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The following statement applies to all IBM Personal Computer products unless otherwise
indicated by the information referring to that product.

FEDERAL COMMUNICATIONS COMMISSION RADIO
FREQUENCY INTERFERENCE STATEMENT

Warning: This equipment has been certified to comply with the
limits for a Class B computing device, pursuant to Subpart J of

~ Part 15 of FCC rules. Only peripherals (computer input/output
devices, terminals, printers, etc.) certified to comply with the
Class B limits may be attached to this computer when this
computer is operated in a residential environment. Operation
with noncertified peripherals is likely to result in interference to
radio and TV reception.

CAUTION

This product is equipped with a 3-wire power cord and plug for the
user’s safety. Use this power cord in conjunction with a properly
grounded electrical outlet to avoid electrical shock.
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Preface

This manual describes the various units of the IBM Personal
Computer XT Model 286 and how they interact. It also has
information about the basic input/output system (BIOS) and
about programming support.

The information in this publication is for reference, and is
intended for hardware and program designers, programmers,
engineers, and anyone else who needs to understand the design
and operation of the IBM Personal Computer XT Model 286.

This manual consists of eight sections:

The first three sections describe the IBM Personal Computer
XT Model 286 including hardware, charts, and register
information

Section 4 describes keyboard operation, the commands to and
from the system, and the various keyboard layouts.

Section 5 contains information about the usage of BIOS and a
system BIOS listing.

Section 6 contains instruction sets for the 80286
microprocessor and the 80287 math coprocessor.

Section 7 provides information about characters, keystrokes,
and colors.

Section 8 contains information about the compatibility of the
IBM Personal Computer XT Model 286 and the rest of the
IBM Personal Computer family.

A glossary, bibliography, and index are included.



Prerequisite Publications

Guide to Operations for the IBM Personal Computer XT Model
286

Suggested Reading
e BASIC for the IBM Personal Computer
» Disk Operating System (DOS)

o Macro Assembler for the IBM Personal Computer

Additional Information

The Technical Directory lists all the service and technical
information that is available for the IBM Personal Computer
family of products. 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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The system board is approximately 22 by 33.8 centimeters (8.5
by 13.2 inches). It uses very large scale integration (VLSI)
technology and has the following components:
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» Intel 80286 Microprocessor

« System support function:
— Seven-Channel Direct Memory Access (DMA)
— Sixteen-level interrupt
— Three programmable timers
— System clock

» 64K read-only memory (ROM) subsystem, expandable to
128K.

+ A 640K (may be set to 512K) random-access memory
(RAM) subsystem

« Eight input/output (I/0O) slots:
— Five with a 98-pin card-edge socket
—  Three with a 62-pin card-edge socket
o Speaker attachment
o Keyboard attachment

o Complementary metal oxide semiconductor (CMOS) memory
RAM to maintain system configuration

+ Real-Time Clock

« Battery backup for CMOS configuration table and Real-Time
Clock
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Memory

The system board consists of two 256K-by-9 random access
memory module packages, plus two banks of 64K-by-4 random
access memory (RAM) modules. Total memory size is 640K,
with parity checking.

Microprocessor

The Intel 80286 microprocessor has a 24-bit address, 16-bit
memory interface!, an extensive instruction set, DMA and
interrupt support capabilities, a hardware fixed-point multiply and
divide, integrated memory management, four-level memory
protection, 1G (1,073,741,824 bytes) of virtual address space for
each task, and two operating modes: the 8086-compatible real
address mode and the protected virtual address mode. More
detailed descriptions of the microprocessor may be found in the
publications listed in the Bibliography of this manual.

Real Address Mode

In the real address mode, the microprocessor’s physical memory is
a contiguous array of up to one megabyte. The microprocessor
addresses memory by generating 20-bit physical addresses.

The selector 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 zero. Therefore, segment addresses
begin on multiples of 16 bytes.

All segments in the real address mode are 64K in size and may 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. An example of this is a word with its low-order byte at
offset FFFF and its high-order byte at 0000. If, in the real

1 In this manual, the term interface refers to a device that carries signals
between functional units.
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address mode, the information contained in the segment does not
use the full 64K, the unused end of the segment may be overlayed
by another segment to reduce physical memory requirements.

1 NOI1D3S

Protected (Virtual Address) Mode

The protected mode offers extended physical and virtual memory
address space, memory protection mechanisms, and new
operations to support operating systems and virtual memory.

Note: See '"'BIOS Programming Hints'' in Section 5 for
special cautions while operating in the protected mode.

The protected mode provides a 1G virtual address space for each
task mapped into a 16M physical address space. The virtual
address space may 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, however, 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 microprocessor
automatically refers to the tables whenever a segment register is
loaded with a selector. All instructions that load a segment
register will refer to the memory-based tables without additional
program support. The memory-based tables contain 8-byte
values called descriptors.
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The following is a block diagram of the system board.
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System Performance

L NOILD3S

The 80286 microprocessor operates at 6 MHz, resulting in a clock
cycle time of 167 nanoseconds.

A bus cycle requires two clock cycles, making a 334-nanosecond
16-bit, microprocessor cycle time. Eight-bit bus operations to
8-bit devices take six clock cycles (which include four wait
states), resulting in a 1-microsecond microprocessor cycle.
Sixteen-bit bus operations to 8-bit devices take 12 clock cycles
(which include 10 wait states) resulting in a 2-microsecond
microprocessor cycle.

The refresh controller steps one refresh address every 15
microseconds. Each refresh cycle requires eight clock cycles to
refresh all of the system’s dynamic memory; 256 refresh cycles
are required every 4 milliseconds, but the system hardware
refreshes every 3.84ms. The following formula determines the
percentage of bandwidth used for refresh for the 6 MHz clock.

% Bandwidth used 8 cycles X 256 2048
for Refresh = mmess-s----o-- = ==-=- = 9%
3.84ms/167ns 22994

The DMA controller operates at 3 MHz, which results in a clock
cycle time of 334 nanoseconds. All DMA data-transfer bus
cycles are five clock cycles or 1.66 microseconds. Cycles spent in
the transfer of bus control are not included.
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System Memory Mapping

The following shows the mapping of the system memory.

Address Name Function

000000 to | 512K system First 512K of system board memory
O7FFFF board memory '

080000 to | 128K system System board memory (512K to 640K)
09FFFF board memory May be disabled with jumper J10.
0A0000 to | 128K video Reserved for graphics display buffer
OBFFFF RAM

000000 to | 128K 1/0 Reserved for ROM on 1/0 adapters
ODFFFF expansion ROM

O0E0000 to | 64K reserved Duplicated code assignment at

OEFFFF on system board | address FEQ00O

0F0000 to | 64K ROM on the Duplicated code assignment at

OFFFFF system board address FF0000

100000 to | Maximum 1/0 channel memory - 640K to 15M
FDFFFF memory 15M installed on memory expansion options
FEO000 to | 64K reserved Duplicated code assignment at

FEFFFF on system board | address 0E0000

FFO000 to | 64K ROM on the Duplicated code assignment at

FFFFFF system board address 0F0000

System Memory

1-8 System Board
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Direct Memory Access
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The system supports seven direct memory access (DMA)
channels. Two Intel 8237A-5 DMA Controller chips are used,
with four channels for each chip. The DMA channels are
assigned as follows:

Controller 1 Controller 2
Ch 0 - Reserved Ch 4 - Cascade for Ctir 1
Ch 1 - SDLC Ch 5 - Reserved
Ch 2 - Diskette Ch 6 - Reserved
Ch 3 - LAN Ch 7 - Reserved
DMA Channels

DMA controller 1 contains channels 0 through 3. These channels
support 8-bit data transfers between 8-bit I/O adapters and 8- or
16-bit system memory. Each channel can transfer data
throughout the 16M system-address space in 64K blocks.

The following figures show address generation for the DMA
channels.

Source DMA Page Registers Controller

Address A23<------mm-- >A16 A15<-——=-omm - >A0

Address Generation for DMA Channels 0 through 3

Note: The addressing signal, 'byte high enable' (BHE),
is generated by inverting address line AO.
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DMA controller 1 command code addresses follow.

Hex
Address Register Function
000 CHO base and current address
001 CHO base and current word count
002 CH1 base and current address
003 CH1 base and current word count
004 CH2 base and current address
005 CH2 base and current word count
006 CH3 base and current address
007 CH3 base and current word count
008 Read Status Register/Write Command Register
009 Write Request Register
00A Write Single Mask Register Bit
008 Write Mode Register
00C Clear Byte Pointer Flip-Flop
00D Read Temporary Register/Write Master Clear
00E Clear Mask Register
00F Write All Mask Register Bits

DMA Controlier 1 {Channels 0-3)

DMA controller 2 contains channels 4 through 7. Channel 4 is
used to cascade channels O through 3 to the microprocessor.
Channels 5, 6, and 7 support 16-bit data transfers between 16-bit
I/0O adapters and 16-bit system memory. These DMA channels
can transfer data throughout the 16M system-address space in
128K blocks. Channels 5, 6, and 7 cannot transfer data on
odd-byte boundaries.

Source

DMA Page Registers Controller

Address

Address Generation for DMA Channels 5 through 7

Note:

a logical 0.

1-10 System Board
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The following figure shows the addresses for the page register.

Page Register

1/0 Hex Address

DMA Channel
DMA Channel
DMA Channel
DMA Channel
DMA Channel
DMA Channel
DMA Channel
Refresh

SNOWWIWN = O

0087
0083
0081
0082
0088
0089
008A
008F

L NOILD3S

Page Register Addresses

Addresses for all DMA channels do not increase or decrease
through page boundaries (64K for channels 0 through 3, and
128K for channels 5 through 7).

DMA channels 5 through 7 perform 16-bit data transfers. Access
can be gained only to 16-bit devices (I/0O or memory) during the
DMA cycles of channels 5 through 7. Access to the DMA
controller, which controls these channels, is through I/0

addresses hex 0CO through ODF.

DMA controller 2 command code addresses follow.

N
Hex
Address Register Function

0Co CH4 base and current address
0C2 CH4 base and current word count
0Chy CH5 base and current address
0cé CH5 base and current word count
oc8 CH6 base and current address
ocA CH6 base and current word count
occC CH7 base and current address
0OCE CH7 base and current word count
0D0 Read Status Register/Write Command Register
0D2 Write Request Register
0D4 Write Single Mask Register Bit
oné Write Mode Register
008 Clear Byte Pointer Flip-Flop
ODA Read Temporary Register/Write Master Clear
00C Clear Mask Register
ODE Write All Mask Register Bits

DMA Controller 2 (DMA Channels 4-7)

N—

All DMA memory transfers made with channels 5 through 7 must
occur on even-byte boundaries. When the base address for these
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channels is programmed, the real address divided by 2 is the data
written to the base address register. Also, when the base word
count for channels 5 through 7 is programmed, the count is the
number of 16-bit words to be transferred. Therefore, DMA
channels 5 through 7 can transfer 65,536 words, or 128Kb
maximum, for any selected page of memory. These DMA
channels divide the 16M memory space into 128K pages. When
the DMA page registers for channels 5 through 7 are
programmed, data bits D7 through D1 contain the high-order
seven address bits (A23 through A17) of the desired memory
space. Data bit DO of the page registers for channels 5 through 7
is not used in the generation of the DMA memory address.

At power-on time, all internal locations, especially the mode

registers, should be loaded with some valid value. This is done
even if some channels are unused.

System Interrupts

The 80286 microprocessor’s non maskable interrupt (NMI) and
two 8259A controller chips provide 16 levels of system interrupts.

Note: Any or all interrupts may be masked (including the
microprocessor’s NMI).

1-12 Svstem Board



Hardware Interrupt Listing

The following shows the interrupt-level assignments in decreasing

priority.
Level Function
X , Microprocessor NMI Parity or 1/0 Channel Check
Interrupt Controliers
CTRL 1 CTRL 2
IRQ O Timer Output O
IRQ 1 Keyboard (Output Buffer Full)
IRQ 2 Interrupt from CTRL 2
IRQ 8 Realtime Clock Interrupt
IRQ 9 Software Redirected to INT OAH

PC Network *
PC Network(Alt.) *
IRQ 10 Reserved

IRQ 11 Reserved
IRQ 12 Reserved
IRQ 13 Coprocessor
IRQ 14 Fixed Disk Controller
IRQ 15 Reserved
IRQ 3 Serial Port 2
BSC
BSC (Alt.)
PC Network *
N~ PC Network (Alt.) *
SDLC
IRQ 4 Serial Port 1
BSC
BSC (Alt.)
SDLC
IRQ 5 Parallel Port 2
IRQ 6 Diskette Controller
Fixed Disk and Diskette Drive
IRQ 7 Parallel Port 1
Data Acquisition and Control *k
GPIB **

Voice Communications Adapter ****

* The PC Network is jumper selectable.
** The Data Acquisition Adapter can be set to interrupts
3 through 7. The default interrupt is 7.
**% The GPIB Adapter can be set to interrupts 2 through 7.
*** The Voice Communications Adapter can be set to
interrupts 2, 3, 4, or 7 (interrupt level 7 is
recommended) .

