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Preface

. This publication describes the components of the IBM Personal

System/2 Model 30 and their interaction.

The information in this publication is for reference and is intended for

hardware and software designers, programmers, engineers, and
anyone else with a knowledge of electronics or programming who
need to understand the design and operation of the Model 30.

This manual is divided into the following sections:

Section 1. “System Board” discusses the functions of the system

board.

Section 2. "Coprocessor” describes the 8087 Math Co-processor

and provides programming and hardware interface information.

Section 3. “"Power Supply” provides electrical input/output
specifications as well as a theory of operation for the power

supply.

Section 4. “Keyboard” discusses the hardware, function,
encoding, and layouts of the 101/102-key keyboards.

Section 5. “System BIOS” describes the basic input/output

system and the interrupt interfaces. This section also contains a

BIOS memory map, descriptions of vectors with special
meanings, and a set of low memory maps.

Section 6. “Instruction Set” provides a quick reference for the

8086 and 8087 assembly instruction set.

Section 7. “Characters and Keystrokes” supplies the decimal
and hexadecimal values for characters.

A Glossary, Bibliography, and Index are also provided.



Prerequisite Publications

IBM Personal System/2 Model 30 Guide to Operations

Suggested Related Publications

BASIC for the IBM Personal Computer

Disk Operating System (DOS)

Hardware Maintenance Service manual

Hardware Maintenance Reference manual

Macro Assembler for the IBM Personal Computer.

Additional Information

Additional technical information for the IBM Personal System/2 is
available from the Technical Directory. To receive a free copy of
the Technical Directory, call toll free 1-800-IBM-PCTB, Monday
through Friday, 8:00 a.m. to 8:00 p.m., Eastern Time.
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General Description

The IBM Personal System/2™ Model 30 is a highly integrated system
using five gate arrays: two for microprocessor support, two for video
support, and one for the diskette controller support. The major
functional areas are:

® 8086-2 microprocessor and its support logic
® 640K read/write (R/W) memory

® 64K ROM

® |/O channel

® Integrated I/0O functions

— Color/graphic subsystem

— Diskette drive interface

— Fixed disk connector

— Serial port

— Parallel port

— Real-time clock with battery

DC power and a ‘power good’ signal from the power supply enter the
system board through two 6-pin connectors. Other connectors on the
system board are for attaching the keyboard, pointing device,

coprocessor, display, serial and parallel devices, and storage media.

Three 62-pin card-edge sockets are attached to a vertical expansion
bus that is mounted to the system board. The input/output (1/0O)
channel is extended to these three 1/0 slots.

Personal System/2 is a trademark of the International Business
Machines Corporation.
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Functional Diagram

/0O Channel

I Video I Dlsplay
Subsystem

Real-time . Battery
Clock
Pointing

l Device
. I I Keyboard
System
Timer
oM | Serial Async
ROM Port
o A por e
RAM

Diskette

Interface

5

8237 A-
DMA

Figure 1-1. System Functional Diagram
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Microprocessor

The Intel 8086-2 is a 16-bit microprocessor with a 16-bit external data
bus, operating at 8 MHz. The microprocessor supports the same

. 20-bit addressing as IBM Personal Computers that use the 8088
microprocessor. The Model 30 uses a 16-bit data bus with the
system’s read-only and read/write memory, and an 8-bit bus for all

/0 and direct memory access (DMA) operations.

The memory read and write are 16-bit operations, and take four clock
cycles of 125 ns, with no wait states, for a cycle time of 500 ns.
Normal I/0 operations are 8-bit operations, and take eight clock
cycles, including four wait states, for a cycle time of 1 us. A signal on
the 1/0 channel, 10 CH RDY, allows slower devices to add more wait
states to 1/0 and DMA operations (see “I/O Channel” later in this

section).

Logic has been added to the system board to support options for the
IBM Personal Computer family. This includes converting 16-bit
operations to sequential 8-bit operations, inserting wait states into all
/0 and DMA operations, and delaying microprocessor cycles to
ensure address setup times greater than or equal to the 8088-based

systems.

The 8086 supports 16-bit operations, including multiply and divide,
and 20-bit addressing to access 1M (M = 1 048 576). It also operates
In maximum mode, so a math coprocessor can be added as a feature.

