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Federal Communications Commission
Radio Frequency Interference Statement

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

CAUTION

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

This manual describes the various units of the IBM Personal
Computer AT 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 AT.

This manual consists of nine sections:

The first three sections describe the hardware aspects of the
IBM Personal Computer AT including signal 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 has general communications information.

Section 9 contains information about the compatibility of the
IBM Personal Computer AT and the rest of the IBM
Personal Computer family.

A glossary of terms and a bibliography of related publications are
included. ' ’



Prerequisite Publications

Guide to Operations for the IBM Personal Computer AT

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

e MACRO Assembler for the IBM Personal Computer



Contents

SECTION 1. SYSTEMBOARD .........cc000eennnns 1-1
MeEmMOTY ..ot e 1-4
MIiCIOPIOCESSOT . . vttt ittt ettt et it e i 1-4
System Performance ........................... 1-7
Direct Memory ACCeSS ... ...cviiinnneeeeennnnn 1-9
System Interrupts ......... ... ... 1-12

Hardware Interrupt Listing ................. 1-13
Interrupt Sharing ......................... 1-14
System Timers .............. ..., 1-22
System Clock ........... .. iiiiiineenn.. 1-23
ROM Subsystem . ........... ...t .. 1-23
RAMSubsystem . ..........ccouiiiiinnnnnnnnnn 1-24
I/OChannel ........... ... 00 iiiiiiniineennn. 1-24
Connectors .........iiiiii e 1-25
I/0 Channel Signal Description . ............ 1-31
NMI and Coprocessor Controls ............. 1-38
Other Circuits .............cciiieieeeennnnnn. 1-40
Speaker ........... ... 1-40
RAMJumpers ..........cceuieeenennennnn. 1-40
Display Switch ................ ... ... ... 1-41
Variable Capacitor ....................... 1-41
Keyboard Controller ...................... 1-42
Real-Time Clock/CMOS RAM Information ... 1-56
Specifications . .......... ... . . . i, 1-69
System Unit .............. ... ... 1-69
Connectors . .........uitiiiirreen 1-71
Logic Diagrams - Type 1 .................. 1-76
Logic Diagrams - Type 2 .................. 1-98

SECTION 2. COPROCESSOR ......ciiitvveneennnns 2-1
Description . ......... ... . .. e 2-3
Programming Interface ......................... 2-3
Hardware Interface ............................ 2-4

SECTION 3. POWERSUPPLY .........ciivieennnns 3-1
Inputs ...... . 3-3



OUtPULS ...t ittt e e 3-4

DC Output Protection ..............00iviuinnnn. 34
Output Voltage Sequencing ..................... 3-4
No-Load Operation ..............ccccvuievnne... 3-5
Power-Good Signal ................ ... ... ..... 3-5
(6/0)111 111 7o) ¢ N AR 3-7
SECTION4.KEYBOARD .........ccciiiiiiinnnnnnns 4-1
Description . .........c.ciiiiiiii i 4-3
Power-OnRoutine ............... .. ... ........ 4-4
Commands from the System ..................... 4-5
Commands to the System ....................... 4-9
Keyboard Scan-Code Outputs .................. 4-11
Clock and Data Signals ........................ 4-12
Keyboard Layouts ........................... 4-15
Specifications ............... it 4-22
LogicDiagram .............. ..., 4-23
SECTION 5. SYSTEMBIOS ........ciiiiiiiennnnnns 5-1
System BIOSUsage ............c.ccviiiiinnnnnn. 5-3
Keyboard Encoding and Usage .................. 5-13
Quick Reference ............................. 5-24
SECTION 6. INSTRUCTION SET .......coi0eeeennn. 6-1
80286 InstructionSet .................... . ..., 6-3
Data Transfer ................ ... . ........ 6-3
Arithmetic ............... ... ... 6-6
LogiC . o e e e e 6-9
String Manipulation ...................... 6-11
Control Transfer ......................... 6-13
Processor Control ..................c.o.... 6-17
Protection Control ....................... 6-18
80287 Coprocessor InstructionSet ............... 6-22
DataTransfer ........................... 6-22
Comparison ............i ittt 6-23
Constants ............cviiirtennnennnnnn 6-24
Arithmetic ................ ... ... ... 6-25
Transcendental .......................... 6-26

SECTION 7. CHARACTERS, KEYSTROKES, AND

COLORS .ttt iiiiitttreereeeeonssosensssesanns 7-1
Character Codes . .....ovi ittt 7-3
Quick Reference ............................. 7-14



SECTION 8. COMMUNICATIONS ...........c.cc00... 8-1

Hardware ........... ... . .0 iiiiiiiinnnnnn.. 8-3

Establishing a Communications Link .............. 8-5
SECTION 9. IBM PERSONAL COMPUTER

COMPATIBILITY ......ciiiitinnrennennnonnnonns 9-1

Hardware Considerations ....................... 9-3

SystemBoard ................. ... ... ..., 9-3

Fixed Disk Drive ...............cccvuuonn. 9-5

Diskette Drive Compatibility ................ 9-5

Copy Protection .................c.ocvnu... 9-5

Application Guidelines ......................... 9-7

High-Level Language Considerations .......... 9-7

Assembler Language Programming Considerations 9-8

Multitasking Provisions .................... 9-16

Machine-Sensitive Code ................... 9-19

Glossary ... ..iiiiiiiiiiiiiietiittttettenons Glossary-1

Bibliography ..........ciiiiiiiiiienenannns Bibliography-1

Index ......oiiiiiiiiiinnneioonnnsasennsannnas Index-1



Notes:



INDEX TAB LISTING

(7]
m
(x]
=
(=]
. =
Section 1: System Board ............. ... ... . ... -
. w
Section 2: COPrOCESSOT . .o v vttt et aeete e m
P
=
]
~N
Section 3: Power Supply ........ ... 4
=
[=}
=
[7%)
Section 4: Keyboard ............. ... i, »
o
=
(=}
—
F-}
Section 5: System BIOS . ......... ... . . i i
m
(x]
=
(=]
=
o
Section 6: Instruction Set ........ ... ... ... i i

%
m
o
=
o
=
N




Notes:



Section 7: Characters, Keystrokes, and Colors

L NOILI3S

Section 8: Communications ..................ciuerine.n..
m
()
=
o
=
(-]
Section 9: Compatibility ............. ... ... . i,
w
m
(]
=
(=}
=
w
GloSSary ...ttt i
D
-
(=}
(7]
w
>
-]
-
Bibliography ..........c.. i e e

@
=
=
o
o
=
>
o
<




System Block Diagram

System Unit

System Board

80286 80287 Oscillator Power Supply
Microprocessor| Coprocessor 115/230
16 Interrupt ROM Speaker Speaker
Levels Connector
7 Channel RAM Keyboard Keyboard
DMA Controller
CMOS Real-Time Battery Battery
Clock Connector
e — Fixed Diskette
Disk Drives
Drives
1/0 T T
Channel

<

Fixed Disk and
Diskette Adapter

Adapters

Xiv




SECTION 1. SYSTEM BOARD

Contents
1\ ) 1111 o /. 1-4
MIiCIOprocesSOr ....vvvvvieteretosssossesennnnnnnas 1-4
Real AddressMode ................ccvuu... 1-4
Protected (Virtual Address) Mode .............. 1-5
System Performance ............ccciiiinnnencnnnnss 1-7
Direct Memory ACCeSS . ..ot vveveeeeennaccennnnnons 1-9
System Interrupts .........cc0o0teeeeeeseenncnnnas 1-12
Hardware Interrupt Listing ...................... 1-13
Interrupt Sharing . ............. ... ... . ... ... 1-14
Design Overview . ..........c.coiiiieeeeeen... 1-14
Program Support ......... ... . . i, 1-15
Precautions ............ ..ttt 1-17
Examples ...........cctiiiiinrninnnnnnnn. 1-18
System Timers .......ccovveeeeeenneceeesssssnoonns 1-22
SystemClock ........cciiiiiiiiiiieenneennoonnnns 1-23
ROM Subsystem .......covveeeeeennaecenenccnenns 1-23
RAM Subsystem ........oveeeeeeeenosoccoccccasns 1-24
I/OChannel ..........ciiiiintiienennennnnneenns 1-24
(070) 11 1STe1 1) ¢ 1-25
I/0 Channel Signal Description .................. 1-31
NMI and Coprocessor Controls .................. 1-38
Other CirCuitS . .....ccovveeetteversrescessescnnnas 1-40
Speaker ....... .. e 1-40
RAMIJUmMpers .........cuuiiiiiiiiinneeeeennnnn 1-40

System Board 1-1

w
m
(]
-
o
=
—




Display Switch . ................ . ... ... .. .. ... 1-41

Variable Capacitor ...............c.cvuunenn.... 1-41
Keyboard Controller ................. ..., 1-42
Keyboard Controller Initialization .............. 1-42
Receiving Data from the Keyboard ............. 1-43
Scan Code Translation ....................... 1-43
Sending Data to the Keyboard ................. 1-48
Inhibit .......... .. .. . 1-48
Keyboard Controller System Interface .......... 1-48
Status Register ............................. 1-49
Status-Register Bit Definition ................. 1-49
Output Buffer ............................. 1-50
InputBuffer .............. ... ... ... ....... 1-51
Commands (I/O Address Hex 64) ............. 1-51
I/OPOItS ..ot 1-54
Real-Time Clock/CMOS RAM Information ........ 1-56
Real-Time Clock Information ................. 1-57
CMOS RAM Configuration Information ......... 1-59
I/OOperations ............ccouiinninnenn.. 1-68
Specifications ......... . . i iiiiiiiiiiiiiea., 1-69
System Unit ................cc ... 1-69
Size ... 1-69
Weight ....... ... ... 1-69
PowerCables .............. .. ..., 1-69
Environment ................ ... ... ... ... 1-69
HeatOutput .......... ... ... ..., 1-70
Noise Level ...............c ... 1-70
Electrical ..............iiiiiiiininnnn.. 1-70
Connectors ...... ..ttt e 1-71
Logic Diagrams - Type 1 ........................ 1-76
Logic Diagrams - Type 2 ..............c.covuu.... 1-98

1-2 System Board



The type 1 system board is approximately 30.5 by 35 centimeters
(12 by 13.8 inches). The type 2 system board is approximately
23.8 by 35 centimeters (9.3 by 13.8 inches). Both types of
system boards use very large scale integration (VLSI) technology
and have the following components:

e 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

e A 512K random-access memory (RAM) Subsystem
«  Eight input/output (I/O) slots:
—  Six with a 36-pin and a 62-pin card-edge socket
—  Two with only the 62-pin card-edge socket
e  Speaker attachment
« 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

‘System Board 1-3
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Memory

The type 1 system board has four banks of memory sockets, each
supporting 9 128K-by-1-bit modules for a total memory size of
512K, with parity checking.

The type 2 system board has two banks of memory sockets, each
supporting 9 256K-by-1-bit modules for a total memory size of
512K, with parity checking.

Microprocessor

The Intel 80286 microprocessor has a 24-bit address, 16-bit
memory interfacel, 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 or 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.

1 In this manual, the term interface refers to a device that carries signals between
functional units.
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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. For example, a word with its low-order byte at offset
FFFF and its high-order byte at 0000. If, in the real 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.

w
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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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Following is a block diagram of the system board.
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System Performance
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The 80286 microprocessor operates at 6 MHz, resulting in a clock
cycle time of 167 nanoseconds.

A bus cycle requires 3 clock cycles (which includes 1 wait state)
so that a 500-nanosecond, 16-bit, microprocessor cycle time is
achieved. Eight-bit bus operations to 8-bit devices take 6 clock
cycles (which include 4 wait states), resulting in a
1000-nanosecond 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 5 clock cycles to
refresh all of the system’s dynamic memory; 256 refresh cycles
are required every 4 milliseconds. The following formula
determines the percentage of bandwidth used for refresh.

% Bandwidth used 5 cycles X 256 1280
for Refresh = -=====----eeon = —ooe- = 5.3%
4 ms/167 ns 24000

The DMA controller operates at 3 MHz, which results in a clock
cycle time of 333 nanoseconds. All DMA data-transfer bus
cycles are 5 clock cycles or 1.66 microseconds. Cycles spent in
the transfer of bus control are not included.

DMA channels 0, 1, 2, and 3 are used for 8-bit data transfers, and

channels 5, 6, and 7 process 16-bit transfers. Channel 4 is used
to cascade channels 0 through 3 to the microprocessor.
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The following figure is a system memory map.

Address Name Function

000000 to | 512K system System board memory

O7FFFF board

080000 to | 128K 1/0 channel memory - |BM Personal

09FFFF Computer AT 128K Memory Expansion
Option

0A0000 to 128K video Reserved for graphics display buffer

OBFFFF RAM

0C0000 to 128K 1/0 Reserved for ROM on 1/0 adapters

ODFFFF expansion ROM

0E0000 to | 64K reserved Duplicated code assignment at

OEFFFF on system board | address FE0000

OF0000 to | 64K ROM on the Duplicated code assignment at

OFFFFF system board address FF0000

100000 to | Maximum 1/0 channel memory - 512K 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 OF0000

System Memory Map
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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 Ctlr 1
Ch 1 - SDLC Ch 5 - Reserved
Ch 2 - Diskette (IBM Ch 6 - Reserved
Personal Computer)
Ch 3 - Reserved Ch 7 - Reserved

DMA Channels

DMA controller 1 contains channels O 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 Coritroller

Address A23<-===mmm=m- >A16 Al15<-==mmmmmmm >A0

Address Generation for DMA Channels 0 through 3

Note: The addressing signal, 'byte high enable' (BHE), is
generated by inverting address line AO.

System Board 1-9



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/0 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 A23<-==-==mmm- >A17 A16<----====-~ >A1

Address Generation for DMA Channels 5 through 7

Note: The addressing signals, BHE and AO, are forced to a
logical O.

The following figure shows the addresses for the page register.

Page Register /0 Hex Address
DMA Channel 0 0087
DMA Channel 1 0083
DMA Channel 2 0081
DMA Channel 3 0082
DMA Channel 5 0088
DMA Channel 6 0089
DMA Channel 7 008A
Refresh 008F

Page Register Addresses

Addresses for all DMA channels do not increase or decrease
through page boundaries (64K for channels O 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/O or memory) during the
DMA cycles of channels 5 through 7. Access to the DMA
controller, which controls these channels, is through I/O
addresses hex 0CO through ODF.

1-10 System Board



The DMA controller command code addresses follow.
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Hex =)
Address Register Function =2
0oco CHO base and current address
0C2 CHO base and current word count
(o] CH1 base and current address
0cé CH1 base and current word count
0c8 CH2 base and current address
0CA CH2 base and current word count
occ CH3 base and current address
OCE CH3 base and current word count
0D0 Read Status Register/Write Command Register
0D2 Write Request Register
oD4 Write Single Mask Register Bit
oD6 Write Mode Register
0D8 Clear Byte Pointer Flip-Flop
0DA Read Temporary Register/Write Master Clear
oDcC Clear Mask Register
ODE Write All Mask Register Bits
DMA Controller

All DMA memory transfers made with channels 5 through 7 must
occur on even-byte boundaries. When the base address for these
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.
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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).
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Hardware Interrupt Listing

The following shows the interrupt-level assignments in decreasing

priority.

Level

Function

Microprocessor NM

| Parity or 1/0 Channel Check

Interrupt Controlle
CTRL 1 CTRL 2

rs

IRQ O
IRQ 1
IRQ 2

IRQ 9

IRQ 10
IRQ 11
IRQ 12
IRQ 13
IRQ 14

IRQ 3

IRQ 4

IRQ 5
IRQ 6

IRQ

~

IRQ 8

IRQ 15

Timer Output O
Keyboard (Output Buffer Full)
Interrupt from CTRL 2

Realtime Clock Interrupt
Software Redirected to INT OAH
PC Network * .

PC Network(Alt.) *

Reserved

Reserved

Reserved

Coprocessor

Fixed Disk Controller

Reserved

Serial Port 2

BSC

BSC (Alt.)

Cluster (Primary)

PC Network ™

PC Network (Alt.) *

SDLC

Serial Port 1

BSC

BSC (A1t.)

SDLC

Parallel Port 2

Diskette Controller

Fixed Disk and Diskette Drive
Parallel Port 1

Data Aquisition and Control
GPIB **

Cluster (Secondary)

kkk

¥ The PC Network i
** The GPIB Adapter
*** The Data Acquisi

3 through 7.

s jumper selectable.

can be set to interrupts 2 through 7.

tion Adapter can be set to interrupts
The default interrupt is 7.

Hardware Interrupt Listing
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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
pulsing the line to a low level. The leading edge of the pulse arms
the 8259A Interrupt Controller; the trailing edge signals the
interrupt controller to cause 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.
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The following diagram is an example of the shared interrupt
hardware logic.

INT. EI D Q D Q +5
ENA-

— >CLK -Q >CLK -Q 2.2K Ohms
-CLR -CLR
System

Clock <
IRQ
+5

[— D Q Aﬁai:] -

>CLK -Q
—CLR

w
m
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2

~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
o 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.
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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 have 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:

o  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.

e 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.
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—  Treat words as words, not bytes. Remember that data is
stored in memory using the Intel format (word 424B is

stored as 4B42).
Interrupt Chaining Structure
ENTRY: JMP SHORT PAST ; Jump around structure
FPTR DD 0 ; Forward Pointer
SIGNATURE DW 424BH ; 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: ; 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
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reenabled) before another interrupt is serviced, protecting the
stack from excessive build up.

Example of an Interrupt Handler

YOUR_CARD EQU

ISB EQU
REARM EQU
SPC_EOI  EQU
EOI 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
IN
TEST
JINZ
TEST
JNZ
POP
CLI
JMP

SERVICE: s
EXIT:
CLI
MOV
ouT
MOV
ouT
POP
IRET
RESET: eee
RET
ENDP
MYCSEG
END

ENTRY

XXXX
xx
2F7H
67H

20H
20H

21H

PARA
CS:MYCSEG, DS :DSEG
FAR

SHORT PAST

0

424BH

0

80H
RESET
pup 7 (0)

DX, YOUR_CARD
AL, DX

AL,ISB

SERVICE
CS:FLAGS ,FIRST
EXIT

DWORD PTR CS:FPTR

AL,EOI
OCR, AL
DX, REARM
DX, AL

ENDS
ENTRY
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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 EOI for
level 7
Non-specific EOI
Location of 8259
register
Location of 8259
register

8259's interrupt

operational control

interrupt mask

Entry point of handler

Forward Pointer

Used when unlinking to identify
compatible interrupt handlers
Flags

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 EOI and Rearm
Restore registers

Disable interrupts

Pass control to next guy on chain

Service the interrupt
Disable the interrupts

Issue non-specific EOI to 8259
Rearm the cards

Restore registers

Disable your card
Return FAR to operating system
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Linking Code Example

PUSH ES
CLI ; Disable interrupts

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

PUSH ES
MOV AX,350FH ; DOS get interrupt vector
INT 21H
MOV SI,OFFSET CS:FPTR ; Get offset of your forward pointer
H in an indexable register
MOV Cs:[SI],BX ;i Store the old interrupt vector
MOV Cs:[s1+2),ES 3 in your forward pointer for chaining
CMP ES:BYTE PTR[BX],CFH ; Test for IRET
JNZ SETVECTR
MoV CS:FLAGS,FIRST ; Set up first in chain flag
SETVECTR: POP ES
PUSH DS
;i Make interrupt vector in low memory point to your handler
MOV DX,OFFSET ENTRY ;i Make interrupt vector point to your handler
MOV AX,SEG ENTRY ; If DS not = CS, get it
MOV DS,AX H and put it in DS
MOV AX,250FH ; DOS set interrupt vector
INT 21H
POP DS
;i Unmask (enable) interrupts for your level
IN AL, IMR ; Read interrupt mask register
JMP $+2 ;i IO delay
AND AL,07FH ; Unmask interrupt level 7
ouT IMR,AL ;i Write new interrupt mask
MOV AL, SPC_EOI ; Issue specific EOI for level 7
JMP $+2 ; to allow pending level 7 interrupts
ouT OCR, AL ; (if any) to be serviced
STI ; Enable interrupts
POP ES i
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Unlinking Code Example

PUSH
PUSH
CLI
MOV
INT
MoV

DS
ES

AX,350FH
21H
CX,ES

; Are we the first handler in the chain?

MoV
CMP

JNE
CMP

JNE

AX,Cs
BX,OFFSET ENTRY

UNCHAIN_A
AX,CX

UNCHAIN_A

; Set interrupt vector in low memory to
;i pointed to by your pointer

PUSH
MoV
MOV
MoV
INT
POP
JMP
UNCHAIN_A: i
CMP

JNE
LDS
CMP

JNE
MoV
CMP

JNE

DS
DX,WORD PTR CS:FPTR
DS,WORD PTR CS FPTR|
AX, 250FH

21H

DS

UNCHAIN_X
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Disable interrupts

DOS get interrupt vector

ES:BX points to first of chain

Pickup segment part of interrupt vector

Get code seg into comparable register
;i Interrupt vector in low memory
pointing to your handler's offset?

; No, branch

;i Vector pointing to your

; handler's segment?

i No, branch

point to the handler

2]
;i DOS set interrupt vector

FPTR offset, ES = FPTR segment, CX = CS

ES:[BX+6],4B42H

exception
SI,ES:[BX+2]
SI,OFFSET ENTRY

UNCHAIN_B
cx,Ds

AX,CX

UNCHAIN_B

;i Located your handler in the chain

MoV
MoV

MOV
MoV

MOV
AND
OR
JMP
MoV
PUSH
PUSH
JMP
STI
POP
POP

UNCHAIN_B:

UNCHAIN_X:

AX,WORD PTR CS:FPTR
ES:[BX+2],AX

AX,WORD PTR CS:FPTR[
ES: [BX+4],AX

AL,CS:FLAGS

AL,FIRST
ES:[BX + 6],AL
UNCHAIN_X
BX,SI

DS

ES

UNCHAIN_A

ES

DS

;7 Is handler using the appropriate

; conventions (is SIGNATURE present in
H the interrupt chaining structure)?
No, invoke error exception handler
Get FPTR's segment and offset

Is this forward pointer pointing to
your handler's offset?

No, branch

Move to compare

Is this forward pointer pointing to
your handler's segment?

No, branch

; Get your FPTR's offset

; Replace offset of FPTR of handler

; that points to you

2] ; Get your FPTR's segment

;i Replace segment of FPTR of handler

; that points to you

Get your flags

Isolate FIRST flag

Set your first flag into prior routine

Move new offset to BX

Examine next handler in chain
Enable interrupts
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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 1.190 MHz OSC

CLK OUT 0 8259A IRQ 0

Channel 1 Refresh Request Generator
GATE 1 Tied on

CLKIN 1 1.190 MHz OSC

CLK OUT 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 O of port hex 61, PPI bit
CLKIN 2 1.190 MHz OSC

CLK OUT 2 Used to drive the speaker

The 8254-2 Timer/Counter is a programmable interval
timer/counter that system programs treat as an arrangement of
four external I/0 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

(%)
m
-Refresh Refresh Request x]
] o =
Clock
L Clear =
System Bus — -
Gate O
— Clock In 0
+5 Vdc. Gate 1
Clock In 1
1/0 Address
Hex 0061 Gate 2
Port Bit O
Clock In 2
IRQ O
Clock Out O
Clock Out 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, the coprocessor, and I/O 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
(0OF0000 and FF0000). ROM is not parity-checked. Its access
time is 150 nanoseconds and its cycle time is 230 nanoseconds.
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RAM Subsystem

The system board’s RAM subsystem starts at address 000000 of
the 16M address space. It is 512K of 128K-by-1-bit RAM
modules (type 1 system board) or 512K of 256K-by-1-bit RAM
modules (type 2 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:

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

e 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:

e I/0 address space hex 100 to hex 3FF

e 24-bit memory addresses (16M)

« Selection of data accesses (either 8- or 16-bit)
e Interrupts

« DMA channels

o I/0 wait-state generation
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e Open-bus structure (allowing multiple microprocessors to
share the system’s resources, including memory)
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« Refresh of system memory from channel microprocessors.

Connectors

The following figure shows the location and the numbering of the
I/0 channel connectors. These connectors consist of six 36-pin
and eight 62-pin edge connector sockets.

Note: The 36-pin connector is not present in two positions
on the I/O channel. These positions can support only 62-pin
I/0O bus adapters.

1/0 CHANNEL
CONNECTORS

’
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1/0 Channel Connector Location
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1
J13
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The following figure shows the pin numbering for I/O channel
connectors J1 through J8.

Rear Panel
B1 1 1 Al
1 1
1 1
1 1
1 1
1 1
1 1
1 1
B10 : : A10
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
B20 : : A20
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 |
1 1
1 1
B31 1 1 A3l

Component Side

1/0 Channel Pin Numbering (J1-J8)
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The following figure shows the pin numbering for I/O channel
connectors J10 through J14 and J16.

D1

D10

D18

»
m
o
=
o
=2

C1

ci0

c18

Rear Panel

— —
1 1
| 1
1 1
1 1
| 1
1 1
1 1
1 1
1 1
1 1
1 |
1 1
1 1
1 1
1 1
1 1
1 1
1 1
S — el

Component Side

1/0 Channel Pin Numbering (J10-J14 and J16)
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The following figures summarize pin assignments for the I/0
channel connectors.