Hardware Interrupt Listing
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L NOILD3S



Interrupt Sharing

A definition for standardized hardware design has been
established that enables multiple adapters to share an interrupt
level. This section describes this design and discusses the
programming support required.

Note: Since interrupt routines do not exist in ROM for
protected mode operations, this design is intended to run
only in the microprocessor’s real address mode.

Design Overview

Most interrupt-supporting adapters hold the 'interrupt request'
line (IRQ) at a low level and then drive the line high to cause an
interrupt. In contrast, the shared-interrupt hardware design
allows IRQ to float high through pull-up resistors on each
adapter. Each adapter on the line may cause an interrupt by
momentarily pulsing the line to a low level. The high-to-low
transition arms the 8259A Interrupt Controller; the low-to-high
transition generates the interrupt. The duration of this pulse must
be between 125 and 1,000 nanoseconds.

The adapters must have an 'interrupt’ status bit (INT) and a
'interrupt enable' bit (ENA) that can be controlled and
monitored by its software.

Each adapter sharing an interrupt level must monitor the IRQ
line. When any adapter drives the line low, all other adapters on
that line must be prevented from issuing an interrupt request until
they are rearmed.

If an adapter’s INT status bit is at a high level when the interrupt
sharing logic is rearmed, the adapter must reissue the interrupt.
This prevents lost interrupts if two adapters issue an interrupt at
the same time and an interrupt handler issues a Global Rearm
after servicing one of the adapters.

1-14 System Board
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The following diagram is an example of the shared interrupt logic.

INT. Ei D Q D Q +5
ENA

—~>clk - >CLK -Q 2.2K Ohms
-CLR I_ -CLR I
System
Clock »
IRQ
+5

L 0 Q AND—_I —

>CLk  -Q
-CLR

=Global l
Rear

Shared Interrupt Logic Diagram

Program Support

During multitasking, tasks are constantly being activated and
deactivated in no particular order. The interrupt-sharing program
support described in this section provides for an orderly means to:
o Link a task’s interrupt handler to a chain of interrupt handlers

« Share the interrupt level while the task is active

e Unlink the interrupt handler from the chain when the task is
deactivated.

Linking to a 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 (FPTR) and is stored
at a fixed offset from the new task’s interrupt handler.

System Board 1-15
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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
it did, the handler services the interrupt, disables the interrupts
(CLI), issues a non-specific End of Interrupt (EOI), and then, to
rearm the interrupt hardware, writes to address 02FX, where X
corresponds to interrupt levels 3 through 7, and 9 (IRQ9 is
02F2). A write to address 06FX, where X may be 2 through 7, is
required for interrupt levels 10 through 15, respectively. Each
adapter in the chain decodes the address which results in a Global
Rearm. An adapter is required to decode the least significant 11
bits for this Global Rearm command. The handler then 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 FPTR to find
the entry point of each handler, the chain can be methodically
searched until the task finds its own handler. The FPTR of the
previous handler in the chain is replaced by the task’s FPTR, thus
removing the handler from the chain.

Error Recovery

Should the unlinking routine discover that the interrupt chain has
been corrupted (an interrupt handler is linked but does not nave a
valid SIGNATURE), 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 power down the system. Another
application may choose an error recovery procedure that restores
the original interrupt vector in low memory, and bypasses the
corrupt portion of the interrupt chain. This error recovery
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procedure may not be suitable when adapters that are being
serviced by the corrupt handler are actively generating interrupts,
since unserviced interrupts lock up that interrupt level.
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ROS Considerations

Adapters with their handlers residing in ROS may choose to
implement chaining by storing the 4 byte FPTR (plus the FIRST
flag if it is sharing interrupt 7 or 15) in on-adapter latches or
ports. Adapter ROS without this feature must first test to see
that it is the first in the chain. If it is the first in the chain, the
adapter can complete the link; if not, the adapter must exit its
routine without linking.

Precautions

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

« Hardware designers should ensure the adapters:

— Do not power up with the ENA line active or an interrupt
pending.

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

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

o Programmers should:

— Ensure that their programs have 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 if the user reboots the system.

— Treat words as words, not bytes. Remember that data is
stored in memory using the Intel format (word 424B is
stored as 4B42).
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Interrupt Chaining Structure

ENTRY: JMP SEORT PAST s Jump around structure

FPTR D 0 Forward Pointer
SIGNATURE DW 42484 Used when unlinking to identify

compatible interrupt handlers

FLAGS DB Flags
FIRST EQU 80H ; Flag for being first in chain
JMP SHORT  RESET

RES_BYTES DB DUP 7 (0) ; Future expansion

PAST: s Actual start of code

The interrupt chaining structure is a 16-byte format containing
FPTR, SIGNATURE, and RES__BYTES. 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. Since the position of each interrupt
handler’s chaining structure is known (except for the handlers on
adapter ROS), the FPTRs can be updated when unlinking.

The FIRST flag is used to determine the handler’s position in the
chain when unlinking when sharing interrupts 7 and 15. The
RESET routine, an entry point for the operating system, must
disable the adapter’s interrupt and RETURN FAR to the
operating system.

Note: All handlers designed for interrupt sharing must
use 424B as the signature to avoid corrupting the chain.

Examples

In the following examples, notice that interrupts are disabled
before control is passed to the next handler on the chain. The
next handler receives control as if a hardware interrupt had
caused it to receive control. Also, notice that the interrupts are
disabled before the non-specific EOI 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 build up.
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Example of an Interrupt Handler

YOUR_CARD EQU
158 EQU
REARM EQU

SPC_EOI  EQU

EO| EQU
OCR EQU

IMR EQU
MYCSEG SEGMENT
ASSUME
ENTRY PROC
JMP
FPTR DD
SIGNATURE DW
FLAGS DB

FIRST EQU
JMP SHORT

RES_BYTES DB

PAST: STI
PUSH
MOV

SERVICE:
EXIT:

RESET: iit
ENTRY ENDP

XXXX
XX

2F7H

67H

20H
20H

21H
PARA
CS:MYCSEG,DS:DSEG
FAR

SHORT PAST

0

L24BH

0

80H

RESET

pupP 7 (0)

DX, YOUR__CARD
AL,DX
AL, ISB

SERVICE
CS:FLAGS,FIRST
EXIT

DWORD PTR CS:FPTR

AL ,EO1
OCR,AL
DX,REARM

DX,AL

ENDS
ENTRY

e e e ws e

ws e et e we e

e es e wr we ws Wt e

; Location of your card's Interrupt
control/status register
Interrupt bit in your card's interrupt
control status register
Global Rearm location for interrupt
level 7

Specific EO! for 8259's interrupt
level 7

Non-specific EO|

Location of 8259 operational control
register

Location of 8259 interrupt mask
register

.

Entry point of handler

Forward Pointer

Used when unlinking to identify
compatible interrupt handlers
Flags

3 Future expansion
Actual start of handler code
Save needed registers

Select your status register

Read the status register

Your card caused the interrupt?
Yes, branch to service logic

Are we the first ones in?

If yes, branch for EOl and Rearm
Restore registers

Disable interrupts

Pass control to next guy on chain

-

Service the interrupt
Disable the interrupts

1ssue non-specific EOl to 8259
Rearm the cards

Restore registers

Disable your card
Return FAR to operating system
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Linking Code Example

Disable Interrupts

; DOS get interrupt vector

Get offset of your forward pointer
in an indexable register
Store the old interrupt vector
n your forward pointer for chaining
Test for IRET

ol
; Set forward polnter to value of Interrupt vector in low memory

:SSEHE CS CODESEG,DS:CODESEG

[ AX.350FH

INT 214

MOV §$1,0FFSET CS:FPTR

MOV cs: [sn nx ;'

MOV CS:[S1+2],E

CMP ES:BYTE PTR[BX] CFH ;

JNZ SETVECTR

MOV CS:FLAGS,FIRST
SETVECTR: :0? :2

3 Set up first in chain flag

USH
s Make Inteasupt vector in low memory point to your handler
M

0X,0FFSET ENTRY

MOV AX,SEG ENTRY
MOV DS.AX

MOV AX,250FH

INT 21H

POP DS

; Unmask (ennble) interrupts for your level

IN AL, IMR

JMP $+

AND AL,07FH

ouT IMR AL

MOV AL,SPC_EO!
P $+2

out OCR ,AL
STI
POP €S

1-20 System Board

;s Make interrupt vector point to your handler
3 If DS not = CS, get it

; and put it in D

s DOS set interrupt vector

; Read interrupt mask register
3 10 delay

3 Unmask interrup: level 7

; Write new interrupt mask

;s Issue specific EOI for level 7
to allow pending level 7 interrupts

3 (If any) to be serviced

; Enable interrupts

.
H



Unlinking Code Example

w
m
PUSH DS 3
PUSH  ES .
cLt ; Disable interrupts e
MOV AX,350FH 3 DOS get interrupt vector <
INT 21H 3 ES:BX points to first of chain -
MOV CX,ES ; Pickup segment part of interrupt vector
; Are we the first handler in the chain?
MOV AX,CS ; Get code seg into comparable register
CMP BX,0FFSET ENTRY ; Interrupt vector Iin low memory
; pointing to your handler's offset?
JNE UNCHAIN_A 3 No, branch
CMP AX,CX 3 Vector pointing to your
handler's segment?
JNE UNCHAIN_A s No, branch

; Set interrupt vector in low memory to polnt to the handler
; pointed to by your pointer

UNCHAIN_A:

; Located your
MOV

UNCHAIN_B:

UNCHA IN_X:

(T

JNE
LDS
CMP

JNE
MOV
CMP

JINE

MOV

MOV
MoV

MOV
AND
OR

JMP

MOV
PUSH
PUSH

JMP

ST
POP
POP

DS
DX,WORD PTR (S:FPTR
DS,WORD PTR €5 FPTR[2]

Axﬁzsaru ; DOS set Interrupt vector
21
DS
UNCHAIN_X
3 BX = FPTR offset, ES = FPTR segment, CX = CS
ES:[BX+6], 4B42H ; |s handler using the a roprlata
; conventions (fs SIGN URE present in
3 | the interrupt chainln? structure)?
exception ; No, lnvoke error exception handler
S|1,ES:[BX+2] ; Get FPTR's segment and offset

S1,0FFSET ENTRY s Is this forward pointer pointing to
3 your handler's offset?

UNCHAIN_B ; No, branch

CX,DS ; Move to compare

AX,CX ; |s this forward pointer pointing to
; your handier's segment?

CHAIN_B ; No, branch

UNi
handler in the chain

AX,WORD PTR CS:FPTR R Get your FPTR's offset

ES:[BX+2],AX Rep!ace offset of FPTR of handler
that points to ,you

AX,HORD PTR cs: FPTR[ﬂ ; Get your FPTR's segment

ES:[BX+4] ; Replace segment of FPTR of handler
3 that points to you

AL ,CS:FLAGS ; Get your fla*s

AL,FIRST ; Isolate FIRST fla

ES: [BX + 6],AL 3 Set your flrst flag into prior routine

UNCHAIN_X

&;,SI ; Move new offset to BX

ES

UNCHAIN_A ; Examine next handler in chain
; Enable interrupts

ES

DS
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System Timers

The system has three programmable timer/counters, Channels 0
through 2. They are controlled by an Intel 8254-2
Timer/Counter chip, and are defined as follows:

Channel 0 System Timer

GATE 0 Tied on

CLKINO 1.193182 MHz OSC

CLK OUT O 8259AIRQO

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 Tone Generation for Speaker
GATE 2 Controlled by bit 0 of port hex 61, PPI bit
CLKIN2 1.193182 MHz OSC

CLKOUT 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 I/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

-Refresh Refresh Request m
T 2oct =
1 Clock =
Clear =
System Bus —» -
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
IRQ O
Clock Out O
Clock Qut 1
Clock Out 2
Low |—>» To Speaker
1/0 Address AND Pass
Hex 0061 Filter
Port Bit 1
PCLK Divide
(2.38MHz) by 2

System-Timer Block Diagram

System Clock

The 82284 System Clock Generator is driven by a 12-MHz
crystal. Its output 'clock' signal (CLK) is the input to the system
microprocessor and the 1/0 channel.

ROM Subsystem

The system board’s ROM subsystem consists of two 32K by 8-bit
ROM/EPROM modules in a 32K-by-16-bit arrangement. The
code for odd and even addresses resides in separate modules.
ROM is assigned at the top of the first and last 1M address space
(OF0000 and FF0000). ROM is not parity-checked. Its
maximum access time is 170 nanoseconds and its maximum cycle
time is 333 nanoseconds.
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RAM Subsystem

The system board’s RAM subsystem starts at address 000000 of
the 16M address space and consists of 640K of read/write
(R/W) memory. The 640K memory is composed of two
256K-by-9 random access memory module packages (512K), plus
two banks of 64K-by-4 RAM modules (128K). The 64K-by-4
RAM modules may be disabled at jumper J10, located on the
system board. Memory access time is 150 nanoseconds and the
cycle time is 275 nanoseconds.