Memory is mapped as follows:

Hex Address L Function

00000 - OFFFF 640K Read/Write Memory

AQ000 - BFFFF Video Buffer

C0000 - EFFFF Reserved for BIOS on I/0O Channel
FO0000 - FFFFF System ROM

. - Figure 1-2. Memory Map
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The microprocessor is supported by two high-function support
devices: a system support gate array and an I/O support gate array.

System Support Gate Array

The system support gate array contains the bus controller, the
memory controller and parity checker, the wait-state generator and
‘bus conversion logic, the system clock generator, and the DMA page

register and support logic.

Bus Controller

The Model 30 has three bus masters on the local bus: the
microprocessor, the coprocessor, and the system support gate array.
The gate array seizes the bus to generate memory refresh and DMA
bus cycles. It controls two request/grant lines (CPU RQ/GT and NPU
RQ/GT). One is connected to the microprocessor and the other to the

coprocessor.

When the coprocessor is not installed, the gate array generates a
request pulse to the microprocessor to get control of the bus. The
microprocessor then gives control of the bus and pulses the same
line to indicate a grant. When the coprocessor is installed, the gate
array generates this pulse to the coprocessor. If the coprocessor has
control of the bus, it grants control to the gate array. If the
coprocessor is not in control, it relays the request to the
microprocessor and relays the grant back to the gate array. This
arrangement gives the gate array the highest priority use of the bus.

Warning: |f you are using an in-circuit 8086 emulator, care must be
taken that the request/grant pulses do not get out of synchronization.

Damage to the gate array will occur.
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Memory Controlier and Parity Checker

The memory controller functions of the gate array control memory
and generate the memory refresh. Memory must be refreshed once
every 4 ms. Memory refresh takes nine clock cycles of 125 ns
through a dedicated refresh channel within the gate array.

The parity checker function generates the parity bits for system
memory and activates the ‘-parity check’ signal when a parity error is
detected. All 640K of memory on the system board is checked.

Bus Conversion Logic and Wait-State Generator

The bus conversion logic converts word transfers to I/0 devices into
2-byte transfers. Sixteen-bit transfers are only supported for the
system’s read-only and read/write memory.

Additional logic generates the needed wait states for the
microprocessor bus cycles to 1/0 devices. This logic monitors the

1/0 channel ready’ line (I0 CH RDY) to determine the wait states
required.

System Clock Generator

The system clock generator uses a 48 MHz input that is internally
divided to give the output clock signal of 8 MHz with a 33% duty
cycle. It also generates a 1.84 MHz signal for the serial port.

The clock generator generates the ‘reset’ signal after sensing the
‘power good’ signal from the power supply.
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1/0 Support Gate Array

The 1/0 support gate array contains the chip select logic, keyboard
and pointing device controller, and the I/O ports. It also contains the

interrupt controller.
Chip Select Logic

The gate array has control of the following chip select signals on the
system board:

Serial port

Diskette controller
Video controller
Parallel port
Fixed disk controller
Real-time clock.

Except for the real-time clock, each select line can be disabled by
programming the Planar Control register, address hex 65. When the
bit is set to 1, that function of the system board is enabled. Bit 7/,
parallel port output enable, enables the parallel port’s output drivers.

When the signal is enabled, the chip select signal is generated to
start a read or write operation, and the read and write signals to the
/0 channel are blocked. When the signal is disabled, the chip select
signal is not generated and all read and write operations are directed
to the 1/0 channel. This register is read/write.

Bit Function

7 Parallef Port Output Enable
6 Reserved = 0

5 Reserved = 0

4 Serial CS

3 Diskette CS

2 Video CS

1 Parallel Port CS

0 Fixed Disk CS

Figure 1-3. Planar Control Register, Hex 65
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Keyboard and Pointing Device Controller

The interface logic for the keyboard and the pointing device is the
same, allowing the keyboard and pointing device to plug into either of
the two 6-pin connectors at the rear of the system.

The interface receives the serial data and checks the parity. The data
Is then presented to the system at the interface’s output buffer, 1/0
port hex 60.

System Timer

The system timer is an 8253 programmable interval timer/counter, or
equivalent, that functions as an arrangement of four external 1/0 ports
(hex 0040 through 0043). It receives its 1.19 MHz clock from the I/0
support gate array. Three ports are treated as counters; the fourth,
address hex 0043, is a control register for mode programming.