1/0 Pin Signal Name 1/0
Al -1/0 CH CK |
A2 SD7 1/0
A3 SDé6 1/0
AL SD5 1/0
A5 SD4 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
A15 SA16 1/0
A16 SA15 1/0
A17 SA1L 1/0
A18 SA13 1/0
A19 SA12 1/0
A20 SAT1 1/0
A21 SA10 1/0
A22 SA9 1/0
A23 SA8 1/0
A24 SA7 1/0
A25 SA6 1/0
A26 SA5 1/0
A27 SAL 1/0
A28 SA3 1/0
A29 SA2 1/0
A30 SA1 1/0
A31 SAO 1/0

I/0 Channel (A-Side, J1 through J8)
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1/0 Pin Signal Name 1/0
B1 GND Ground
B2 RESET DRV
B3 +5 Vdc Power
B4 IRQ 9 |
B5 -5 Vdc Power
B6 DRQ2 |
B7 -12 Vdc Power
B8 ows |
B9 +12 Vdc Power
B10 GND Ground
B11 -SMEMW 0
B12 -SMEMR 0
B13 -10W 1/0
Bk -10R 1/0
B15 -DACK3 0
B16 DRQ3 |
B17 -DACK1 0
B18 DRQ1 |
B19 -REFRESH 1/0
B20 CLK 0
B21 IRQ7 |
B22 IRQ6 |
B23 IRQ5 |
B24 IRQL |
B25 IRQ3 |
B26 -DACK2 0
B27 T/C 0
B28 BALE 0
B29 +5Vdc Power
B30 0sC 0
B31 GND Ground

1/0 Channel (B-Side, J1 through J8)
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1/0 Pin Signal Name 1/0
C1 SBHE 1/0
c2 LA23 1/0
C3 LA22 1/0
Ch LA21 1/0
C5 LA20 1/0
c6 LA19 1/0
c7 LA18 1/0
c8 LA17 1/0
c9 -MEMR 1/0
c10 -MEMW 1/0
c1 SD08 1/0
C12 SD09 1/0
C13 SD10 1/0
Cl4 SD11 1/0
C15 SD12 1/0
c16 SD13 1/0
c17 SD14 1/0
€18 SD15 1/0

1/0 Channel (C-Side, J10 through J14 and 16)

1/0 Pin Signal Name 1/0
D1 -MEM CS16 |
D2 -1/0 CS16 |
D3 IRQ10 |
D4 IRQ11 |
D5 IRQ12 |
D6 IRQ15 |
D7 IRQ14 |
D8 -DACKO 0
D9 DRQO |
D10 -DACK5S 0
D11 DRQ5 |
D12 -DACK6 0
D13 DRQ6 |
D14 -DACK? 0
D15 DRQ7 |
D16 +5 Vdc POWER
D17 -MASTER |
D18 GND GROUND

1/0 Channel (D-Side, J10 through J14 and 16)
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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. I/0O adapters should
be designed with a maximum of two low-power Shottky (LS)
loads per line.
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SAO through SA19 (I/0)

Address signals 0 through 19 are used to address memory and
I/0O devices within the system. These 20 address lines, in
addition to LA17 through LLA23, allow access of up to 16M of
memory. SAOQ 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 when BALE is high. LA17
through LLA23 are not latched during microprocessor cycles and
therefore do not stay valid for the whole cycle. Their purpose is
to generate memory decodes for 16-bit, 1 wait-state, memory
cycles. These decodes should be latched by I/O adapters on the
falling edge of BALE.

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

CLK (O)

This is the 6-MHz 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
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for synchronization. It is not intended for uses requiring a fixed
frequency.

RESET DRYV (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 (I/0)

These signals provide bus 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/O 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 provided by the
82288 Bus Controller and is used on the system board to latch
valid addresses and memory decodes from the microprocessor. It
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.

-I/O CH CK ())

The '-I/O 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/0 CH RDY (I)

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.
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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 (IRQO9 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).

Note: Interrupt 13 is used on the system board and is not
available on the I/O channel. TRQ 8 is used for the real-time
clock.

-IOR (I/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 (I/0)

The '-1/0 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 (I/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 (O) -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.

DRQO-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 -DACK3 and -DACKS to -DACK?7 (O)

-DMA acknowledge O through 3 and 5 through 7 are used to
acknowledge DMA requests. These signals are active low.
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AEN (O)

The 'address enable' signal is used to degate the microprocessor
and other devices from the 1/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 (1I/0)

This signal is used to indicate a refresh cycle and can be driven by
a microprocessor on the I/O 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 (I/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 high.

-MASTER (I)

This signal is used with a DRQ line to gain control of the system.
A processor or DMA controller on the I/O channel may issue a
DRQ to a DMA channel in cascade mode and receive a -DACK.
Upon receiving the -DACK, a microprocessor may pull
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-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 (I)

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 (1)

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. -1/O CS16 is active low and
should be driven with an open collector or tri-state driver capable
of sinking 20 mA.

OSC (0)

The '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.

oOwWS (I)

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. In order to run a memory cycle
to an 8-bit device with a minimum of two wait states, OWS should
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be driven active one clock cycle after the Read or Write command
is active, and gated with the address decode for the device.
Memory Read and Write commands to an 8-bit device are active
on the falling edge of CLK. 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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The following figure is an I/O address map.

Hex Range Device

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

020-03F Interrupt controller 1, 8259A, Master

040-05F Timer, 8254-2

060-06F 8042 (Keyboard)

070-07F Real-time clock, NMI (non-maskable interrupt) mask
080-09F DMA page register , 74LS612

0AO-0BF Interrupt Controller 2, 8259A

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

OFO0 Clear Math Coprocessor Busy

OF 1 Reset Math Coprocessor

OF8-0FF Math Coprocessor

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.

1/0 Address Map (Part 1 of 2)
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Hex Range Device
1FO-1F8 Fixed Disk

200-207 Game 1/0

20C-20D Reserved

21F Reserved

278-27F Parallel printer port 2
2B0-2DF Alternate Enhanced Graphics Adapter
2E1 GPIB (Adapter 0)

2E2 & 2E3 | Data Acquisition (Adapter 0)
2F8-2FF Serial port 2

300-31F Prototype card

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

390-393 Cluster

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)
790-793 Cluster (Adapter 1)

AE2 & AE3 | Data Acquisition (Adapter 2)
B90-B93 Cluster (Adapter 2)

EE2 & EE3 | Data Acquisition (Adapter 3)
1390-1393 | Cluster (Adapter 3)

22E1 GPIB (Adapter 1)

2390-2393 | Cluster (Adapter 4)

42E1 GPIB (Adapter 2)

62E1 GPIB (Adapter 3)

82E1 GPIB (Adapter 4)

A2E1 GPIB (Adapter 5)

C2E1 GPIB (Adapter 6)

E2E1 GPIB (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.

1/0 Address Map (Part 2 of 2)

NMI and Coprocessor Controls
At power-on time, the non-maskable interrupt (NMI) into the

80286 is masked off. The mask bit can be set and reset with
system programs as follows:
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Mask On Write to I/0 address hex 070, with data bit 7
equal to a logic 0.
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Mask Off Write to I/O address hex 070, with data bit 7
equal to a logic 1.

Note: At the end of POST, the system sets the NMI mask
on (NMI enabled).

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.

I/0O 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 (74L.S612).

The '-I/0 channel check' signal (-I/O CH CK) is used to report
non-correctable errors on RAM adapters on the I/O channel.
This check will create an NMI if the NMI is enabled. At
power-on time, the NMI is masked off and -I/O CH CK is
disabled. Follow these steps when enabling -I/O CH CK and the
NMI.

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

2. Enable -I/0O CH CK.
3. Enable the NML

Note: All three of these functions are performed by POST.
When a check occurs, an interrupt (NMI) will result. Read the
status bits to determine the source of the NMI (see the figure,

"I/O Address Map'", on page 1-37). To determine the location
of the failing adapter, write to any memory location within a given
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adapter. If the parity check was from that adapter, -I/O CH CK
will be reset to inactive.

Other Circuits

Speaker

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

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

RAM Jumpers

The system board has a 3-pin, Berg-strip connector (J18).
Starting at the front of the system, the pins are numbered 1
through 3. Jumper placement across these pins determines how
much system board RAM is enabled. Pin assignments follow.

Pin Assignments
1 No Connection
2 - RAM SEL
3 Ground

RAM Jumper Connector (J18)
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The following shows how the jumpers affect RAM.
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Jumper Positions Function =
2
1 and 2 Enable 2nd 256K of system board RAM -
2 and 3 Disable 2nd 256K of system board RAM
RAM Jumper

Note: The normal mode is the enable mode. The other
mode permits the additional RAM to reside on adapters
plugged into the I/O bus.

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 or
Professional Graphics Controller.

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.

Variable Capacitor
The system board has a variable capacitor. Its purpose is to

adjust the 14.31818 MHz oscillator signal (OSC), used to obtain
the color-burst signal required for color televisions.
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Keyboard Controller

The keyboard controller is a single-chip microcomputer (Intel
8042) 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 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. 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.

Keyboard Controller Initialization

At power on, the keyboard controller set 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.
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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 two 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.
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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 ‘“Commands (I/O
Address Hex 64)” on page 1-51 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 figure shows the keyboard layout.
Each key position is numbered for reference.
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The following figure is the scan-code translation table.
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System Keyboard Key o

Scan Code Scan Code =
01 76 90
02 16 2
03 1E 3
] 26 4
05 25 5
06 2E 6
07 36 7
08 3D 8
09 3E 9
0A Le 10
]} 45 11
oc LE 12
oD 55 13
OE 66 15
OF oD 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 L 25
19 4D 26
1A 54 27
1B 5B 28
1C 5A 43
1D 14 30
1E 1C 31
1F 1B 32
20 23 33
21 2B 34
22 34 35
23 33 36
24 3B 37
25 42 38
26 4B 39
27 4e 4o
28 52 41
29 OE 1
2A 12 Ly
2B 5D 14
2C 1A 46
2D 22 47
2E 21 48
2F 2A 49

Scan-Code Translation Table (Part 1 of 2)
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System Keyboard Key
Scan Code Scan Code
30 32 50
31 31 51
32 3A 52
33 41 53
34 kg 5h
35 4A 55
36 59 57
38 11 58
39 29 61
3A 58 64
3B 05 70
3C 06 65
3D 04 71
3E 0C 66
3F 03 72
40 0B 67
41 02 or 83 73
42 0A 68
43 01 74
1 09 69
45 77 95
46 7E 100
47 6C 91
48 75 96
L9 7D 101
LA 7B 107
4B 6B 92
4c 73 97
4D 74 102
LE 79 108
LF 69 93
50 72 98
51 7A 103
52 70 99
53 71 104
54 7F or 84 105

Scan-Code Translation Table (Part 2 of 2)
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The following scan codes are reserved.
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System Keyboard =

Key Scan Code Scan Code 2
Reserved 55 60
Reserved 56 61
Reserved 57 78
Reserved 58 07
Reserved 59 OF
Reserved SA 17
Reserved 5B 1F
Reserved 5C 27
Reserved 5D 2F
Reserved SE 37
Reserved S5F 3F
Reserved 60 47
Reserved 61 LF
Reserved 62 56
Reserved 63 S5E
Reserved 64 08
Reserved 65 10
Reserved 66 18
Reserved 67 20
Reserved 68 28
Reserved 69 30
Reserved 6A 38
Reserved 68 4o
Reserved 6C 48
Reserved 6D 50
Reserved 6E 57
Reserved 6F 6F
Reserved 70 13
Reserved 71 19
Reserved 72 39
Reserved 73 51
Reserved 74 53
Reserved 75 5C
Reserved 76 SF
Reserved 77 62
Reserved 78 63
Reserved 79 64
Reserved 7A 65
Reserved 78 67
Reserved 7C 68
Reserved 7D 6A
Reserved 7E 6D
Reserved 7F 6E

Reserved Scan-Code Translation Table
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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.

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.

Inhibit

The keyboard interface may be inhibited by setting input port bit
7 (keyboard inhibit switch) to 0. All transmissions to the
keyboard will be allowed regardless of the state of this bit. The
keyboard controller tests data received from the keyboard to
determine if the byte received is a command response or a scan
code. If the byte is a command response, it is placed in the
keyboard controller’s output buffer. If the byte is a scan code, it
is ignored.

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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I Processor I

| | ¢— RAM on the system board
<4——— Status 4—7 N|€— Manufacturing mode
Register P|4— Display type
< u
T|€— Keyboard Inhibited
—> Input — — —— System Reset
Buffer 0| — Gate A20
»|U[ — IRQ 1
T| —— Keyboard Clock—g—p
System P| — Keyboard Data >
Data <4——— Output R U
Bus Buffer T
4_‘
128 Byte |e—>»
RAM
2K by 8 |— TO|
ROM Tl |«

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.
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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.

Inhibit Switch—This bit is updated whenever data is
placed in the keyboard controller’s output buffer. It
reflects the state of the keyboard-inhibit switch. A 0O
indicates the keyboard is inhibited.

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 to a 0.
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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.
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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/O 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.

Bit4 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  Inhibit Override—Writing a 1 to this bit disables
the keyboard inhibit function.

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

Bit1 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.

AA 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.

AB 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.
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AC

AD

Co

DO

D1

EO

Diagnostic Dump—Sends 16 bytes of the controller’s
RAM, the current state of the input port, the current
state of the output port, and the controller’s program
status word to the system. All items are sent in scan-code
format. ‘
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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.

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.

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.

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.

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.
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FO-FF Pulse Output Port—Bits 0 through 3 of the controller’s
output port may be pulsed low for approximately 6
microseconds. Bits 0 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 O of the controller’s output port is
connected to System Reset. Pulsing this bit resets
the microprocessor.

I1/0 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 7 | Keyboard inhibit switch ©
0 = Keyboard inhibited o
1 = Keyboard not inhibited =

Bit 6 | Display switch - Primary display attached to: g;
0 = Color/Graphics adapter -
1 = Monochrome adapter

Bit 5 | Manufacturing Jumper
0 = Manufacturing jumper installed

1 Jumper not installed

Bit 4 | RAM on the system board

0 = Enable 512K of system board RAM
1 = Enable 256K of system board RAM
Bit 3 Reserved

Bit 2 Reserved

Bit 1 Reserved

Bit O Reserved

Input-Port Bit Definitions

Bit 7 Keyboard data (output)
Bit 6 Keyboard clock (output)
Bit 5 Input buffer empty

Bit 4 Output buffer full

Bit 3 Reserved

Bit 2 Reserved

Bit 1 Gate A20

Bit 0 System reset

Output-Port Bit Definitions

T1 Keyboard data (input)
TO Keyboard clock (input)

Test-Input Bit Definitions
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Real-Time Clock/CMOS RAM Information

The RT/CMOS RAM chip (Motorola MC146818) 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.

Addresses Description
00 - 0D * Real-time clock information
OE * Diagnostic status byte
OF * Shutdown status byte
10 Diskette drive type byte - drives A and B
11 Reserved
12 Fixed disk type byte - types 1-14
13 Reserved
14 Equipment 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
1B - 2D Reserved
2E - 2F 2-byte CMOS checksum
30 * Low expansion memory byte
31 * High expansion memory byte
32 * Date century byte
33 * Information flags (set during power on)
34 - 3F Reserved

CMOS RAM Address Map

* These bytes are not included in the checksum calculation and
are not part of the configuration record.
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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
3 Minute Alarm 03
L 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
11 Status Register B 0B
12 Status Register C 0C
13 Status Register D oD
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Real-Time Clock Information (Addresses 00 - OD)

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.

Status Register A

Bit 7

Bit 6-Bit 4

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.

22-Stage Divider (DV2 through DVO)—These

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.

System Board 1-57



Bit 3-Bit 0

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

Bit 5

Bit 4

Bit 3

Bit 2

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 O disables it. The system
initializes this bit to 0.

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

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.

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.
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Bit 1

Bit 0

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.
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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-Bit 4

Bit 3-Bit 0

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.

Reserved—Should be written as a 0.

Status Register D

Bit 7

Bits 6-Bit 0

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 0 indicates the
battery is dead, so RAM is not valid.

Reserved—Should be written as a 0.

CMOS RAM Configuration Information

The following lists show bit definitions for the CMOS
configuration bytes (addresses hex OE — 3F).

Diagnostic Status Byte (Hex OE)

Bit 7

Power status of the real-time clock chip—A 0
indicates that the chip has not lost power, and a 1
indicates that the chip lost power.
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Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1-Bit 0

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 0 indicates that
the configuration information is valid, and a 1
indicates it is invalid. Power-on checks require:

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

e  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 and/or drive C failed initialization, which
prevents the system from attempting to "boot

u p.n
Time Status Indicator (POST validity check)— A

0 indicates that the time is valid, and a 1 indicates
that it is invalid.

Reserved
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Shutdown Status Byte (Hex OF)

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

Diskette Drive Type Byte (Hex 10)

Bit 7-Bit 4

Bit 3-Bit 0
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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).
Note: 0011 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).

Note: 0011 through 1111 are reserved.

Hex address 11 contains a reserved byte.
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Fixed Disk Type Byte (Hex 12)

Bit 7-Bit 4 Defines the type of first fixed disk drive installed
(drive C):

0000
0001
to
1110

1111

No fixed disk drive is present.

Define type 1 through type 14 as shown
in the following table (also see BIOS
listing at label FD_TBL)

Type 16 through 255. See “Drive C
Extended Byte (Hex 19)” on page 1-65 .

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

0000
0001
to
1110

1111

1-62 System Board

No fixed disk drive is present.

Define type 1 through type 14 as shown
in the following table (also see BIOS
listing at label FD_TBL)

Type 16 through 255. See “Drive D
Extended Byte (Hex 1A)” on page 1-65 .



The following figure shows the BIOS fixed disk parameters.
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Write Landing =)

Type | Cylinders Heads Pre-Comp Zone =
1 306 4 128 305
2 615 L 300 615
3 615 6 300 615
4 940 8 512 940
5 940 6 512 940
6 615 4 None 615
7 462 8 256 511
8 733 5 None 733
9 900 15 None 901
10 820 3 None 820
11 855 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

Hex address 13 contains a reserved byte.

Equipment Byte (Hex 14)

Bit 7-Bit 6

Bit 5-Bit 4

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 one of the
following:

« the Enhanced Graphics Adapter
« the Professional Graphics Controller.
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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.

Bit 3-Bit 2 Not used.
Bit 1 Math Coprocessor presence bit:

0 Math Coprocessor not installed
1  Math Coprocessor installed

Bit 0 Diskette drive presence bit:

0 Diskette drive not installed
1 Diskette drive installed

Note: The equipment byte defines basic equipment in the
system for power-on diagnostics.
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:
0100H 256K-system board RAM
0200H 512K-system board RAM
0280H 640K-512K system board RAM
and the IBM Personal Computer

AT 128KB Memory Expansion
Option
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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
0400H
0600H

3CO00H

w
m
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-

512K-1/0 adapter

1024K-I/0 adapter (2 adapters)

1536K-1/0 adapter (3 adapters)
through

15360K 1/0 adapter (15M

maximum).

Drive C Extended Byte (Hex 19)

Bit 7-Bit 0 Defines the type of first fixed disk drive installed

(drive C):

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).

Drive D Extended Byte (Hex 1A)

Bit 7-Bit 0 Defines the type of second fixed disk drive
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).
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The following figure shows the BIOS fixed disk parameters for
fixed disk drive types 16 through 22.

Note: Types 23 through 255 are reserved.

Write Landing

Type | Cylinders | Heads Pre-Comp Zone
16 612 4 A1l Cyl 663
17 977 5 300 977
18 977 7 None 977
19 1024 7 512 1023
20 733 5 300 732
21 733 7 300 732
22 733 7 300 733
23 Reserved

255 Resérved

BIOS Fixed Disk Parameters (Extended)

Hex addresses 1B through 2D are reserved.

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

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

w
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Bit 7-Bit 0 Address hex 31—High-byte expansion size

Valid Sizes:

0200H 512K-1/0 adapter
0400H 1024K-I/0 adapter
0600H 1536K-I/0 adapter
through
3CO00H 15360K I/O adapter (15M
maximum).

Note: This word reflects 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).

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

1. OUT to port hex 70 with the CMOS address that will be
written to.

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 CMOS address that is to be
read from.

2. IN from port hex 71, and the data read is returned in the AL
register.
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Specifications
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System Unit

Size

o Length: 540 millimeters (21.3 inches)
o  Depth: 439 millimeters (17.3 inches)

o Height: 162 millimeters (6.8 inches)

Weight

e 20.0 kilograms (44 pounds)

Power Cables

o Length: 1.8 meters (6 feet)

Environment

o  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)

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

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

—  Maximum altitude: 2133.6 meters (7000 feet)

Heat Output

e 1229 British Thermal Units (BTU) per hour

Noise Level

o Meets Class 3; 59 decibels average-noise rating (without
printer)

FElectrical

o Power: 450 VA

e Rangel
— Nominal: 115 Vac
— Minimum: 100 Vac
— Maximum: 125 Vac

e Range?2
— Nominal: 230 Vac
—  Minimum: 200 Vac

— Maximum: 240 Vac
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Connectors

The system board has the following additional connectors:

e  Two power-supply connectors (PS8 and PS9)

e Speaker connector (J19)

»
m
o
=
o
2

e« Power LED and key lock connector (J20)

« Battery connector (J21)

« Keyboard connector (J22)

The pin assignments for the power-supply connectors, PS8 and
PS9, are as follows. The pins are numbered 1 through 6 from the

rear of the system.

Connector | Pin | Assignments
1 Power Good

2 +5 Vdc

PS8 3 +12 Vdc

4 -12 Vdc

5 Ground

6 Ground

1 Ground

2 Ground

PS9 3 -5 Vdc

4 +5 Vdc

5 +5 Vdc

6 +5 Vdc

Power Supply Connectors (PS8, PS9)
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The speaker connector, J19, is a 4-pin, keyed, Berg strip. The
pins are numbered 1 through 4 from the front of the system. The
pin assignments are as follows:

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

Speaker Connector (J19)

The power LED and key lock connector, J20, is a 5-pin Berg
strip. The pins are numbered 1 through 5 from the front of the
system. The pin assignments are as follows:

Pin Assignments

LED Power
Key
Ground
Keyboard Inhibit
Ground

Power LED and Key Lock Connector (J20)

VT2 WN =

The battery connector, J21, is a 4-pin, keyed, Berg strip. The
pins are numbered 1 through 4 from the right of the system. The
pin assignments are as follows:

Pin Assignments
1 Ground

2 Not Used
3 Key

4 6 Vdc

Battery Connector (J21)
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The keyboard connector, J22, is a 5-pin, 90-degree Printed
Circuit Board (PCB) mounting, DIN connector. For pin
numbering, see the ‘“Keyboard” Section. The pin assignments are
as follows:
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Pin Assignments

Keyboard Clock

1

2 Keyboard Data
3 Reserved

4 Ground

5 +5 Vdc

Keyboard Connector (J22)
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The following figure shows the layout of the system board.

Type of
Display
Switch

Keyboard
Rear Panel D | - Connector

Battery
Connector
(J21)

(]
110

Channel < -

Connectors bo)™

Variable -
Capacitor | ————

~

b Power

Supply
L’ | Connectors

Power LED
and Keylock
Connector
(J20)

per
Speaker

(18) Connector

(J19)

OO0 |
O |
@ |

Note: The memory module
layout and system board
dimensions may vary.
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Notes:
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2-2 Coprocessor



Description

The IBM Personal Computer AT Math Coprocessor enables the
IBM Personal Computer AT 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:

« Binary integers (3 types)
e 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 provides 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.

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

Significant
Digits

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 19 -9x1018 < x < +9x1018

Packed Decimal| 80 18 -9..99 < x < +9..99 (18 digits)
Short Real * | 32 6-7 8.43x10-37 < x < 3.37x1038

Long Real * 64 15-16 | 4.19x10-307 < x < 1.67x10308
Temporary Real| 80 19 3.4x104932 < 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 the same clock generator as the
microprocessor. It works at one-third the frequency of the system
microprocessor (2.66 MHz). The coprocessor is wired so that it
functions as an I/O device through I/0 port addresses hex 00F8,
00FA, and O0FC. The microprocessor sends OP codes and
operands through these I/O ports. The microprocessor also
receives and stores results through the same I/O 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
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be cleared by an 8-bit I/O Write command to address hex FO
with DO through D7 equal to O.

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
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 AT. 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.
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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/O write operation to port hex 00F1, with
D7 through DO equal to 0.

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 contained inside of the system unit
and provides power for the system board, the adapters, the
diskette drives, the fixed disk drives, the keyboard, and the IBM
Monochrome Display.

Inputs

The power supply can operate at a frequency of either 60 +3 Hz
or 50 +3 Hz and it can operate at 110 Vac, 5 A or 220/240 Vac,
2.5 A. The voltage is selected with the switch above the
power-cord plug at the rear of the power supply. The following

figure shows the input requirements.
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Range Voltage (Vac) Current (Amperes)
Minimum 100

115 Vac Maximum 5
Maximum 125
Minimum 200

230 Vac Maximum 3.0
Maximum 240

Input Requirements

Note:

The maximum in-rush current is 100 A.
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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 supply also supplies either 115 Vac
or 230 Vac for the IBM Monochrome Display.

Nominal Load Current (A) Regulation
Output Min Max Tolerance
+5 Vdc 7. 19.8 +5% to -4%
-5 Vdc 0.0 0.3 +10% to -8%
+12 Vdc 2.5 7.3 +5% to -4%
-12 Vdc 0.0 0.3 +10% to -9%

DC Load Requirements

DC Output Protection

If any output becomes overloaded, the power supply will switch
off within 20 milliseconds. An overcurrent condition will not
damage the power supply.

Output Voltage Sequencing

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

If no fixed disk drive is connected to the power supply, the load
resistor must be connected to P10. The load resistor is a 5 ohm,
50 watt resistor.
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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
longer than 500 milliseconds and can drive six standard TTL
loads.

The following figure shows the minimum sense levels for the
output voltages.

Level (Vdc) Minimum (Vdc)
+5 +4.5
-5 -3.75
+12 +10.8
-12 -10.4
Sense Level
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Connectors

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

Max.
Load Point Voltage (Vdc) Current (A)
PS8-1 Power Good See Note
PS8-2 +5 3.8
PS8-3 +12 0.7
PS8-4 -12 0.3
PS8-5 Ground 0.0
PS8-6 Ground 0.0
PS9-1 Ground 0.0
PS9-2 Ground 0.0
PS9-3 -5 0.3
PS9-4 +5 3.8
PS9-5 +5 3.8
PS9-6 +5 3.8 %)
o
P10-1 +12 2.8 =
P10-2 Ground 0.0 o
P10-3 Ground 0.0 =
P10-4 +5 1.8 w
P11-1 +12 2.8
P11-2 Ground 0.0
P11-3 Ground 0.0
P11-4 +5 1.8
P12-1 +12 1.0
P12-2 Ground 0.0
P12-3 Ground 0.0
P12-4 +5 0.6

DC Load Distribution

Note: For more details, see '"Power-Good Signal'".
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Description

The keyboard is a low-profile, 84-key, detachable unit. A
bidirectional serial interface in the keyboard is used to carry
signals between the keyboard and system unit.

Cabling

The keyboard cable connects to the system board through a 5-pin
DIN connector. The following figure lists the connector pins and
their signals.

DIN Connector Pins Signal Name
1 +KBD CLK
2 +KBD DATA
3 Reserved
4 Ground
5 +5.0 Vdc

Sequencing Key Code Scanning

The keyboard is able to detect all keys that are pressed, and their
scan codes will be sent to the interface in correct sequence,
regardless of the number of keys held down. Keystrokes entered
while the interface is inhibited (when the key lock is on) will be
lost. Keystrokes are stored only when the keyboard is not
serviced by the system.

Keyboard Buffer

The keyboard has a 16-character first-in-first-out (FIFO) buffer
where data is stored until the interface is ready to receive it.

A buffer-overrun condition will occur if more than sixteen codes
are placed in the buffer before the first keyed data is sent. The
seventeenth code will be replaced with the overrun code, hex 00.
(The 17th position is reserved for overrun codes). If more keys
are pressed before the system allows a keyboard output, the data
will be lost. When the keyboard is allowed to send data, the
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characters in the buffer will be sent as in normal operation, and
new data entered will be detected and sent.

