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Preface

This technical reference provides system-specific hardware and

software interface information for the IBM Personal System/1TM

computer. It is intended for developers who provide hardware and

software products to operate with this system.

You should understand the concepts of computer architecture and
programming before using this publication.

This manual is divided into the following sections.

Section 1, �System Description� contains a description of IBM
PS/1TM computer and discusses system board features, an l/O
address map, and system unit specifications.

Section 2, �System Board� discusses the operation of the system
microprocessor, interrupts, system timers, and speaker.

Section 3, �System Board l/O Controllers� describes the input

and output interfaces of the system board. This includes the
operation of the keyboard/mouse controller, video subsystem,
diskette drive controller, serial port controller, parallel port

controller, and the different types of memory.

Section 4, �Power Supply� contains electrical input/output
specifications and theory of operation for the power supply.

Section 5, �Keyboard� contains a description and specifications
for the keyboard.

Section 6, �Mouse� contains a description and specifications for
the mouse.

Section 7, �Displays� describes the Color or Black and White
TMPHOTO GRAPHIC Displays.

Section 8, �Drives� contains a description of the 3.5-inch 30MB
fixed disk drive and controller and the 3.5-inch 1.44MB diskette
drive.

Section 9, �Modem/RS-232C Interface Cards� describes the 2400

bps modem card and the RS-2320 interface card.

Section 10, �80286 Microprocessor Instruction Set� contains a

quick reference for the 80286 assembly instruction set.
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Section 11, �Characters and Keystrokes� contains the decimal
and hexadecimal values for ASCII characters.

Section 12, �Compatibility� discusses guidelines to help
developers design programs, adapters, and attachments that are
compatible with other IBM Personal System/2 products and IBM
Personal Computer products.

Appendix, �Options� contains features purchased separately,
such as the 512KB memory expansion, audio card and joystick,
5.25-inch diskette drive unit, and adapter card unit.

A Glossary, Bibliography, and Index are also provided.

Suggested Related Publications:

BIOS Interface Technical Reference for IBM PS/1TM Computer
Hardware Maintenance Service for IBM PS/1TM Computer
Using DOS 4.00
DOS 4.00 Command Reference
DOS 4.00 Technical Reference and Application Programming
IBM Personal Computer BASIC Reference.
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Description

The IBM Personal System/1TM computer is a tabletop 80286 computer
system consisting of a system unit, a TMPHOTO GRAPHIC Display
(VGA), a keyboard, and a mouse. The system unit contains IBM DOS
4.01 in ROM; 512KB RAM; 1.44MB, 3.5-inch diskette drive; and a
parallel printer port. Depending on the country where purchased, a
2400 bps modem or a RS-2320 interface is included in the system
unit. For example, US. machines contain a 2400 bps modem. The
system unit supports either a second 1.44MB, 3.5-inch diskette drive
or a 30MB fixed disk. The 30MB fixed disk is standard on some
models.

The display contains the ac power switch for the entire system, a
speaker with volume control, and a headphone jack (32 ohms). The
system unit obtains a dc supply voltage from the display to support
the system unit and its options.

Options include the following:

0 512KB RAM Card provides a total of 1MB RAM within the system
unit. This memory card is standard on some models.

0 Audio Card and Joystick provides digital audio record and
playback, a 3-voice and noise generator, Musical Instrument
Digital Interface (MIDI), and joysticks.

0 5.25-inch Diskette Unit provides either a 360KB or a 1.2MB
diskette drive. Only one 3.5-inch diskette drive is supported when
this option is installed.

0 Adapter Card Unit supports two adapter cards up to 280mm (11
inches) long and one card up to 241mm (9.5 inches).

Figure 1-1 on page 1-4 shows a block diagram of the system unit and
op?ons.