The content of a selected counter may be latched without disturbing
the counting operation by writing to the control register. However, if
the content is latched at the instant the timer is being updated, the
value may be incorrect. If the content of the counter is critical to a
program’s operation, a second read is recommended for verification.

System Timer

B
System Bus Gate 0
r Clock In 0
+ 5 Vdc . Gate 1
-RAS SIP
_ Clock In 1
/0 Port '
Hex 0061 Gate 2
Port Bit O .
Clock In 2
IRQO
119 MH> Clock Out 0O
 Clock Out 1
' Clock QOut 2
/0 Port AND To Beeper
Hex 0061 .
Port Bit 1

Figure 1-4. System Timer Block Diagram
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The three timers are programmable and 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 0 System Timer .

GATE O Tied On

CLKINO 1.19 MHz OSC
CLKOUTO IRQO

Channel 1 is for internal diagnostic tests.

Channel 1 Diagnostic

GATE 1 Tied On

CLKIN 1 -RAS SIP from system support gate array
CLK OUT 1 Not connected

Channel 2 supports the tone generation for the audio.

Tone Generation .

Channel 2

GATE 2 Controlled by bit O at port hex 61

CLK IN 2 1.19 MHz OSC

CLK OUT 2 To the beeper data of the 1/0 support gate array
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1/0 Ports

' The output port hex 60 is used by BIOS to store keystrokes. The

output port hex 61 is used as beeper control, enables -I0 CH CK and
-PARITY, and is read/write. The input port hex 62 contains the status
of certain signals on the system board and is read-only. The bit
descriptions of ports hex 61 and hex 62 follow:

Bit

O~-MNWwhbhOo~

Figure 1-5.

Port 61
Bit '

/-6

S

Function

Reserved
Reserved
-ENA 10O CH CK

-ENA RAM Parity CK

Reserved
Reserved
Beeper Data

Timer 2 Gate (to beeper)

Connected to

Not connected

-ENA 10 CH CK

-ENA RAM
Parity CK

Not connected

Beeper Data

Timer 2 Gate

Output Port, Hex 61

Description
Reserved as 0.

When set to 1, this bit stops -10 CH CK from
generating an NMl. When cleared to 0, an
NMI is generated when -10 CH CK goes active.

When set to 1, this bit stops a memory parity
error from generating an NMI. When
cleared, an NMIl is generated when a
memory parity error is sensed.

Reserved as 0.

This bit gates the output of timer 2. It is used
to disable the timer’s sound source or modity
its output. When set to 1, this bit enables the
output; when cleared, it forces the output to
Zero.

This line is routed to the timer input at GATE
2. When this bit is cleared to 0, the timer
operation is halted. This bit and bit 1 (beeper
data) control the operation of the timer’s
sound source.
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Figure 1-6.

4 -3

Function

Parity

IO CH CK
Timer 2 Out
Reserved
Reserved
-Disk Installed

Coprocessor Installed

Reserved

Input Port, Hex 62

Connected to

Parity
|O CH CK
Timer 2 Output

Not connected
-Disk Installed
Coprocessor
installed

Not connected
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Description

When set to 1, this bit indicates that a
memory parity error has occurred.

When set to 1, this bit indicates that -IO0 CH CK
IS active.

This bit shows the status of the timer 2
output.

Reserved.

When cleared to 0, this bit indicates that the .
fixed disk and controller are installed.

When set to 1, this bit indicates that the math
coprocessor is installed.

Reserved.




DMA Controller

The 8237 DMA controller and its support logic in the gate array
support four channels of 20-bit direct memory access (DMA). It
operates at 4 MHz and handles only 8-bit transfers. The DMA
channel assignments and page register addresses are:

Level Assignment
DRQ1 Not Used
DRQ2 Diskette

DRQ3 Fixed Disk

Figure 1-7. DMA Channel Assignments

Hex
Address DMA Page Register

080 Channel 2
081 Channel 3
082 Channel 1
087 Channel O

Figure 1-8. DMA Page Register Addresses

. Three of the DMA channels (1, 2, and 3) are available on the 1/0 bus
-~ and support high-speed data transfers between |I/O devices and
memory without microprocessor intervention.