Keys

All keys are classified as make/break, which means when a key is
pressed, the keyboard sends a make code for that key to the
keyboard controller. When the key is released, its break code is
sent (the break code for a key is its make code preceded by hex
FO).

All keys are fypematic. When a key is pressed and held down, the
keyboard continues to send the make code for that key until the
key is released. The rate at which the make code is sent is known
as the typematic rate (The typematic rate is described under ''Set
Typematic Rate/Delay''). When two or more keys are held
down, only the last key pressed repeats at the typematic rate.
Typematic operation stops when the last key pressed is released,
even if other keys are still held down. When a key is pressed and
held down while the interface is inhibited, only the first make
code is stored in the buffer. This prevents buffer overflow as a
result of typematic action.

Power-On Routine

Power-On Reset

The keyboard logic generates a POR when power is applied to the
keyboard. The POR lasts a minimum of 300 milliseconds and a
maximum of 9 seconds.

Note: The keyboard may issue a false return during the first
200 milliseconds after the +5 Vdc is established at the 90%
level. Therefore, the keyboard interface is disabled for this
period.
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Basic Assurance Test

Immediately following the POR, the keyboard executes a basic
assurance test (BAT). This test consists of a checksum of all
read-only memory (ROM), and a stuck-bit and addressing test of
all random-access memory (RAM) in the keyboard’s
microprocessor. The mode indicators—three light emitting diodes
(LEDs) on the upper right-hand corner of the keyboard—are
turned on then off, and must be observed to ensure they are
operational.

Execution of the BAT will take from 600 to 900 milliseconds.
(This is in addition to the time required for the POR.)

The BAT can also be started by a Reset command.

After the BAT, and when the interface is enabled ('clock' and
'data’ lines are set high), the keyboard sends a completion code
to the interface—either hex AA for satisfactory completion or
hex FC (or any other code) for a failure. If the system issues a
Resend command, the keyboard sends the BAT completion code
again. Otherwise, the keyboard sets the keys to typematic and
make/break.

Commands from the System
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The commands described below may be sent to the keyboard at
any time. The keyboard will respond within 20 milliseconds.

Note: The following commands are those sent by the
system. They have a different meaning when issued by the
keyboard.

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 'acknowledge' signal (ACK) and ensures the
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system accepts the ACK before executing the command. The
system signals acceptance of the ACK by raising the clock and
data for a minimum of 500 microseconds. The keyboard is
disabled from the time it receives the Reset command until the
ACK is accepted or until another command overrides the previous
one. Following acceptance of the ACK, the keyboard begins the
reset operation, which is similar to a power-on reset. The
keyboard clears the output buffer and sets up default values for
typematic and delay rates.

Resend (Hex FE)

The system can send this command when it detects an error in
any transmission from the keyboard. It can be sent only after a
keyboard transmission and before the system enables the
interface to allow the next keyboard output. Upon receipt of
Resend, the keyboard sends the previous output again unless the
previous output was Resend. In this case, the keyboard will
resend the last byte before the Resend command.

No-Operation (NOP) (Hex FD through F7)

These commands are reserved and are effectively no-operation or
NOP. The system does not use these codes. If sent, the keyboard
will acknowledge the command and continue in its prior scanning

state. No other operation will occur.

Set Default (Hex F6)

The Set Default command resets all conditions to the power-on
default state. The keyboard responds with ACK, clears its output
buffer, sets default conditions, and continues scanning (only if the
keyboard was previously enabled).

Default Disable (Hex F5)

This command is similar to Set Default, except the keyboard stops
scanning and awaits further instructions.
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Enable (Hex F4)

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

Set Typematic Rate/Delay (Hex F3)

The system issues this command, followed by a parameter, to
change the typematic rate and delay. The typematic rate and
delay parameters are determined by the value of the byte
following the command. Bits 6 and 5 serve as the delay
parameter and bits 4, 3, 2, 1, and O (the least-significant bit) are
the rate parameter. 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 (28) X 0.00417 seconds, where A = binary
value of bits 2, 1, and 0 and B = binary value of bits 4 and 3.

The typematic rate (make code per second) is 1/period. The
period is determined by the first equation above. The following
table results.

»n
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Bit 4 -0 Typematic Bit 4 -0 Typematic Q

Rate * 20% Rate + 20% S

=2

00000 30.0 10000 7.5 o
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 10111 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
o111 8.0 IRRRN 2.0
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The keyboard responds to the Set Typematic Rate Delay
command with an ACK, stops scanning, and waits for the rate
parameter. The keyboard responds to the rate parameter with
another ACK, sets the rate and delay, and continues scanning (if
the keyboard was previously enabled). If a command is received
instead of the rate parameter, the set-typematic-rate function
ends with no change to the existing rate, and the new command is
processed. However, the keyboard will not resume scanning
unless instructed to do so by an Enable command.

The default rate for the system keyboard is as follows:

The typematic rate = 10 characters per second +20% and the
delay = 500 ms +20%.

No-Operation (NOP) (Hex F2 through EF)

These commands are reserved and are effectively no-operation
(NOP). The system does not use these codes. If sent, the
keyboard acknowledges the command and continues in its prior
scanning state. No other operation will occur.

Echo (Hex EE)

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

Set/Reset Mode Indicators (Hex ED)

Three mode indicators on the keyboard are accessible to the
system. The keyboard activates or deactivates these indicators
when it receives a valid command from the system. They can be
activated or deactivated in any combination.

The system remembers the previous state of an indicator so that

its setting does not change when a command sequence is issued to
change the state of another indicator.
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A Set/Reset Mode Indicators command consists of two bytes.
The first is the command byte and has the following bit setup:

11101101 — hex ED
The second byte is an option byte. It has a list of the indicators to

be acted upon. 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 0's)

Note: Bit 7 is the most-significant bit; bit O is the
least-significant.

The keyboard will respond to the Set/Reset Mode Indicators
command with an ACK, discontinue scanning, and wait for the
option byte. The keyboard will respond to the option byte with
an ACK, set the indicators, and continue scanning if the keyboard
was previously enabled. If another command is received in place
of the option byte, execution of the function of the Set/Reset
Mode Indicators command is stopped with no change to the
indicator states, and the new command is processed. Then
scanning is resumed.
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Commands to the System

The commands described here are those sent by the keyboard.
They have a different meaning when issued by the system.

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 response is required.
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ACK (Hex FA)

The keyboard issues an ACK response to any valid input other
than an Echo or Resend command. If the keyboard is interrupted
while sending ACK, it will discard ACK and accept and respond
to the new command.

Overrun (Hex 00)

An overrun character is placed in position 17 of the keyboard
buffer, overlaying the last code if the buffer becomes full. The
code is sent to the system as an overrun when it reaches the top of
the buffer.

Diagnostic Failure (Hex FD)

The keyboard periodically tests the sense amplifier and sends a
diagnostic failure code if it detects any problems. If a failure
occurs during BAT, the keyboard stops scanning and waits for a

system command or power-down to restart. If a failure is
reported after scanning is enabled, scanning continues.

Break Code Prefix (Hex F0)

This code is sent as the first byte of a 2-byte sequence to indicate
the release of a key.

BAT Completion Code (Hex AA)

Following satisfactory completion of the BAT, the keyboard
sends hex AA. Hex FC (or any other code) means the keyboard
microprocessor check failed.

ECHO Response (Hex EE)

This is sent in response to an Echo command from the system.

4-10 Keyboard



Keyboard Scan-Code Outputs

Each key is assigned a unique 8-bit, make scan code, which is sent
when the key is pressed. Each key also sends a break code when
the key is released. The break code consists of two bytes, the
first of which is the break code prefix, hex FO; the second byte is
the same as the make scan code for that key.

The typematic scan code for a key is the same as the key’s make
code. Refer to “Keyboard Layouts” beginning on page 4-15 to
determine the character associated with each key number.

The following figure lists the positions of the keys and their make
scan codes.

Key Make Code Key Make Code Key Make Code
Number Number Number

1 OE 31 1C 67 08B

2 16 32 1B 68 0A

3 1E 33 23 69 09

4 26 34 2B 70 05

5 25 35 34 71 ok

6 2E 36 33 72 03

7 36 37 3B 73 83

8 3D 38 L2 74 01

9 3E 39 4B 90 76

10 L6 Lo 4e 91 6C

11 45 41 52 92 6B %]
12 LE 43 SA 93 69 a
13 55 Lh 12 95 77 =
14 5D L6 1A 96 75 g
15 66 L7 22 97 73

16 oD 48 21 98 72 »
17 15 L9 2A 99 70

18 1D 50 32 100 7E

19 24 51 31 101 7D
20 2D 52 3A 102 74
21 2C 53 3C 103 7A
22 35 54 49 104 Al
23 3C 55 LA 105 84
24 43 57 59 106 7C
25 Ly 58 1 107 7B
26 4D 61 29 108 79
27 54 64 58
28 5B 65 06
30 14 66 oc

Note: Break codes consists of two bytes; the first is hex FO,
the second is the make scan code for that key.
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Clock and Data Signals

The keyboard and system communicate over the 'clock' and
'data’ lines. The source of each of these lines is an
open-collector device on the keyboard that allows either the
keyboard or the system to force a line to a negative level. When
no communication is occurring, both the 'clock' and 'data’' lines
are at a positive level.

Data transmissions to and from the keyboard consist of 11-bit
data streams that are sent serially over the 'data' line. The
following figure shows the structure of the data stream.

@
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Function

Start bit (always 1)

Data bit 0 (least-significant)
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit
Data bit 7 (most-significant)
Parity bit (always odd)

Stop bit (always 1)
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The parity bit is either 1 or 0, and the eight data bits plus the
parity bit always equals an odd number.

When the system sends data to the keyboard, it forces the 'data’
line to a negative level and allows the 'clock' line to go to a
positive level.

When the keyboard sends data to, or receives data from the
system, it generates the 'clock' signal to time the data. The
system can prevent the keyboard from sending data by forcing the
‘clock’ line to a negative level; the 'data' line may go high or low
during this time.

During the BAT, the keyboard allows the 'clock' and 'data’
lines to go to a positive level.
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Keyboard Data Output

When the keyboard is ready to send data, it first checks for a
keyboard-inhibit or system request-to-send status on the 'clock’
and 'data' lines. If the 'clock' line is low (inhibit status), data is
stored in the keyboard buffer. If the 'clock’ line is high and
‘data’ is low (request-to-send), data is stored in the keyboard
buffer, and the keyboard receives system data.

If 'clock' and 'data’ are both high, the keyboard sends the 0
start bit, 8 data bits, the parity bit and the stop bit. Data will be
valid after the rising edge and before the falling edge of the
‘clock' line. During transmission, the keyboard checks the
‘clock' line for a positive level at least every 60 milliseconds. If
the system lowers the 'clock' line from a positive level after the
keyboard starts sending data, a condition known as line contention
occurs, and the keyboard stops sending data. If line contention
occurs before the rising edge of the tenth clock (parity bit), the
keyboard buffer returns the 'data’' and 'clock' lines to a positive
level. If contention does not occur by the tenth clock, the
keyboard completes the transmission.

Following a transmission, the system can inhibit the keyboard

until the system processes the input or until it requests that a
response be sent.

Keyboard Data Input
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When the system is ready to send data to the keyboard, it first
checks if the keyboard is sending data. If the keyboard is sending
but has not reached the tenth clock, the system can override the
keyboard output by forcing the 'clock' line to a negative level.

If the keyboard transmission is beyond the tenth clock, the system
must receive the transmission.

If the keyboard is not sending, or if the system elects to override
the keyboard’s output, the system forces the 'clock' line to a
negative level for more than 60 microseconds while preparing to
send. When the system is ready to send the start bit ('data’ line
will be low), it allows the 'clock' line to go to a positive level.
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The keyboard checks the state of the 'clock' line at intervals of
no less than 60 milliseconds. If a request-to-send is detected, the
keyboard counts 11 bits. After the tenth bit, the keyboard forces
the 'data’ line low and counts one more (the stop bit). This
action signals the system that the keyboard has received its data.
Upon receipt of this signal, the system returns to a ready state, in
which it can accept keyboard output, or goes to the inhibited state
until it is ready.

Each system command or data transmission to the keyboard
requires a response from the keyboard before the system can send
its next output. The keyboard will respond within 20 milliseconds
unless the system prevents keyboard output. If the keyboard
response is invalid or has a parity error, the system sends the
command or data again. A Resend command should not be sent
in this case.
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Keyboard Layouts

The keyboard has six different layouts:

French
German
Italian
Spanish
U.K. English

U.S. English

The following pages show the six keyboard layouts.
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Specifications

Size
e Length: 540 millimeters (21.6 inches)
o  Depth: 100 millimeters (4 inches)

o Height: 225 millimeters (9 inches)

Weight

e 2.8 kilograms (6.2 pounds)
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Notes:
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The basic input/output system (BIOS) resides in ROM on the
system board and provides level control for the major I/O devices
in the system and provides system services, such as time-of-day
and memory size determination. Additional ROM modules may
be placed on option adapters to provide device-level control for
that option adapter. BIOS routines enable the assembly language
programmer to perform block (disk or diskette) or character-level
I/0 operations without concern for device address and
characteristics.

If the sockets labeled U17 and U37 on the system board are
empty, additional ROM modules may be installed in these
sockets. During POST, a test is made for valid code at this
location, starting at address hex EO0OO and ending at hex EFFFF.
More information about these sockets may be found under

" Additional System Board ROM Modules'' on page 5-13 .

The goal of the BIOS is to provide an operational interface to the
system and relieve the programmer of concern about the
characteristics of hardware devices. The BIOS interface isolates
the user from the hardware, allowing new devices to be added to
the system, yet retaining the BIOS level interface to the device.

In this manner, hardware modifications and enhancements are not
apparent to user programs.

The IBM Personal Computer MACRO Assembler manual and the
IBM Personal Computer Disk Operating System (DOS) manual
provide useful programming information related to this section.
A complete listing of the BIOS is given later in this section.

System BIOS Usage

Access to the BIOS is through program interrupts of the
microprocessor in the real mode. Each BIOS entry point is
available through its own interrupt. For example, to determine
the amount of base RAM available in the system with the
microprocessor in the real mode, INT 12H invokes the BIOS
routine for determining the memory size and returns the value to
the caller.
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Parameter Passing

All parameters passed to and from the BIOS routines go through
the 80286 registers. The prolog of each BIOS function indicates
the registers used on the call and return. For the memory size
example, no parameters are passed. The memory size, in 1K
increments, is returned in the AX register.

If a BIOS function has several possible operations, the AH
register is used at input to indicate the desired operation. For
example, to set the time of day, the following code is required:

MOV AH, 1 ; function is to set time-of-day
MOV CX,HIGH_COUNT ; establish the current time
MOV DX, LOW_COUNT

INT 1AH ;i set the time

To read the time of day:

MOV AH,0 ;i function is to read time-of-day
INT 1AH ;i read the timer

The BIOS routines save all registers except for AX and the flags.
Other registers are modified on return only if they are returning a
value to the caller. The exact register usage can be seen in the
prolog of each BIOS function.
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The following figure shows the interrupts with their addresses and

functions.
Int Address Name BI0S Entry
0 0-3 Divide by Zero D11
1 4-7 Single Step D11
2 8-B Nonmaskable NMI INT
3 C-F Breakpoint D11
4 10-13 Overflow D11
5 14-17 Print Screen PRINT_SCREEN
6 18-1B Reserved D11
7 1C-1F Reserved D11
8 20-23 Time of Day TIMER_INT
9 24-27 Keyboard KB_INT
A 28-28B Reserved D11
B 2C-2F Communications D11
C 30-33 Communications D11
D 34-37 Alternate Printer D11
E 38-3B Diskette DISK_INT
F 3C-3F Printer D11
10 40-43 Video VIDEO_10
" L4-47 Equipment Check EQUIPMENT
12 48-48 Memory MEMORY _SIZE _
DETERMINE
13 4C-4F Diskette/Disk DISKETTE_I0O
14 50-53 Communications RS232 10
15 54-57 Cassette CASSETTE
10/System
Extensions
16 58-5B Keyboard KEYBOARD_10
17 5C-5F Printer PRINTER_10
18 60-63 Resident Basic F600:0000
19 64-67 Bootstrap BOOTSTRAP
1A 68-68 Time of Day TIME_OF DAY
1B 6C-6F Keyboard Break DUMMY_RETURN
1C 70-73 Timer Tick DUMMY_RETURN
1D 74-77 Video Initialization VIDEO PARMS
1E 78-7B Diskette Parameters DISK BASE
1F 7C-7F Video Graphics Chars | O

80286-2 Program Interrupt Listing (Real Mode Only)

Note:
on page 5-24 .

For BIOS index, see the BIOS Quick Reference
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The following figure shows hardware, BASIC, and DOS reserved
interrupts.

Interrupt | Address Function
20 80-83 DOS program terminate
21 84-87 DOS function call
22 88-88B DOS terminate address
23 8C-8F DOS Ctr1 Break exit address
24 90-93 DOS fatal error vector
25 94-97 DOS absolute disk read
26 98-9B DOS absolute disk write
27 9C-9F DOS terminate, fix in storage
28-3F AO-FF Reserved for DOS
40-5F 100-17F | Reserved for BIOS
60-67 180-19F | Reserved for user program interrupts
68-6F 1A0-1BF | Not used
70 1€0-1C3 | IRQ 8 Realtime clock INT (BIOS entry
RTC_INT)
71 1C4-1C7 IRQ 9 TBIOS entry RE_DIRECT)
72 1C8-1CB IRQ 10 (BIOS entry DT1)
73 1CC-1CF | IRQ 11 (B10S entry D11)
74 1D0-1D3 IRQ 12 (BIOS entry D11)
75 1D4-1D7 IRQ 13 BI0OS Redirect to NMI interrupt
(BI10S entry INT_287)
76 108-1DB | IRQ 14 (BIOS entry D11)
77 1DC-1DF IRQ 15 (BIOS entry D11)
78-7F 1E0-1FF | Not used
80-85 200-217 | Reserved for BASIC
86-F0 218-3C3 | Used by BASIC interpreter while
BASIC is running
F1-FF 3C4-3FF Not used

Hardware, Basic, and DOS Interrupts

Vectors with Special Meanings

Interrupt 15—Cassette I/O: This vector points to the
following functions:

+ Device open

o Device closed

e Program termination
« Event wait

«  Joystick support
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« System Request key pressed

e  Wait

e Move block

« Extended memory size determination
« Processor to protected mode

Additional information about these functions may be found in the
BIOS listing.

Interrupt 1B—Keyboard Break Address: This vector points to
the code that is executed when the Ctrl and Break keys are
pressed. The vector is invoked while responding to a keyboard
interrupt, and control should be returned through an IRET
instruction. The power-on routines initialize this vector to point
to an IRET instruction so that nothing will occur when the Ctrl
and Break keys are pressed unless the application program sets a
different value.

This routine may retain control with the following considerations:

o The Break may have occurred during interrupt processing, so
that one or more End of Interrupt commands must be sent to
the 8259 controller.

e Al I/O devices should be reset in case an operation was
underway at the same time.

Interrupt 1C—Timer Tick: This vector points to the code that
will be executed at every system-clock tick. This vector is
invoked while responding to the timer interrupt, and control
should be returned through an IRET instruction. The power-on
routines initialize this vector to point to an IRET instruction, so
that nothing will occur unless the application modifies the pointer.
The application must save and restore all registers that will be
modified.
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Interrupt 1D—Video Parameters: This vector points to a data
region containing the parameters required for the initialization of
the 6845 on the video adapter. Notice that there are four
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separate tables, and all four must be reproduced if all modes of
operation are to be supported. The power-on routines initialize
this vector to point to the parameters contained in the ROM video
routines.

Interrupt 1E—Diskette Parameters: This vector points to a
data region containing the parameters required for the diskette
drive. The power-on routines initialize this vector to point to the
parameters contained in the ROM diskette routine. These default
parameters represent the specified values for any IBM drives
attached to the system. Changing this parameter block may be
necessary to reflect the specifications of other drives attached.

Interrupt 1F—Graphics Character Extensions: When
operating in graphics modes 320 x 200 or 640 x 200, the
read/write character interface will form a character from the
ASCII code point, using a set of dot patterns. ROM contains the
dot patterns for the first 128 code points. For access to the
second 128 code points, this vector must be established to point
at a table of up to 1K, where each code point is represented by 8
bytes of graphic information. At power-on time, this vector is
initialized to 000:0, and the user must change this vector if the
additional code points are required.

Interrupt 40—Reserved: When a Fixed Disk and Diskette Drive
Adapter is installed, the BIOS routines use interrupt 40 to
revector the diskette pointer.

Interrupt 41 and 46—Fixed Disk Parameters: These vectors
point to the parameters for the fixed disk drives, 41 for the first
drive and 46 for the second. The power-on routines initialize the
vectors to point to the appropriate parameters in the ROM disk
routine if CMOS is valid. The drive type codes in CMOS are
used to select which parameter set the vector points to. Changing
this parameter hook may be necessary to reflect the specifications
of other fixed drives attached.

Other Read/Write Memory Usage

The IBM BIOS routines use 256 bytes of memory from absolute
hex 400 to hex 4FF. Locations hex 400 to 407 contain the base
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addresses of any RS-232C adapters installed in the system.
Locations hex 408 to 40F contain the base addresses of any
printer adapters.

Memory locations hex 300 to hex 3FF are used as a stack area
during the power-on initialization and bootstrap, when control is
passed to it from power-on. If the user desires the stack to be in a
different area, that area must be set by the application.

The following figure shows the reserved memory locations.

Address Mode Function
400-4A1 | ROM BIOS | See BIOS listing
LA2-LEF Reserved
LFO-4FF Reserved as intra-application
communication area for any application
500-5FF Reserved for DOS and BASIC
500 DOS Print screen status flag store

0=Print screen not active or successful
print screen operation

1=Print screen in progress

255=Error encountered during print
screen operation

504 DOS Single drive mode status byte
510-511 BASIC BASIC's segment address store
512-515 BASIC Clock interrupt vector segment:offset store
516-519 BASIC Break key interrupt vector segment:offset
store
51A-51D BASIC Disk error interrupt vector segment:offset
store

Reserved Memory Locations

The following is the BASIC workspace for DEF SEG (default
workspace).

Offset | Length
2E 2 Line number of current line being executed
347 2 Line number of last error
30 2 Offset into seégment of start of program text
358 2 Offset into segment of start of variables
(end of program text 1-1)
6A 1 Keyboard buffer contents
0=No characters in buffer
1=Characters in buffer .
LE 1 Character color in graphics mode™

Basic Workspace Variables
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*Set to 1, 2, or 3 to get text in colors 1-3. Do not set to 0. The
default is 3.
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Example
100 PRINT PEEK (&H2E) + 256 x PEEK (&H2F)

L H

Hex 64 Hex 00

The following is a BIOS memory map.

Starting Address
00000 BI0S interrupt vectors
001EO Available interrupt vectors
00400 BI0S data area
00500 User read/write memory
E0000 Read only memory
F0000 BI10S program area

BIOS Memory Map

BIOS Programming Hints

The BIOS code is invoked through program interrupts. The
programmer should not ""hard code" BIOS addresses into
applications. The internal workings and absolute addresses within
BIOS are subject to change without notice.

If an error is reported by the disk or diskette code, reset the drive
adapter and retry the operation. A specified number of retries
should be required for diskette reads to ensure the problem is not
due to motor startup.

When altering I/O-port bit values, the programmer should change
only those bits necessary to the current task. Upon completion,
the original environment should be restored. Failure to adhere to
this practice may cause incompatibility with present and future
applications.

Additional information for BIOS programming can be found in
Section 9 of this manual.
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Move Block BIOS

The Move Block BIOS was designed to make use of the memory
above the 1M address boundary while operating with IBM DOS.
The Block Move is done with the Intel 80286 Microprocessor
operating in the protected mode.

Because the interrupts are disabled in the protected mode, Move
Block BIOS may demonstrate a data overrun or lost interrupt
situation in certain environments.

Communication devices, while receiving data, are sensitive to
these interrupt routines; therefore, the timing of communication
and the Block Move should be considered. The following table
shows the interrupt servicing requirements for communication
devices.

Baud Rate 11 Bit (ms) 9 bit (ms)
300 33.33 30.00
1200 8.33 7.50
2400 L.16 7.50
4800 2.08 1.87
9600 1.04 0.93
Times are approximate

Communication Interrupt Intervals

The following table shows the time required to complete a Block
Move.

Buffer
Block Size Addresses Time in ms
Normal
512 Byte Both even 0.98
Even and odd 1.04
Both odd 1.13 .
m
Max imum 9
64K Both Even 37.0 =
Even and odd 55.0 =
Both odd 72.0 o
Time is approximate

Move Block BIOS Timing
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Following are some ways to avoid data overrun errors and loss of
interrupts:

« Do not use the Block Move while communicating, or

« Restrict the block size to 512 bytes or less while
communicating, or

¢ Use even address buffers for both the source and the
destination to keep the time for a Block Move to a
minumum.

Adapters with System-Accessible ROM Modules

The ROM BIOS provides a way to integrate adapters with
on-board ROM code into the system. During POST, interrupt
vectors are established for the BIOS calls. After the default
vectors are in place, a scan for additional ROM modules occurs.
At this point, a ROM routine on an adapter may gain control and
establish or intercept interrupt vectors to hook themselves into
the system.

The absolute addresses hex C8000 through E0000 are scanned in
2K blocks in search of a valid adapter ROM. A valid ROM is
defined as follows:

Byte 0 Hex 55

Byte1  Hex AA

Byte 2 A length indicator representing the number of 512-byte
blocks in the ROM

Byte3  Entry by a CALL FAR

A checksum is also done to test the integrity of the ROM module.
Each byte in the defined ROM module is summed modulo hex
100. This sum must be 0 for the module to be valid.

When the POST identifies a valid ROM, it does a CALL FAR to

byte 3 of the ROM, which should be executable code. The
adapter can now perform its power-on initialization tasks. The
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adapter’s ROM should then return control to the BIOS routines
by executing a RETURN FAR.

Additional System Board ROM Modules

The POST provides a way to integrate the code for additional
ROM modules into the system. These modules are placed in the
sockets marked U17 and U37. A test for additional ROM
modules on the system board occurs. At this point, the additional
ROM, if valid, will gain control.

The absolute addresses, EO000 through EFFFF, are scanned in
64K blocks for a valid checksum. Valid ROM is defined as
follows:

Byte 0 Hex 55

Byte1 Hex AA

Byte 2  Not used

Byte 3  Entry by a CALL FAR

A checksum is done to test the integrity of the ROM modules.
Each byte in the ROM modules is summed modulo hex 100. This
sum must be 0 for the modules to be valid. This checksum is
located at address EFFFF.