Memory refresh requests one memory cycle every 15
microseconds through the timer/counter (channel 1). The RAM
initialization program performs the following functions:

o Initializes channel 1 of the timer/counter to the rate
generation mode, with a period of 15 microseconds

» Performs a memory write operation to any memory location.

Note: The memory must be accessed or refreshed eight
times before it can be used.

I/0 Channel

The I/O channel supports:
I/0 address space hex 100 to hex 3FF

24-bit memory addresses (16M)

» Selection of data accesses (either 8- or 16-bit)
¢ Interrupts

+ DMA channels

+ I/0 wait-state generation

o Open-bus structure (allowing multiple microprocessors to
share the system’s resources, including memory)

o Refresh of system memory from channel microprocessors.
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Connectors

The following figure shows the location and the numbering of the
I/0 channel connectors. These connectors consist of five 98-pin
and three 62-pin edge connector sockets.

Note: The three 62-pin positions can support only 62-pin
I/0 bus adapters.

1/0 Channel
Connectors

A

Rear Panel

— — CJ 3 j@

aimininieinleln

J1
J2
J3
Ja
J5
J6
J7
J8
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The following figure shows the pin numbering for the 62-pin I/0O
channel connectors J1, J7 and J8.

Rear Panel
B . 4] Al
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
B20 [ M A20
1 |
1 1
1 1
1 1
1 b |
1 1
1 1
1 1
1 1
1 1
B31 3 7 A31

Component Side

I/0 Channel Pin Numbering (J1, J7 and J8)
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The following figure shows the pin numbering for the 98-pin I/O
channel connectors J2 through J6.

Rear Panel
B1 : : Al
1 )
1 1
1 1
1 )
N’ H H
] 1
1 1
B10 : : Al10
1 1
1 1
1 1
| |
1 1
1 1
1 1
1 1
B20 : : A20
1 1
1 L
1 1
1 1
1 1
1 )
1 1
1 1
1 1
1 1
B31 A31
N 3 1 1) 3
D1 : ;- C1
| 1
1 1
9 1
1 b
1 1
1 |
1 1
D10 : : ci0
1 |
1 1
1 1
1 1
1 1
1 1
018 —13 : c18
Component Side
N, 1/0 Channel Pin Numbering (J2-J6)
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The following figures summarize pin assignments for the I/O
channel connectors.

1/0 Pin Signal Name 1/0
Al -1/0 CH CK |
A2 SD7 1/0
A3 SD6 1/0
AL SD5 1/0
A5 SDh 1/0
A6 SD3 1/0
A7 SD2 1/0
A8 SD1 1/0
A9 SDO 1/0
A10 +1/0 CH RDY |
A1l AEN 0
Al12 SA19 1/0
A13 SA18 1/0
Alh SA17 1/0
A1S SA16 1/0
A6 SA15 1/0
A17 SA1L /0
A18 SA13 1/0
A19 SA12 1/0
A20 SA11 1/0
A21 SA10 1/0
A22 SA9 1/0
A23 SA8 1/0
A2h SA7 1/0
A25 SA6 1/0
A26 SAS 1/0
A27 SAY4 1/0
A28 SA3 1/0
A29 SA2 1/0
A30 SA1 1/0
A3l SAO 1/0

1/0 Channel (A-Side)
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1/0 Pin Signal Name 1/0
B1 GND Ground
B2 RESET DRV
B3 +5 Vdc Power
B4 IRQ 9 I
B5 -5 Vdc Power
B6 DRQ2 |
B7 =12 Vdc Power
B8 ows |
B9 +12 Vdc Power
B10 GND Ground
Bi1 -SMEMW 0
Bi12 -SMEMR 0
B13 -10w 1/0
B14 -10R 1/0
B15 -DACK3 0
B16 DRQ3 |
B17 -DACK1 0
B18 DRQ1 |
B19 -REFRESH 1/0
B20 CLK 0
B21 1RQ7 |
B22 IRQ6 |
B2 IRQ5 |
B2 IRQL |
B25 IRQ3 I
B26 -DACK2 0
B27 T/C 0
B28 BALE 0
B29 +5Vdc Power
B30 14.318MHz 0SC 0
B31 GND Ground

1/0 Channel (B-Side)
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1/0 Pin Signal Name i/0
C1 ~SBHE 1/0
C2 LA23 1/0
C3 LA22 1/0
ch LA21 1/0
c5 LA20 1/0
C6 LA19 1/0
c?7 LA18 1/0
c8 LA17 1/0
c9 -MEMR 1/0
€10 -MEMW /0
cn spo8 1/0
12 SD09 1/0
Clz sSD10 170
C1 SD11 1/0
c15 sD12 1/0
C16 SD1 1/0
c17 SD1 1/0
c18 SD15 1/0

1/0 Channel (C-Side, J2 through J6 only)

1/0 Pin Signal Name 1/0
D1 -MEM CS16 I
D2 -1/0 CS16 I
D3 IRQ10 |
D4 IRQ 11 |
D5 IRQ12 |
D6 IRQ15 |
D7 IRQ14 |
D8 -DACKO 0
D9 DRQO |
D10 -DACK5 0
D11 DRQ5 |
D12 -DACK6 0
D13 DRQ6 I
D14 -DACK? 0
D15 DRQ7 I
D16 +5 Vdc POWER
D17 -MASTER I
D18 GND GROUND

1/0 Channel (D-Side. J2 through J6 only)
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I/0 Channel Signal Description

The following is a description of the system board’s I/O channel
signals. All signal lines are TTL compatible. 1/0 adapters should
be designed with a maximum of two low-power Shottky (LS)
loads per line and be capable of driving the data and address lines
similar to a 741.S245 driver.

SAO through SA19 (I/0)

Address signals 0 through 19 are used to address memory and
I/0 devices within the system. These 20 address lines, in
addition to LA17 through LLA23, allow access of up to 16M of
memory. SAQ through SA19 are gated on the system bus when
'buffered address latch enable' signal (BALE) is high and are
latched on the falling edge of BALE. These signals are generated
by the microprocessor or DMA Controller. They also may be
driven by other microprocessors or DMA controllers that reside
on the I/O channel.

LA17 through LA23 (I/0)

These signals (unlatched) are used to address memory and I/0
devices within the system. They give the system up to 16M of
addressability. These signals are valid from the leading edge of
BALE to the trailing edge of the '-I/O Read' (-IOR) or '-I/O
Write' (-IOW) command cycle. These decodes should be latched
by I/0 adapters on the falling edge of the 'buffered address latch
enable' signal (BALE).

These signals also may be driven by other microprocessors or
DMA controllers that reside on the I/O channel.

CIK (0)

This is the system 'clock' signal. It is a synchronous
microprocessor cycle clock with a cycle time of 167 nanoseconds.
The clock has a 50% duty cycle. This signal should be used only
for synchronization. It is not intended for uses requiring a fixed
frequency.
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RESET DRY (O)

The 'reset drive' signal is used to reset or initialize system logic at
power-up time or during a low voltage condition. This signal is
active high.

SDO through SD15 (1/0)

These signals provide data bits O through 15 for the
microprocessor, memory, and I/O devices. DO is the
least-significant bit and D15 is the most-significant bit. All 8-bit
devices on the I/0 channel should use DO through D7 for
communications to the microprocessor. The 16-bit devices will
use DO through D15. To support 8-bit devices, the data on D8
through D15 will be gated to DO through D7 during 8-bit
transfers to these devices; 16-bit microprocessor transfers to 8-bit
devices will be converted to two 8-bit transfers.

BALE (O) (buffered)

The 'buffered address latch enable' signal is available to the I/O
channel as an indicator of a valid microprocessor or DMA address
(when used with 'address enable' signal, AEN). Microprocessor
addresses SAO through SA19 are latched with the falling edge of
BALE. BALE is forced high (active) during DMA cycles. From
the trailing edge of a command cycle (for example, the trailing
edge of -IOR or -IOW) to the leading edge of BALE, the address
lines are in transition and are not stable.

-I/OCHCK (D

The '-I/0 channel check' signal provides the system board with
parity (error) information about memory or devices on the I/O
channel. When this signal is active (low), it indicates a
non-correctable system error.
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I/O CHRDY (D)

The 'I/O channel ready’ signal is pulled low (not ready) by a
memory or I/0 device to lengthen I/O or memory cycles. Any
slow device using this line should drive it low immediately upon
detecting its valid address and a Read or Write command.
Machine cycles are extended by an integral number of clock
cycles (167 nanoseconds). This signal should be held low for no
more than 2.5 microseconds.

I NO1123S

IRQ3-IRQ7, IRQ9-IRQ12, IRQ14, and IRQ15 (I)

Interrupt requests 3 through 7, 9 through 12, 14, and 15 are used
to signal the microprocessor that an I/O device needs attention.
The interrupt requests are prioritized, with IRQ9 through IRQ12,
IRQ14, and IRQ15 having the highest priority (IRQ9 is the
highest), and IRQ3 through IRQ7 having the lowest priority
(IRQ7 is the lowest). An interrupt request is generated when an
IRQ line is raised from low to high. The line is high until the
microprocessor acknowledges the interrupt request (Interrupt
Service routine). See the figure on page 1-13 for additional
information.

Note: Interrupt requests IRQO0-IRQ2, IRQS8, IRQ13 are
used on the system board and are not available on the I/0
channel.

-IOR (1/0)

The '-1/0 read' signal instructs an I/O device to drive its data
onto the data bus. This signal may be driven by the system
microprocessor or DMA controller, or by a microprocessor or
DMA controller resident on the I/O channel. This signal is active
low.

-IOW (1/0)
The '-I/0 write' signal instructs an I/O device to read the data

off the data bus. It may be driven by any microprocessor or
DMA controller in the system. This signal is active low.
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-SMEMR (O) -MEMR (1I/0)

These signals instruct the memory devices to drive data onto the

data bus. -SMEMR is active only when the memory decode is

within the low 1M of memory space. -MEMR is active on all

memory read cycles. -MEMR may be driven by any

microprocessor or DMA controller in the system. -SMEMR is

derived from -MEMR and the decode of the low 1M of memory. . __
When a microprocessor on the I/O channel wishes to drive

-MEMR, it must have the address lines valid on the bus for one

clock cycle before driving -MEMR active. Both signals are active

low.

-SMEMW (0O) -MEMW (1/0)

These signals instruct the memory devices to store the data
present on the data bus. -SMEMW is active only when the
memory decode is within the low 1M of the memory space.
-MEMW is active on all memory write cycles. -MEMW may be
driven by any microprocessor or-DMA controller in the system.
-SMEMW is derived from -MEMW and the decode of the low
1M of memory. When a microprocessor on the I/O channel
wishes to drive -MEMW, it must have the address lines valid on
the bus for one clock cycle before driving -MEMW active. Both
signals are active low.

DRQO0-DRQ3 and DRQ5-DRQ7 (I)

The 'DMA request' signals O through 3 and 5 through 7 are
asynchronous channel requests used by peripheral devices and a
microprocessor to gain DMA service (or control of the system),
They are prioritized, with DRQO having the highest priority and
DRQ7 the lowest. A request is generated by bringing a DRQ line
to an active (high) level. A DRQ line is held high until the
corresponding 'DMA acknowledge' (DACK) line goes active.
DRQO through DRQ3 perform 8-bit DMA transfers; DRQS5
through DRQ7 perform 16-bit transfers. DRQ4 is used on the
system board and is not available on the I/O channel.
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-DACKO to -DACKS3 and -DACKS to -DACK7 (O)

-DMA acknowledge 0 through 3 and 5 through 7 are used to
acknowledge DMA requests. These signals are active low.

[72]
m
o
4
o
2
-

AEN (0)

The 'address enable' signal is used to degate the microprocessor
and other devices from the I/O channel to allow DMA transfers
to take place. When this line is active, the DMA controller has
control of the address bus, the data bus, Read command lines
(memory and I/0), and the Write command lines (memory and
I/0). This signal is active high.

-REFRESH (I/0)

This signal is used to indicate a refresh cycle and can be driven by
a microprocessor on the I/0 channel. This signal is active low.
T/C (0)

The 'terminal count' signal provides a high pulse when the
terminal count for any DMA channel is reached.

-SBHE (1/0)

The 'system bus high enable' signal indicates a transfer of data
on the upper byte of the data bus, SD8 through SD15.