PHOTO GRAPHIC is a trademark of the International Business Machines
Corporation.
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Figure 1-1. IBM Personal System/1 Computer Functional Block Diagram

System Board Features

The system board incorporates very large scale integration (VLSl)
modules and surface-mount technology (SMT). The following is a list
of the features on the system board:

0 80286 System Microprocessor
0 Microprocessor support- Seven-channel direct memory access (DMA) controller- 15-level interrupt system- System clock (10 MHz)- Three programmable timers
0 ROM, 256KB or 512KB (KB = 1024 bytes) depending on country

(US. has 256KB)
0 RAM, 512KB expandable to 1MB (MB = 1,048,576 bytes)

1-4 System Description
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0 16-bit data bus
0 24-bit address bus
0 Real-time clock CMOS RAM- Clock- Calendar- CMOS RAM
0 Integrated video graphics array subsystem (VGA)
0 Serial port (TTL voltage level) for internal connection to 2400 bps

modem card or RS-232C interface card
Parallel port
Keyboard/mouse controller and connectors
Diskette drive controller and connector
Expansion connector for the adapter card unit
Fixed disk drive connector
Audio card connector
IBM DOS 4.01 in ROM.

System Board Locations

The following shows the connector numbering of the system board.

Diskette drive connector (J1)
Serial interface connector (J2)
Mouse connector (J3)
Keyboard connector (J4)
Memory option connector (J5)
Parallel port connector (J6)
Audio card connector (J7)
Adapter card unit connector (J8)
Power card connector (J9)
Power/Audio cable connector (J10)
Fixed disk drive connector (J11)
Fan connector (J12)
Display connector (J13)

System Description 1-5
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Figure 1-2. System Board Block Diagram
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System IIO Address Map

Figure 1-3 shows the hexadecimal addresses for each of the system
board l/O functions.

Figure 1-3. System I/O Address Map
Hex Addresses IIO Function

0000 - 001F DMA Controller, Channels 0-3
0020, 0021 Interrupt Controller 1
0040 - 0043 System Timers
0060 Keyboard, Mouse
0061 - 006F (odd bytes) System Control Port B
0064 Keyboard, Mouse
0070, 0071 RTC/CMOS and NMI Mask
0081, 0082, 0083, 0087 DMA Page Registers (0 - 3)
0089, 008A, 008B, 008F DMA Page Registers (5 - 7)
0090 Central Arbitration Control Port
0091 Card Select Feedback
0092 System Control Port A
0094 System Board Enable/Setup Register
0096 Adapter Enable/Setup Register
00A0 - 00A1 Interrupt Controller 2
0000 - 00DE (even bytes) DMA Controller, Channels 4-7
0100 - 0105 Programmable Option Select
x200-x207 ’ Audio Card
0320-032F Fixed Disk
x330-x331 Audio Card
0278 - 027A Parallel Port 3
0378 - 037A Parallel Port 2
OSBC - 038E Parallel Port 1
03B4 - 03BA Video Subsystem
03CD - 03EF

« Video Subsystem
03F0 - 03F7 Diskette Drive Controller
03F8 - 03FF Serial Port 1

(2400 bps modem or RS-232C
Country dependent - US. and
Canada have modem)
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Specifications

The following are specifications for the system unit.

Size

0 Width: 274 millimeters (10.8 inches)
0 Depth: 351 millimeters (13.8 inches)
0 Height: 82 millimeters (3.3 inches).

Weight

0 Single Diskette: 4.2 kilograms (9.25 pounds)
0 Fixed Disk: 4.8 kilograms (10.5 pounds).

Cables

0 Keyboard: 1.8 meters (6 feet)
0 Mouse: 2.1 meters (7 feet)
0 Phone: 3 meters (10 feet).

Temperature

0 System On: 16 to 32 degrees C (60 to 95 degrees F)
0 System Off: 10 to 43 degrees C (50 to 110 degrees F)
0 Shipping: -40 to 60 degrees C (-40 to 140 degrees F).

Humidity

0 8% to 80%.

Altitude

0 Maximum Altitude: 2133.6 meters (7000 feet).

Heat Output

0 358 BTU/hour.