When the POST identifies a valid ROM at this segment, it does a

CALL FAR to byte 3 of the ROM, which should be executable
code.

Keyboard Encoding and Usage
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The keyboard routine, provided by IBM in the ROM BIOS, is
responsible for converting the keyboard scan codes into what will
be termed Extended ASCII. The extended ASCII codes returned
by the ROM routine are mapped to the U.S. English keyboard
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layout. Some operating systems may make provisions for
alternate keyboard layouts by providing an interrupt replacer,
which resides in the read/write memory. This section discusses
only the ROM routine.

Extended ASCII encompasses 1-byte character codes, with
possible values of 0 to 255, an extended code for certain extended
keyboard functions, and functions handled within the keyboard
routine or through interrupts.

Character Codes

The character codes described later are passed through the BIOS
keyboard routine to the system or application program. A "-1"
means the combination is suppressed in the keyboard routine.
The codes are returned in the AL register. See ‘“Characters,
Keystrokes, and Color” later in this manual for the exact codes.
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The following figure shows the keyboard layout and key

positions.

SECTION 5
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Key Base Case Uppercase Ctrl Alt
1 ' ~ -1 -1
2 1 ! -1 N W,
3 2 e Nui(000) (*)| (%)
4 3 # -1 (*)
5 b $ =1 (*)
6 5 % -1 (*)
7 6 A RS(030) (*)
8 7 € -1 (*)
9 8 * -1 (*)
10 9 ( -1 (*)
11 0 ) -1 (*)
12 - _ us(o31) (*)
13 = + -1 (\)
14 \ | FS(028) -1
15 Backspace Backspace Del(127) -1
(008) (008
16 —»| (009) |e— (%) -1 -1
17 q Q DC1(017) (*)
18 w W ETB(023) (*)
19 e E ENQ(005) (%)
20 r R DC2(018) (%)
21 t T DC4(020) (*)
22 y Y EM(025) (%)
23 u u NAK(021) (*)
24 i [ HT(009) (*)
25 o 0 S1(015) (%)
26 p P DLE(016) (*)
27 [ { Esc(027) (*)
28 1 } GS(029) -1
30 Ctrl -1 -1 -1 -1
31 a A SOH(001) (%)
32 s S DC3(019) (%)
33 d D EOT(00k) (*)
34 f F ACK(006) (*)
35 g G BEL(007) (%)
36 h H BS(008) (%)
37 J J LF(010) (*)
38 k K vT(011) (*)
39 1 L FF(012) (*)
4o 3 : -1 -1
b ' ! -1 -1
43 CR CR LF(010) -1
4y shift -1 -1 -1 -1
(Left) .
L6 z z SUB(026) (*)
47 x X CAN(024) (*)
48 c c ETX(003) (*)
Notes:
i*) Refer to ”Extended Funct|ons in this section.
**) Refer to ''Special Handling'' in this section.

Character Codes (Part 1 of 2)
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Key Base Case Uppercase Ctrl Alt

L9 v v SYN(022) (*)

50 b B STX(002) (*)

51 n N S0(014) (*)

52 m M CR(013) (*)

53 s < -1 -1

5L . > -1 -1

55 / ? -1 -1

57 Shift -1 -1 -1 -1

(Right)

58 Alt -1 -1 -1 -1

61 Space Space Space Space

64 Caps -1 -1 -1 -1
Lock

90 Esc Esc Esc -1

95 Num -1 -1 (%) Pause (**) -1
Lock

100 Scroll| -1 -1 Break (**) -1
Lock . .

107 - - (*) (*)

108 Enter Enter -1 -1

112 Null (*) Null (%) Null (*) Nul1(*)

113 Null (*) Null (*) Null (%) Nul1(*)

14 Null (%) Null (*) Null (*) Null(*)

115 Null (%) Null (%) Null (*) Null(*)

116 Null (%) Null (%) Null (*) Nul1(*)

117 Null (%) Null (%) Null (%) Nuli(*)

118 Null (*) Null (%) Null (*) Nul1(*)

Notgs:

(:) Refer to ''Extended Functions' in this section.
(**) Refer to ''Special Handling'' in this section.

Character Codes (Part 2 of 2)
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The following figure lists keys that have meaning only in Num
Lock, Shift, or Ctrl states. The Shift key temporarily reverses the
current Num Lock state.

Num

Key | Lock Base Case Alt Ctrl

91 | 7 Home (*) -1 Clear Screen
92 4 <« (%) -1 Rexerse Word
93 1 End (*) -1 Ezgie to EOL
9 | 8 ) -1 -1

97 5 -1 -1 -1

98 | 2 V(%) -1 -1

99 0 Ins =1 -1

101 9 Page Up (*) -1 Top of Text

and Home

102 | 6 - (%) -1 A?¥§nce Word
103 3 Page Down -1 Ergse to EOS
104 . Delete (*,**)| (**) (**)

105 - Sys Request -1 -1

106 + + (%) -1 -1

Notes:

(*) Refer to "Extended Functions' in this section.
(**) Refer to ''Special Handling' in this section.

Special Character Codes

Extended Functions

For certain functions that cannot be represented by a standard
ASCII code, an extended code is used. A character code of 000
(null) is returned in AL. This indicates that the system or
application program should examine a second code, which will
indicate the actual function. Usually, but not always, this second
code is the scan code of the primary key that was pressed. This
code is returned in AH.
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The following is a list of the extended codes and their functions.

Second
Code Function
3 Nul Character
15 <— (Back-tab)
16-25 1t Q, W, E, R, T, Y, U, |, 0, P
30-38 Alt A, S, D, F, G, H, J, K, L
Li-50 Alt Z, X, C, V, B, N, M
59-68 F1 to F10 Function Keys (Base Case)
71 Home
72 } (Cursor Up)
73 Page Up and Home Cursor
75 <« (Cursor Left)
77 —» (Cursor Right)
79 End
80 v (Cursor Down)
81 Page Down and Home Cursor
82 Ins (Insert)
83 Del (Delete)
85-93 F11 to F20 (Shift-F1 through Shift-F10)
94-103 F21 to F30 (Ctrl1-F1 through Ctr1-F10)
104-113 F31 to F40 (A1t-F1 through A1t-F10)
114 Ctrl PrtSc (Start/Stop Echo to Printer)
115 Ctr1 « (Reverse Word
116 Ctr1 = (Advance Word)
117 Ctr1 End (Erase to End of Line-EOL)
118 Ctr1 PgDn (Erase to End of Screen-EO0S)
119 Ctr1 Home (Clear Screen and Home
120-131 | Alt 1, 2, 3, 4, 5, 6, 7, 8, 9, 0, -, = keys 2-13
132 Ctr1 PgUp (Top 25 Lines of Text and Cursor Home)

Keyboard Extended Functions

Shift States

Most shift states are handled within the keyboard routine, and are
not apparent to the system or application program. In any case,
the current status of active shift states is available by calling an
entry point in the BIOS keyboard routine. The following keys
result in altered shift states:

Shift: This key temporarily shifts keys 1 through 13, 15 through
29, 31 through 41, and 46 through 55, to uppercase (base case if
in Caps Lock state). Also, the Shift temporarily reverses the
Num Lock or non-Num Lock state of keys 91 through 93, 96, 98,
99, and 101 through 104.
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Ctrl: This key temporarily shifts keys 3, 7, 12, 15, 17 through 29,
31 through 39, 43, 46 through 52, 91 through 93, and 101
through 103 to the Ctrl state. The Ctrl key is also used with the
Alt and Del keys to cause the system-reset function; with the
Scroll Lock key to cause the break function; and with the Num
Lock key to cause the pause function. The system-reset, break,
and pause functions are described under ''Special Handling" later
in this section.

Alt: This key temporarily shifts keys 1 through 13, 17 through
26, 31 through 39, and 46 through 52 to the Alt state. The Alt
key is also used with the Ctrl and Del keys to cause a system
reset.

The Alt key also allows the user to enter any character code from
1 to 255.

Note: Character codes 97-122 will display uppercase
with Caps Lock activated.

The user holds down the Alt key and types the decimal value of
the characters desired on the numeric keypad (keys 91 through
93, 96 through 99, and 101 through 103). The Alt key is then
released. If the number is greater than 255, a modulo-256 value
is used. This value is interpreted as a character code and is sent
through the keyboard routine to the system or application
program. Alt is handled internal to the keyboard routine.

Caps Lock: This key shifts keys 17 through 26, 31 through 39,
and 46 through 52 to uppercase. When Caps Lock is pressed
again, it reverses the action. Caps Lock is handled internal to the
keyboard routine. When Caps Lock is pressed, it changes the
Caps Lock Mode indicator. If the indicator was on, it will go off;
and if it was off, it will go on.

Scroll Lock: When interpreted by appropriate application
programs, this key indicates that the cursor-control keys will
cause windowing over the text rather than moving the cursor.
When the Scroll Lock key is pressed again, it reverses the action.
The keyboard routine simply records the current shift state of the
Scroll Lock key. It is the responsibility of the application
program to perform the function. When Scroll Lock is pressed, it
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changes the Scroll Lock Mode indicator. If the indicator was on,
it will go off; and if it was off, it will go on.

Num Lock: This key shifts keys 91 through 93, 96 through 99,
and 101 through 104 to uppercase. When Num Lock is pressed
again, it reverses the action. Num Lock is handled internal to the
keyboard routine. When Num Lock is pressed, it changes the
Num Lock Mode indicator. If the indicator was on, it will go off;
if it was off, it will go on.

If the keyboard Num Lock Mode indicator and the system get out
of synchronization, pressing the key combination of Shift and
Num Lock will synchronize them. This key combination changes
the Num Lock bit in the keyboard memory, but sends only the
scan code for the Shift key to the system.

Shift Key Priorities and Combinations: If combinations of the
Alt, Ctrl, and Shift keys are pressed and only one is valid, the
priority is as follows: the Alt key is first, the Ctrl key is second,
and the Shift key is third. The only valid combination is Alt and
Ctrl, which is used in the system-reset function.

Special Handling

System Reset

The combination of the Alt, Ctrl, and Del keys results in the

keyboard routine that starts a system reset or restart. System
reset is handled by BIOS.

Break

The combination of the Ctrl and Break keys results in the
keyboard routine signaling interrupt hex 1B. The extended
characters AL=hex 00, and AH=hex 00 are also returned.
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Pause

The Pause key (Ctrl and Num Lock) causes the keyboard
interrupt routine to loop, waiting for any key except Num Lock to
be pressed. This provides a method of temporarily suspending an
operation, such as listing or printing, and then resuming the
operation. The method is not apparent to either the system or the
application program. The key stroke used to resume operation is
discarded. Pause is handled internal to the keyboard routine.

Print Screen

The PrtSc key results in an interrupt invoking the print-screen
routine. This routine works in the alphanumeric or graphics
mode, with unrecognizable characters printing as blanks.

System Request
When the System Request (Sys) key is pressed, a hex 8500 is
placed in AX, and an interrupt hex 15 is executed. When the Sys
key is released, a hex 8501 is placed in AX, and another interrupt
hex 15 is executed. If an application is to use System Request,
the following rules must be observed:

Save the previous address.

Overlay interrupt vector hex 15.

Check AH for a value of hex 85:

If yes, process may begin.
If no, go to previous address.

The application program must preserve the value in all registers,

except AX, upon return. System Request is handled internal to
the keyboard routine.
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Other Characteristics

The keyboard routine does its own buffering, and the keyboard
buffer is large enough to support entries by a fast typist.
However, if a key is pressed when the buffer is full, the key will
be ignored and the "alarm'" will sound.

The keyboard routine also suppresses the typematic action of the
following keys: Ctrl, Shift, Alt, Num Lock, Scroll Lock, Caps
Lock, and Ins.

During each interrupt 09H from the keyboard, an interrupt 15H,
function (AH)=4FH is generated by the BIOS after the scan
code is read from the keyboard adapter. The scan code is passed
in the (AL) register with the carry flag set. This is to allow an
operating system to intercept each scan code prior to its being
handled by the interrupt 09H routine, and have a chance to
change or act on the scan code. If the carry flag is changed to O
on return from interrupt 15H, the scan code will be ignored by
the interrupt handler.
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T 5-28
Data Area Description .......................... 5-30
Common POST and BIOS Equates ................ 5-32
Test .01 Through Test .16 ....................... 5-36
POST and Manufacturing Test Routines ............ 5-57

Test2 ottt ittt i ittt 5-58
Test .17 Through Test .23 . ...................... 5-58

Test3. POST Exception Interrupt Tests ................ 5-75

Test4. POST and BIOS Utility Routines ............... 5-81
CMOS_READ ........ .. ... i, 5-81
CMOS_WRITE ............ .. ... it 5-81
E_MSG P_MSG ........... i 5-82
ERR_BEEP ............ ... .. ciiiiiiinnn. 5-82
BEEP ... . e 5-83
WAITF ... i 5-83
CONFIG_BAD ........ ..., 5-83
PRT_SEG ....... ... 5-84
KBD_RESET ......... ... i, 5-85
D11 - Dummy Interrupt Handler ................. 5-87
Hardware Interrupt 9 Handler (Type 71) ........... 5-87

TestS. Exception Interrupt Tests .................0... 5-88
SYSINIT1 - Build Protected Mode Descriptors . ...... 5-89
GDT_BLD - Build the GDT for POST ............ 5-89
SIDT__ BLD - Build the IDT for POST ............ 5-91

= 5-93
STGTST_CNT ........ . i 5-93
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XMIT__ 8042 ... ... 5-95
BOOT_STRAP ...... ... 5-95

Diskette BIOS ........citiiitiiiirenrennronnonns 5-97

Fixed Disk (Hard File) BIOS ..............cc0vvuuts 5-116
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Printer BIOS .. ......ciitttiiiiinriennnscnnnnnes 5-138
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VideoBIOS ... ... iiiiiiitiennnrsonensesnnnss 5-143
BIOS .. i i ittt ittt 5-161
Memory Size Determine . ...................... 5-161
Equipment Determine ......................... 5-161
NMI e e 5-162
33 (0 1 5-163
EventWait .......... ... ... ..., 5-164
Joystick Support . ........ ... 5-165
Wait .. e 5-166
Block MOVE ...ttt e 5-167
Extended Memory Size Determine ............... 5-172
Processor to Virtual Mode ..................... 5-174
BIOS2 ...ttt ettt 5-176
Timeof Day .............. .. .0 iiiiinneenn. 5-176
Alarm Interrupt Handler ....................... 5-179
PrintScreen ........... .. i, 5-180
Timer 1 Interrupt Handler ...................... 5-181
ORGS - PC Compatibility and Tables ................ 5-182
POST Error Messages ... ........cuvuiunnennnn 5-182
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Address

FO000:E729
F000:3A23
F000:6000
F000: 19F0
F000:1BIA
F000:2022
F000:0C96
F000:0396
F000:4135
F000: 1941
F000: 1958
F000:1A45
FO00:E6F5
FOO00:FA6E
F000:E020
F000: 1BCA
F000:E030
FO000:E040
F000:1975
F000:20E3

FO00:E168
FO00:EI91
FO00:EIBT
F000:E1DB
FO00:EIEE
F000:E209
FO00:E224
FO000:E239
F000:E2C6

FO00:3IFE
F000:3172
F000:0010
FO00:FOE4
F000:FOEC

F000:0C96
F000: 1671
F000: 1941
F000:1C38
F000: IEBS

5-26

Abs

Publics by Name

At
ACT_DISP_PAGE
BASIC

BEEP

BL INK_INT
BOOT_STRAP_1
21

c8042
CASSETTE_I0O_1
CMOS_R
CMOS_WRITE
CONFTG_BAD
CONF_TBL
CRT_CHAR_GEN
DI

D11

D2

D2A

DS
DISKETTE_10_1
DISK_BASE

DISK_INT_1
DISK_I0
DISK_SETUP

DSKETTE_SETUP
DUMMY_RETURN
DUMMY_RETURN_!
EI01

E602
EQUIPMENT_1
ERR_BEEP
E_M3G
FT780

F1781

K9
KBD_RESET
KB_TNT_1
KEYBOARD_10_1

M4

M5

Mé

M7
MEMORY_S1ZE_DET_1
NMI_INT

NMITINT_1

0BF_42

POSTI

POST2

POST3

POST4

POSTS
POSTe

MAP

Address

F000:0000
F000:0008
F000:0010
F000:0050
F000:03%6
F000:03A2
F000:0C96
F000:0C96
F000:1052
F000:10B6
F000:10B9

F000:39BF
F000:39E4
F000:3A0C
F000:3A23
F000:3A47
F000:3A6D
F000:3A90
F000:3B2F
F000:3B81

F000:3BDB
F000:3C0D
F000:3CBD
F000:3CCE
F000:3F72
FO00:3FF9
F000:409E
F000:40A8
F000:40B2
F000:4135
F000:43BF
F000:4501

F000:45BD
F000:473F
F000:47A9
FO000:483F
F000:4888
F000:6000
FO000:E020
F000:E030
F000:E040
FO000:E0SE
FO00:EO077
F000:E090
F000:E0A9
F000:EOC2
F000:EODB
FO000:EOF4
F000:E10D

Abs
Abs

Publics by Value

POST!
KeL

M4
START_1

POST3
CMOS_READ
POSTZ
CMOS_WRITE
DDS

E_MSG
P_MS
ERR_BEEP
BEEP
WAITF

CONF IG_BAD
XPC_BYTE

PROT_PRT_HEX
ROM_CHECKSUM
ROM_CHECK
KBD_RESET
BLINK_INT
SET_TOD

D1
DUMMY_RETURN_1
RE_DIRECT

INT 287
PROC_SHUTDOWN
POSTS
SYSINIT!
POST6
STGTST_CNT
ROM_ERR
XMIT_8042
BOOT_STRAP_1
DISKETTE_IO_!
SEEK
DISK_INT_t
DSKETTE_SETUP
DISK_SETUP
DISK_10

HD_IN
KEYBOARD_10_I
KB_INT_1

K18

SND_DATA

SCROLL_DOWN
READ_AC_CURRENT
WRITE_AC_CURRENT
WRITE_C_CURRENT
READ_DOT
WRITE_DOT
WRITE_TTY
READ_LPEN
MEMORY_S I ZE_DET_{
EQUIPMENT _1
NMI_INT 1
CASSETTE_10_1

PRINT_SCREEN_!
TIMERINT_{



F000:3716 PRINTER_10_1 FO00:E126 E109

FOO00:FF54 PRINT_SEREEN FO00:E13F Ele6l
FO000:47A9 PRINT_SCREEN_{ FO00:E168 E162
F000:1C31 PROC_SHUTDOWN FOO00:E191 Ef63
FO000:1A85 PROT_PRT_HEX FO000:E1B7 El64

FO000: 1A69 PRT_HEX FO000:EIDB E201
F000:1A70 PRT_SEG FO00:EIEE E202

FO000: 19A4 P_MSG F000:E209 E203
FO00:FFFO P_O_R F000:E224 E301
F000:3881 READ_AC_CURRENT FO000:E239 E302
F000:3A0C READ_CURSOR FO000:E25D F3D
F000:3CBD READ_DOT F000:E2C3 NMI_INT
FO000:3FF9 READ_LPEN FO000:E2C6 E303
F000:1C19 RE_DTRECT FO00:E2EA E304

F000: 1ABD ROM_CHECK FO00:E30E E401

FO000: 1ABI ROM_CHECKSUM FO00:E3IE E501

F000: IFBS ROM_ERR FO000:E32E E601
FO000:37A0 RS232_10_t FO000:E343 E602
FO000:473F RTC_INT FO00:E364 F1780
F000:3B2F SCROLL_DOWN FO00:E379 F1781
F000:3A90 SCROLL_UP F000:E38E Fi1182
F000:28C! SEEK FO00:E3AC F1790
FO00:FF62 SEEKS_1 FO00:E3BF F1791
FO000:3A47 SET_COLOR FO000:E3D2 F3A
F000:39E4 SET_CPOS F000:E3DF F3D1
F000:39BF SET_CTYPE F000:E401 FD_TBL
F000:38EF SET_MODE FO00:E6F5 CONF_TBL
F000:1B28 SET_TOD FO00:E729 Al
F000:10B6 SHUT2 FO00:EBTE Ké
F000:1052 SHUT3 F000:E886 K7
F000:1613 SHUT4 FO000:EB8E K8
F000:10DA SHUTé FO000:EBC8 K9
F000:10B9 SHUTT FOO00:EBE! K10
F000:43BF SHUT9 FO000:E91IB K11
FO00:FF23 SLAVE_VECTOR_TABLE F000:E955 K12
F000:366C SND_DATA FO000:E95F K13
F000:0050 START 1 FO000:E969 K14
F000:1EBS STGTS?_CNT FO00:E9T6 K15
F000:1D2A SYSINITI FO00:EFCT DISK_BASE
FO000:483F TIMER_INT_1 FO00:FOA4 VIDEO_PARMS
F000:45BD TIME_OF_DAY_! FO000:FOE4 5
FO00:FF66 TUTOR FO000:FOEC Mé
FOO00:FEF3 VECTOR_TABLE FO00:FOF4 M7
F000:38B0 VIDEO_10_t1 FO00:FA6E CRT_CHAR_GEN
FO00:FO0A4 VIDEO_PARMS FO00:FEF3 VECTOR_TABLE
F000:3A6D VIDEO_STATE FO00:FF23 SLAVE_VECTOR_TABLE
F000:1A36 WAITF FO00:FF53 DUMMY_RETURN
F000:38DB WRITE_AC_CURRENT FO00:FF54 PRINT_SCREEN
F000:3C0D WRITE_C_CURRENT FO00:FF5A

F000:3CCE WRITE_DOT FO00:FFSE FLOPPY
FO000:3F72 WRITE_TTY FO00:FF62 SEEKS_1
FO00:1FE! XMIT_B8042 FO00:FF66 TUTOR
F000:1A59 XPC_BYTE FO00:FFFO P_O_R

THE BIOS ROUTINES ARE MEANT TO BE ACCESSED THROUGH
SOFTWARE INTERRUPTS ONLY. ANY ADDRESSES PRESENT IN
THESE LISTINGS ARE INCLUDED ONLY FOR COMPLETENESS,
NOT FOR REFERENCE. APPLICATIONS WHICH REFERENCE ANY
ABSOLUTE ADDRESSES WITHIN THE CODE SEGMENTS OF BIOS
VIOLATE THE STRUCTURE AND DESIGN OF BIOS. ADDRESSES
WITHIN THE BIOS CODE SEGMENT ARE SUBJECT TO CHANGE
AND ROUTINES SHOULD BE ACCESSED THROUGH POINTERS IN
THE INTERRUPT VECTORS OR WHEN NECESSARY THROUGH THE
POINTERS IN THE BIOS "DATA" SEGMENT.
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1BM Pnrsonal Computer MACRO Assembler
| -

Version 2.00 1-1

TEST - 06/10/85 POWER ON SELF TEST (POST) 06-10-85

1 PAGE 118,121

2 TITLE TEST! ---- 06/10/85 POWER ON SELF TEST (POST)

3 .286C

4

5 3

6 H 3
7 3 BIOS 1/0 INTERFACE :
8 3 :
9 3 THESE LISTINGS PROVIDE INTERFACE INFORMATION FOR ACCESSING i
10 3 THE BIOS ROUTINES. THE POWER ON SELF TEST IS INCLUDED. :
11 H :
12 3 THE BIOS ROUTINES ARE MEANT TO BE ACCESSED THROUGH s
13 3 SOFTWARE INTERRUPTS ONLY. ANY ADDRESSES PRESENT IN :
14 3 THESE. LISTINGS ARE INCLUDED ~ ONLY FOR COMPLETENESS, :
15 3 NOT FOR REFERENCE. APPLICATIONS WHICH REFERENCE ANY :
16 H ABSOLUTE ADDRESSES WITHIN 'THE CODE SEGMENTS OF BIOS :
17 B VIOLATE THE STRUCTURE AND DESIGN OF BIOS. :
18 H :
19 3