DMA data transfers take six clock cycles of 250 ns, or 1.5 us.
IO CH RDY can be pulled inactive to add wait states to allow more
time for slower devices.

Interrupts

The interrupt controller has eight levels of interrupt that are handled
according to priority in the 1/O support gate array. Two levels are
used only on the system board. Level 0, the highest priority, is
attached to Channel 0 of the timer/counter and provides a periodic
interrupt for the timer tick. Level 1 is shared by the keyboard,

- pointing device, and real-time clock; it is handled by a BIOS routine
pointed to by interrupt hex 71. Level 2 is available to the video
subsystem, and level 7 is available to the parallel port; however, the
BIOS routines do not use interrupts 2 and 7.
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This controller also has inputs from the coprocessor’s ‘-interrupt’, the
memory controller’s ‘-parity’, and the ‘-1/O channel check’ signals.
These three inputs are used to generate the non-maskable interrupt
(NMI) to the 8086.

The following table shows the hardware interrupts and their
availability to the 1/0 channel.
Level System Board 1/0 Channel
NMI Parity Check and /0 Channel Check
Coprocessor
IRQO Timer Channel 0 Not Available
IRQ1 Keyboard Not Available

Pointing Device
Real-Time Clock

IRQ2 Video Available
IRQ3 Not Used Available
IRQ4 Serial Port Available
IRQS Fixed Disk Available
IRQ6 Diskette Drive Available
IRQ7 Paraliel Port Available

Note: Interrupts are available to the I/0O channel if they are not enabled by the
system board function normally assigned to that interrupt.

Figure 1-9. Hardware Interrupt Listing .

Interrupt Sharing

A standardized hardware design concept has been established to
enable multiple adapters to share an interrupt level. The following
describes this desigh concept and discusses the programming
support required.

Design Overview

Most interrupt supporting adapters hold the IRQ line inactive and then
drive the line active to cause an interrupt. In contrast, the shared
interrupt hardware design allows the IRQ line to float high. Each
adapter on the line may cause an interrupt by pulsing the line low.
The leading edge of the pulse arms the interrupt controlier; the
trailing edge of the pulse causes the interrupt.

Each adapter sharing an interrupt level must monitor the IRQ line. .
When any adapter pulses the line, all other adapters on that interrupt
must not issue an interrupt request until they are rearmed.
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if an adapter’s INT is active when it is rearmed, the adapter must
reissue the interrupt. This prevents lost interrupts in case two
adapters issue an interrupt at exactly the same time and an interrupt
handler issues a global rearm after servicing one of them.

The following diagram shows the shared interrupt hardware logic.

+5
INT
ENA
2.2K Ohms
System
Clock
+5 IRQ
Gilobal
Rearm
Figure 1-10. Shared Interrupt Hardware Logic

Program Support

The interrupt-sharing program support described in the following
provides for an orderly means to:

® Link a task’s interrupt handler to a chain of interrupt handlers.
® Share the interrupt level while the task is active.

® Unlink the interrupt handler from the chain when the task is
deactivated.
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Linking onto the Chain: Each newly activated task replaces the
interrupt vector in low memory with a pointer to its own interrupt
handler. The old interrupt vector is used as a forward pointer and is
stored away at a fixed offset from the new task’s interrupt handler.
This method of linking means the last handler to link is the first one in

the chain.

Sharing the Interrupt Level: When the new task’s handler gains
control as a result of an interrupt, the handler reads the contents of
the adapter’s interrupt status register to determine if its adapter
caused the interrupt. If its adapter did cause the interrupt, the
handler services the interrupt, disables the interrupts (CLl), and
writes to address hex 02F X, where X corresponds to the interrupt
levels 2 through 7. Each adapter in the chain decodes the address,
which results in a Global Rearm. The handler then issuesa
nonspecific End of Interrupt (EOI) and finally issues a Return from
Interrupt (IRET). If its adapter did not cause the interrupt, the handler
passes control to the next interrupt handler in the chain. |

Unlinking from the Chain: To unlink from the chain, a task must first
locate its handler’s position within the chain. By starting at the
interrupt vector in low memory, and using the offset of each handler’s
forward pointer to find the entry point of each handler, the chain can
be methodically searched until the task finds its own handler. The
forward pointer of the previous handler in the chain is replaced by the
task’s pointer, removing the handler from the chain.

