0.75 A. The receptacle
provided at the rear of the power supply for this ac output is a

™\ nonstandard connector designed to be used only for the IBM
Monochrome Display.

Overvoltage/Overcurrent Protection

The system power supply employs the protection features which
are described below.

Primary (Input)
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The following table describes the primary (input voltage)
A~ protection for the system-unit power supply.

Voltage (Nominal Vac) Type Protection Rating (Amps)
120 Fuse 2
220/240 Fuse 1
Secondary (Output)

On overvoltage, the power supply is designed to shut down all
outputs when either the +5 Vdc or the +12 Vdc output exceeds
200% of its maximum rated voltage. On overcurrent, the supply
will turn off if any output exceeds 130% of its nominal value.
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Power Good Signal

When the power supply is turned on after it has been off for a
minimum of 5 seconds, it generates a ‘power good’ signal that
indicates there is adequate power for processing. When the four
output voltages are above the minimum sense levels, as described
below, the signal sequences to a TTL-compatible up level (2.4
Vdc to 5.5 Vdc), is capable of sourcing 60 pA. When any of the
four output voltages is below its minimum sense level or above its
maximum sense level, the ‘power good’ signal will be
TTL-compatible down level (0.0 Vdc to 0.4 Vdc) capable of
supplying 500 pA. The ‘power good’ signal has a turn-on delay of
100-ms after the output voltages have reached their respective
minimum sense levels.

Output Under-Voltage Over-Voltage
Voltage Nominal Sense Level Nominal Sense Level
+5Vdc +4.0Vdc +5.9Vdc
-5Vdc -4.0Vdc -5.9Vdc
+12Vdc +9.6 Vdc +14.2Vdc
-12Vdc -9.6Vdc -14.2Vdc

Power Supply Connectors and Pin
Assignments

The power connector on the system board is a 12-pin male
connector that plugs into the power-supply connectors. The pin
configuration and locations follow.
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