20

21

22

23

24 MODULE REFERENCE T
5 t
26 TEST!.ASM -=> POST AND MANUFACTURING TEST ROUTINES :
27 DSEG. INC --> DATA SEGMENTS LOCATIONS :
28 POSTEQU. INC COMMON EQUATES FOR POST AND BIOS 3
29 SYSDATA.INC --> POWER ON SELF TEST EQUATES FOR PROTECTED MODE :
30 POST TEST.0! THROUGH TEST. 3
3t TEST2.ASM -=> POST TEST AND INITIALIZATION RDUTINES :
32 POST TEST.!7 THROUGH TEST.22 :
33 TEST3.ASM -=> POST EXCEPTION INTERRUPT TESTS b
34 TEST4.ASM --> POST AND BIDS UTILITY ROUTINES 3
35 CMO! - READ CMOS LOCATION ROUTINE :
36 CMOS_VIRITE - WRITE CMOS LOCATION ROUTINE :
37 DDS - ~ LOAD (DS:) WITH DATA SEGMENT 3
38 E_MSG - POST ERROR MESSAGE HANDLER 3
39 MFG_HALT ~ MANUFACTURING ERROR TRAP 3
40 P_MSG - POST STRING DISPLAY ROUTINE :
41 ERR_BEEP ~ POST ERROR BEEP PROCEDURE :
42 BEEP - SPEAKER BEEP CONTROL ROUTINE 3
43 WAITF - FIXED TIME WAIT ROUTINE :
44 CONF1G_BAD - SET BAD_CONFIG IN CMOS_DIAG :
45 XPC_BYTE - DISPLAY HEX BYTE AS 00 - FF :
46 PRT_HEX - DISPLAY CHARACTER :
47 PRT_SEG - DISPLAY SEGMENT FORMAT ADDRESS :
48 PROT_PRT HEX - POST PROTECTED MODE DISPLAY s
49 ROM_CHECKSUM ~ CHECK ROM MODULES FOR CHECKSUM :
50 ROM_CHECK - ROM_SCAN AND INITIALIZE s
51 KBD_RESET - POST KEYBOARD RESET ROUTINI :
52 BLINK_INT - MANUFACTURING TOGGLE BIT ROUTINE i
53 SET_TOD - SET TIMER FROM CMOS RTC :
54 DIt - DUMMY INTERRUPT HANDLER  =>INT ??H :
55 RE_DIRECT - HARDWARE INT 9 REDIRECT (L 2) :
56 INT_287 - HARDWARE INT 13 REDIRECT (287) :
57 3 PROC_SHUTDOWN - 80286 RESET ROUTINE :
58 B TEST5.ASM EXCEPTTON INTERRUPT TEST HANDLERS FOR POST TESTS :
59 3 ) SYSINITI - BUILD PROTECTED MODE POINTERS 3
60 H GDT_BLD - BUILD THE GDT FOR POST :
61 3 S1DT_BLD - BUILD THE IDT FOR POST :
62 3 TEST6.ASM --> POST TESTS AND SYSTEM BOOT STRAP :
63 H STGTST_CNT ~ SEGMENT STORAGE TEST :
64 B ROM_ERR - ROM ERROR DISPLAY ROUTINE :
65 XMIT_8042 ~ KEYBOARD DIAGNOSTIC OUTPUT :
66 3 BOOT_STRAP - BOOT STRAP LOADER ~INT 19H :
67 3 :
68 3 DSKETTE.ASM --> DISKETTE BI0S s
69 3 DISKETTE_IO_1 - INT 13H BIOS ENTRY (40H)  -INT (3H :
70 H DISK_INT_1 ~ HARDWARE INTERRUPT HANDLER -INT OEH :
71 H DSKETTE_SETUP - POST SETUP DRIVE TYPES :
72 3 DISK.ASM > FIXED DISK B10S :
73 $ DISK_SETUP - SETUP DISK VECTORS AND TEST t
14 3 DISK_I0 - INT 13H BIOS ENTR 3H :
75 ; HD_INT ~ HARDWARE INTERRUPT HANDLER —lNT TeH @
76 3 KYBD.ASM --> KEYBOARD B10S :
77 3 KEYBOARD_I0_1 = INT 16H BI0OS ENTRY -INT 16H :
78 3 KB_INT_{ ~ HARDWARE INTERRUPT ~INT O9H :
79 3 SND_DATA - KEYBOARD TRANSMISSION :
80 3 PRT . ASM PRINTER 'ADAPTER B10S ~INT 17H :
81 3 RS232.ASM COMMUNICATIONS BIOS FOR RS232 ~INT 14H :
82 3 VIDEO!.ASM VIDEO B10S ~INT 10H :
83 3 BIOS.ASM BI0S ROUTINES :
84 3 MEMORY_SIZE DET_! - REAL MODE SIZE =INT 12H :
85 H EQUIPMENT - EQUIPMENT DETERMINATION ~INT 11H 3
86 3 MI HANDLER ~INT 02H :
87 3 BIOS!.ASM --> INTERRUPT 15H BIOS ROUTINES SINT 15H 3
a8 i DEV. NULL DEVICE OPEN HANDLER :
89 H DEV_CLOSE - NULL DEVICE CLOSE HANDLER :
90 PROG_TERM - NULL PROGRAM TERMINATION :
91 H EVENT_WAIT - RTC EVENT WAIT/TIMEOUT ROUTINE 3
92 H Joy_sTick - JOYSTICK PORT HANDLER :
93 3 SYS_REQ ~ NULL SYSTEM REQUEST KEY :
94 3 AIT - RTC_TIMED WAIT ROUTINE :
95 3 BLOCKMOVE ~ EXTENDED MEMORY MOVE INTERFACE s
9 3 GATE_A20 - ADDRESS BIT 20 CONTROL :
97 B EXT_MEMORY - EXTENDED MEMORY SIZE DETERMINE s
98 3 SET_VMODE - SWITCH PROCESSOR TO VIRTUAL MODE 1
99 3 DEVICE ausv - NULL DEVICE BUSY HANDLER :
100 3 INT_COMP! NULL INTERRUPT COMPLETE HANDLER 3
101 H B10S2.ASM > Elcs INTERRUPT ROUTINES %
102 3 TIME OF DAY ROUTINES ~INT 1AH :
103 1 RT ‘r - IRQ LEVEL 8 ALARM HANDLER ~INT TOH :
104 : PRINT_SCREENI - PRINT SCREEN ROUTINE ~INT O5H :
105 3 TIMER_INT_t -~ TIMER! INTERRUPT HANDLER ->INT 1CH 1
106 H ORGS . ASM -=> COMPATIBILITY MODULE :
107 3 POST ERROR MESSAGES s
130 3 DISKETTE - DISK - VIDEO DATA TABLES :
109 3 -

110 JLIST
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IBM Personal Computer MACRO Assembler Version 2.00 1-2
TEST! ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
EG.INC - DATA SEGMENTS

PAGE
INCLUDE DSEG.INC

BB

12 c

13 c

114 [} 80286 INTERRUPT LOCATIONS :

1"s c REFERENCED BY POST & BIOS

16 c

"7 c

118 0000 C  ABSO SEGMENT AT 0 i ADDRESS= 0000:0000

19 c

120 0000 ?? C @sTG_LoCO oB ? ; START OF INTERRUPT VECTOR TABLE

121 c

122 0008 c ORG 4°002H

123 0008 77?7?7777 C  oNMI_PTR i) ? 3 NON-MASKABLE INTERRUPT VECTOR

124 c

125 0014 c ORG 4°005H

126 0014 772777727 C @INTS_PTR oD ? 3 PRINT SCREEN INTERRUPT VECTOR

127 c

128 0020 c ORG 4°008H

129 0020 77777777 C @INT_PTR i) ? ; HARDWARE INTERRUPT POINTER (8-F)
130 c

131 0040 c ORG 4°010H

132 0040 27727777 C  @VIDEO_INT DD ? 3 VIDEO 1/0 INTERRUPT VECTOR

133 c

134 004C c ORG 4°013H

135 004C 777727777 C  @ORG_VECTOR oD ? 3 DISKETTE/DISK INTERRUPT VECTOR

136 [

137 0060 c ORG 4°018H

138 0060 77777727 C @BASIC_PTR DD ? 3 POINTER TO CASSETTE BASIC

139 c

140 0074 c ORG 4°01DH

141 0074 27722777 C  OPARM_PTR DD ? : POINTER TO VIDEO PARAMETERS

142 c

143 0078 c ORG 4°01EH

144 0078 7777?7777 C ©@DISK_POINTER DD ? ; POINTER TO DISKETTE PARAMETER TABLE
145 c

146 007C c ORG 4°01FH

147 007C 77277777 C  @EXT_PTR oD ? ; POINTER TO GRAPHIC CHARACTERS 128-255
148 c

149 0100 c ORG 4°040H

150 0100 7777?7727 C  @DISK_VECTOR DD ? ; POINTER TO DISKETTE INTERRUPT CODE
151 c

152 0104 c ORG 4%041H

153 0104 27277777 C @HF_TBL_VEC oD ? ; POINTER TO FIRST DISK PARAMETER TABLE
154 c

155 0118 c ORG 4°046H

156 0118 727772777 C  @HFI_TBL_VEC ob ? : POINTER TO SECOND DISK PARAMETER TABLE
157 c

158 01CO c ORG 4*070H

159 01C0 22777777 C @SLAVE_INT_PTR DD ? 3 POINTER TO SLAVE INTERRUPT HANDLER
160 c

161 01D8 c ORG 4°076H

162 01D8 2?72?7772 C  @HDISK_INT DD ? 3 POINTER TO FIXED DISK INTERRUPT CODE
163 c

164 0400 c ORG 0400H

165 0400 27?7 c eTos OW ? 3 STACK -- USED DURING POST ONLY

166 c i USE WILL OVERLAY INTERRUPTS VECTORS
167 c

168 0500 c ORG 0500H

169 0500 C OMFG_TEST_RTN LABEL FAR 3 LOAD LOCATION FOR MANUFACTURING TESTS
170 c

171 700 c ORG TCOOH

172 7C00 C @BOOT_LOCN LABEL  FAR 5 BOOT STRAP CODE LOAD LOCATION

173 c

174 7C00 C  ABSO ENDS
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ADDRESS= 0040:0000

BASE ADDRESSES OF RS232 ADAPTERS
SECOND LOGICAL RS232 ADAPTER
RESERVED
RESERVED

BASE ADDRESSES OF PRINTER ADAPTERS
SECOND LOGICAL PRINTER ADAPTER
THIRD LOGICAL PRINTER ADAPTER
RESERVED

INSTALLED HARDWARE FLAGS

INITIALIZATION FLAGS

BASE MEMORY SIZE IN K BYTES (X

SCRATCHPAD FOR MANUFACTURING
ERROR CODES

1024)

KEYBOARD SHIFT STATE AND STATUS FLAGS
SECOND BYTE OF KEYBOARD STATUS
STORAGE FOR ALTERNATE KEY PAD ENTRY
POINTER TO HEAD OF KEYBOARD BUFFER
POINTER TO TAIL OF KEYBOARD BUFFER

THE BUFFER 1S EMPTY

ROOM FOR 15 SCAN CODE ENTRIES

DRIVE RECALIBRATION STATUS
BIT 3-0 = DRIVE 3-0 RECALIBRATION
BEFORE NEXT SEEK IF BIT 1S = 0
MOTOR STATUS
BIT 3-0 = DRIVE 3-0 CURRENTLY RUNNING
BIT 7 = CURRENT OPERATION IS A WRITE
TIME OUT COUNTER FOR MOTOR(S) TURN OFF
RETURN CODE STATUS BYTE

)_BL IN STACK FOR DISK OPERATION
STATUS BYYES FROM DISKETTE OPERATION

CURRENT DISPLAY MODE (TYPE)
NUMBER OF COLUMNS ON SCREEN
LENGTH OF REGEN BUFFER IN BYTES
STARTING ADDRESS IN REGEN BUFFER
CURSOR FOR EACH OF UP TO 8 PAGES

CURRENT CURSOR MODE SETTING
CURRENT PAGE BEING DISPLAYED
BASE ADDRESS FOR ACTIVE DISPLAY CARD
CURRENT SETTING OF THE 3X8 REGISTER
CURRENT PALETTE SETTING - COLOR CARD

STACK SAVE, etc.

POINTER TO ROM INITIALIZATION ROUTINE
POINTER TO 1/0 ROM SEGMENT

FLAG INDICATING AN INTERRUPT HAPPENED

LOW WORD OF TIMER COUNT
HIGH WORD OF TIMER COUNT
TIMER HAS ROLLED OVER SINCE LAST READ

BIT 7=1 IF BREAK KEY HAS BEEN PRESSED
WORD=1234H IF KEYBOARD RESET UNDERWAY

FIXED DISK STATUS
COUNT OF FIXED DISK DRIVES
HEAD CONTROI

IBM Personal Computer MACRO Assemb Version 2.00 1-3

TEST! =---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
G.INC - DATA SEGMENTS

175 C PAGE

176 c 3

177 c 3 ROM BIOS DATA AREAS T
178 c i

179 c

180 0000 C DATA SEGMENT AT 40H H
181 c

182 0000 7?77 C ©RS232_BASE ow ? 3
183 0002 ?7?77? c DwW ?

184 0004 ?7??7 c oW ?

185 0006 ??777? c Dw ?

186 0008 ?7?7 C OPRINTER_BASE oW ? i
187 000A ?7?7 c Dw ?

188 000C ??7?? c Dw ?
189 O000E ??77?7 c DwW ?
190 0010 ?7°??7 C OEQUIP_FLAG DwW ?
191 0012 ? C OMFG_TST 2:] ?

192 0013 ?77?7 c IEMORY_S I ZE DW ?
193 0015 7 C @MFG_ERR_FLAG DbB ?
194 0016 ? c b8 ? i
195 c
196 c 3
197 c 3 KEYBOARD DATA AREAS
198 Cc 3
199 c
200 0017 ? C ©KB_FLAG DB ?
201 0018 ? C  OKB_FLAG_! DB ? ;
202 0019 ? C  @ALT_INPUT DB 7
203 001A ?7?? C O@BUFFER_HEAD Dw ? i
204 001C ??77? C @BUFFER_TAIL Dw ?
205 c
ggg C gm===-- HEAD = TAIL INDICATES THAT

c

208 O0OtE 10 [ C @KB_BUFFER Dw 16 DUP(?)
209 ?77? c
210 c
211 c
212 c
213 c 3 DISKETTE DATA AREAS :
214 c -—-
215 c
216 003E ??7 C OSEEK_STATUS o] ? H
217 [ H

1 c 3
219 003F ?? C OMOTOR_STATUS bB ? 3
220 c 3
221 [+ 3
222 0040 ?? C OMOTOR_COUNT oB ? 3
223 0041 ?7 C ODSKETTE_STATUS DB ? H
224 [ 3
225 0042 07 [ C @NEC_STATUS DB 7 DUP(?) H
226 7 c
227 ] c
228 c
229 [
230 c 3
231 c 3 VIDEO DISPLAY DATA AREA H
232 c
233 c
234 0049 7?7 C OCRT_MODE oB ? i
235 004A ?777 C @CRT_COLS bW ? 3
236 004C ??77 C OCRT_LEN DW ? 3
237 004E ?7?7? C @CRT_START DW ? H
238 0050 08 [ C Q@CURSOR_POSN DW 8 DUP(?) H
239 7777 c
240 c
241 c
242 0060 7?77 C @CURSOR_MODE Dw ? H
243 0062 C O@ACTIVE_PAGE DB ? H
244 0063 7777 C O©ADDR_6845 bW ? H
245 0065 ?7 C @CRT_MODE_SET bB ? H
246 0066 ?? C @CRT_PALETTE DB ? H
247 c
248 c 3
249 c 3 POST AND BIOS WORK DATA AREA
250 c ;
251 c
252 c s
253 0067 7?77 C ©IO0_ROM_INIT oW ? 3
254 0069 ?7?7? C ©@10_ROM_SEG bW ? H
255 006B ?? c QINTR FLAG oB ? i
256 c
257 c 3
258 c TIMER DATA AREA :
259 c 3
260 [
261 006C ?7?77? C OTIMER_LOW oW ? H
262 006E ??77? C OTIMER_HIGH DW ? H
263 0070 7?7 C @TIMER_OFL oB ? H
264 c
265 c ;
266 c 3 SYSTEM DATA AREA :
261 c
268 c
269 0071 ?? C @Bl0S_BREAK oB ? 3
270 0072 7?77 C @RESET_FLAG DW ? i
271 c
272 c 3
273 c FIXED DISK DATA AREAS :
274 c 3
275 c
276 0074 2? C ©DISK_STATUS! DB ? :
277 0075 ?? C  @HF_NUM DB ? )
278 0076 ?? C @CONTROL_BYTE DB ? 3
279 0077 ?? C ®PORT_OFF bB ? 3
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1BM Personal Computer MACRO Assembler Version 2.00 1-4
TESTI ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
DSEG. INC - DATA SEGMENTS

AGE

TIME-OUT VARIABLES s

]

@PRINT_TIM_OUT DB TIME OUT COUNTERS FOR PRINTER RESPONSE
SECOND LOGICAL PRINTER ADAPTER

THIRD LOGICAL PRINTER ADAPTER
RESERVED

TIME OUT COUNTERS FOR RS232 RESPONSE
SECOND LOGICAL RS232 ADAPTER
RESERVED
RESERVED

@RS232_TIM_OUT DB
D

N N

ADDITIONAL KEYBOARD DATA AREA :

BUFFER LOCATION WITHIN SEGMENT 40H
OFFSET OF KEYBOARD BUFFER START
OFFSET OF END OF BUFFER

299 0080 77?77

OBUFFER_START  DW
300 0082 7777

@BUFFER_END "L

~

EGA/PGA DiSPLAY WORK AREA T

@ROWS DB ROWS ON THE ACTIVE SCREEN (LESS 1)
@POINTS DW BYTES PER CHARACTER
@INFO MODE OPTIONS

FEATURE BIT SWITCHES

RESERVED FOR DISPLAY ADAPTERS

RESERVED FOR DISPLAY ADAPTERS

®INFO_3 o8

N

ADDITIONAL MEDIA DATA H

@LASTRATE DB
OHF _STATUS bB
oH ROR DB
AG oB

LAST DISKETTE DATA RATE SELECTED

STATUS REGISTER

ERROR REGISTER

DISK INTERRUPT FLAG

COMBO FIXED DISK/DISKETTE CARD BIT 0=1
E 0 MEDIA STATE

@HFINT_FL.
@HF_CNTRL
@DSK_STATE o8

-
x
m
o

1 MEDIA STATE
0 OPERATION START STATE
DRIVE | OPERATION START STATE
]
1

@DSK_TRK DB PRESENT CYLINDER

PRESENT CYLINDER

N N N N N )

o
Bl
<
m

ADDITIONAL KEYBOARD FLAGS 3

333 0096 77
334 0097 ?7?

©KB_FLAG_3 o8
©KB_FLAG_2 o8

KEYBOARD MODE STATE AND TYPE FLAGS
KEYBOARD LED FLAGS

~

REAL TIME CLOCK DATA AREA i

QUSER_FLAG oW
@USER_FLAG_SEG DW
ORTC_LOW ow
@RTC_HIGH oW
ORTC_WAIT_FLAG DB

OFFSET ADDRESS OF USERS WAIT FLAG

SEGMENT ADDRESS OF USER WAIT FLAG

LOW WORD OF USER WAIT FLAG

HIGH WORD OF USER WAIT FLAG

WAIT ACTIVE FLAG (01=BUSY, 80=POSTED)
(00=POST ACKNOWLEDGED)

o

3
H AREA FOR NETWORK ADAPTER

350 00A1 07 [
351 ?7?

ONET [2:] 7 DUP(?) 3 RESERVED FOR NETWORK ADAPTERS

EGA/PGA PALETTE POINTER B

358 00A8 ??7??7?7777 @SAVE_PTR [21] ? POINTER TO EGA PARAMETER CONTROL BLOCK

RESERVED

DATA AREA - PRINT SCREEN :

365 0100 ORG 100H ADDRESS= 0040:0100 (REF 0050:0000

367 0100 ?7 @STATUS_BYTE DB ? PRINT SCREEN STATUS BYTE

00=READY/OK, 01=BUSY, FF=ERROR

w
N
o
3
°
o
w
~
~
0000000000000 00000N000000N00000000000000000000N00N0000N00000N000NN00000000000000000000000000
o
-]

370 o101 DATA ENDS

END OF B10OS DATA SEGMENT
372 SLIST

o
m
(]
P ]
(=]
=
(3}
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Version 2.00 1-5
POWER ON SELF TEST (POST) 06-10-85
POSTEQU. INC - COMMON EQUATES
PAGE
INCLUDE POSTEQU.INC
s _—
] EQUATES USED BY POST AND BIOS

-

SYSTEM MODEL BYTE
SYSTEM SUB-MODEL TYPE
BIOS REVISION LEVEL
OF952H +10%

OF952H -10%

jo=mmmmmee 8042 KEVBOARD INTERFACE AND DIAGNOSTIC CONTROL REGISTERS ~-----—--~--

MODEL_BYTE EQU OFCH
SUB_MODEL_BYTE EQU 000H
BIOS_LEVEL EQU 001H
RATE_UPPER EQU OFBATH
RATE_LOWER EQU OF9FDH
PORT_A

PORT_B EQU

RAM_PAR_ON EQU 111100118
RAM_PAR_OFF EQU 000011008
PARTTY_ERR EQU 110000008
GATE2 EQU 000000018
SPK2 EQU 000000108
REFRESH_BIT EQU 000100008
outz EQU 001000008
10_CHECK EQU 010000008
PARITY_CHECK EQU 100000008
STATUS_PORT EQU

064H
OUT_BUF_FULL EQU 00000001B

8042 KEYBOARD SCAN CODE/CONTROL PORT
PORT B READ/WRITE DIAGNOSTIC REGISTER
AND MASK FOR PARITY CHECKING ENABLE ON
OR MASK FOR PARITY CHECKING ENABLE OFF
R/W _MEMORY - 1/0 CHANNEL PARITY ERROR
3 TIMER 2 INPUT GATE CLOCK BIT

3 SPEAKER OUTPUT DATA ENABLE BIT

3 REFRESH TEST BIT

3 SPEAKER TIMER OUT2 INPUT BIT

1/0 (MEMORY) CHECK OCCURRED BIT MASK
MEMORY PARITY CHECK OCCURRED BIT MASK
8042 STATUS PORT

+OUTPUT BUFFER FULL

+INPUT BUFFER FULL

-SYSTEM FLAG -POST/-SELF TEST
~COMMAND/ +DATA

+KEYBOARD INHIBITED

+TRANSMIT TIMEOUT

+RECEIVE TIME OUT

+PARITY 1S EVEN

3
H

~oOAwWN-O

BASE PLANAR R7W MEMORY EXTENSION 640/X
BASE PLANAR R/W MEMORY SIZE 256/512
LOOP POST JUMPER BIT FOR MANUFACTURING

3 DISPLAY TYPE SWITCH JUMPER BIT
3 KEYBOARD INHIBIT SWITCH BIT

INPT_BUF_FULL  EQU 000000108
SYS_FLAG EQU 000001008
CMD_DATA EQU 000010008
KYBD_INH EQU 000100008
TRANS_TMOUT EQU 001000008
RCV_TMOUT EQU 010000008
PARTTY_EVEN EQU 100000008
————————— 8042 INPUT PORT BIT DEFINITION SAVED IN @MFG_TST
BASE MEM8 EQU 0000100
BASE_MEM EQU 000100005
MFG_LOOP EQU 001000008
DSP_JMP EQU 010000008
KEY_BD_INHIB EQU 100000008
--------- 42 COMMANDS
leTE 8042, LOC u
SELF_TEST EQU 0AAH
INTR_FACE_CK EQU OABH
DIS_KBD EQU OADH
ENA_KBD EQU OAEH
READ_8042_INPUT EQU 0COH
DISABLE_BTT20  EQU ODDH
ENABLE_B1T20 EQU ODFH
KYBD_CLK_DATA  EQU OEOH
SHUT_CMD EQU OFEH
KYBD_CLK EQU 001H

= KEYBOARD/LED COMMANDS =--
EQU OEDH

D
KB_READ_1D EQU OF2H
EQU OF4H

; WRITE 8042 COMMAND BYTE

3 8042 SELF TEST

3 CHECK 8042 INTERFACE COMMAND
3 DISABLE KEYBOARD COMMAND
ENABLE KEYBOARD COMMAND

READ 8042 INPUT PORT

3 DISABLE ADDRESS LINE BIT 20
3 ENABLE ADDRESS LINE BIT 20
GET KEYBOARD CLOCK AND DATA COMMAND
CAUSE A SHUTDOWN COMMAND

3 KEYBOARD CLOCK BIT 0

LED WRITE COMMAND
READ KEYBOARD 1D COMMAND
3 KEYBOARD ENABLE

8042 KEYBOARD RESPONSE
EQU O0AAH

3 RESPONSE FROM SELF DIAGNOSTIC
3 ACKNOWLEDGE FROM TRANSMISSION
3 RESEND REQUEST

3 OVER RUN SCAN CODE

3 RIGHT SHIFT KEY DEPRESSED

LEFT SHIFT KEY DEPRESSED

: CONTROL SHIFT KEY DEPRESSED

3 ALTERNATE SHIFT KEY DEPRESSED

3 SCROLL LOCK STATE HAS BEEN TOGGLED
3 NUM LOCK STATE HAS BEEN TOGGLED

3 CAPS LOCK STATE HAS BEEN TOGGLED

3 INSERT STATE IS ACTIVE

3 SYSTEM KEY DEPRESSED AND HELD
3 SUSPEND KEY HAS BEEN TOGGLED
3 SCROLL LOCK KEY IS DEPRESSED
NUM LOCK KEY IS DEPRESSED
CAPS LOCK KEY IS DEPRESSED
INSERT KEY 1S DEPRESSED

FLAGS EQUATES WITHIN @KB_FLAG_2 -

KEYBOARD LED STATE BITS

RESERVED (MUST BE ZERO)
ACKNOWLEDGMENT RECE I VED
RESEND RECEIVED FLAG

MODE INDICATOR UPDATE
KEYBOARD TRANSMIT ERROR FLAG

KBX INSTALLED

LAST SCAN CODED WAS A HIDDEN CODE

ALL GRAPHICS KEY DOWN (W.T. ONLY)
RESERVED (MUST BE ZERO)

FORCE NUM LOCK IF READ ID AND KBX
LAST CHARACTER WAS FIRST ID CHARACTER
DOING A READ ID (MUST BE BITO)

EQu OFAH
KBRESEND EQU OFEH
KB_OVER_RUN EQU OFFH
-- FLAG EQUATES WITHIN @KB_FLAG

RIGHT SHIFT 000000018
LEFT_SHIFT EQU 000000108
CTL_SHIFT EQU 000001008
ALTZSHIFT EQU 000010008
SCROLL_STATE  EQU 000100008
NUM_STATE EQu 001000008
CAPS_STATE EQU 010000008
INS_STATE EQu 100000008
; - FLAG EQUATES WITHIN okB_FLAG_|
SYS_SHIFT 000

EQU 000010008

EQU 000100008

EQu 001000008

EQU 010000008

EQU 100000008
KB LEDS 000001118

£au 000010008
KB_FA EQU 000100008
KBZFE EQU 001000008
KBZPR_LED EQU 010000008
KBZERR EQU 100000008
R FLAGS EQUATES WITHIN @KB_FLAG_3
KBX EQU 000000018
LC_H EQU 000000108
GRAPH_ON EQU 000001008
s EQU 000110008
SET_NUM_LK EQu 001000008
LC_AB EQU 010000008
RD_ID EQU 100000008

KEYBOARD SCAN CODES

Qu

EQU 041H

EQU 56

EQU 29

EQU 58

EQU 83

EQU 82

EQU 42

X EQU 69

RIGHT_KEY EQU 54
SCROLL_KEY EQU 70
SYS_KEY EQU 84

1ST ID CHARACTER FOR KBX

2ND ID CHARACTER FOR KBX

SCAN CODE FOR ALTERNATE SHIFT KEY
CODE FOR CONTROL KEY
SCAN CODE FOR SHIFT LOCK KEY
SCAN CODE FOR DELETE KEY

SCAN CODE FOR INSERT KEY

SCAN CODE FOR LEFT SHIFT

SCAN CODE FOR NUMBER LOCK KEY
SCAN CODE FOR RIGHT SHIFT
CODE FOR SCROLL LOCK KEY
SCAN CODE FOR SYSTEM KEY

@
o
>
z

»
o
>
z
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Version 2.00 1-6
(POST) 06-10-85
POSTEQU. INC - COMMON EQUATES
PAGE
3
3 CMOS EQUATES FOR THIS SYSTEM 3
3
CMOS_PORT EQU 070H 3 1/0 ADDRESS OF CMOS ADDRESS PORT
CMOS_DATA EQU 0TIH 3 1/0 ADDRESS OF CMOS DATA PORT
NM1 EQU 100000008 3 DISABLE NM! INTERRUPTS MASK

5
CMOS_SECONDS
CMOS_SEC_ALARM
CMOS_MINUTES
CMOS_MIN_ALARM
CMOS_HOURS
CMOS_HR_ALARM
CMOS_DAY_WEEK
CMOS_DAY_MONTH
CMOS_MONTH
CMOS_YEAR
CMOS_REG_A
CMOS_REG_B
CMOS_REG_C
CMOS_REG_D
CMOS_DIAG
CMOS_SHUT_DOWN
CMOS_DISKETTE