Sixteen-bit devices use -SBHE to condition data bus buffers tied
to SD8 through SD15. This signal is active low.
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-MASTER (I)

This signal is used with a DRQ line to gain control of the system.
A processor or DMA controller on the I/0O channel may issue a
DRQ to a DMA channel in cascade mode and receive a -DACK.
Upon receiving the -DACK, a microprocessor may pull
-MASTER active (low), which will allow it to control the system
address, data, and control lines (a condition known as tri-state).
After -MASTER is low, the microprocessor must wait one clock
cycle before driving the address and data lines, and two clock
cycles before issuing a Read or Write command. If this signal is
held low for more than 15 microseconds, the system memory may
be lost because of a lack of refresh.

-MEM CS16 (D)

The '-memory 16-bit chip select' signal indicates to the system
that the present data transfer is a 1 wait-state, 16-bit, memory
cycle. It must be derived from the decode of LA17 through
LA23. -MEM CS16 is active low and should be driven with an
open collector or tri-state driver capable of sinking 20 mA.

-1/0 CS16 ()

The '-I/0 16-bit chip select' signal indicates to the system that
the present data transfer is a 16-bit, 1 wait-state, I/O cycle. It is
derived from an address decode. -I/O CS16 is active low and
should be driven with an open collector or tri-state driver capable
of sinking 20 mA.

14.318MHz OSC (0)
The '14.318MHz oscillator' signal is a high-speed clock with a

70-nanosecond period (14.31818 MHz). This signal is not
synchronous with the system clock. It has a 50% duty cycle.
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0WS ()

The 'zero wait state' signal tells the microprocessor that it can
complete the present bus cycle without inserting any additional
wait cycles. In order to run a memory cycle to a 16-bit device
without wait cycles, OWS is derived from an address decode gated
with a Read or Write command. OWS is active low and should be
driven with an open collector or tri-state driver capable of sinking
20 mA.
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I/0 Addresses

The following describes the system board’s I/0O addresses.

Hex Range Device

000-01F DMA Controller 1, 8237A-5

020-03F Interrupt Controller 1, 8259A, Master
040-05F Timer, 8254-2

060 8042 {Keyboard)

061 System Board 1/0 port

064 8042 (Keyboard)

070-07F Real-Time Clock, NMI (Non-maskable Interrupt) Mask
080-09F DMA Page Register , 74L5612

0AO-0BF Interrupt Controller 2, 8259A

0C0-0DF DMA Controller 2, 8237A-5

OF0 Clear Math Coprocessor Busy

OF1 Reset Math Coprocessor

OF8~0FF Math Coprocessor

1FO-1F8 Fixed Disk

20C-20D Reserved

21F Voice Communications Adapter

278-27F Parallel Printer Port 2

2B0-2DF Alternate Enhanced Graphics Adapter

2E1 GP1B (Adapter 0)

2E2 & 2E3 | Data Acquisition (Adapter 0)

2F8-2FF Serial Port 2

300-31F Prototype Adapter

360-363 PC Network (low address)

364-367 Reserved

368-36B PC Network (high address)

36C-36F Reserved

378-37F Parallel Printer Port 1

380-38F SDLC, Bisynchronous 2

3A0-3AF Bisynchronous 1

3B0-3BF Monochrome Display and Printer Adapter
3C0-3CF Enhanced Graphics Adapter

3D0-3DF Color/Graphics Monitor Adapter

3F0-3F7 Diskette Controller

3F8-3FF Serial Port 1

6E2 & 6E3 | Data Acquisition (Adapter 1)

AE2 & AE3 | Data Acquisition (Adapter 2)

EE2 5 EE3 | Data Acquisition (Adapter 3)

22E1 GPIB gAdapter 1)

L2E1 GPIB (Adapter 2)

62E1 GPIB 2Adapter 3)

82E1 GPIB (Adapter &)

A2E1 GPIB (Adapter 5)

C2E1 GPIB (Adapter 6)

E2E1 GP1B (Adapter 7)

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. The system board decodes up to 10 bits of 1/0
address information. 1/0 addresses above 3FF must not
conflict with the system board |/0 addresses.

1/0 Address Map
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NMI Controls

During POST, the non-maskable interrupt (NMI) into the 80286
is masked off. The mask bit can be set and reset with system
programs as follows:

w
m
o
o
o
=

Mask On (Disable NMI)  Write to I/O address hex 070, with
data bit 7 equal to a logical 1.

Mask Off (Enable NMI) Write to I/O address hex 070, with
data bit 7 equal to a logical 0.

Note: At the end of POST, the system enables NMI.

The '-I/O channel check' signal (-I/O CH CK) is used to report
noncorrectable errors on RAM adapters on the I/0 channel.
This check creates an NMI if the NMI is enabled. During POST,
the NMI is masked off and -I/O CH CK is disabled. Follow
these steps when enabling -1/0O CH CK and the NMI.

1. Write data in all I/O RAM-adapter memory locations; this
establishes good parity at all locations.

2. Enable -I/0 CH CK.
3. Enable the NMI.

Note: All three of these functions are performed by
POST.

When a check occurs, an interrupt (NMI) results. Read the status
bits to determine the source of the NMI (see the figure, ""I/O
Address Map" on page 1-38). To determine the location of the
failing adapter, write to any memory location within a given
adapter. If the parity check was from that adapter, -I/O CH CK
is reset to inactive.
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I/0 Port (Read/Write)

Address hex 061 is a read/write port on the system board.

Input (Read)

The following are the input (read) bit descriptions for this I/O

port.
Bit 7

Bit 6

Bit5

Bit 4

Bits3to 0

+RAM Parity Check—System board memory parity
check.

0
1

No memory parity check error has occurred.
A memory parity check error has occurred.

A non-maskable interrupt (NMI) will occur if
NMI is enabled. The error bit can be reset by
toggling output port hex 061, bit 2, to a 1 and then
back to a 0.

+1/0 Channel Check—Error on an I/O channel
adapter (memory parity error or adapter errors).

0
1

No I/0 channel error has occurred.
An I/0 channel error has occurred.

A non-maskable interrupt (NMI) will occur if
NMI is enabled. The error bit can be reset by
toggling output port hex 061, bit 3, to a 1 and then
back to a 0.

Timer 2 Channel Out—Reflects the level of the Timer
2 output.

Refresh Detect—Toggles every 15 microseconds,
indicating normal Refresh activity

Read the status of bits 3,2, 1, and 0, respectively,
written to output port hex 061.
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Output (Write)

The following are the output (write) bit descriptions for the
system board I/O port.

Bits 7 to 4 Not used

Bit 3

Bit 2

Bit 1

Bit 0

w
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-Enable I/0O Channel Check

0 Enables I/O Channel Check errors.

1 Disables I/O Channel Check errors.

During power-up this bit is toggled to a 1, then
back to a 0, to clear the I/O channel check
flip-flop of previous errors.

-Enable System Board RAM Parity Check

0 Enables system board RAM parity check.

1 Disables system board RAM parity check.
During power-up this bit is toggled to a 1, then
back to a 0, to clear the RAM parity check
flip-flop before BIOS checks the system memory

for parity errors.

+Speaker Data—Controls the speaker output (along
with Timer 2 Clock output).

+Timer 2 Gate Speaker
0 Disables 8254 Timer 2 clock input (1.19 MHz).

1 Enables 8254 Timer 2 clock input (1.19 MHz).

System Board 1-41



Diagnostic-Checkpoint Port

I/0 address hex 080 is used as a diagnostic-checkpoint port or
register. This port corresponds to a read/write register in the
DMA page register (741.S612). This port is used by POST during
power up.

Coprocessor Controls
The following is a description of the Math Coprocessor controls.

OF0 An 8-bit Out command to port FO will clear the latched
Math Coprocessor '-busy' signal. The '-busy' signal will
be latched if the coprocessor asserts its '-error' signal while
it is busy. The data output should be zero.

OF1 An 8-bit Out command to port F1 will reset the Math
Coprocessor. The data output should be zero.
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Other Circuits

L NOILD3S

Speaker

The system unit has a 2-1/4 inch permanent-magnet speaker,
which can be driven from:

» The I/O-port output bit
o The timer/counter’s CLK OUT 2
¢ Both of the above

128K RAM Jumper (J10)

The system board has a three-pin, Berg-strip connector (J10).
From the rear of the system to the front, the pins are numbered 1
through 3. Jumper placement across these pins determines
whether the last 128K RAM (512KB to 640KB) of system board
memory is enabled or disabled.

Pin Assignments

1 No Connection
2 Ground
3 RAM Select

RAM Jumper Connector (J10)

With the jumper on pins 1 and 2, the 128K RAM is enabled.
When the jumper is on pins 2 and 3, the 128K RAM is disabled.

Note: The normal mode is the enabled mode.
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Display Switch

Set the slide switch on the system board to select the primary
display adapter. Its positions are assigned as follows:

On (toward the front of the system unit): The primary display
is attached to the Color/Graphics Monitor Adapter.

Off (toward the rear of the system unit): The primary display
is attached to the Monochrome Display and Printer Adapter.

The switch may be set to either position if the primary display is
attached to an Enhanced Graphics Adapter.

Note: The primary display is activated when the system
is powered on.

Keyboard Controller

The keyboard controller is a single-chip microcomputer (Intel
8042, or EPROM version 8742) that is programmed to support
the keyboard serial interface. The keyboard controller receives
serial data from the keyboard, checks the parity of the data,
translates scan codes, and presents the data to the system as a
byte of data in its output buffer. The controller can interrupt the
system when data is placed in its output buffer, or wait for the
system to poll its status register to determine when data is
available.

Data is sent to the keyboard by first polling the controller’s status
register to determine when the input buffer is ready to accept data
and then writing to the input buffer. Each byte of data is sent to
the keyboard serially with an odd parity bit automatically
inserted. Since the keyboard is required to acknowledge all data
transmissions, another byte of data should not be sent to the
keyboard until acknowledgement is received for the previous byte
sent. The output-buffer-full interrupt may be used for both send
and receive routines.
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Keyboard Controller Initialization

At power-on, the keyboard controller sets the system flag bit to 0.
After a power-on reset or the execution of the Self Test
command, the keyboard controller disables the keyboard interface
by forcing the 'keyboard clock' line low. The keyboard interface
parameters are specified at this time by writing to locations within
the 8042 RAM. The keyboard-inhibit function is then disabled
by setting the inhibit-override bit in the command byte. A hex 55
is then placed in the output buffer if no errors are detected during
the self test. Any value other than hex 55 indicates that the 8042
is defective. The keyboard interface is now enabled by lifting the
'keyboard data' and 'keyboard clock' signal lines, and the system
flag is set to 1. The keyboard controller is then ready to accept
commands from the system unit microprocessor or receive
keyboard data.

The initialization sequence causes the keyboard to establish Mode
2 protocol (see ‘“Data Stream” on page 4-27).

Receiving Data from the Keyboard

The keyboard sends data in a serial format using an 11-bit frame.

The first bit is a start bit, and is followed by eight data bits, an
odd parity bit, and a stop bit. Data sent is synchronized by a

clock supplied by the keyboard. At the end of a transmission, the

keyboard controller disables the interface until the system accepts
the byte. If the byte of data is received with a parity error, a
Resend command is automatically sent to the keyboard. If the
keyboard controller is unable to receive the data correctly after a
set number of retries, a hex FF is placed in its output buffer, and
the parity bit in the status register is set to 1, indicating a receive
parity error. The keyboard controller will also time a byte of data
from the keyboard. If a keyboard transmission does not end
within 2 milliseconds, a hex FF is placed in the keyboard
controller’s output buffer, and the receive time-out bit in the
status register is set. No retries will be attempted on a receive
time-out error.

Note: When a receive error occurs in the default mode

(bits 5, 6, and 7 of the command byte set to 0), hex 00 is
placed in the output buffer instead of hex FF. See
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“Commands (I/O Address Hex 64)” on page 1-56 for a
detailed description of the command byte.

Scan Code Translation

Scan codes received from the keyboard are converted by the
keyboard controller before being placed into the controller’s
output buffer. The following figures show the keyboard layouts.
Each key position is numbered for reference.
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101-Key Keyboard
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102-Key Keyboard
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The following figure is the scan-code translation table.

System Keyboard Key

Scan Code Scan Code (101/102-key)
01 76 110
02 16 2
03 1E 3
o4 26 4
05 25 5
06 2E 6
07 36 7
08 3D 8
09 3E 9
0A Lé 10
08 ks 1
0C LE 12
0D 55 13
OE 66 15
OF 0D 16
10 15 17
11 1D 18
12 24 19
13 2D 20
14 2C 21
15 35 22
16 3C 23
17 43 24
18 Ly 25
19 4D 26
1A 54 27
1B 5B 28
1C 5A 43
1D 14 58
1E 1C 31
1F 1B 32
20 23 33
21 2B 34
22 34 35
23 33 36
24 3B 37
25 Y] 38
26 4B 39
27 4 4o
28 52 i
29 OE 1
2A 12 Ly
28 5D 29 (U.s. only)

42 (except U.S.)