If the handler cannot locate its position in the chain or the
signature of any prior handler is not hex 4248, it must not

unlink.

Note:

Error Recovery: If the unlinking routine discovers that the interrupt
chain has been corrupted, an unlinking error recovery procedure
must be in place. Each application can incorporate its own unlinking
error procedure into the unlinking routine. One application may
choose to display an error message requiring the operator to either
correct the situation or reset the system. The application, however,
must not unlink.
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Precautions

The following precautions must be taken when designing hardware or
programs using shared interrupts.

. e Hardware designers should ensure that the adapters:
— Do not power up with an interrupt pending or enabled.

— Do not generate interrupts that are not serviced by a handler.
Generating interrupts when a handler is not active to service
them causes that interrupt level to lock up. The design
concept relies on the handler to clear its adapter’s interrupt
and issue the Global Rearm.

— Can be disarmed so that they do not remain active after their
application has terminated.

® Programmers should:

— Ensure that their programs contain a short routine that can be
executed with the AUTOEXEC.BAT to disable their adapter’s
interrupts. This precaution ensures that the adapters are
deactivated for a system reboot that does not clear memory.

— Ireat words as words, not bytes.

I i

Note: Remember that data is stored in memory using the
Intel format (word hex 424B is stored as hex 4B42).

Interrupt Chaining Structure

ENTRY: JMP SHORT PAST ; Jump around structure
FPTR DD 0 s Forward Pointer
SIGNATURE DW 4724BH s Used when unlinking to identify

; compatible interrupt handlers

FLAGS DB 0 : Flags
FIRST EQU 80H s Flags for being first in chain
JMP SHORT  RESET
RES BYTES DB DUP 7(0G) ; Future Expansion

PAST: ... s Actual start of code

The interrupt chaining structure is a 16-byte format containing FPTR,
SIGNATURE, RES_BYTES, and a Jump instruction to a reset routine.
It begins at the third byte from the interrupt handler’s entry point.
The first instruction of every handler is a short jump around the
structure to the start of the routine.
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Except for those residing in adapter ROM, handlers designed for
interrupt sharing must use hex 424B as the signature to avoid
corrupting the chain. Because each handler’s chaining structure is
known, the forward pointers can be updated when unlinking.

The flag indicates that the handler is first in the chain, and is used
only with interrupt 7. The RESET routine disables the adapter’s
interrupt, then does a Far Return to the operating system.

ROM Considerations

Adapters with interrupt handlers residing in ROM must store the
forward pointer in latches or ports on the adapter. If the adapter is
sharing interrupt 7, it must, also, store FIRST. Storing this flag is
necessary because its position in the chain may not always be first.

Because the forward pointer is not stored in the third byte, these
handlers must contain a signature of hex 00.

Examples

In the following examples, note that interrupts are disabled before
passing control to the next handler on the chain. The next handler
receives control as if a hardware interrupt had caused it to receive
control. Also, note that the interrupts are disabled before the
nonspecific EOl is issued, and not reenabled in the interrupt handler.
This ensures that the IRET is executed (at which point the flags are
restored and the interrupts reenabled) before another interrupt is
serviced, protecting the stack from excessive buildup.
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Interrupt Handler Example