CMOS_DISK

i
CMOS_EQUIP
CMOS_B_M_S_LO
CMOS_B_M_S_HI
CMOS_E_) Mz S_LO
CMOS_E_M_S_H
CMOS. DISK 7
cMos_D1sk_2

cnos_cxsun_nl
CMOS_CKSUM_LO
CMOS_U M_S_LO
CMOS_L HI
CMOS_CENTURY
CMOS_INFO (28
s

cmos, LCLK_FAIL

CMOS TABLE LOCATION ADDRESS®
E 000H

Qu 0
EQU 001H
EQU 002H
EQU 003H
EQU 004H
EQU 005H
EQU 006H
EQU 007H
EQU 008H
EQU 005H
EQU 00AH
EQU 00BH
EQU 00CH
EQU 00DH
EQU 00EH
EQU 00FH
EQU 010H
EQU Of1H
EQU 012H
EQU 013H
EQU 014H
EQU 015H
EQU 016H
EQU 017H
EQU 018H
EQU 019H
EQU 01AH
EQU 01BH
EQU 02EH
EQU 02FH
EQU 030H
EQU 031H
EQU 032H
EQU 033H
EQU 034H

e ws ot 0 e v mt we s w0 v we 28 0 wo we wh s U4 wo w0 we w2 25 0 v va %2 00 w2 w0 we w0 wn 05 )

CMOs DIAGNOSTIC STATUS ERROR FLAGS WITHIN CMOS_DIAG -
100

HIGH BIT OF CMOS LOCATION ADDRESS

#

SECONDS

SECONDS ALARM ## NOTE: ALL LOCATIONS
MINUTES IN THE CMOS AREA

MINUTES ALARM ARE 1BM USE ONL’

OURS AND SUBJECT T
HOURS ALARM |
DAY OF THE WEEK |

DAY OF THE MONTH l SHOULD DIRECTL!
|

MONTH ACCESS LOCATION:
YEAR (TWO DIGITS) IN CMOS STORAGE
STATUS REGISTER A "-======c--——-oas

STATUS REGISTER B ALARM

STATUS REGISTER C FLAGS

STATUS REGISTER D BATTE

POST DIAGNOSTIC STATUS RESULYS BYTE
SHUTDOWN STATUS COMMAND BYTE
DISKETTE DRIVE TYPE BYTE 3
- RESERVED H
FIXED DISK TYPE BYTE i
- RESERVED H
EQUIPMENT WORD LOW BYTE H
BASE MEMORY SIZE - LOW BYTE (X1024) ;
BASE MEMORY SIZE - HIGH H
EXPANSION MEMORY SIZE - LOW BYTE 3
EXPANSION MEMORY SIZE - HIGH BYTE 3
FIXED DISK TYPE - DRIVE C EXTENSION ;

FIXED DISK TYPE - DRIVE D EXTENSION ;
- 1BH THROUGH 2DH - RESER ED 3

CMOS CHECKSUM = HIGH BYTI H
CMOS CHECKSUM - LOW BYTE H
USABLE MEMORY ABOVE ! MEG - LOW BYTE
USABLE MEMORY ABOVE 1 MEG - HIGH BYTE
DATE CENTURY BYTE (BCD)

128KB INFORMATION STATUS FLAG BYTE

= 34H THROUGH 3FH - RESERVED

CMOS CLOCK NOT UPDATING OR NOT VALID
FIXED DISK FAILURE ON INITIALIZATION

Y
0

CHANGE. ONLY THE
POST & BIOS CODE

Y
S

MEMORY SI1ZE NOT EQUAL TO CONF IGURATION

MINIMUM CONFIG USED INSTEAD OF CMOS
CHECKSUM ERROR
DEAD BATTERY - CMOS LOST POWER

EQU
HF_F’ EQU OOOOIOOOB
W_MEM_SIZE EQU 00010000B
BAD_CONFIG EQU 001000008
BAD_CKSUM EQU 010000008
BAD_BAT EQU 100000008
Hsbiviniainiuinted CMOS INFORMATION FLAGS
M640K EQU 100000008
H EQU 010000008

EQ 000000018
EQuU: 100000008

_ EQU 100000008
DETERMINED EQU 000100008
HOME EQU 000100008
SENSE_DRV_ST  EQU 000001008
TRK_SLAP Qu 30H
QUIET_SEEK EQU 00AH
MAX_DRV EQU 2
HD12_SETTLE EQU 15
HD320_SETTLE  EQU 20
MOTOR_WAIT EQu 37
TaoToiTTT DISKETTE ERRORS
TIME_OUT
BAD_SEEK EQU 040H
BAD_NEC EQU 020H
BAD_CRC EQU 010H
DMA_BOUNDARY EQU 009H
BAD_DMA EQU 008H
MEDTA_CHANGE  EQU 006H
RECORD_ _NOT_FND EQU 004H
WRITE_PROTECT  EQU 003H
BAD_ADDR_MARK  EQU 002H
BAD_CMD EQU 001H
gommm—mmo DISK CHANGE LINE EQUATES
NOCHGLN EQU 001H
CHGLN EQU 002H
—————————— MEDIA/DRIVE STATE INDICATORS
TRK_CAPA EQU 000000018
FMT_CAPA EQU 000000108
DRV_DET EQU 000001008
MED_DET EQU 000100008
DBL_STEP EQU 001000008
RATE_MSK EQU 110000008
RATE_500 EQU 000000008
RATE_300 EQU 01000000B
RATE_250 EQU 100000008
STRT_MsK £QU 000011008
SEND_MSK EQU 110000008
3
M303U EQU 000000008
M3DI1U EQU 000000018
MIDIU EQU 000000108
MED_UNK EQU 000001118

DISKETTE EQUATES
U

512K -> 640K OPTION INSTALLED (128K
FLAG USED BY CMOS SETUP UTILITY

MASK FOR COMBO/DSP ADAPTER
INTERRUPT OCCURRENCE FLAG
DISKETTE CHANGE FLAG MASK BIT
SET STATE DETERMINED IN STATE BITS
TRACK 0 MASK

SENSE DRIVE STATUS COMMAND
CRASH STOP (48 TPl DRIVES
SEEK TO TRACK 10

MAX NUMBER OF DRIVES

1.2 M HEAD SETTLE TIME

320 K HEAD SETTLE TIME

2 SECONDS OF COUNTS FOR MOTOR TURN OFF

STATE INDICATORS COMPATIE!L TY -
60

ATTACHMENT FAILED TO RESPOND

SEEK OPERATION FAILED

DISKETTE CONTROLLER HAS FAILED

BAD CRC ON DISKETTE READ

ATTEMPT TO DMA ACROSS 64K BOUNDARY
DMA OVERRUN ON OPERATION

MEDIA REMOVED ON DUAL ATTACH CARD
REQUESTED SECTOR NOT FOUND

WRITE ATTEMPTED 'ON WRITE PROTECT DISK
ADDRESS MARK NOT FOUND

BAD COMMAND PASSED TO DISKETTE 1/0

H
H
3

NO DISK CHANGE LINE AVAILABLE
DISK CHANGE LINE AVAILABLE

80 TRACK CAPABILITY

MULTIPLE FORMAT CAPABILITY (1.2M)
DRIVE DETERMINED

MEDIA DETERMINED BIT

DOUBLE STEP BIT

MASK FOR CLEARING ALL BUT RATE
500 KBS DATA RATE

300 KBS DATA RATE

250 KBS DATA RATE

OPERATION START RATE MASK
MASK FOR 'SEND RATE BITS

1
MEDIA/DRIVE NOT ESTABLISHED
360 MEDIA, ! .2DRIVE NOT ESTABLISHED
1.2 MEDIA/DRIVE NOT ESTABL 1SHED
NONE OF THE ABOVE
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1su Personal Computer MACRO Assemble Ver:non 2.00 -7
TEST! —-22"06/10/85 FOWER ON SELF TEST (P 06-10-85
PDSTEQU.INC - comuon EQUATES
594 C PAGE
595 c - INTERRUPT EQUATES
596 c EOlI EQU 020H 3 END OF INTERRUPT COMMAND TO 8259
597 C INTAOO EQU 020H ; 8259 PORT
598 C INTAOI EQU 021H 3 8259 PORT
599 C  INTBOO EQU OAOH 3 2ND 8259
600 C INTBO1 EQU OATH 3
601 C INT_TYPE EQU 070H 3 START OF 8259 INTERRUPT TABLE LOCATION
602 C INT_VIDEO EQU 010H 3 VIDED VECTOR
603 c 3
604 C DMAOB EQU 008H ; DMA STATUS REGISTER PORT ADDRESS
605 C  DMA EQU 000H i DMA CH.O ADDRESS REGISTER PORT ADDRESS
606 C DMA18 EQU ODOH ; 2ND DMA STATUS PORT ADDRESS
607 C  DMA! EQU 0COH 3 2ND DMA CH.0 ADDRESS REGISTER ADDRESS
608 c ---
609 C  TIMER EQU 040H ; 8254 TIMER - BASE ADDRESS
610 c
611 € gmm----eeo MANUFACTURING PORT
612 = 0080 C  MFG_PORT U 1 MANUFACTURING AND POST CHECKPOINT PORT
613 c ; DMA CHANNEL 0 PAGE REGISTER ADDRESS
614 c
615 C jmm----me- MANUFACTURING BIT DEFINITION FOR OMFG_ERR_FLAG#| =--======—====--=eoe
616 C MEM_FAIL 000000018 3 STORAGE TEST FAILED (ERROR 20X
617 C PRO_FAIL EQU oooooouos 5 VIRTUAL MODE TEST FAILED  (ERROR 104
618 C LMCS_FAIL EQU 000001008 3 LOW MEG CHIP SELECT FAILED (ERROR 109
619 C KYCLK FAIL EQU 000010008 ; KEYBOARD CLOCK TEST FAILED (ERROR 304
620 C KY_SYS_FAIL EQU 000100008 ; KEYBOARD OR SYSTEM FAILED (ERROR 303
621 C KYBD_FAIL EQU 001000008 3 KEYBOARD FAILED (ERROR 301)
622 C DSK_FAIL EQU 010000008 3 DISKETTE TEST FAILED (ERROR 601
623 C KEY_FAIL EQU 100000008 i KEYBOARD LOCKED (ERROR 302
624 c
625 c
626 = 008! C  DMA_PAGE Qu 081H ; START OF DMA PAGE REGISTERS
627 = 008F C LAST_DMA_PAGE EQU 08FH i LAST DMA PAGE REGISTER
628 c
629 c - ---
630 = 00F0 c xa87 EQU OFOH 5 MATH COPROCESSOR CONTROL PORT
631 c
632 c ---
633 = 0000 C POST_SS EQU 00000H 3 POST STACK SEGMENT
634 = 8000 C POST_SP EQU 08000H ; POST STACK POINTER
635 c
636 c
637 c CRrR EQU 000DH ; CARRIAGE RETURN CHARACTER
638 c LF EQU 000AH LINE FEED CHARACTER
639 = 0008 C RVRT EQU 000010008 $ VIDEO VERTICAL RETRACE BIT
640 = 0001 C RHRZ EQU 00000008 § VIDEO HORIZONTAL RETRACE BIT
641 = 0100 cC H EQU 256 : HIGH BYTE FACTOR (X 100H)
642 = 0101 c x EQU H+t 5 HIGH AND LOW BYTE FACTOR (X 101H
643
644 .LIST
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IBM Personal Computer MACRO Assembler Version 2.00 1-8
TESTI ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
SYSDATA.INC - DESCRIPTOR EQUATES

645 PAGE

646 C  INCLUDE SYSDATA.INC

647 L R e e e --- -

648 c 3 PROTECTED MODE EQUATES FOR POST TESTS AND BIOS ROUTINES i

649 Lo ittt ittt ettt

650 c

651 c g----- LENGTH EQUATES FOR PROTECTED MODE TESTS

652 c

653 0300 C SDA_LEN EQu 00300H 3 SYSTEM DATA AREA LENGTH

654 0800 C SYSTIDT_LEN EQU 256°8 3 256 SYSTEM IDT ENTRIES, 8 BYTES EACH

655 0088 C GDT_LEN EQU TYPE GDT_DEF i GDT STRUCTURE LENGTH

656 0008 C DESCT_LEN EQU TYPE DATA_DESC ; LENGTH OF A DESCRIPTOR

657 1000 C  MCRT_SIZE EQU 4%1024 3 MONOCHROME CRT SIZE

658 4000 C CCRT_SIZE EQU 16%1024 3 COMPATIBLE COLOR CRT SIZE

659 FFFF C ECCRT_SIZE EQU OFFFFH 3 SIZE OF EACH PORTION OF THE ENHANCED

660 FFFF C  MAX_SEG_LEN EQU OFFFFH 3 MAXIMUM SEGMENT LENGTH = 64

661 = 0000 C NULL_SEG_LEN EQU 00000H 3 NULL SEGMENT LENGTH = 0

662 c

663 € j----- LOCATION EQUATES FOR PROTECTED MODE TESTS

664 c

665 DOAO C SYs_IDT_LoC EQU ODOAOH 3 THE SYSTEM IDT IS AT THE BOTTOM

666 0400 C SDAZLOC EQU 00400H 3 SAME AS REAL

667 D8AO C GDT_LOC EQU (svs IDT_LOC + svs _IDT_LEN

668 0000 C MCRTe_LO EQU 000! MoNocHRDME CRT ADDRESS

669 0008 C  MCRT@_HI EQU oan i (0BOOOOH

670 8000 C CCRTe_LO EQU 8000H 3 CDMPATIBLE COLOR CRT ADDRESS

671 0008 C  CCRT®_HI EQU 0BH i (0BBOOOH)

672 0000 C ECCRT®_LO_LO EQU 0000H

673 000A C ECCRT@_LO_HI EQU OAH 3 (OA000OH)

674 0000 C ECCRTe_HI_LO EQU 0000H

675 0008 C ECCRT@_HI_HI EQU 0BH 3 (0BO0OOH

676 0000 C CSEGe_[0 EQU 0000H 3 CODE SEGMENT POST/BI0OS

6717 000F C CSEGa_HI EQu OFH 3 (OF0000H) FOR TESTS

678 0000 C NSEGe_LO EQU 0000H H

679 0000 C  NSEGe_HI| EQU 00H

680 c

681 c DEFINITIONS FOR ACCESS RIGHTS BYTES

682 [+

683 = 00F3 C CPL3_DATA_ACCESS EQU 11110011B 3 PRESENT

684 c 3 DPL =

685 c 3 CODE/DATA SEGMENT

686 c ; NOT EXECUTABLE

687 c 3 GROW-UP (OFFSET <= LIMIT)

688 c 3 WRITABLE

689 c 3 ACCESSED

690 0093 C CPLO_DATA_ACCESS EQU 100100118 3 DPL = 0

691 0098 C CPLO_CODE_ACCESS EQU 100110118 3 CPL 0 - NON-CONFORMING

692 00E2 C LDT_DESC EQU 111000108

693 0081 C FREE_TSS EQU 100000018

694 0086 C INT_GATE EQU 100001108

695 0087 C  TRAP_GATE EQU 100001118

696 c

697 = 0001 C  VIRTUAL_ENABLE EQU 0000000000000001B 3 PROTECTED MODE ENABLE

698 c

699 c

700 C g-=--- THE GLOBAL DESCRIPTOR TABLE DEFINITION FOR POWER ON SELF TESTS

701 c

702 C GDT_DEF STRUC

703 ? c DQ ? 3 UNUSED ENTRY

704 ? C GDT_PTR oQ ? 3 THIS ENTRY POINTS TO THIS TABLE

705 ? C SYSTIDT_PTR oa ? 3 POST INTERRUPT DESCRIPTOR TABLE

706 ? C RSDA_PTR 0Q ? 3 THE REAL SYSTEM DATA AREA FOR POST

707 ? C C_BWCRT_PTR DQ ? 3 COMPATIBLE BW CRT FOR POST

708 ? C C_CCRT_PTR DQ ? 3 COMPATIBLE COLOR CRT FOR POST

709 ? C E_CCRT_PTR 1} ? 3 ENHANCED COLOR GRAPHICS CRT (16 BYTES

710 ? C E_CCRT_PTR2 DQ ?

711 ? C SYS_ROM_Cs 0Q ? 3 CS - POST IDT, ROM RESIDENT

712 ? C ES_TEMP DQ ? 3 DYNAMIC POINTER FOR ES

713 ? C CS_TEMP DQ ? ; DYNAMIC POINTER FOR CS

714 ? C SS_TEMP 0Q ? 3 DYNAMIC POINTER FOR SS

715 ? C DS_TEMP Da ? 3 DYNAMIC POINTER FOR DS

716 ? Cc POST_TR D@ ? 3 TR VALUE FOR THIS MACHINE'S TSS

717 ? C POST_TSS_PTR bQ ?

718 ? € POST_LDTR bQ ? 3 LDTR VALUE FOR THIS MACHINE'S LDT

719 ? ? C POST_LDT_PTR oQ ?

720 C GDT_DEF ENDS

721 c

122 [ SEGMENT DESCRIPTOR TABLE ENTRY STRUCTURE

723 c

724 C DATA_DESC STRUC

725 0000 C SEG _LIMIT DW ? 5 SEGMENT LIMIT (1 - 65535 BYTES

726 0002 C  BASE_LO_WORD oW ? 1 24 BIT SEGMENT PHYSICAL

727 0004 C BASE_HI_BYTE DB ? H ADDRESS (0 - (16M-1))

728 0005 C  DATAZACC_RIGHTS DB ? 3 ACCESS RIGHTS BYTE

729 0006 C DATA_RESERVED  DW ? 3 RESERVED - MUST BE 0000 FOR THE 80286

730 0008 C DATAZDESC ENDS

731 c

732 C j=---- GATE DESCRIPTOR TABLE ENTRY STRUCTURE

733 c

734 C GATE_DESC STRUC

735 0000 C ENTRY_POINT ow ? 3 DESTINATION ROUTINE ENTRY POINT

736 0002 C Cs_SeLECTOR DW ? 3 SELECTOR FOR DESTINATION SEGMENT n

737 0004 C  WORD_COUNT DB ? 3 NUMBER OF WORDS TO COPY FROM STACK m

738 0005 C GATE_ACC_RIGHTS DB ? 3 ACCESS RIGHTS BYTE (o]

739 0006 C  GATE_! RESERVED bW ? ; RESERVED - MUST BE 0000 FOR THE 80286 —f

740 0008 C GATE_DESC ENDS -—

741 [=)

742 .LIST 2
(5,
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TEST! ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85

743 PAGE
;:g 0000 CODE SEGMENT WORD PUBLIC
746 PUBLIC C8042

147 PUBLIC OBF_42

748 PUBLIC POST!
749 PUBLIC START_!

750

751 EXTRN  CMOS_READ:NEAR

752 EXTRN  CMOS_WRITE:NEAR

753 EXTRN  CONFTG_BAD:NEAR
754 EXTRN  DI'1:NEAR
755 EXTRN  DDS:NEAR
756 EXTRN  DUMMY_RETURN:NEAR
757 EXTRN ERR_BEEP:NEA
758 EXTRN  GATE_A20:NEAR
759 EXTRN  KBD_RESET:NEAR
760 EXTRN  NMI_INT:NEAR
761 EXTRN  POST2:NEAR
762 EXTRN  PRINT_SCREEN:NEAR
763 EXTRN  PROC_SHUTDOWN:NEAR
Te4 EXTRN  ROM_CHECK :NEAR
765 EXTRN  SHUT2:NEAR
166 EXTRN  SHUT3:NEAR
167 EXTRN  SHUT4:NEAR
768 EXTRN  SHUT6:NEAR
769 EXTRN  SHUT7:NEAR
770 EXTRN  SHUT9:NEAR
71 EXTRN  SLAVE_VECTOR_TABLE:NEAR
772 EXTRN  STGTST_CNT:NEAR
773 EXTRN  SYSINITI:NEAR
174 EXTRN  VECTOR_TABLE:NEAR
175 EXTRN  VIDEO_PARMS:BYTE
776
771 ASSUME  CS:CODE,DS:NOTHING,ES:NOTHING,SS:NOTHING
778
779 0000 POST!  PROC NEAR
780
781 = 0000 BEGIN  EQU $
782 0000 36 34 38 30 30 39 0B '6480090COPR. IBM CORP. 1981,1985 °* ;COPYRIGHT NOTICE
783 30 43 4F 50 52 2E
184 20 49 42 4D 20 43
785 4F 52 50 2E 20 3!
786 39 38 31 2C 31 39
787 38 35 20 20
788 EVEN $EVEN BOUNDARY
789 3 6480090 COPR. 1BM 1985 ;EVEN MODULE
790 3 6480091 [} . 1 985 ;0DD MODULE
791 0022 36 36 34 34 38 38 oB '66448800009901 CCOOPPRR.. I1IBBMM 11998855' ;COPYRIGHT NOTICE
792 30 30 30 30 39 39
793 30 31 20 20 43 43
194 4F 4F 50 50 52 52
795 2E 2E 20 20 49 49
796 42 42 4D 4D 20 20
197 31 31 39 39 38 38
798 35 35
799 004E 20 20 DB v o $PAD
800
801 3
802 H INITIAL RELIABILITY TESTS -- (POSTI) :
803 3
804
805 H
806 3 TEST.O! :
807 3 80286 PROCESSOR TEST (REAL MODE) :
808 DESCRIPTION :
809 VERIFY FLAGS, REGISTERS :
:|? AND CONDITIONAL JUMPS. :

1 -
812
813 ASSUME  DS:DATA
814
815 0050 START_!:
816 0050 FA L1 3 DISABLE INTERRUPTS
817 005! B8 D58D MoV AX, 0D500H+CMOS_REG_D+NMI; FLAG MASK IN (AH) AND NMI MASK IN (AL
818 0054 E6 70 ouT CMOS_PORT, AL i DISABLE NMI_INTERRUPTS
819 0056 9E SAHF 5 SET "SF" "ZF" "AF" "PF" "CF" FLAGS ON
820 0057 73 27 JINC ERRO2 3 GO TO ERROR ROUTINE IF "CF" NOT SET
821 0059 75 25 JINZ ERR02 i GO TO ERROR ROUTINE IF "ZF" NOT SET
822 0058 7B 23 JINP ERR02 ; GO TO ERROR ROUTINE IF "PF" NOT SET
823 005D 79 21 INS ERRO2 3 GO TO ERROR ROUTINE IF "SF" NOT SET
824 005F 9F LAHF 3 LOAD FLAG IMAGE TO (AH
825 0060 Bl 05 MoV cL,5 3 LOAD COUNT REGISTER WITH SHIFT COUNT
826 0062 D2 EC SHR AH, CL 3 SHIFT "AF" INTO CARRY BIT POSITIDN
827 0064 73 1A JINC ERRO2 i GO_TO ERROR ROUTINE IF "AF" SE
828 0066 BO 40 MoV AL, 40H 3 SET THE "OF" FLAG ON
829 0068 DO EQ SHL AL, 1 3 SETUP FOR TEST1
830 006A 71 14 JNO ERR02 3 GO TO ERROR RDUTINE IF "OF" NOT SET
831 006C 32 E4 XOR AH, AH 3 SET (AH) =
832 006E SE SAHF 3 CLEAR "SF", "CF" "ZF", AND "PF"
833 006F 76 OF JBE ERRO2 : GO TO ERROR ROUTINE IF'"CF" ON
834 3 GO TO ERROR ROUTINE IF "ZF" ON
835 0071 78 OD Js ERRO2 3 GO TO ERROR ROUTINE IF "SF" ON
836 0073 7A 0B N ERR02 3 GO TO ERROR ROUTINE IF "PF" ON
837 0075 9F LAHF 3 LOAD FLAG IMAGE TO (AH
838 0076 D2 EC SHR AH,CL. i SHIFT "AF" INTO CARRY BIT POSITION
839 0078 72 06 JC ERR02 3 GO TO ERROR RDUTINE IF ON
840 007A DO E4 SHL AH, 1 i CHECK THA
841 007C 70 02 Jo ERRO2 3 GO TO ERRDR ROUTINE lF ON
842 00TE T4 03 Jz C7A i CONTINUE CONFIDENCE TESTS IF "ZF" SET
843 0080 ERR02:
844 0080 F4 3 ERROR HALT
845 0081 EB FD JMP ERRO2 3 ERROR LOOP TRAP
846 :
847 0083 CTA:
848 0083 B8 ---- R MoV AX,DATA 3 SET DATA SEGMENT
849 0086 8E D8 MoV DS, AX ; INTO THE (DS) SEGMENT REGISTER
850
851 §m---- CHECK FOR PROCESSOR SHUTDOWN
852
853 0088 E4 64 IN AL, STATUS_PORT 3 READ CURRENT KEYBOARD PROCESSOR STATUS
854 008A A8 04 TEST AL,SYS_FLAG 3 CHECK FOR SHUTDOWN IN PROCESS FLAG
855 008C 75 03 INZ B 3 GO IF YES
856 00BE E9 0123 R JMP SHUTO 3 ELSE CONTINUE NORMAL POWER ON CODE
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857 PAGE

858  Sebataiid CHECK FOR SHUTDOWN 09

859 0091 c7B:

860 0091 BO 8F MoV AL ,CMOS_SHUT_DOWN+NMI 3 CMOS ADDRESS FOR SHUTDOWN BYTE
861 0093 E6 T0 ouT CMOS_PORT, AL

862 0095 EB 00 JMP $+2 3 1/0 DELAY

863 0097 E4 71 IN AL ,CMOS_DATA 3 GET REQUEST NUMBER

864 0099 3C 09 CMP AL, 09H WAS IT SHUTDOWN REQUEST 97

865 009B 86 C4 XCHG AL, AH 3 SAVE THE SHUTDOWN REQUEST

866 009D T4 41 JE cic 3 BYPASS INITIALIZING INTERRUPT CHIPS
867

868 CHECK FOR SHUTDOWN 0A

869

870 O0O09F 80 FC OA CMP AH, 0AH 3 WAS IT SHUTDOWN REQUEST A?

871 00A2 T4 3C JE cic : BYPASS INITIALIZING INTERRUPT CHIPS
8712

873 00A4 2A CO suB AL, AL 3 INSURE MATH PROCESSOR RESET

874 O00A6 E6 FI ouTt X287+1,AL

875

876 jommmmmmmmmm——oo——oooo

817 H RE-INITIALIZE THE 8259 INTERRUPT #1 CONTROLLER CHIP :

878 ittt bttt

879 00A8 BO 11 MoV AL, 1 1H 3 ICW1 - EDGE, MASTER, ICW4

880 00AA E6 20 out INTA00, AL

881 00AC EB 00 JMP $+2 ; WAIT STATE FOR 1/0

882 00AE BO 08 MOV . : SETUP ICW2 - INTERRUPT TYPE 8H (8-F
883 0080 E6 21 out INTAO T, AL

884 00B2 EB 00 JMP +2 3 WAIT STATE FOR 1/0

885 00B4 BO 04 MOV AL, 04H 5 SETUP ICW3 - MASTER LEVEL 2

886 00Be E6 21 ouT INTAO! , AL

887 00B8 EB 00 JMP $+2 3 1/0 WAIT STATE

888 00BA BO 01 MOV AL,O1H ; SETUP ICW4 - MASTER,8086 MODE

889 00BC E6 21 ouT INTAO1 , AL H

890 00BE EB 00 JIMP $+2 i WAIT STATE FOR 1/0

891 00CO BO FF MoV AL, OFFH 3 MASK ALL INTERRUPTS OFF

892 00C2 E6 21 ouT INTAO1 ,AL 3 (VIDEO ROUTINE ENABLES INTERRUPTS

893 3

894 H RE-INITIALIZE THE 8259 INTERRUPT #2 CONTROLLER CHIP

895 e

896 00C4 BO 11| Mov AL, 11H 3 ICWI - EDGE, SLAVE ICW4

897 00C6 E6 AD out INTEDD AL

898 00C8 EB 00 JMP $+ 3 WAIT STATE FOR 1/0

899 (00CA BO 70 MOV AL INT_TYPE 3 SETUP ICW2 - INTERRUPT TYPE 70 (70-7TF)
900 00CC E6 Al out INTBO(7AL

901 00CE BO 02 MoV AL, 02H 3 SETUP ICW3 - SLAVE LEVEL 2

902 00DO EB 00 JMP +2

903 00D2 E6 Al out INTBO 1, AL

904 00D4 EB 00 JMP $+2 5 1/0 DELAY

905 00D& BO Ot MoV AL,O01H 3 SETUP ICW4 - 8086 MODE, SLAVE

906 00D8 E6 Al ouTt INTBOY , AL

907 O0ODA EB 00 JMP $+2 3 WAIT STATE FOR 1/0

908 00DC BO FF MoV AL, OFFH 3 MASK ALL INTERRUPTS OFF

909 OODE Eé Al ouT INTBO1, AL

910 -

911 SHUTDOWN - RESTART

912 RETURN CONTROL AFTER A SHUTDOWN COMMAND IS ISSUED

913 DESCRIPTION

914 A TEST IS MADE FOR THE SYSTEM FLAG BEING SET. IF THE SYSTEM FLAG IS
915 SET, THE SHUTDOWN BYTE IN CMOS 1S USED TO DETERMINE WHERE CONTROL IS
916 RETURNED.