2C 1A ke
2D 22 47
2E 21 48
2F 2A 49

Scan-Code Translation Table (Part 1 of 3)
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System Keyboard Key
Scan Code Scan Code (101/102-key)
30 32 50
3 31 51
32 A 52
3 1 53
3 k9 5
35 LA 55
36 59 57
38 11 60
39 29 61
3A 58 30
38 05 112
3C 06 113
3D 04 114
3E oc 115
3F 03 116
ho 0B 117
I 83 118
'Y} 0A 119
L3 01 120
Ly 09 121
g 77 90
Le 7E 125
47 6C 91
48 75 96
ko 7D 101
La 78 105
1] 68 92
4e 73 97
Lp 7h 102
Le 79 106
bF 69 93
50 72 98
51 7A 103
52 70 99
5 7 104
5 7F or 84 -
56 61 45 (except U.S.)
57 78 122
58 07 123
FF 00 -
EO 2A EO 37 EO0 12 EO 7C 124
EO0 1C E0 5A 108
EO 1D EO 14 64
EO 35 EO 4A 95
EO 37 7C 100
EO0 38 EO 11 62
EO 47 EO 6C 80

Scan-Code Translation Table (Part 2 of 3)
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System Keyboard Key ©
Scan Code Scan Code (101/102-key) 3]
EO 48 FO 47 75 83 =
EO 49 FO 47 70 85 -
EO 4B FO 47 6B 79
EO 4D FO 47 74 89
E0 UF FO 47 69 81
EO 50 FO 47 72 84
EO 51 FO 47 7A 86
EO0 52 FO 47 70 75
EO 53 FO 47 71 76
E1 1D 45 E1 9D C5 E1 14 77 E1 126
FOo 14 FO 77

Scan-Code Translation Table (Part 3 of 3)
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The following scan codes are reserved.

Keyboard System

Key Scan Code Scan Code
Reserved 60 55
Reserved 61 56
Reserved 78 57
Seserved 07 58

eserved OF 59 /
Reserved 17 SA ~
Reserved 1F 5B
Reserved 27 5C
Reserved 2F 5D
Reserved 37 SE
Reserved 3F SF
Reserved 47 60
Reserved 4F 61
Reserved cé 62
Reserved 5E 63
Reserved 08 64
Reserved 10 65
Reserved 18 66
Reserved 20 67
Reserved 28 68
Reserved 30 69
Reserved 38 6A
Reserved 40 6B
Reserved 48 6C
Reserved 50 6D
Reserved 57 6E
Reserved 6F 6F
Reserved 13 70 .
Reserved 19 71 ~
Reserved 39 72
Reserved 51 73
Reserved 53 74
Reserved 5C 75
Reserved 5F 76
Reserved 62 77
Reserved 63 78
Reserved 64 79
Reserved 65 7A
Reserved 67 78
Reserved 68 7C
Reserved 6A 70
Reserved 6D 7E
Reserved 6E 7F

Reserved Scan-Code Translation Table

1-52 System Board



Sending Data to the Keyboard

The keyboard sends data in the same serial format used to receive
data from the keyboard. A parity bit is automatically inserted by
the keyboard controller. If the keyboard does not start clocking
the data from the keyboard controller within 15 milliseconds, or
complete that clocking within 2 milliseconds, a hex FE is placed
in the keyboard controller’s output buffer, and the transmit
time-out error bit is set in the status register.

(A'DINMERY

The keyboard is required to respond to all transmissions. The
keyboard responds to any valid command and parameter, other
than Echo and Resend, with an Acknowledge (ACK) response,
hex FA. If the response contains a parity error, the keyboard
controller places a hex FE in its output buffer, and the transmit
time-out and parity error bits are set in the status register. The
keyboard controller is programmed to set a 25-millisecond time
limit for the keyboard to respond. If this time limit is exceeded,
the keyboard controller places a hex FE in its output buffer and
sets the transmit time-out and receive time-out error bits in the
status register. No retries are attempted by the keyboard
controller for any transmission error.

Keyboard Controller System Interface

The keyboard controller communicates with the system through a
status register, an output buffer, and an input buffer. The
following figure is a block diagram of the keyboard interface.
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Keyboard Controller Interface Block Diagram

Status Register

The status register is an 8-bit read-only register at I/O address
hex 64. It has information about the state of the keyboard
controller (8042) and interface. It may be read at any time.

Status-Register Bit Definition

Bit 7 Parity Error—A 0 indicates the last byte of data received
from the keyboard had odd parity. A 1 indicates the last
byte had even parity. The keyboard should send data with
odd parity.

Bit 6 Receive Time-Out—A 1 indicates that a transmission was
started by the keyboard but did not finish within the
programmed receive time-out delay.

Bit 5 Transmit Time-Out—A 1 indicates that a transmission
started by the keyboard controller was not properly
completed. If the transmit byte was not clocked out within
the specified time limit, this will be the only error bit on.
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Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

If the transmit byte was clocked out but a response was
not received within the programmed time limit, the
transmit time-out and receive time-out error bits are set to
1. If the transmit byte was clocked out but the response
was received with a parity error, the transmit time-out and
parity error bits are set to 1.

L NOILI3S

Always set to 1.

Command/Data—The keyboard controller’s input buffer
may be addressed as either I/O address hex 60 or 64.
Address hex 60 is defined as the data port, and address hex
64 is defined as the command port. Writing to address hex
64 sets this bit to 1; writing to address hex 60 sets this bit
to 0. The controller uses this bit to determine if the byte in
its input buffer should be interpreted as a command byte
or a data byte.

System Flag—This bit is monitored by the system during
the reset routine. If it is a 0, the reset was caused by a
power on. The controller sets this bit to 0 at power on and
it is set to 1 after a successful self test. This bit can be
changed by writing to the system flag bit in the command
byte (hex 64).

Input Buffer Full—A 0 indicates that the keyboard
controller’s input buffer (I/O address hex 60 or 64) is
empty. A 1 indicates that data has been written into the
buffer but the controller has not read the data. When the
controller reads the input buffer, this bit will return to 0.

Output Buffer Full—A 0 indicates that the keyboard
controller’s output buffer has no data. A 1 indicates that
the controller has placed data into its output buffer but the
system has not yet read the data. When the system reads
the output buffer (I/O address hex 60), this bit will return
toa0.
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Output Buffer

The output buffer is an 8-bit read-only register at I/O address
hex 60. The keyboard controller uses the output buffer to send
scan codes received from the keyboard, and data bytes requested
by command, to the system. The output buffer should be read
only when the output-buffer-full bit in the status register is 1.

Input Buffer

The input buffer is an 8-bit write-only register at I/O address hex
60 or 64. Writing to address hex 60 sets a flag, which indicates a
data write; writing to address hex 64 sets a flag, indicating a
command write. Data written to I/0O address hex 60 is sent to the
keyboard, unless the keyboard controller is expecting a data byte
following a controller command. Data should be written to the
controller’s input buffer only if the input buffer’s full bit in the
status register is 0. The following are valid keyboard controller
commands.

Commands (I/O Address Hex 64)

20 Read Keyboard Controller’s Command Byte—The
controller sends its current command byte to its output
buffer.

60  Write Keyboard Controller’s Command Byte—The next
byte of data written to I/O address hex 60 is placed in the
controller’s command byte. Bit definitions of the
command byte are as follows:

Bit 7 Reserved—Should be written as a 0.

Bit 6 IBM Personal Computer Compatibility
Mode—Writing a 1 to this bit causes the controller
to convert the scan codes received from the
keyboard to those used by the IBM Personal
Computer. This includes converting a 2-byte break
sequence to the 1-byte IBM Personal Computer
format.
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Bit 5 IBM Personal Computer Mode—Writing a 1 to this
bit programs the keyboard to support the IBM
Personal Computer keyboard interface. In this
mode the controller does not check parity or
convert scan codes.

Bit 4 Disable Keyboard—Writing a 1 to this bit disables
the keyboard interface by driving the 'clock' line
low. Data is not sent or received.

Bit 3 Not used.

Bit 2 System Flag—The value written to this bit is placed
in the system flag bit of the controller’s status
register.

Bit 1 Reserved—Should be written as a 0.

Bit 0 Enable Output-Buffer-Full Interrupt—Writing a 1
to this bit causes the controller to generate an
interrupt when it places data into its output buffer.

Self-Test—This commands the controller to perform
internal diagnostic tests. A hex 55 is placed in the output
buffer if no errors are detected.

Interface Test—This commands the controller to test the
'keyboard clock' and 'keyboard data' lines. The test
result is placed in the output buffer as follows:

00 No error detected.

01 The 'keyboard clock' line is stuck low.
02 The 'keyboard clock' line is stuck high.
03 The 'keyboard data' line is stuck low.
04 The 'keyboard data' line is stuck high,

Disable Keyboard Feature—This command sets bit 4 of
the controller’s command byte. This disables the keyboard
interface by driving the clock line low. Data will not be
sent or received.

Enable Keyboard Interface—This command clears bit 4 of
the command byte, which releases the keyboard interface.
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C0 Read Input Port—This commands the controller to read its
input port and place the data in its output buffer. This
command should be used only if the output buffer is
empty.

D0 Read Output Port—This command causes the controller to
read its output port and place the data in its output buffer.
This command should be issued only if the output buffer is
empty.

D1 Write Output Port—The next byte of data written to I/O
address hex 60 is placed in the controller’s output port.

Note: Bit O of the controller’s output port is
connected to System Reset. This bit should not be
written low as it will reset the microprocessor.

E0 Read Test Inputs—This command causes the controller to
read its TO and T1 inputs. This data is placed in the output
buffer. Data bit O represents TO, and data bit 1 represents
T1.

FO-FF Pulse Output Port—Bits 0 through 3 of the controller’s
output port may be pulsed low for approximately 6
microseconds. Bits O through 3 of this command indicate
which bits are to be pulsed. A 0 indicates that the bit
should be pulsed, and a 1 indicates the bit should not be
modified.

Note: Bit 0 of the controller’s output port is
connected to System Reset. Pulsing this bit resets
the microprocessor.

I/0 Ports

The keyboard controller has two I/O ports, one assigned for
input and the other for output. Two test inputs are used by the
controller to read the state of the keyboard’s 'clock' (T0) and
'data' (T1) lines.

The following figures show bit definitions for the input and output
ports, and the test-inputs.
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Bit
Bit

Bit

Bit
Bit
Bit
Bit
Bit

O~ NW

Always set to 1

Display switch - Primary display attached to:
0 = Color/Graphics adapter
1 = Monochrome adapter

Manufacturing Jumper

0 = Manufacturing jumper installed
1 = Jumper not installed

Always set to 1

Reserved

Reserved

Reserved

Reserved

w
m
(]
v}
o
=
—

Input-Port Bit Definitions

Bit
Bit
Bit
Bit
Bit
Bit
Bit
Bit

O = Nw 1oV

Keyboard data {output)
Keyboard clock (output)
Input buffer empty
Output buffer full
Reserved

Reserved

Gate A20

System reset

Output-Port Bit Definitions

Note:

In the real address mode Gate A20 prevents

address line A20 from being set, maintaining compatibility
with the 8088 microprocessor. When in the protected
(virtual address) mode, Gate A20 allows addressing above
the 1M range.

T1
TO

Keyboard data (input)
Keyboard clock (input)

Test-Input Bit Definitions

Real-Time Clock CMOS RAM Information

The RTC (Real-time Clock) CMOS RAM chip (Motorola
MC146818A) contains the real-time clock and 64 bytes of
CMOS RAM. The internal clock circuitry uses 14 bytes of this
RAM, and the rest is allocated to configuration information. The
following figure shows the CMOS RAM addresses.
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Addresses Description

00 - 0D * Real-time clock information
3 * Diagnostic status byte
OF * Shutdown status byte
10 Diskette drive type byte - drives A and B
" Reserved
12 Fixed disk types byte - drives C and D
} Eeserved b
quipment byte \ ,
15 Low base memory byte ~
16 High base memory byte
17 Low expansion memory byte
18 High expansion memory byte
19 Disk C extended byte
1A Disk D extended byte

18 - 2D Reserved
2E - 2F 2-byte CMOS checksum

30 * Low expansion memory byte
31 * High expansion memory byte
32 * Date century byte

33 * |nformation flags (set during power on)
34 - 3F Reserved

CMOS RAM Internal Address Map

* These bytes are not included in the checksum calculation and
are not part of the configuration record.

Real-Time Clock Information ~—

The following figure describes real-time clock bytes and specifies
their addresses.

Byte Function Address

0 Seconds 00

1 Second Alarm 01

2 Minutes 02

z Minute Alarm 03
Hours 04

5 Hour Alarm 05

6 Day of Week 06

7 Date of Month 07

8 Month 08

9 Year 09

10 Status Register A 0A

1 Status Register B 08

12 gtatus Register g gg

13 tatus Register ~_

Real-Time Clock Internal Addresses 00 - OD
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Note: The setup program initializes registers A, B, C,
and D when the time and date are set. Also Interrupt 1A
is the BIOS interface to read/set the time and date. It
initializes the status bytes the same as the Setup program.