OUR CARD EQU XXXX s Location of our card's interrupt

ISB EQU XX : Interrupt bit in our cards interrupt
. control/status register

REARM EQU 2F7H : Global Rearm location for interrupt /

SPC EOI  EQU 67H : Specific EOI for interrupt 7

EOI EQU 20H ; Nonspecific EOI

OCR EQU 03CH s Location of interrupt controller
s  operational control register

IMR EQU 21H : Location of interrupt mask register

MYSEG SEGMENT PARA
ASSUME  CS:MYSEG,DS:DSEG
ENTRY PROC FAR

JMP SHORT PAST : Entry point of handler
FPTR DD 0 s Forward Pointer
SIGNATURE DW 424BH s Used when unlinking to identify
s compatible interrupt handlers
FLAGS DB 0 : Flags
FIRST EQU 80H
JMP SHORT  RESET
RES BYTES DB DUP 7(0) s Expansion
PAST : STI : Actual start of handler code
PUSH .o s Save needed registers
MOV DX,0UR_CARD . Select our status register
IN AL ,DX : Read the status register
TEST AL, ISB s OQur card caused the interrupt?
JNE SERVICE . Yes, branch to service logic
TEST CS:FLAGS,FIRST : Are we the first ones in?
JNZ EXIT : If yes, branch for EOI and Rearm
POP .o : Restore registers
CLI s Disable interrupts
JMP DWORD PTR CS:FPTR ; Pass control to next handler on chain
SERVICE: ... ; Service the interrupt
EXIT:
CLI ; Disable the interrupts
MOV AL,EOQI
QuT OCR,AL s Issue nonspecific EOI
MOV DX, REARM s Rearm our card
OQUT DX, AL
POP ‘e : Restore registers
IRET
RESET: ‘e . Disable our card
RET ; Return Far to operating system

ENTRY: ENDP
MYCSEG  ENDS
END ENTRY

System Board 1-19



Linking Code Example

PUSH ES
CLI s Disable interrupts

. Set forward pointer to the value of the interrupt vector in low memory
ASSUME  CS:CODESEG,DS:CODESEG

PUSH ES -
MOV AX, 350FH : DOS get interrupt vector .
INT 21H ; -
MOV SI,OFFSET CS:FPTR ; Set offset of our forward pointer
s in an indexable register
MOV CS:[SI},BX s Store the old interrupt vector
MOV CS:[SI+2],ES ; in our forward pointer
CMP ES:BYTE PTR[BX],CFH ; Test for IRET
JNZ SERVECTR
MOV CS:FLAGS,FIRST :Set up first in chain flag
SERVECTR: POP ES
PUSH DS
s Make interrupt vector in low memory point to our handler
MOV DX,0FFSET ENTRY s Make interrupt vector point to our
. interrupt handler
MOV AX,SEG ENTRY s If DS not = CS, get it and
MOV DS, AX s put it in DS
MOV AX, 250FH s DOS set interrupt vector
INT 21H ;
POP DS
: Unmask {enable) interrupts for our level _
SET/: IN AL, IMR . Read interrupt mask register .
AND AL,07FH . Unmask interrupt level 7 -
OuUT IMR,AL : Write new interrupt mask
MOV AL,SPC EOI s Issue specific EQI for level 7/
OUT OCR,AL : to allow pending level 7 interrupts
«  (if any) to be serviced
STI : Enable interrupts
POP ES
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Unlinking Code Example

PUSH DS
PUSH ES
CLI ' : Disable interrupts
MOV AX, 350FH s DOS get interrupt vector
INT 21H s ES:BX points to the first in the chain
. MOV CX,ES : Pickup segment part of interrupt vector
s Are we the first handler in the chain?
MOV AX, CS s Get code seg into comparable register
CMP BX,OFFSET ENTRY ; Interrupt vector in low memory
s pointing to our handlers offset?
JNE UNCHAIN_ A s No, branch
CMP AX,CX s Vector pointing to our handler's segment?
JNE UNCHAIN A s No, branch

s Set interrupt vector in low memory to point to the handler
s pointed to by our pointer

PUSH DS
MOV AX,CS:FPTR
MOV DX,WORD PTR CS:FPTR ; Set offset of interrupt vector
MOV DS,WORD PTR CS:FPTR[2] ; Set segment of interrupt vector
MOV AX,250FH . DOS set interrupt vector
INT 21H
POP DS
JMP UNCHAIN X
UNCHAIN_A: ; CX = FPTR segment, BX = FPTR offset
CMP ES:[BX+6],4B42H ; Is handler using the appropriate
. : conventions (is SIGNATURE = 424BH?
JNE exception s No, invoke error exception handler
LDS SI,ES:[BX+2] s Get FPTR's segment and offset
CMP SI,OFFSET ENTRY ; Is this forward pointer pointing to
' ; our handler's offset?
JNE UNCHAIN B s No, branch
MOV CX,DS : Is this forward pointer pointing to
CMP AX,CX s our handlier's segment?
JNE UNCHAIN B s No, branch
s Located our handier in the chain
MOV AX,WORD PTR CS:FPTR ; Get our FPTR's offset
MOV ES:[BX+2],AX : Replace FPTR offset pointing to us
MOV AX,WORD PTR CS:FPTR[2] ; Get our FPTR's segment
MOV ES:[BX+4],AX ; Replace FPTR segment pointing to us
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