Acoustical

0 Operating: 39 dBA average sound pressure at operator
position

0 Idling: 4.7 Bels average sound power.

Electrical

0 Low Range Voltage Systems: 90 to 137 V
0 High Range Voltage Systems: 180 to 265 V.

Electra-Magnetic Compatibility

0 FCC Class B.
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Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Section 2. System Board

Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
System Microprocessor . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3

Real Address Mode . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-3
Protected Virtual Address Mode . . . . . . . . . . . . . . . . . . . . 2-4
Performance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-4

Adapter Card Channel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
Connector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-5
Signal Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-7
Signal Timings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-11

DMA Controller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-19
Data Transfers Between Memory and I/O Devices . . . . . . . 2-20
Byte Pointer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20
DMA Channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-20

Address Generation for DMA Channels 0 through 3 . . . . 2-20
Address Generation for DMA Channels 5 through 7 . . . . 2-21

Page Register Addresses . . . . . . . . . . . . . . . . . . . . . . . . 2-21
DMA I/O Address Map . . . . . . . . . . . . . . . . . . . . . . . . . . 2-23
DMA Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-24

Memory Address Register . . . . . . . . . . . . . . . . . . . . . 2-24
Transfer Count Register . . . . . . . . . . . . . . . . . . . . . . . 2-24
Mask Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-25
MOde Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26
Status Register . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-26

Interrupts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-28
Non-Maskable Interrupt . . . . . . . . . . . . . . . . . . . . . . . . . 2-28
Interrupt Assignments . . . . . . . . . . . . . . . . . . . . . . . . . . 2-29

System Timers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-31
Channel 0 - System Timer . . . . . . . . . . . . . . . . . . . . . . . 2-32
Channel 1 - Refresh Request Generator . . . . . . . . . . . . . . 2-32
Channel 2 - Tone Generation for Speaker . . . . . . . . . . . . . 2-32
Timers 0, 1, and 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-32
Programming the System Timers . . . . . . . . . . . . . . . . . . . 2-32
Counter Write Operations . . . . . . . . . . . . . . . . . . . . . . . . 2-33
Counter Read Operations . . . . . . . . . . . . . . . . . . . . . . . . 2-33
Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-34

Channel 0 (Hex 0040) and Channel 2 (Hex 0042) Count
Registers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-34

Control Byte Register - Channel 0, 1, or 2 (Hex 0043) . . . . 2-34
Counter Latch Command . . . . . . . . . . . . . . . . . . . . . . . . 2-35
System Timer Modes . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-36

Mode 0 - Interrupt on Terminal Count . . . . . . . . . . . . . . 2-36
Mode 1 - Hardware Retriggerable One-Shot . . . . . . . . . 2-37

' Copyright IBM Corp. 1984, 1990 2-1

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Mode 2 - Rate Generator . . . . . . . . . . . . . . . . . . . . . . 2-37
Mode 3 - Square Wave . . . . . . . . . . . . . . . . . . . . . . . . 2-38
Mode 4 - Software Retriggerable Strobe . . . . . . . . . . . . 2-40
Mode 5 - Hardware Retriggerable Strobe . . . . . . . . . . . 2-40

Operations Common to All Modes . . . . . . . . . . . . . . . . . . 2-41
Speaker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2-42

2-2 System Board

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Description

This section describes the system board components and how they
interact. Hardware descriptions and programming information are
provided to acquaint hardware designers and programmers with the
operation of the system.

System Microprocessor

The 80286 microprocessor has the following:

10-MHz clock operation
24-bit address
16-bit data interface
Instruction set, including string l/O
Hardware integer multiply and divide operations
Two operating modes
-- 8086-compatible Real Address mode
-- Protected Virtual Address mode

0 16MB (MB = 1,048,576 or 220 bytes) of physical address space.

Real Address Mode

In the Real Address mode, the system microprocessor address space
is a contiguous array of up to 1MB. The system microprocessor
addresses memory by generating 20-bit physical addresses.

The segment portion of the pointer is interpreted as the upper 16 bits
of a 20-bit segment address. The lower 4 bits of the 20-bit segment
address are always 0. Therefore, segment addresses begin on
multiples of 16 bytes.