(%}
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Status Register A
N
Bit 7 Update in Progress (UIP)—A 1 indicates the time
update cycle is in progress. A 0 indicates the
current date and time are available to read.
Bit 6-Bit4  22-Stage Divider (DV2 through DV0)—These

Bit 3—Bit 0

three divider-selection bits identify which
time-base frequency is being used. The system
initializes the stage divider to 010, which selects a
32.768-kHz time base.

Rate Selection Bits (RS3 through RS0)—These
bits allow the selection of a divider output
frequency. The system initializes the rate selection
bits to 0110, which selects a 1.024-kHz square
wave output frequency and a
976.562-microsecond periodic interrupt rate.

Status Register B

Bit 7

Bit 6

Set—A 0 updates the cycle normally by advancing
the counts at one-per-second. A 1 aborts any
update cycle in progress and the program can
initialize the 14 time-bytes without any further
updates occurring until a 0 is written to this bit.

Periodic Interrupt Enable (PIE)—This bit is a
read/write bit that allows an interrupt to occur at
a rate specified by the rate and divider bits in
register A. A 1 enables an interrupt, and a 0
disables it. The system initializes this bit to 0.

Alarm Interrupt Enable (AIE)—A 1 enables the

alarm interrupt, and a 0 disables it. The system
initializes this bit to 0.
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Bit 4 Update-Ended Interrupt Enabled (UIE)—A 1
enables the update-ended interrupt, and a 0
disables it. The system initializes this bit to 0.

Bit3 Square Wave Enabled (SQWE)—A 1 enables the
the square-wave frequency as set by the rate
selection bits in register A, and a 0 disables the
square wave. The system initializes this bit to 0.  ~—

Bit 2 Date Mode (DM)—This bit indicates whether the
time and date calendar updates are to use binary or
binary coded decimal (BCD) formats. A 1
indicates binary, and a 0 indicates BCD. The
system initializes this bit to 0.

Bit 1 24/12—This bit indicates whether the hours byte
is in the 24-hour or 12-hour mode. A 1 indicates
the 24-hour mode and a O indicates the 12-hour
mode. The system initializes this bit to 1.

Bit 0 Daylight Savings Enabled (DSE)—A 1 enables
daylight savings and a 0 disables daylight savings
(standard time). The system initializes this bit
to 0. —

Status Register C

Bit 7-Bit4  IRQF, PF, AF, UF—These flag bits are read-only
and are affected when the AIE, PIE, and UIE bits
in register B are set to 1.

Bit 3-Bit 0 Reserved—Should be written as a 0.

Status Register D

Bit 7 Valid RAM Bit (VRB)—This bit is read-only and
indicates the status of the power-sense pin
(battery level). A 1 indicates battery power to the
real-time clock is good. A O indicates the battery
is dead, so RAM is not valid.

N’
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Bits 6-Bit 0 Reserved—Should be written as a 0.

CMOS RAM Configuration Information

The following lists show bit definitions for the CMOS

L NOILD3S

configuration bytes (addresses hex OE — 3F).

Diagnostic Status Byte (Hex OE)

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Power status of the real-time clock chip—A 0
indicates that the chip has not lost power (battery
good), and a 1 indicates that the chip lost power
(battery bad).

Configuration Record (Checksum Status
Indicator)—A 0 indicates that checksum is good,
and a 1 indicates it is bad.

Incorrect Configuration Information—This is a
check, at power-on time, of the equipment byte of
the configuration record. A O indicates that the
configuration information is valid, and a 1
indicates it is invalid. Power-on checks require:

o At least one diskette drive to be installed (bit 0
of the equipment byte set to 1).

o The primary display adapter setting in
configuration matches the system board’s
display switch setting and the actual display
adapter hardware in the system.

Memory Size Comparison—A 0 indicates that the
power-on check determined the same memory size
as in the configuration record, and a 1 indicates
the memory size is different.

Fixed Disk Adapter/Drive C Initialization
Status—A 0 indicates that the adapter and drive
are functioning properly and the system can
attempt "'boot up." A 1 indicates that the adapter
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and/or drive C failed initialization, which prevents
the system from attempting to "boot up."

Bit 2 Time Status Indicator (POST validity check)— A
0 indicates that the time is valid, and a 1 indicates
that it is invalid.

Bit 1-Bit 0 Reserved

Shutdown Status Byte (Hex OF)

The bits in this byte are defined by the power on diagnostics. For
more information about this byte, refer to ''System BIOS".

Diskette Drive Type Byte (Hex 10)

Bit 7-Bit 4

Bit 3-Bit 0

Type of first diskette drive installed:

0000 No drive is present.

0001 Double Sided Diskette Drive (48 TPI).
0010 High Capacity Diskette Drive (96 TPI).
0011 720KB Diskette Drive (3.5 inch).

Note: 0100 through 1111 are reserved.
Type of second diskette drive installed:
0000 No drive is present.
0001 Double Sided Diskette Drive (48 TPI).
0010 High Capacity Diskette Drive (96 TPI).
0011 720KB Diskette Drive (3.5 inch).

Note: 0100 through 1111 are reserved.

Hex address 11 contains a reserved byte.

Fixed Disk Type Byte (Hex 12)
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Bit 7-Bit4  Defines the type of fixed disk drive installed (drive
C):

0000 No fixed disk drive is present.

0001 Define type 1 through type 14 as shown
to in the following table (also see BIOS

1110 listing at label FD_TBL)

1111 Type 16 through 255. See “Drive C
Extended Byte (Hex 19)” on page 1-68.

Bit 3-Bit 0  Defines the type of second fixed disk drive
installed (drive D):

0000 No fixed disk drive is present.

0001 Define type 1 through type 14 as shown
to in the following table (also see BIOS

1110 listing at label FD_TBL)

1111 Type 16 through 255. See “Drive D
Extended Byte (Hex 1A)” on page 1-68.

The following table shows the BIOS fixed disk parameters.

Write Landing
Type | Cylinders | Heads | Precomp Zone
1 306 4 128 305
2 615 4 300 615
3 615 6 300 615
4 940 8 512 940
5 940 6 512 940
6 615 4 None 615
7 462 8 256 5N
8 733 5 None 733
9 900 15 None 901
10 820 3 None 820
1 855 5 None 855
12 855 7 None 855
13 306 8 128 319
14 733 7 None 733

15 Extended Parameters (hex 19 and 1A)

BIOS Fixed Disk Parameters
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Hex address 13 contains a reserved byte.

Equipment Byte (Hex 14)

Bit 7-Bit 6

Bit 5-Bit 4

Bit 3—-Bit 2
Bit 1

Bit 0

Indicates the number of diskette drives installed:

00 1 drive
01 2 drives
10 Reserved
11 Reserved

Primary display

00 Primary display is attached to an adapter that
has its own BIOS, such as the Enhanced
Graphics Adapter

01 Primary display is in the 40-column mode and
attached to the Color/Graphics Monitor
Adapter.

10 Primary display is in the 80-column mode and
attached to the Color/Graphics Monitor
Adapter.

11 Primary display is attached to the
Monochrome Display and Printer Adapter.

Not used.
Math Coprocessor presence bit:

0 Math Coprocessor not installed
1 Math Coprocessor installed

Diskette drive presence bit:

0 Diskette drive not installed
1 Diskette drive installed
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Note: The equipment byte defines basic equipment in the
system for power-on diagnostics.
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Low and High Base Memory Bytes (Hex 15 and 16)

Bit 7-Bit 0  Address hex 15—Low-byte base size
Bit 7-Bit 0  Address hex 16—High-byte base size
Valid Sizes:
0200H 512K-system board RAM
0280H 640K-system board RAM.
Low and High Expansion Memory Bytes (Hex 17 and 18)
Bit 7-Bit 0  Address hex 17—Low-byte expansion size
Bit 7-Bit 0  Address hex 18—High-byte expansion size
Valid Sizes:
0200H 512K-Expansion Memory
0400H 1024K-Expansion Memory
0600H 1536K—Expansion Memory
through

3CO00H 15360K-Expansion Memory (15M
maximum).
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Drive C Extended Byte (Hex 19)

Bit 7-Bit 0

00010000 to 11111111 define type 16 through
255 as shown in the following table (see BIOS
listing at label FD_TBL.).

Drive D Extended Byte (Hex 1A)

Bit 7-Bit 0

The following table shows the BIOS fixed disk parameters for

installed (drive D):

00000000 through 00001111 are reserved.

00010000 to 11111111 define type 16 through
255 as shown in the following table (see BIOS
listing at label FD_TBL).

fixed disk drive types 16 through 24.

Defines the type of first fixed disk drive installed
(drive C):

00000000 through 00001111 are reserved.

Defines the type of second fixed disk drive

Note: Types 25 through 255 are reserved.
Write Landing

Type | Cylinders | Heads Precomp Zone
16 612 4 A1l Cylinders 663
17 977 5 00 977
18 977 7 None 977
19 1024 7 512 1023
20 733 5 300 732
21 733 7 300 732
22 733 5 300 733
23 306 4 None 336
24 612 4 305 663
25 Reserved

255 Resérved

BIOS Fixed Disk Parameters (Extended)
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Hex addresses 1B through 2D are reserved.

L NOILI3S

Checksum (Hex 2E and 2F)
Bit 7-Bit 0  Address hex 2E—High byte of checksum
Bit 7-Bit 0  Address hex 2F—Low byte of checksum

Note: Checksum is calculated on addresses hex 10-2D.

Low and High Expansion Memory Bytes (Hex 30 and 31)

Bit 7-Bit 0  Address hex 30—Low-byte expansion size

Bit 7-Bit 0  Address hex 31—High-byte expansion size
Valid Sizes:

0200H 512K-Expansion Memory

0400H 1024K-Expansion Memory

0600H 1536K-Expansion Memory

through

3CO00H 15360K-Expansion Memory (15M
maximum).

Note: These bytes reflect the total expansion memory
above the 1M address space as determined at power-on
time. This expansion memory size can be determined
through system interrupt 15 (see the BIOS listing). The
base memory at power-on time is determined through the
system memory-size-determine interrupt (hex 12).

Date Century Byte (Hex 32)

Bit 7-Bit 0 BCD value for the century (BIOS interface to read
and set).
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Information Flag (Hex 33)

Bit 7 When set, this bit indicates that the top 128K of
base memory is installed.

Bit 6 This bit is set to instruct the Setup utility to put
out a first user message after initial setup.

Bit 5-Bit 0 Reserved

Hex addresses 34 through 3F are reserved.

I/0 Operations
Writing to RTC CMOS RAM involves two steps:

1. OUT to port hex 70 with the internal CMOS address. Bits
DO - D5 contain the required address.

Note: Bits D6 and D7 do not go to RTC CMOS
RAM. D6 is a "don’t care" bit. D7 is the value of the
NMI mask: writing a 1 to D7 disables NMI; writing a
0 to D7 enables NMI.

2. OUT to port hex 71 with the data to be written.
Reading CMOS RAM also requires two steps:

1. OUT to port hex 70 with the internal CMOS address. Bits
DO - DS contain the required address.

Note: Bits D6 and D7 do not go to RTC CMOS
RAM. D6 is a "don’t care" bit. D7 is the value of the
NMI mask: writing a 1 to D7 disables NMI; writing a
0 to D7 enables NMI.

2. IN from port hex 71, and the data read is returned in the AL
register.
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Note: Execute the steps in the order shown to ensure
acknowledgement of the MC146818A Standby lead during
system power-downs.
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Specifications
System Unit

Size

« Length: 500 millimeters (19.6 inches)
« Depth: 410 millimeters (16.1 inches)
o Height: 142 millimeters (5.5 inches)

Weight
« 12.7 kilograms (28 pounds)

Power Cables

o 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)

o Humidity

— System On: 8% to 80%
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— System Off: 20% to 80%
o Altitude
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— Maximum altitude: 2545.1 meters (8350 feet)

Heat Output
¢ 824 British Thermal Units (BTU) per hour

Noise Level
o Operating (without display or printer) - 46 decibels (dba)
maximum noise level.
Electrical
« Range 1 (57-63 Hz)
— Nominal: 115 Vac
— Minimum: 90 Vac
— Maximum: 137 Vac
+ Range 2 (47-53 Hz)
— Nominal: 230 Vac
— Minimum: 180 Vac
— Maximum: 265 Vac
« Lithium Battery
- 6.0Vdc
— 1 Ampere/Hour Capacity
— UL Approved.
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Connectors

The system board has the following additional connectors:

¢ One power supply connector (P1)

« Battery connector (P2)

« Speaker connector (P3)

« Keyboard connector (J9).

The pin assignments for the system board connector (P1) and the
power supply connectors P8 and P9, are as follows. Beginning at

the rear of the system, the pins on the system board connector are
numbered 1 through 12. Power supply connector P8 attaches to

system board connector P1, pins 1 through 6. P9 connects to P1,
pins 7 through 12.