917

918 SOFT RESET OR UNEXPECTED SHUTDOWN

919 SHUT DOWN AFTER MEMORY SIZE

920 SHUT DOWN AFTER MEMORY TEST

921 SHUT DOWN WITH MEMORY ERROR

922 SHUT DOWN WITH BOOT LOADER REQUEST

923 JMP DWORD REQUEST - (INTERRUPT CHIPS & 287 ARE INITIALIZED)
924 PROTECTED MODE TEST3 PASSED

925 PROTECTED MODE TEST3 FAILED

926 PROTECTED MODE TEST{ FAILED :
927 BLOCK MOVE SHUTDOWN REQUEST

928 JMP DWORD REQUEST - (W/O INTERRUPT CHIPS INITIALIZED)

929 :
930 RETURNS ARE MADE WITH INTERRUPTS AND NMI DISABLED.

931 USER MUST RESTORE SS:SP (POST DEFAULT SET = 0000:0400),

932 ENABLE NON-MASKABLE INTERRUPTS (NMI) WITH AN OUT TO s
933 PORT 70H WITH HIGH ORDER BIT OFF, AND THEN ISSUE A

934 STI1 TO ENABLE INTERRUPTS. FOR SHUTDOWN (5) THE USER

935 MUST ALSO RESTORE THE INTERRUPT MASK REGISTERS. :
936 ——--

937

938 bt CHECK FROM WHERE

939 00E0 CiC:

940 O00E0 BO 8F Mov AL ,CMOS_SHUT_DOWN+NMI ;3 CLEAR CMOS BYTE

941 O0OE2 E6 70 ouT CMOS_PORT, AL

942 00E4 90 NOP 3 1/0 DELAY

943 O00E5 2A CO suB AL, AL 3 SET BYTE TO 0

944 00ET E6 T1 out CMOS_DATA, AL

945 00E9 86 EO XCHG AH, AL

946 O00EB 3C 0A CMP AL, 0AH 3 COMPARE WITH MAXIMUM TABLE ENTRIES
947 O0O0ED 77 34 JA SHUTO 3 SKIP TO POST IF GREATER THAN MAXIMUM
948 OOEF BE 0103 R MoV S1,0FFSET BRANCH 3 POINT TO THE START OF THE BRANCH TABLE ]
949 00F2 03 FO ADD S1,AX m
950 O00F4 03 FO ADD S1,AX 3 POINT TO BRANCH ADDRESS (]
951 00Fe 2E: 8B 1C MoV BX,CS:[S1] 3 MOVE BRANCH TO ADDRESS TO BX REGISTER —f
952 —
953 SET TEMPORARY STACK FOR POST (=]
954

955 O0OF9 B8 ---- R MOV AX,ABSO 3 SET STACK SEGMENT TO ABSO SEGMENT =
956 00OFC 8E DO MoV SS,AX [1,]
957 00OFE BC 0400 R MoV SP,OFFSET @TOS SET STACK POINTER TO END OF VECTORS
958 0101 FF E3 JMP BX 3 JUMP BACK TO RETURN ROUTINE

959

960 0103 0123 R BRANCH: DW SHUTO 3 NORMAL POWER UPIUNEXFECTED SHUTDOWN
961 0105 0990 R DW SHUT1 3 SHUT DOWN AFTER MEMORY S

962 0107 0000 E DW SHUT2 3 SHUT DOWN AFTER MEMORY TEST

963 0109 0000 E ow SHUT3 i SHUT DOWN WITH MEMORY ERROR

964 010B 0000 E DW SHUT4 3 SHUT DOWN WITH BOOT_LOADER REQUEST
965 010D 0119 R DW SHUTS 3 JMP DWORD REQUEST WTTH INTERRUPT INIT
966 010F 0000 E ow SHUT6 ; PROTECTED MODE TEST7 PASSED

967 0111 0000 E DW SHUTT 3 PROTECTED MODE TESTT FAILED

968 0113 0793 R oW SHUT8 ; PROTECTED MODE TEST! FAILED

969 0115 0000 E ow SHUT9 ; BLOCK MOVE SHUTDOWN REQUEST

970 0117 011F R DW SHUTA 3 JMP DWORD REQUEST (W/O INTERRUPT INIT)
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971

972 @I0_ROM_INIT MUST BE INITIALIZED BY THE USER FOR VECTORED REQUESTS
973

974 0119 SHUTS ¢

975 0119 E4 60 IN AL,PORT_A 3 FLUSH THE KEYBOARD BUFFER

976 0118 BO 20 MoV . 3 FLUSH LAST TIMER REQUEST IF PENDING
977 011D E6 20 out INTA0O, AL 3 - TO ALLOW TIMER INTERRUPTS

978 O1IF SHUTA:

979 011F FF 2E 0067 R JMP DWORD PTR ®IO_ROM_INIT 3 FAR JUMP TO USER DEFINED LOCATION
980 3 AFTER SHUTDOWN TO REAL MODE CODE
981 3 WITH INTERRUPTS AND NMI DISABLED
982 gm---- CHECKPOINT 01

983

984 0123 SHUTO:

985 0123 BO 0! MoV AL,O01H H <> D>
986 0125 E6 80 out MFG_PORT, AL 3 <><> CHECKPOINT 01 <><>
987

988 g READ/WRITE/TEST THE 80286 REGISTERS WITH ONE'S AND ZERO'S

989

990 0127 B8 FFFF MOV AX, OFFFFH 3 SETUP ONE'S PATTERN IN (AX

991 012A F9 STC 3 SET CARRY FLAG

992 0128 73 21 JINC ERRO i GO IF NO CARRY

993 012D ca:

994 012D 8E D8 Mov DS, AX 3 WRITE PATTERN TO ALL REGISTERS
995 012F 8C DB MoV BX,DS

996 0131 8E C3 MOV ES,BX

997 0133 &C C! Mov CX,ES

998 0135 8E DI MoV $5,CX

999 0137 8C D2 MOV DX,SS

1000 0139 8B E2 MOV SP,DX

1001 0138 8B EC MOV BP,SP

1002 013D 8B F5 MoV s1,BP

1003 013F 8B FE MoV DI,SI

1004 0141 73 07 JUNC

1005 0143 33 C7 XOR AX,DI 3 PATTERN MAKE IT THROUGH ALL REGISTERS
1006 0145 75 07 INZ ERRO1 3 NO - GO TO ERROR ROUTINE

1007 0147 F8 cLc 3 CLEAR CARRY FLAG

1008 0148 EB E3 JMP cs

1009 014A c9: 3 1A

1010 014A 0B C7 OR AX,DI 3 ZERO PATTERN MAKE IT THROUGH ?
1011 014C 74 01 z C10A 3 YES - GO TO NEXT TEST

1012 014E ERRO!:

1013 014E F4 T 3 HALT SYSTEM

1014

1015 INSURE THAT CMOS CLOCK INTERRUPTS ARE DISABLED

1016 014F C10A:

1017 O14F B8 8B8B MoV AX,X*(CMOS_REG_B+NMI)  ; ADDRESS TO BOTH (AH) AND (AL

1018 0152 E6 70 ouT CMOS_PORT, AL 3 ADDRESS cmos ALARM BYTE WITH NMI=OFF
1019 0154 90 NOP 3 1/0

1020 0155 E4 T1 IN AL ,CMOS_DATA 3 GET THE CURRENT CONTROL REGISTER
1021 0157 24 07 AND AL, 000001113 3 CLEAR SET,PIE,AIE, AND SQWE BITS
1022 0159 86 C4 XCHG AL, 3 SAVE

1023 0158 E6 70 out cuos PORT AL

1024 015D 86 C4 XCHG AL , AR

1025 015F Ee T1 ouT CMOS_DATA, AL

1026

1027 0161 BO 8C MoV AL ,CMOS_REG_C+NM1 ; ADDRESS CMOS FLAGS BYTE WITH NMI=OFF
1028 0163 90 NOP 3 1/0 DELAY

1029 0164 E6 70 ouT CMOS_PORT, AL

1030 0166 90 NOP 3 1/0 DELAY

1031 0167 E4 T1 IN AL ,CMOS_DATA 3 READ STATUS TO CLEAR PENDING INTERRUPT
1032

1033 s RESET VIDEO

1034

1035 0169 BO 00 MOV AL,0 ; CLEAR DATA BYTE TO DISABLE VIDEO
1036 0168 BA 0308 MoV DX,03D8H i GET COLOR MODE CONTROL PORT ADDRESS
1037 016E EE out DX, AL ; DISABLE COLOR VIDEO

1038 016F FE CO INC 3 MONOCHROME MODE RESET MASK

1039 0171 B2 B8 MoV DL 0B8H ; GET ADDRESS OF MONOCHROME MODE CONTROL
1040 0173 EE out DX, AL : DISABLE B/W VIDEO, ENABLE HIGH RES
1041 0174 B2 BA MoV DL ,0BAH 3 ADDRESS OF MDNDCHROME STATUS REGISTER
1042 0176 EC IN AL ,DX ;3 READ STATUS TO DISABLE EGA VIDEO

1043 0177 B2 DA MoV DL, 0DAH 3 ADDRESS OF COLOR MODE STATUS REGISTER
1044 0179 EC IN AL,DX ; READ STATUS TO DISABLE EGA

1045 017A BO 00 MoV AL,0 i SELECT ATTRIBUTE PALETTE REGISTER 0
1046 017C B2 CO MoV DL,0COH 3 WRITE 0 TO ATTRIBUTE ADDRESS REGISTER
1047 017E EE ouT Xy AL i TO DISABLE EGA VIDEO

1048 017F BO FC MoV AL, 111111008 i DISABLE PARITY CHECKERS

1049 0181 E6 61 out PORT_B, AL

105

1051 f

1052 3 TEST.02 :

1053 H ROM CHECKSUM TEST 1

1054 : DESCRIPTION :

1055 H A CHECKSUM 1S DONE FOR THE 32K

1056 H READ ONLY MEMORY MODULES (TWO) :

1057 H CONTAINING POST, BASIC AND BIOS.:

1058 H

1059

1060 j-m-- CHECKPOINT 02

1061

1062 0183 BO 02 MoV AL,02H f <> <> BB BB

1063 0185 E6 80 out MFG_PORT , AL : <><> CHECKPOINT 02 <><>

1064

1065 ASSUME  SS:CODE

1066 0187 8C C8 MOV AX,CS 5 SETUP SS SEGMENT REGISTER

1067 0189 8E DO MOV 55,AX

1068 0188 8E D8 MOV DS, AX 3 SET UP DATA SEGMENT TO POINT TO

1069 018D 33 F6 XOR S1,S1 i ROM ADDRESS START

1070 018F 33 DB XOR BX,BX : CLEAR CHECK REGISTER

1071 0191 B5 80 MOV CH,080H ;3 COUNT FOR 32K WORDS

1072 0193 Cits

1073 0193 AD LODSW i MOVE TWO BYTES INTO AX -- SI=Si+2
1074 0194 02 DC ADD BL,AH 3 ADD ODD BYTE AT DS:SI+! TO CHECKSUM
1075 0196 02 D8 ADD BL,AL 3 ADD EVEN BYTE AT DS:SI TO CHECKSUM
1076 0198 E2 F9 LOOP  CiIt 3 LOOP COUNT FOR 65K BYTES (32K WORDS
1077 019A 73 02 JNC CHE i EXIT IF "LOOP" RESET THE CARRY FLAG
107 3 (NOTE: MODEL BYTE MUST NOT = ZERO)
1079 019C 74 Ot Jz CHiIA 3 CONTINUE IF CHECKSUM VALID (ZERO
1080 019E ClIE:

1081 019E F4 LT 3 ELSE HALT IF CHECKSUM PROBLEM

1082 3

1083 i TEST.03 s

1084 3 VERIFY CMOS SHUTDOWN BYTE
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1085 3 DESCRIPTION :
1086 ; ROLLING BIT WRITTEN AND 3
1087 3 VERIFIED AT SHUTDOWN ADDRESS.
1088 i
1089
1090 §o=-==- VERIFY AND CLEAR SHUTDOWN FLAG
1091 019F CliA:
1092 019F BO 03 MoV AL, 03H B <> <> <> <> <> > > B>
1093 01A1 E6 80 ouT MFG_PORT , AL 3 <><> CHECKPOINT 03 <><>
1094
1095 01A3 B9 0009 MoV CX,09H 3 LOOP COUNT
1096 01A6 B4 01 Mov AH, 1 3 START WITH BIT 0
1097 01A8 ciiB:
1098 01A8 BO 8F MoV AL ,CMOS_SHUT_DOWN+NMI
1099 01AA E6 70 ouT CMOS_PORT, AL’
1100 O1AC B8A C4 MoV AL, A 3 OUTPUT ROLLING BIT
1101 O1AE E6 T1 ouT CMOS_DATA, AL
1102 0180 BO 8F MoV AL,CMOS_SHUT_DOWN+NMI  ; READ CMOS
1103 0182 90 NOP 5 1/0 DELAY
1104 01B3 E6 70 ouT CMOS_PORT, AL
1105 0185 90 NOP 4 1/0 DELAY
1106 01B6 E4 T1 IN AL ,CMOS_DATA
07 01B8 3A C4 cmp AL, AH MUST BE THE SAME

01BA 75 92 JNZ ERRO1
01BC DO D4 RCL AH, 1
O01BE E2 E8 LooP ctiB

ERROR IF NOT
ROLL A BIT THROUGH SHUTDOWN BYTE
LOOP TILL DONE

TEST.04
264 CHECK TIMER 1 ALL BITS ON
DESCRIPTION
SET TIMER COUNT
CHECK THAT TIMER 1| ALL BITS ON

ASSUME DS:DATA
01C0o B8 ---- R MoV AX,DATA
01C3 8E D8 MoV DS, AX
01C5 BO 04 Mov AL, 04H ] >G>
01C7 E6 80 out MFG_PORT , AL 3 <><> CHECKPOINT 04 <><>

SET DATA SEGMENT

DISABLE DMA CONTROLLER
(AL) ALREADY = 04H

WWNRWDRWDDINNNNNNNNNN ~ = ===~ ===~ 00

01C9 E6 08 out DMAO8, AL ; DISABLE DMA CONTROLLER
oi1cB E6 DO ouT DMA18,AL 3 DISABLE DMA CONTROLLER 2
it VERIFY THAT TIMER | FUNCTIONS OK
01CD 8B 16 0072 R MoV DX, @RESET_FLAG 1 SAVE RESET FLAG WHILE REFRESH IS OFF
0(DI BO 54 MoV AL, 54H 3 SELECT TIMER 1,LSB,MODE 2
01D3 E6 43 out TIMER+3, AL
01D5 EB 00 JMP $+2 5 1/0 DELAY
0(DT 8A Ci MoV AL,CL s SET INITIAL TIMER COUNT TO 0
01D9 E6 41 ouT TIMER+1 ,AL
01DB B7 05 MoV BH,05H ;3 LOOP COUNT
01DD cia: 3 TIMER!_BITS
40 01DD BO 40 MoV AL,40H 3 LATCH TIMER | COUNT
1141 01DF EB 00 JMP $+2 3 1/0 DELA
1142 0IE!1 E6 43 ouT TIMER+3,AL
1143 01E3 80 FB FF cMP BL,OFFH 3 YES - SEE_IF ALL BITS GO OFF
1144 01E6 74 0B JE 13 3 TIMER1_BITS_OFF
1145 01E8 E4 41 IN AL, TIMER+1 : READ TTMER T COUNT
1146 O1EA OA D8 OR BL,AL 3 ALL BITS ON IN TIMER
1147 0IEC E2 EF LOOP ci2 3 TIMER!I_BITS_ON
1148 01EE FE CF DEC BH
1149 01F0 75 EB JINZ ciz 3 TRY AGAIN
1150 01F2 F4 HLT 3 TIMER 1 FAILURE, HALT SYSTEM
151 3 TIMER1_BITS_OFF
1162 3
1153 3 TEST.05 :
1154 3 8254 CHECK TIMER | ALL BIT OFF :
1165 3 DESCRIPTION :
1156 H SET TIMER COUNT
1157 3 CHECK THAT TIMER | ALL BITS OFF :
1158 3
11569
1160 CHECKPOINT 05
1161
1162 01F3 BO 05 Mov AL ,05H 3 <>C>C> S>>
1163 01F5 E6 80 out MFG_PORT, AL. 3 <><> CHECKPOINT 05 <><>
1164
1165 01F7 BA C3 MoV AL,BL 3 SET TIMER | COUNT
1166 01F9 2B C9 suB CX,CX
1167 OIFB E6 41 out TIMER+ 1 AL
1168 OIFD BT 05 MoV BH,05H 3 SET TRY AGAIN COUNT
1169 OIFF Cl4a: 3 TIMER_LOOP
1170 OIFF BO 40 MoV AL, 40H 5 LATCH TIMER | COUNT
1171 0201 E6 43 ouT TIMER+3,AL
1172 0203 EB 00 JMP $+2 3 DELAY FOR TIMER
1173 0205 EB 00 JMP $+2 3 ADDED DELAY FOR TIMER
1174 0207 E4 41 IN AL, TIMER+1 3 READ TIMER | COUNT
1175 0209 22 D8 AND BL,AL
1176 0208 74 07 Jz c1s 3 GO TO WRAP DMA REGISTER TESTS w
1177 0200 E2 FO LooP cn4 i TIMER_LOOP m
1178 020F FE CF DEC o
1179 0211 75 EC JINZ c14 —]
1180 0213 F4 HLT 3 HALT SYSTEM —
1181
1182 § =
1183 ; TEST.06 : =
1184 H 8237 DMA 0 INITIALIZATION :
1185 H CHANNEL REGISTER TEST s o
1186 i DESCRIPTION :
1187 H DISABLE THE 8237 DMA CONTROLLER
1188 H WRITE/READ THE CURRENT ADDRESS
1189 3 AND WORD COUNT REGISTERS FOR
1190 H ALL CHANNELS.
1191 3
1192
1193 3----= CHECKPOINT 06
1194
1195 0214 cis:
1196 0214 B8 R MoV AX,DATA 3 SET DATA SEGMENT
1197 0217 8E DB MoV DS, AX
1198 0219 BO 06 MoV AL,06H H > > > > > >> <>
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1199 021B E6 80 ouTt MFG_PORT, AL H <><> CHECKPOINT 06 <><>
1200 021D 89 16 0072 R MoV @RESET, FLAG DX 3 RESTORE SOFT RESET FLAG
1201 0221 E6 0D out DMA+0DH, AL 3 SEND MASTER CLEAR TO DMA
1202
1203 | B WRAP DMA 0 CHANNEL ADDRESS AND COUNT REGISTERS
1204
1205 0223 MoV AL, OFFH i WRITE PATTERN "FF" TO ALL REGISTERS
1206 0225 Cilés MoV BL,AL 3 SAVE PATTERN FOR COMPARE
1207 0227 MoV BH, AL
1208 0229 MoV ’ 3 SETUP LOOP COUNT
1209 022C Mov DX, DMA 3 SETUP 1/0 PORT ADDRESS OF REGISTER
1210 022F CIT: out DX, AL 3 WRITE PATTERN TO REGISTER, LSB
1211 0230 JMP $+2 3 1/0 DELAY
1212 0232 ouT DX, AL i MSB OF 16 BIT REGISTER
1213 0233 MoV AL,O01H 3 AL TO ANOTHER PATTERN BEFORE READ
1214 0235 JMP $+2 3 1/0 DELA
1215 0237 IN AL, DX 3 READ 16~ EIT DMA CH REG, LSB 2ST DMA
1216 0238 JMP $+2 3 1/0 DELAY
1217 023A Mov AH, AL 3 SAVE LSB OF 16-BIT REGISTER
1218 023C IN AL, DX 3 READ MSB OF DMA CHANNEL REGISTER
1219 023D CMP BX,AX 3 PATTERN READ AS WRITTEN?
1220 023F JE ct8 3 YES - CHECK NEXT REGISTER
1221 0241 HLT 3 NO = HALT THE SYSTEM
1222 0242 ci8: 3 NXT_DMA_CH
1223 0242 42 INC DX 3 SET 1/0 PORT TO NEXT CHANNEL REGISTER
1224 0243 E2 EA LOOP c17 3 WRITE PATTERN TO NEXT REGISTER
1225 0245 FE CO INC AL SET PATTERN T
1226 0247 74 DC 4 Cclé YES CONTINUE
1227
1228 Hitnininied WRITE DMA WITH 55 PATTERN
1229
1230 0249 80 FB 55 CMP 8L,055H 3 CHECK IF "55" PATTERN DONE
1231 024C 74 09 Jz : GO IF YES
1232 024E 80 FB AA CMP BL OAAH 3 CHECK IF "AA" PATTERN DONE
1233 0251 74 08 Jz 3 GO IF YES
1234 0253 BO 55 Mov AL 055H
1235 0255 EB CE JMP
1236
1237 WRITE DMA WITH AA PATTERN
1238
1239 0257 BO AA C19: MOV AL, 0AAH
1240 0259 EB CA JMP clé
1241
1242 3
1243 3 TEST.O07 :
1244 3 8237 DMA 1 INITIALIZATION
1245 3 CHANNEL REGISTER TEST
1246 3 DESCRIPTION
1247 3 DISABLE 8237 DMA CONTROLLER 1.
1248 H WRITE/READ THE CURRENT DMA |
1249 H ADDRESS AND WORD COUNT :
1250 H REGISTERS FOR ALL CHANNELS.
1251 3 - -
1252
1253  itaintd CHECKPOINT 07 - DMA |
1254
1255 0258 BO 07 cao0: MoV AL,07TH H B> <>
1256 025D E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT 07 <><>
1267 025F E6 DA out DMAT+ODH®*2, AL 3 SEND MASTER CLEAR TO 2ND DMA
1258
1259 §m==== WRAP DMA | CHANNEL ADDRESS AND COUNT REGISTERS
1260
1261 0261 BO FF MoV AL, OFFH 3 WRITE PATTERN FF TO ALL REGISTERS
1262 0263 8A D8 CleA: Mov BL,AL 3 SAVE PATTERN FOR COMPARE
1263 0265 8A F8 MoV BH, AL
1264 0267 B9 0008 MoV CX,8 3 SETUP LOOP COUNT
1265 026A BA 00CO Mov DX ,DMA1 3 SETUP 1/0 PORT ADDRESS OF REGISTER
1266 026D EE Cl7A: ouT DX, AL 3 WRITE PATTERN TO REGISTER, LSB
1267 026E EB 00 JMP $+2 3 1/0 DELAY
1268 0270 EE ouT DX, AL 3 MSB OF 16 BIT REGISTER
1269 0271 BO 01 MoV AL,O1H 3 AL TO ANOTHER PAT BEFORE RD
1270 0273 EB 00 JMP $+2 3 1/0 DELAY
1271 0275 EC IN AL,DX 3 READ 16-BIT DMA CH REG, LSB 2ST DMA
1272 0276 EB 00 JMP $+2 i 1/0 DELAY
1273 0278 8A EO MoV AH, AL 3 SAVE LSB OF 16-BIT REGISTER
1274 027A EC IN AL ,DX 3 READ MSB OF DMA CH REGISTER
1275 027B 3B D8 CMP BX,AX 3 PATTERN READ AS WRITTEN?
1276 027D 74 01t JE C18A 3 YES - CHECK NEXT REGISTER
1277 027F F4 LT NO - HALT THE SYSTEM
1278 0280 Cl18A: 3 NXT_DMA_CH
1279 0280 83 C2 02 ADD DX,2 3 SET 1/0 PORT TO NEXT CHANNEL REGISTER
1280 0283 E2 E8 LOOP CITA 3 WRITE PATTERN TO NEXT REGISTER
1281 0285 FE CO INC AL 3 SET PATTERN TO 0
1282 0287 74 DA Jz Cl16A 3 YES CONTINUE
1283
1284 it WRITE DMA WITH 55 PATTERN
1285
1286 0289 80 FB 55 CMP BL,55H IF 55 PATTERN DONE
1287 028C 74 09 Jz C20A Y
1288 028E 80 FB AA CMP BL, 0AAH 3 CHECK IF AA PATTERN DONE
1289 0291 74 08 Jz cz2 3 GO IF YES
1290 0293 BO 55 Mov AL,55H
1291 0295 EB CC JMP Cl1eA
1292
1293 Hinlattuind WRITE DMA WITH AA PATTERN
1294
1295 0297 BO AA C20A: MoV AL, 0AAH
1296 0299 EB C8 JMP Cl16A
1297
1298 INITIALIZE AND START MEMORY REFRESH
1299
1300 0298
1301 0298 8B IE 0072 R MoV BX,@RESET_FLAG 3 GET THE RESET FLAG
1302 029F A3 0010 R MoV OEQUIF FLAG,AX 3 DO A DUMMY MEMORY WRITE BEFORE REFRESH
1303 02A2 BO 12 Mov 3 START REFRESH TIMER
1304 02A4 E6 41 ouT TIMER*!,AL
1305
1306 === SET DMA COMMAND
1307
1308 02A6 2A CO suB AL, AL 3 DACK SENSE LOW,DREQ SENSE HIGH
'309 02A8 E6 08 ouTt DMA+8, AL 3 LATE WRITE, FIXED PRIORITY, NORMAL
310 3 TIMING, CONTROLLER ENABLE, CHO ADDRESS
1311 3 HOLD DISABLE, MEMORY TO MEMORV DISABLE
1312 02AA E6 DO ouT DMA 18, AL 3 SAME TO SECOND CONTROLLER
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1313

1314 MODE SET ALL DMA CHANNELS

1315

1316 02AC BO 40 MoV AL, 40H ; SET MODE FOR CHANNEL 0

1317 02AE E6 0B ouT DMA+0BH, AL

1318 0280 B0 CO MOV AL, 0COH 3 SET CASCADE MODE ON CHANNEL 4

1319 02B2 E6 D6 ouT DMA 18+06H, AL

1320 02B4 EB 00 JMP $+2 s 1/0 DELAY

1321 0286 BO 41 MOV AL,41H 3 SET MODE FOR CHANNEL

1322 02B8 E6 0B ouT DMA+0BH, AL

1323 02BA E6 D6 out DMA18+06H, AL MODE FOR CHANNEL §

1324 02BC EB 00 JMP $+2 O DELAY

1325 02BE BO 42 MOV AL, 42H MODE FOR CHANNEL 2

1326 02C0 E6 0B ouT DMA+0BH, AL

1327 02C2 E6 D6 ouT DMA18+06H, AL ; SET MODE FOR CHANNEL 6

1328 02C4 EB 00 JMP $+2 i 1/0 DELAY

1329 02C6 BO 43 MOV AL, 43H 3 SET MODE FOR CHANNEL 3

1330 02C8 E6 0B ouT DMA+0BH, AL

1331 02CA E6 D6 ouT DMA18+06H, AL 3 SET MODE FOR CHANNEL T

1332

1333 jomm-- RESTORE RESET FLAG

1334

1335 02CC 89 IE 0072 R MOV ORESET_FLAG,BX

1336

1337 -- ---

1338 TEST.08

1339 DMA PAGE REGISTER TEST

1340 DESCRIPTION

1341 B WRITE/READ ALL PAGE REGISTERS  :

1342 ;

1343

1344 CHECKPOINT 08

1345

1346 02D0 BO 08 MoV AL ,08H LI > > > > > <> <> <> <> <>

1347 0202 E6 80 out MFG_PORT , AL i <><> CHECKPOINT 08 <><>

1348 02D4 2A CO suB L,

1349 02D6 BA 0081 MOV DX,DMA_PAGE

1350 0209 B9 OOFF MOV CX,O0FFH 3 DO ALL DATA PATTERNS

1351 020C EE C22A:  OUT DX, AL

1352 020D 42 INC DX

1353 02DE FE CO INC AL

1354 02E0 81 FA 008F cMP DX, 8FH ; TEST DMA PAGES 81 THROUGH 8EH

1355 02E4 75 F6 JINZ c22A

1356 02E6 86 EO XCHG AH, AL SAVE CURRENT DATA PATTERN

1357 02E8 FE CC DEC CHECK LAST WRITTEN

1358 02EA 4A DEC DX

1359 02EB 2A CO c2zB:  SuB AL, AL CHANGE DATA BEFORE READ

1360 02ED EC IN AL,DX

1361 02EE 3A C4 CMP AL, AH DATA AS WRITTEN?