All segments in the Real Address mode are 64KB in size and can be
read, written, or executed. An exception or interrupt can occur if data
operands or instructions attempt to wrap around the end of a segment
(for example, a word with its least significant byte at offset hex FFFF
and its most significant byte at hex 0000). If, in the Real Address
mode, the information contained in the segment does not use the full
64KB, the unused end of thesegment can be overlaid by another
segment to reduce physical memory requirements.
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Protected Virtual Address Mode

The Protected Virtual Address mode (Protected mode) offers
extended physical and virtual memory address space, memory
protection mechanisms, and new operations to support operating
systems and virtual memory.

The Protected mode provides a 1-gigabyte virtual address space per
task mapped into a 16MB physical address space. The virtual
address space can be larger than the physical address space,
because any use of an address that does not map to a physical
memory location will cause a restartable exception.

As in the Real Address mode, the Protected mode uses 32-bit
pointers, consisting of 16-bit selector and offset components. The
selector specifies an index into a memory-resident table rather than
the upper 16 bits of a real memory address. The 24-bit base address
of the desired segment is obtained from the tables in memory. The
16-bit offset is added to the segment base address to form the
physical address. The tables are automatically referred to by the
system microprocessor whenever a segment register is loaded with a
selector. All instructions that load a segment register refer to the
memory-based tables without additional program support. The
memory-based tables contain 8-byte values.

Performance

The 80286 microprocessor operates at 10 MHz for a clock cycle time
of 100 nanoseconds. The system inserts one wait state whenever it

accesses system board RAM, which results in a BOO-nanosecond,
16-bit memory cycle time. The system inserts a minimum of one wait
state whenever it does a system board l/O operation, which results in

a minimum l/O cycle time of 300-nanoseconds. The system inserts
two wait states whenever it accesses system board ROM, which
results in a 400-nanosecond 16-bit ROM cycle time.

The bandwidth for memory refresh is approximately 3.0%.

The bus cycle time for memory operations is 1 microsecond for direct
memory access (DMA) operations, with the DMA controller operating
at 5 MHz with no additional wait states inserted. I/O operations and
system board memory operations have one wait state inserted.

2-4 System Board, Microprocessor

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org


Adapter Card Channel

The system board has a 112-pin connector in interface with the
adapter card unit. The adapter card unit contains three l/O channel
connectors to support two 11-inch adapter boards and one 9.5-inch
adapter board.

Connector

The adapter card unit connector on the system board contains the l/O
channel signals, power supply voltages, and power supply control
(-FAULT).

The l/O channel signals are designed to provide sufficient power for
the adapters assuming two low-power Schottky (LS) loads per slot.
lBM adapters typically use only one load per adapter.

The pin numbering and signal assignments for the system board are:
  

Figure 2-1 (Page 1 of 2). Pin Numbers and Signal Assignments for
Adapter Card Unit Connector

Pin Signal Pin Signal
      

  
   

      

       

      

      

      

      

  
   

      

   

      

      

    

      

      

  
   

       

1 Ground 57 +36 V
2 Ground 58 Ground
3 -I/O CH CK 59 SD15
4 RESET DRV 60 SD14
5 Ground 61 SD13
6 + 5 V 62 SD12
7 IRQQ 63 SD11
8 DRQ2 64 SD10
9 -12 V 65 SD9

1O -OWS 66 SD8
11 + 12 V 67 Ground
12 +12 V 68 -MEMW
13 Ground 69 -MEMR
14 HO CH RDY 7O LA17
15 AEN 71 LA18
16 -SMEMW 72 LA19
17 -SMEMR 73 LA20
18 -lOW 74 LA21
19 -lOR 75 LA22
20 Ground 76 LA23
21 -DACK3 77 -SBHE
22 DRQ3 78 Ground
23 -DACK1 79 SA19
24 DRQ1 80 SA18
25 -REFRESH 81 SA17
26 CLK 82 SA16
27 Ground 83 Ground
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