-
3

System Board | Pin | Assignments Power Supply
Connector Connector

Power Good
+5 Vdc
+12 Vde P8
-12 Vdc
Ground
Ground

P1

O EWN —

Ground
Ground
-5 Vdc P9
+5 Vdc
+5 Vde
+5 Vde

N — OW o~ OV EWN =

——
VTSN —

Systerl; Board Connector (P1) to Power Supply Connectors (P8
and P9
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The battery connector, P2, is a four-pin, keyed, Berg strip. The

w
pins are numbered 1 through 4 from the rear of the system. The 5
pin assignments are: =
=
Pin Assignments
1 +6 Vdc
2 Key
a Ground
Ground
Battery Connector (P2)

The speaker connector, P3, is a four-pin, keyed, Berg strip. The
pins are numbered 1 through 4 from the rear of the system. The
pin assignments are:

Pin Function
1 Data out
2 Key
3 Ground
4 +5 Vde

Speaker Connector (P3)

The keyboard connector, J9, is a five-pin, 90-degree Printed
Circuit Board (PCB) mounting, DIN connector. For pin
numbering, see the “Keyboard” Section. The pin assignments
are:

Pin Assignments

Keyboard Clock
Keyboard Data
Reserved
Ground

+5 Vdc

VI EWN =

Keyboard Connector (J9)
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The following figure shows the layout of the system board.

Rear Panel Memory Module Packages

=R
= Ll_=J_ EF‘IL_Q_T m/]/ onnector

1 M 1 Power Supply
{ H— V’Er Connector

128KB
Memory

L f
— ; — Display Switch

T
I
I
11

il
11

80286 80287
Processor Math Co-Processor
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SECTION 2. COPROCESSOR

Description ...........cc0iiiiiiiiiiniinnnenns
Programming Interface ..........................
Hardware Interface ................ccovvuevnnn,

Coprocessor
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Description

The Math Coprocessor (80287) enables the IBM Personal
Computer XT Model 286 to perform high-speed arithmetic,
logarithmic functions, and trigonometric operations.

The 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.

The coprocessor works with seven numeric data types, which are
divided into the following three classes:

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

« Real numbers (3 types).

Programming Interface

The coprocessor offers extended data types, registers, and
instructions to the microprocessor.

The coprocessor has eight 80-bit registers, which provide the
equivalent capacity of forty 16—bit registers. 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 elements are operated on.

Cobrocessor  2-3
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The following figure shows representations of large and small
numbers in each data type.

Significant
igits

Data Type Bits| (Decimal) |Approximate Range (Decimal)

Word Integer 16 4 -32,768 < X < +32,767

Short Integer 32 9 -2x109 € X < +2x109

Long Integer | 64 18 -9x1018 < x < +9x1018

Packed Decimal| 80 18 -9..99 < X £ +9..99 (18 digits)
Short Real * | 32 6-7 8.43x1037 < |X] < 3.37x1038

Long Real * 64 15-16 | 4.19x10-307 < |X| < 1.67x10308
Temporary Real| 80 19 3.4x1074932 < |X| < 1.2x104932
Data Types

* The Short Real and Long Real data types correspond to the
single and double precision data types.

Hardware Interface

The coprocessor uses a 4.77 MHz clock (generated by a 14.318
MHz clock generator divided by three). The coprocessor is wired
so that it functions as an I/O device through I/0 port addresses
hex 00F8, 00FA, and O0OFC. The microprocessor sends OP codes
and operands through these I1/0 ports. The microprocessor also
receives and stores results through the same I/0 ports. 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.

The coprocessor detects six different exception conditions that
can occur during instruction execution. If the appropriate
exception mask within the coprocessor is not set, the coprocessor
sets its error signal. This error signal generates a hardware
interrupt (interrupt 13) and causes the 'busy' signal to the
coprocessor to be held in the busy state. The 'busy' signal may
be cleared by an 8-bit I/O Write command to address hex FO
with DO through D7 equal to 0.

The power-on self-test code in the system ROM enables IRQ 13

and sets up its vector to point to a routine in ROM. The ROM
routine clears the 'busy' signal’s latch and then transfers control
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to the address pointed to by the NMI interrupt vector. This
allows code written for any IBM Personal Computer to work on
an IBM Personal Computer XT Model 286. The NMI interrupt
handler should read the coprocessor’s status to determine if the
NMI was caused by the coprocessor. If the interrupt was not
generated by the coprocessor, control should be passed to the
original NMI interrupt handler.

The coprocessor has two operating modes similar to the two
modes of the microprocessor. When reset by a power-on reset,
system reset, or an I/O write operation to port hex 00F1, the
coprocessor is in the real address mode. This mode is compatible
with the 8087 Math Coprocessor used in other IBM Personal
Computers. The coprocessor can be placed in the protected mode
by executing the SETPM ESC instruction. It can be placed back
in the real mode by an I/0O write operation to port hex 00F1, with
D7 through DO equal to 0.

¢ NOILD3S

The coprocessor instruction extensions to the microprocessor can
be found in Section 6 of this manual.

Detailed information for the internal functions of the Intel 80287
Coprocessor can be found in books listed in the bibliography.
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The system power supply is located inside the system unit and
provides power for the system board, the adapters, the diskette
drives, the fixed disk drive, the keyboard, and the IBM
Monochrome Display.

Inputs

The power supply can operate at 110 Vac, 4.6 A or 220/240

Vac, 2.3 A at frequencies of either 60 +3 Hz or 50 +3 Hz. The
power supply automatically adjusts to input voltages of 110 Vac
or 220 Vac. The following figure shows the input requirements.

Range Voltage (Vac) Current (Amperes)

Minimum 90
115 Vac Maximum 4.6
Maximum 137

Minimum 180
230 Vac Maximum 2.3
Maximum 265

ENO0ILI3S

Input Requirements

Outputs

The power supply provides +5, -5, +12, and -12 Vdc. The
following figure shows the load current and regulation tolerance
for these voltages. The power to the IBM Monochrome Display
display is controlled by the power supply.

Warning: The voltage provided to the monochrome display from
the power supply is the same as the input line voltage to the
power supply. Ensure that the monochrome display is the correct
model for the input line voltage.

Nominal Load Current (A) Regulation
OQutput Minimum Max imum Tolerance
+5 Vde 4.0 20.0 +5% to -4%
-5 Vde 0.0 0.3 +10% to -8%
+12 Vde 1.0 4.2 +5% to -4%
-12 vde 0.0 0.25 +10% to -9%

DC Load Requirements
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DC Output Protection

An overcurrent condition will not damage the power supply.

Output Voltage Sequencing

Under normal conditions, the output voltage levels track within
50 milliseconds of each other when power is applied to, or
removed from the power supply, provided at least minimum
loading is present.

No-Load Operation

No damage or hazardous conditions occur when primary power is
applied with no load on any output level. In such cases, the
power supply may switch off, and a power-on reset will be
required. The power supply requires a minimum load for proper
operation.

Power-Good Signal

The power supply provides a 'power-good' signal to indicate
proper operation of the power supply.

When the supply is switched off for a minimum of one second and
then switched on, the 'power-good' signal is generated, assuming
there are no problems. This signal is a logical AND of the dc
output-voltage sense signal and the ac input-voltage sense signal.
The 'power-good' signal is also a TTL-compatible high level for
normal operation, and a low level for fault conditions. The ac fail
signal causes 'power-good' to go to a low level at least one
millisecond before any output voltage falls below the regulation
limits. The operating point used as a reference for measuring the
one millisecond is normal operation at minimum line voltage and
maximum load.

The dc output-voltage sense signal holds the 'power-good' signal
at a low level when power is switched on until all output voltages
have reached their minimum sense levels. The 'power-good'
signal has a turn-on delay of at least 100 milliseconds but not
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longer than 500 milliseconds and is capable of sourcing 2

milliamperes and sinking 10 milliamperes.

The following figure shows the minimum sense levels for the

output voltages.
Level (Vdc) Minimum (Vdc)
+5 +4.5
-5 -4.3
+12 +10.8
=12 -10.2
Sense Lsvel

Power Supply 3-5
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Connectors

The following figure shows the pin assignments for the
power-supply output connectors.

Load Point Voltage (Vdc)
P8-1 Power Good *
P8-2 +5
P8- +12
P8- -12
P8-5 Ground
P8-6 Ground
P9-1 Ground
P9-2 Ground
P9-3 -5
P9-4 +5
P9-5 +5
P9-6 +5
P10-1 +12
P10-2 Ground
P10-3 Ground
P10-4 +5
P11-1 +12
P11-2 Ground
P11-3 Ground
P11-4 +5

* see '"Power-Good Signal''

Power Supply Output Connectors

3-6 Power Supply



SECTION 4. KEYBOARD

Description ..........c0iiiiii i 4-3
Cabling ............ i 4-3
Sequencing Key-Code Scanning ............. 4-4
Keyboard Buffer ......................... 4-4
Keys ... i e e 4-4

Power-OnRoutine .................ccvvvu... 4-5
Power-OnReset ............cciivinnnnnn 4-5
Basic Assurance Test ..................... 4-5

Commands from the System ................... 4-6
Default Disable (HexF5) .................. 4-7
Echo(HexEE) .........ciiiiiiiinnnenn. 4-7
Enable (HexF4) ........ .. 4-7
Invalid Command (Hex EF andF1) .......... 4-7
ReadID (HexF2) ........ ... ... 4-7
Resend (HexFE) ........c.oiviiiiiinnnnn. 4-8
Reset (HexFF) ..ot 4-8
Select Alternate Scan Codes (HexF0Q) ........ 4-8
Set All Keys (Hex F7,F8, F9,FA) .......... 4-9
Set Default (HexF6) .........cccvvvvnn. 4-9
Set Key Type (Hex FB,FC,FD) ............ 4-9
Set/Reset Status Indicators (Hex ED) ....... 4-10
Set Typematic Rate/Delay (HexF3) ........ 4-11

Commands tothe System .................... 4-13
Acknowledge (HexFA) .................. 4-13
BAT Completion Code (Hex AA) .......... 4-13
BAT Failure Code HexFC) .............. 4-13
Echo(HexEE) ............ciiitiinnnnn. 4-13
Keyboard ID (Hex83AB) ................ 4-14
Key Detection Error (Hex 00 or FF) ........ 4-14
Overrun (Hex00orFF) ...........cov. .. 4-14
Resend (HexFE) .......... ..., 4-14

KeyboardScanCodes ....................... 4-15
ScanCodeSet1 ..............cccov.... 4-16
ScanCodeSet2 .........ciiiiiinnnnn 4-20
ScanCodeSet3 .......coiiiiiiiirennenns 4-24

ClockandDataSignals ...................... 4-27
DataStream .............cciiieinan., 4-27

Keyboard 4-1

¥ NO1123S



Keyboard DataQutput ................... 4-28

Keyboard Datalnput .................... 4-29
Keyboard Encoding and Usage ................ 4-30
Character Codes ..............c.c.cvuunn. 4-30
Extended Functions ..................... 4-34
ShiftStates ............. ..o i, 4-36
Special Handling ........................ 4-38
Keyboard Layouts ......................... 4-40
FrenchKeyboard ....................... 4-41
German Keyboard ...................... 4-42
Italian Keyboard ........................ 4-43
Spanish Keyboard ....................... 4-44
U.K. English Keyboard ................... 4-45
U.S. English Keyboard ................... 4-46
Specifications ........... ... i 4-47
Power Requirements ..................... 4-47
SiZe€ ..t e e 4-47
WEIBNE o ovvteeee et e 4-47
LogicDiagram ..............coovivinennn. 4-48

4-2 Keyboard



Description

The keyboard has 101 keys (102 in countries outside the U. S.).
At system power-on, the keyboard monitors the signals on the
'clock' and 'data' lines and establishes its line protocol. A
bidirectional serial interface in the keyboard converts the 'clock'
and 'data' signals and sends this information to and from the
keyboard through the keyboard cable.

Cabling

The keyboard cable connects to the system with a five-pin DIN
connector, and to the keyboard with a six-position SDL
connector. The following table shows the pin configuration and
signal assignments.

]
|‘ 1)
A7 TARN

ABCDEF

%)
m
]
—
=)
=
F=3

SDL Connector

DiN Connector

DIN Connector | SDL Connector Signal Name Signal Type

Pins Pins
1 D +KBD CLK Input/Output
2 B +KBD DATA Input/Output
g F Reserved

C Ground Ground
5 E +5.0 Vdc Power

A Not used
Shield Shield Frame Ground
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Sequencing Key-Code Scanning

The keyboard detects all keys pressed, and sends each scan code
in the correct sequence. When not serviced by the system, the
keyboard stores the scan codes in its buffer.

Keyboard Buffer

A 16-byte first-in-first-out (FIFO) buffer in the keyboard stores
the scan codes until the system is ready to receive them.

A buffer-overrun condition occurs when more than 16 bytes are
placed in the keyboard buffer. An overrun code replaces the 17th
byte. If more keys are pressed before the system allows keyboard
output, the additional data is lost.

When the keyboard is allowed to send data, the bytes in the
buffer will be sent as in normal operation, and new data entered is
detected and sent. Response codes do not occupy a buffer
position.

If keystrokes generate a multiple-byte sequence, the entire
sequence must fit into the available buffer space or the keystroke
is discarded and a buffer-overrun condition occurs.

Keys

With the exception of the Pause key, all keys are make/break.
The make scan code of a key is sent to the keyboard controller
when the key is pressed. When the key is released, its break scan
code is sent.

Additionally, except for the Pause key, all keys are typematic.
When a key is pressed and held down, the keyboard sends the
make code for that key, delays 500 milliseconds + 20%, and
begins sending a make code for that key at a rate of 10.9
characters per second + 20%. The typematic rate and delay can
be modified [see “Set Typematic Rate/Delay (Hex F3)” on
page 4-11].

If two or more keys are held down, only the last key pressed
repeats at the typematic rate. Typematic operation stops when
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the last key pressed is released, even if other keys are still held
down. If a key is pressed and held down while keyboard
transmission is inhibited, only the first make code is stored in the
buffer. This prevents buffer overflow as a result of typematic
action.

Note: Scan code set 3 allows key types to be changed by the
system. See “Scan Code Tables (Set 3)” on page 4-24 for the
default settings. Commands to change the default settings are
listed in “Commands from the System” on page 4-6.

Power-On Routine

The following activities take place when power is first applied to
the keyboard.

Power-On Reset

The keyboard logic generates a 'power-on reset' signal (POR)
when power is first applied to the keyboard. POR occurs a
minimum of 150 milliseconds and a maximum of 2.0 seconds
from the time power is first applied to the keyboard.

Basic Assurance Test

The basic assurance test (BAT) consists of a keyboard processor
test, a checksum of the read-only memory (ROM), and a
random-access memory (RAM) test. During the BAT, activity on
the 'clock' and 'data’ lines is ignored. The LEDs are turned on
at the beginning and off at the end of the BAT. The BAT takes a
minimum of 300 milliseconds and a maximum of 500
milliseconds. This is in addition to the time required by the POR.

v N01L1J3S

Upon satisfactory completion of the BAT, a completion code (hex
AA) is sent to the system, and keyboard scanning begins. If a
BAT failure uccurs, the keyboard sends an error code to the
system. The keyboard is then disabled pending command input.
Completion codes are sent between 450 milliseconds and 2.5
seconds after POR, and between 300 and 500 milliseconds after a
Reset command is acknowledged.
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Immediately following POR, the keyboard monitors the signals on
the keyboard 'clock’ and 'data’' lines and sets the line protocol.

Commands from the System

The following table shows the commands that the system may
send and their hexadecimal values.

Command Hex Value

Set/Reset Status Indicators ED
Echo EE
Invalid Command EF
Select Alternate Scan Codes FO
Invalid Command F1
Read 1D F2
Set Typematic Rate/Delay F3
Enable F4
Default Disable F5
Set Default Fé
Set All Keys - Typematic F7

- Make/Break F8

- Make F9

~ Typematic/Make/Break FA
Set Key Type - Typematic FB

- Make/Break FC

- Make FD
Resend FE
Reset FF

The commands may be sent to the keyboard at any time. The
keyboard will respond within 20 milliseconds, except when
performing the basic assurance test (BAT), or executing a Reset
command.

Note: Mode 1 will accept only the 'reset' command.
The commands are described below, in alphabetic order. They

have different meanings when issued by the keyboard (see
“Commands to the System” on page 4-13).
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Default Disable (Hex F5)

The Default Disable command resets all conditions to the
power-on default state. The keyboard responds with ACK, clears
its output buffer, sets the default key types (scan code set 3
operation only) and typematic rate/delay, and clears the last
typematic key. The keyboard stops scanning, and awaits further
instructions.

Echo (Hex EE)

Echo is a diagnostic aid. When the keyboard receives this
command, it issues a hex EE response and, if the keyboard was
previously enabled, continues scanning,.

Enable (Hex F4)

Upon receipt of this command, the keyboard responds with ACK,
clears its output buffer, clears the last typematic key, and starts
scanning.

Invalid Command (Hex EF and F1)

Hex EF and hex F1 are invalid commands and are not supported.
If one of these is sent, the keyboard does not acknowledge the
command, but returns a Resend command and continues in its
prior scanning state. No other activities occur.

¥ NOIL33S

Read ID (Hex F2)

This command requests identification information from the
keyboard. The keyboard responds with ACK, discontinues
scanning, and sends the two keyboard ID bytes. The second byte
must follow completion of the first by no more than 500
microseconds. After the output of the second ID byte, the
keyboard resumes scanning.
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Resend (Hex FE)

The system sends this command when it detects an error in any
transmission from the keyboard. It is sent only after a keyboard
transmission and before the system allows the next keyboard

output. When a Resend is received, the keyboard sends the

previous output again (unless the previous output was Resend, in

which case the keyboard sends the last byte before the Resend —
command).

Reset (Hex FF)

The system issues a Reset command to start a program reset and a
keyboard internal self test. The keyboard acknowledges the
command with an ACK and ensures the system accepts ACK
before executing the command. The system signals acceptance of
ACK by raising the 'clock' and 'data’ lines for a minimum of
500 microseconds. The keyboard is disabled from the time it
receives the Reset command until ACK is accepted, or until
another command is sent that overrides the previous command.

Following acceptance of ACK, the keyboard is re-initialized and
performs the BAT. After returning the completion code, the
keyboard defaults to scan code set 2.

Select Alternate Scan Codes (Hex F0)

This command instructs the keyboard to select one of three sets
of scan codes. The keyboard acknowledges receipt of this
command with ACK, clears both the output buffer and the
typematic key (if one is active). The system then sends the
option byte and the keyboard responds with another ACK. An
option byte value of hex 01 selects scan code set 1, hex 02 selects
set 2, and hex 03 selects set 3.

An option byte value of hex 00 causes the keyboard to
acknowledge with ACK and send a byte telling the system which
scan code set is currently in use.

After establishing the new scan code set, the keyboard returns to

the scanning state it was in before receiving the Select Alternate
Scan Codes command.
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Set All Keys (Hex F7, F8, F9, FA)

These commands instruct the keyboard to set all keys to the type
listed below:

Hex Value Command
F7 Set All Keys - Typematic
F8 Set All Keys - Make/Break
F9 Set All Keys - Make
FA Set All Keys - Typematic/Make/Break

The keyboard responds with ACK, clears its output buffer, sets
all keys to the type indicated by the command, and continues
scanning (if it was previously enabled). Although these
commands can be sent using any scan code set, they affect only
scan code set 3 operation.

Set Default (Hex Fé6)

The Set Default command resets all conditions to the power-on
default state. The keyboard responds with ACK, clears its output
buffer, sets the default key types (scan code set 3 operation only)
and typematic rate/delay, clears the last typematic key, and
continues scanning.

Set Key Type (Hex FB, FC, FD)

¥ NOILDJ3S

These commands instruct the keyboard to set individual keys to
the type listed below:

Hex Value Command
FB Set Key Type - Typematic
FC Set Key Type - Make/Break
FD Set Key Type - Make

The keyboard responds with ACK, clears its output buffer, and
prepares to receive key identification. Key identification is
accomplished by the system identifying each key by its scan code
value as defined in scan code set 3. Only scan code set 3 values
are valid for key identification. The type of each identified key is
set to the value indicated by the command.
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These commands can be sent using any scan code set, but affect
only scan code set 3 operation.

Set/Reset Status Indicators (Hex ED)

Three status indicators on the keyboard— Num Lock, Caps

Lock, and Scroll Lock—are accessible by the system. The
keyboard activates or deactivates these indicators when it receives
a valid command-code sequence from the system. The command
sequence begins with the command byte (hex ED). The keyboard
responds to the command byte with ACK, discontinues scanning,
and waits for the option byte from the system. The bit
assignments for this option byte are as follows:

Bit Indicator

0 Scroll Lock Indicator
1 Num Lock Indicator
2 Caps Lock Indicator
3-7 Reserved (must be Os)

If a bit for an indicator is set to 1, the indicator is turned on. If a
bit is set to 0, the indicator is turned off.

The keyboard responds to the option byte with ACK, sets the
indicators and, if the keyboard was previously enabled, continues
scanning. The state of the indicators will reflect the bits in the
option byte and can be activated or deactivated in any
combination. If another command is received in place of the
option byte, execution of the Set/Reset Mode Indicators
command is stopped, with no change to the indicator states, and
the new command is processed.

Immediately after power-on, the lights default to the Off state. If
the Set Default and Default Disable commands are received, the
lamps remain in the state they were in before the command was
received.
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Set Typematic Rate/Delay (Hex F3)

The system issues the Set Typematic Rate/Delay command to
change the typematic rate and delay. The keyboard responds to
the command with ACK, stops scanning, and waits for the system
to issue the rate/delay value byte. The keyboard responds to the
rate/delay value byte with another ACK, sets the rate and delay
to the values indicated, and continues scanning (if it was
previously enabled). Bits 6 and 5 indicate the delay, and bits 4, 3,
2, 1, and O (the least-significant bit) the rate. Bit 7, the
most-significant bit, is always 0. The delay is equal to 1 plus the
binary value of bits 6 and 5, multiplied by 250 milliseconds +
20%.

The period (interval from one typematic output to the next) is
determined by the following equation:

Period = (8 + A) X (2B) X 0.00417 seconds.
where:

A = binary value of bits 2, 1, and 0.

B = binary value of bits 4 and 3.

v NOILIIS
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The typematic rate (make codes per second) is 1 for each period
and are listed in the following table.

Bit Typematic Bit Typematic

Rate + 20% Rate * 20%
00000 30.0 10000 7.5
00001 26.7 10001 6.7
00010 24.0 10010 6.0
00011 21.8 10011 5.5
00100 20.0 10100 5.0
00101 18.5 10101 4.6
00110 17.1 10110 4.3
00111 16.0 1011 4.0
01000 15.0 11000 3.7
01001 13.3 11001 3.3
01010 12.0 11010 3.0
01011 10.9 11011 2.7
01100 10.0 11100 2.5
01101 9.2 11101 2.3
01110 8.0 11110 2.1
01111 8.0 1mn 2.0

The default values for the system keyboard are as follows:
Typematic rate = 10.9 characters per second + 20%.
Delay = 500 milliseconds + 20%.

The execution of this command stops without change to the

existing rate if another command is received instead of the
rate/delay value byte.
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Commands to the System

The following table shows the commands that the keyboard may
send to the system, and their hexadecimal values.

Command Hex Value

Key Detection Error/Overrun 00 (Code Sets 2 and 3)
Keyboard D 83AB

BAT Completion Code AA

BAT Failure Code FC

Echo EE

Acknowledge (ACK) FA

Resend FE

Key Detection Error/Overrun FF (Code Set 1)

The commands the keyboard sends to the system are described
below, in alphabetic order. They have different meanings when
issued by the system (see “Commands from the System” on
page 4-6).

Acknowledge (Hex FA)

The keyboard issues Acknowledge (ACK) to any valid input
other than an Echo or Resend command. If the keyboard is
interrupted while sending ACK, it discards ACK and accepts and
responds to the new command.

BAT Completion Code (Hex AA)

Following satisfactory completion of the BAT, the keyboard
sends hex AA. Any other code indicates a failure of the
keyboard.
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BAT Failure Code (Hex FC)

If a BAT failure occurs, the keyboard sends this code,
discontinues scanning, and waits for a system response or reset.

Echo (Hex EE)

The keyboard sends this code in response to an Echo command.
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Keyboard ID (Hex 83AB)

The Keyboard ID consists of 2 bytes, hex 83AB. The keyboard
responds to the Read ID with ACK, discontinues scanning, and
sends the 2 ID bytes. The low byte is sent first followed by the
high byte. Following output of Keyboard ID, the keyboard begins
scanning.

Key Detection Error (Hex 00 or FF)

The keyboard sends a key detection error character if conditions
in the keyboard make it impossible to identify a switch closure. If
the keyboard is using scan code set 1, the code is hex FF. For
sets 2 and 3, the code is hex 00.

Overrun (Hex 00 or FF)

An overrun character is placed in the keyboard buffer and
replaces the last code when the buffer capacity has been
exceeded. The code is sent to the system when it reaches the top
of the buffer queue. If the keyboard is using scan code set 1, the
code is hex FF. For sets 2 and 3, the code is hex 00.

Resend (Hex FE)

The keyboard issues a Resend command following receipt of an
invalid input or any input with incorrect parity. If the system
sends nothing to the keyboard, no resp