1362 02F0 75 30 INZ ca26 3 GO ERROR HALT IF NOT

1363 02F2 FE CC DEC AH

1364 02F4 4A DEC DX

1365 02F5 81 FA 0080 cMP DX,MFG_PORT ; CONTINUE TILL PORT 80

1366 02F9 75 FO INZ ca2z8

1367 02FB FE C4 INC AH 3 NEXT PATTERN TO RIPPLE

1368 02FD BA C4 MoV AL, AH

1369 02FF E2 DB LOOP c22A

1370

1371 gmmmm TEST LAST DMA PAGE REGISTER (USED FOR ADDRESS LINES DURING REFRESH

1372

1373 0301 BO CC MOV AL,0CCH 3 WRITE AN CC TO PAGE REGISTERS

1374 0303 BA 008F caa: [\ DX,LAST_DMA_PAGE

1375 0306 8A EO MOV AH, AL 3 SAVE THE DATA PATTERN

1376 0308 EE out DX, AL 3 OUTPUT PAGE REGISTER

1377

1378 VERIFY PAGE REGISTER 8F

1379

1380 0309 2A CO sus AL, AL ; CHANGE DATA PATTERN BEFORE READ

1381 030B EC IN AL,DX 3 GET THE DATA FROM PAGE REGISTER

1382 030C 3A C4 cMP AL, AH

1383 030E 75 12 JINZ ca6 : GO IF ERROR

1384 0310 80 FC CC CMP AH, 0CCH

1385 0313 75 04 JINZ cas GO_IF ERROR

1386 0315 BO 33 MOV AL,033H ; SET UP DATA PATTERN OF 33

1387 0317 EB EA JMP ca2 ; DO DATA 33

1388 0319 cas:

1389 0319 80 FC 00 cMP AH,0 ; CHECK DONE

1390 03IC 74 05 Jz ca1 3 GO_IF YES .

1391 031E 2A CO suB AL, AL ; SET UP FOR DATA PATTERN 00

1392 0320 EB E1 JMP ca2 3 DO DATA 0

1393

1394 ;----- ERROR HALT

1395 0322 C2e:

1396 0322 F4 HLT 3 HALT SYSTEM

1397

1398 B

1399 3 TEST.09

1400 H STORAGE REFRESH TEST

1401 i DESCRIPTION

1402 H VERIFY REFRESH IS OCCURRING :

1403 B

1404

1405 §o=--- CHECKPOINT 09 - TEST MEMORY REFRESH

1406 0323 cat:

1407 0323 BO 09 MOV AL, 09H A <><><><> <> >G> B>

1408 0325 E6 80 ouT MFG_PORT, AL 3 <><> CHECKPOINT 09 <><>

1409 0327 2B C9 sus €X,CX

1410 0329 cas: .

1411 0329 E4 61 IN AL,PORT B 3 INSURE REFRESH BIT 1S TOGGLING

1412 032B A8 10 TEST AL ,REFRESH_BIT

1413 032D E1 FA LooPZ  C28 ; INSURE REFRESH IS OFF

1414 032F E3 F1 JeXz ca26 3 ERROR HALT IF TIMEOUT

1415 0331 c29:

1416 0331 E4 61 IN AL,PORT_B

1417 0333 A8 10 TEST AL,REFRESH_BIT 3 INSURE REFRESH 1S ON

1418 0335 EO FA LOOPNZ C29

1419 0337 E3 E9 Jexz cze 3 ERROR HALT IF NO REFRESH BIT

1420

1421 B

1422 3 TEST.10

1423 3 8042 INTERFACE TEST

1424 H READ CONFIGURATION JUMPERS

1425 DESCRIPTION

1426 ISSUE A SELF TEST TO THE 8042.
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1427 3 INSURE A 55H IS RECEIVED. :

1428 ; READ MANUFACTURING AND DISPLAY

1429 : JUMPERS AND SAVE IN MFG_TEST.

1430 3

1431

1432 CHECKPOINT 0A

1433

1434 0339 BO 0A MoV AL, 0AH ; <> <> <> <> <> <> <> <> <> <> <> <>
1435 0338 E6 80 out MFG_PORT, AL H <><> CHECKPOINT 0A <><>
1436

1437 [REEEE SOFT RESET (HANDLE ALL POSSIBLE CONDITIONS

1438

1439 033D 28 C9 sus cx,cx $ 100 MILLISECONDS FOR THIS LOOP
1440 033F E4 64 TSTi: N AL, STATUS_PORT 5 CHECK FOR INPUT BUFFER FULL
1441 0341 8A EO MOV AH, AL

1442 0343 F6 C4 01 TEST AHLOUT_BUF_FuLL

1443 0346 14 02 Jz 3 go I nat

1444 0348 E4 60 IN AL TeoRT 3 FLUSH

1445 034A F6 C4 02 TST2:  TES ARy INPT BUF_FULL H 75" e outruT BUFFER ALsO FULL?
1446 034D EO FO LOOPNZ TS i TRY AGAIN

1447 034F T4 01 Jz Tt i CONTINUE IF OK

1448

1449 0351 F4 ERRO:  HLT 5 HALT SYSTEM IF BUFFER FULL
1450

1451 [ ISSUE A RESET TO THE 8042

1452

1453 0352 BO 0B TST4: MOV AL, 0BH ; DG BBGDBBOBGBODB>GBO
1454 0354 E6 80 ouT MFG_PORT, AL : <><> CHECKPOINT 0B <><>
1455

1456 0356 BO AA MOV AL, SELF_TES 3 SELF TEST COMMAND

1457 0358 BC 03EE R MoV SP,OFFSET CBo4zA ; SET RETURN ADDRESS

1458 0358 EB 39 JIMP SHORT CB042

1459 035D A8 0f TST4_B: TEST  AL,OUT_BUF_FULL 3 1S THE OUTPUT BUFFER FULL?
1460 035F 74 02 Jz TST4_A i GO IF

1461 0361 E4 60 IN AL ,PORT_A 3 FLUSH

1462 0363 BC 03F0 R TST4_A: MOV SP,OFFSET OBF_42A 3 SET RETURN ADDRESS

1463 0366 EB 3A IMP SHORT OBF_42 i GO WAIT FOR BUFFER

1464 0368 E4 60 TST4_C: IN AL ,PORT_A $ GET THE ENDING RESPONSE

1465 036A 3C 55 cMP AL, 55H

1466

1467 036C BO 0C MOV AL, OCH f <> <> <> <> >G>
1468 036E E6 80 out MFG_PORT, AL H <><> CHECKPOINT 0C <><>
1469

1470 0370 75 DF JNZ ERRO 3 GO IF NOT OK

1471

1472 §=-m—- GET THE SWITCH SETTINGS

1473

1474 0372 BO CO MoV AL ,READ_8042_INPUT 3 READ INPUT COMMAND

1475 0374 BC 03F4 R MOV SP,OFFSET C8042C 3 SET RETURN ADDRESS

1476 0377 EB 1D JIMP SHORT C8042 ;3 ISSUE_COMMAND

1477 0379 BC 03F6 R E30B: MOV SP,OFFSET OBF_42B i SET RETURN ADDRESS

1478 037C EB 24 JMP SHORT OBF_42 ; GO WAIT FOR RESPONSE

1479 037E E4 60 E30C: IN AL,PORT_A~ 3 GET THE SWITCH

1480 0380 E6 82 out DMA_PAGE+( , AL 5 SAVE TEMPORARY

1481

1482 WRITE BYTE 0 OF 8042 MEMORY

1483

1484 0382 BO 60 [ AL ,WRITE_8042_LOC 3 WRITE BYTE COMMAND

1485 0384 BC 03F2 R MoV SP,OFFSET C80%28 i SET RETURN ADDRESS

1486 0387 EB 0D JMP SHORT C8042 3 ISSUE THE C

1487 0389 74 05 TST4_D: JZ TST4_DI 3 CONTINUE IF CONMAND ACCERTED
1488

1489 0388 BO 0D MoV AL, 0DH ; <> <> <> <> <> > >G>
1490 038D E6 80 ouTt MFG_PORT, AL H <><> CHECKPOINT 0D <><>
1491 038F F4 HLT

1492 0390 TST4_D1:

1493 0390 BO 5D MoV AL, 5DH 3 ENABLE OUTPUT BUFFER FULL INTERRUPT,
1494 0392 E6 60 out PORT_A, AL ; DISABLE KEYBOARD, SET SYSTEM FLAG,
1495 0394 EB 1D IMP SHORT E30A ; PC | COMPATIBILITY, INHIBIT OVERRIDE
1496

1497 - ISSUE THE COMMAND TO THE 8042

1498

1499 0396 FA cso42: CLI ; NO INTERRUPTS ALLOWED

1500 0397 E6 64 out STATUS_PORT , AL 3 SEND COMMAND IN AL REGISTER
1501

1502 0399 2B C9 sus cx,cx 3 LOOP COUNT

1503 0398 E4 64 caz_1: IN AL,STATUS_PORT 5 WAIT FOR THE COMMAND ACCEPTED
1504 039D A8 02 TEST AL, INPT_BUF_FULL

1505 039F EO FA LOOPNZ C4z_

1506 03A1 C3 ET

1507

1508 [REEES WAIT FOR 8042 RESPONSE

1509

1510 03A2 2B C9 OBF_42: SUB ©X,CX

1511 03A4 B3 06 MOV BL,6 5 200MS/PER LOOP * 6 =1200 MS +
1512 03A6 E4 64 c4z_2: IN AL, STATUS_PORT 3 CHECK FOR RESPONSE

1513 03A8 A8 01 TEST AL, OUT_BUF_FULL.

1514 03AA 75 06 INZ c42_3 : GO IF RESPONSE

1515 03AC E2 F8 LooP  c42l2 i TRY AGAIN

1516 03AE FE CB DEC BL ; DECREMENT LOOP COUNT

1517 0380 15 F4 JINZ c42_2

1518 0382 C3 c42_3: RET s RETURN TO CALLER

1519

1520 f

1521 3 TEST. 1t :

1522 s BASE 64K READ/WRITE MEMORY TEST

1523 3 DESCRIPTION :

1524 s WRITE/READ/VERIFY DATA PATTERNS

1525 H AA,55,FF,01, AND 00 TO | ST 64K :

1526 3 OF STORAGE. VERIFY STORAGE :

1527 H ADDRESSABILITY. :

1528 H

1529

1530 [REEE FILL MEMORY WITH DATA

1631

1532 0383 BO OE E30A: MOV AL, OEH ; D R
1533 0385 E6 80 out MFG_PORT, AL H <><> CHECKPOINT 0E <><>
1534

1535 0387 B8 ---~ R MoV AX,DATA 3 GET, THE SYSTEM SEGMENT

1536 03BA 8E DB MOV DS, AX s OF

1537 038C 8B IE 0072 R MoV BX,@RESET_FLAG i SAVE eRESET _FLAG IN BX

1538 03C0 FC cLD 3 SET DIRECTION FLAG TO INCREMENT
1539 03CI B9 8000 MOV CX,2000H*4 3 SET FOR 32K WORDS

1540 03C4 2B FF sus pI,D 5 FIRST 16K
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1541 03C6 2B F6 suB 1,51
1542 03C8 2B CO suB AX, AX
1543 03CA 8E D8 MoV DS, AX
1544 03CC 8E CO MoV ES,AX
1545 03CE 81 FB 1234 cMP BX, 1234H WARM START?
1546 03D2 75 03 INZ E30A_0 3 GO IF NOT
1547 03D4 E9 0582 R JMP CLR_STG
1548
1549 GET THE INPUT BUFFER (SWITCH SETTINGS
1550
1551 03D7 BO OF E30A_0: MOV AL, OFH A <><><> <> <> <> <> <> <> <> <>
1552 03D9 E6 80 out MFG_PORT , AL 3 <><> CHECKPOINT OF <><>
1553
1554 03DB BO 80 Mov AL,PARITY_CHECK SET BASE MEMORY PARITY
1555 030D E6 87 out DMA_PAGE+6, AL USE AS TEMPORARY SAVE
1556 03DF BC 03EC R MoV SP,OFFSET C2 SET RETURN ADDRESS
1557 03E2 E9 0000 E JMP STGTST_CNT
1558 03E5 8B D8 c30: MoV BX, AX i SAVE FAILING BIT PATTERN
1559 03E7 75 OF INZ c31
1560 03E9 E9 058D R IMP c33 3 STORAGE OK, CONTINUE
1561
1562 TEMPORARY STACK FOR POST ROUTINES
1563
1564 03EC 03ES5 R c2 oW c30
1565 03EE 035D R C8042A DW TST4_8
1566 03F0 0368 R OBF_42A DW TST4_C
1567 03F2 0389 R C80728 DW TST4_D
1568 03F4 0379 R C8042C  DW E308
1569 03F6 037TE R OBF_42B DW E30C
1570
1571 jeeecesscecccccseccsccmeccceccccececcesenooo
1572 BASE 64K STORAGE FAILURE
1573 DISPLAY THE CHECKPOINT (MFG CHECKPOINT
1574 AND XOR EXPECTED WITH READ IN MFG_PORT
1575 DISPLAY CHECKPOINT IN MFG_PORT+3
1576 DISPLAY XOR'D DATA HIGH BYTE MFG_PORT+
1577 LOW BYTE IN MFG_PORT+2
1578 A READ/WRITE SCOPE LOOP OF THE FIRST
1579 WORD FOR POSSIBLE ADDRESS LINE FAILURES
1580 -
1581
1582 03F8 c3i:
1583 03F8 BA CT MoV AL,BH 3 SAVE HIGH BYTE
1584 03FA E6 81 out MFG_PORT+1,AL
1585 03FC 8A C3 MoV AL,BL 3 SAVE LOW BYTE
1586 03FE E6 82 ouTt MFG_PORT+2, AL
1587
1588 CHECK FOR VIDEO ROM
1589
1590 0400 B9 C000 MoV CX,0C000H 3 START OF 1/0 ROM
15691 0403 BE D9 M1 Mov DS,CX POINT TO SEGMENT
1592 0405 2B DB suB BX,BX 3 GET THE FIRST 2 LOCATIONS
1593 0407 88 07 MoV AX, [BX]
1594 0409 EB 00 JMP $+2 3 BUS SETTLE
1595 040B 3D AA55 CcMP AX, 0AA55H ; IS THE VIDEO ROM PRESENT?
1596 040E 6A 00 POP
1597 0410 74 0C Jz 25 3 GO IF YES
1598 0412 81 Cl 0080 ADD CX,080H 3 POINT TO NEXT 2K BLOCK
1599 0416 81 F9 C80O CMP CX,0CB800H 3 TOP DF vlnEo ROM AREA YET?
1600 041A 7C ET7 JL M1 i TRY AG
1601 041C 23 C9 AND CX,CX 3 SET NON ZERO FLAG
1602 041E 25:
1603 041E 75 JUNZ c32 5 GO IF NO
1604 0420 E9 osoF R JMP c31_0 ; BYPASS ERROR DISPLAY IF VIDEO ROM
1605
1606 3 --
1607 3 SET VIDEO MODE TO DISPLAY MEMORY ERROR
1608 3 THIS ROUTINE INITIALIZES THE ATTACHMENT TO
1609 H TO DISPLAY FIRST 64K STORAGE ERRORS.
1610 ; BOTH COLOR AND MONOCHROME ATTACHMENTS ARE INITIALIZED.
1611 §mm e e et e e
1612
1613 §----= INITIALIZE COLOR/MONOCHROME
1614
1615 0423 BA 0308 c32: MoV DX, 3D8H 3 CONTROL REGISTER ADDRESS OF COLOR CARD
1616 0426 2A CO suB AL, AL 3 MODE SET
1617 0428 EE ouT DX, AL
1618
1619 0429 BA 0388 MoV DX, 03B8H ; CONTROL REGISTER ADDRESS OF B/W CARD
1620 042C BO 0f MoV AL, 1 i MODE SET FOR CARD
1621 042E EE out DX, AL 3 RESET VIDEO
1622 042F 83 EA 04 sus DX, 4 3 BACK TO BASE REGISTER
1623
1624 = 0010 M4 EQu 10H
1625
1626 0432 BB 0030 E MoV BX, OFFSET VIDEO_PARMS+M4*3 ; POINT TO VIDEO PARAMETERS
1627 ASSUME DS :CODI
1628 0435 B9 0010 z_2: Mov CX, M4 3 COUNT OF MONOCHROME VIDEO PARAMETERS
1629
1630 BX POINTS TO CORRECT ROW OF INITIALIZATION TABLE
1631
1632 0438 32 E4 XOR AH, AH 5 AH IS REGISTER NUMBER DURING LOOP
1633
1634 jmm--- LOOP THROUGH TABLE, OUTPUTTING REGISTER ADDRESS, THEN VALUE FROM TABLE
1635
1636 043A BA C4 M10: Mov AL , AH 3 GET 6845 REGISTER NUMBER
1637 043C EE out DX, AL
1638 043D 42 INC oX ; POINT TO DATA PORT
1639 043E FE C4 INC AH 3 NEXT REGISTER VALUE
1640 0440 2E: 8A 07 MOV AL,CS:[BX] 3 GET TABLE VALUE
1641 0443 EE out DX, AL 3 OUT TO CHIP
1642 0444 43 INC BX 3 NEXT IN TABLE
1643 0445 4A DEC DX 3 BACK TO POINTER REGISTER
1644 0446 E2 F2 LooP Mi0 3 DO THE WHOLE TABLE
1645 0448 BA E2 MOV AH,DL 3 CHECK IF COLOR CARD DONE
1646 044A 80 E4 FO AND AH, OFOH 3 STRIP UNWANTED BITS
1647 044D 80 FC DO CMP AH, ODOH i 1S IT THE COLOR CARD?
1648 0450 74 08 Jz z3 3 CONTINUE IF COLOR
1649 0452 BB 0000 E MoV BX,OFFSET VIDEO_PARMS  ; POINT TO VIDEO PARAMETERS
1650 0455 BA 03D4 Mov DX, 3D4H 3 COLOR BASE
1651 0458 EB DB JMP z_2 3 CONTINUE
1652
1653 §om-m- FILL REGEN AREA WITH BLANK
1654
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1655 045A 33 FF z_3: XOR DI1,DI 3 SET UP POINTER FOR REGEN

1656 045C B8 BO0O MoV AX,0B00OH 3 SET UP ES TO VIDEO REGEN

1657 045F 8E CO MoV ES,AX

1658

1659 0461 B9 0800 MoV cX,2048 3 NUMBER OF WORDS IN MONOCHROME CARD
1660 0464 B8 0720 MOV AX;t +T°H 3 FILL CHARACTER FOR ALPHA + ATTRIBUTE
1661 0467 F3/ AB REP STOSW ; FILL THE REGEN BUFFER WITH BLANKS
1662

1663 0469 33 FF XOR o1,D1 3 CLEAR COLOR VIDEO BUFFER MEMORY
1664 0468 BB B80O MoV BX,0B800H 3 SET UP ES TO COLOR VIDEO MEMORY
1665 046E 8E C3 MOV ES,BX

1666 0470 B9 2000 MOV cx,8192

1667 0473 F3/ AB REP STOSW 3 FILL WITH BLANKS

1668

1669 §m---- ENABLE VIDEO AND CORRECT PORT SETTING

1670

1671 0475 BA 0388 MoV DX,3B8H

1672 0478 BO 29 MOV AL,29H

1673 047A EE out DX, AL ; SET VIDEO ENABLE PORT

1674

11 §mmmm- SET UP OVERSCAN REGISTER

1676

1677 0478 42 INC DX 3 SET OVERSCAN PORT TO A DEFAULT
1678 047C BO 30 MOV AL,30H i VALUE 30H FOR ALL MODES EXCEPT 640X200
1679 047E EE out DX, AL 3 OUTPUT THE CORRECT VALUE TO 3D9 PORT
1680

1681 [ ENABLE COLOR VIDEO AND CORRECT PORT SETTING

1682

1683 047F BA 03D8 MoV DX, 3D8H

1684 0482 BO 28 MOV AL ,28H

1685 0484 EE out DX, AL ; SET VIDEO ENABLE PORT

1686

1687 gm---- SET UP OVERSCAN REGISTER

1688

1689 0485 42 INC oX s SET OVERSCAN PORT TO A DEFAULT
1690 0486 BO 30 MOV AL,30H 5 VALUE 30H FOR ALL MODES EXCEPT 640X200
1691 0488 EE out DX, AL i OUTPUT THE CORRECT VALUE TO 3D9 PORT
1692

1693 gm==-- DISPLAY FAILING CHECKPOINT AND

1694

1695 0489 BC C8 MoV AX,CS 3 SET STACK SEGMENT TO CODE SEGMENT
1696 0488 8E DO MOV SS,AX

1697

1698 048D BB B00O MoV BX,0B000H

1699 0490 8E DB MoV DS,BX ; SET DS TO B/W DISPLAY BUFFER

170

1701 0492 BO 30 z_o: MOV AL,°0° 3 DISPLAY BANK 000000

1702 0494 B9 0006 MOV cX,6

1703 0497 2B FF suB D1,DI 3 START AT 0

1704 0499 88 05 z: MOV [DI],AL i WRITE TO DISPLAY REGEN BUFFER
1705 0498 47 INC DI 3 POINT TO NEXT POSITION

1706 049C 47 INC DI

1707 049D E2 FA LOooP z

1708

1709 049F 80 FF B8 cMP BH,0B8H 3 CHECK THAT COLOR BUFFER WRITTEN
1710 04A2 74 0C Jz 1

1711 04A4 2B FF suB DT,DI 3 POINT TO START OF BUFFER

1712

1713 04A6 BT BO MoV BH, 0BOH

1714 04A8 8E C3 MOV ES,BX 3 ES_= MONOCHROME

1715 04AA BT B8 MOV BH, 0B8H 3 SET SEGMENT TO COLOR

1716 04AC BE DB MoV DS,BX 3 DS = COLOR

1717 04AE EB E2 JMP Fa)

1718

1719 gmm--- PRINT FAILING BIT PATTERN

1720

1721 04B0 BO 20 Z_1: MOV AL,' ¢ 3 DISPLAY A BLANK

1722 0482 88 05 MOV [DI],AL 3 WRITE TO COLOR BUFFER

1723 04B4 26: 88 05 MoV ES:[DI],AL ; WRITE TO MONOCHROME REGEN BUFFER
1724 04B7 47 INC DI 3 POINT TO NEXT POSITION

1725 04B8 47 INC DI

1726 0489 E4 81 IN AL MFG_PORT+1 5 GET THE HIGH BYTE OF FAILING PATTERN
1727 04BB B1 04 MoV CL,4 i SHIFT COUNT

1728 048D D2 EB SHR AL,CL 3 NIBBLE SWAP

1729 04BF BC 057A R MOV SP,OFFSET Z1_0

1730 04C2 EB 1B JMP SHORT PR

1731

1732 04c4 E4 81 z1: IN AL, urc _PORT+

1733 04C6 24 OF AND 5 ISOLATE TO LOW NIBBLE

1734 04C8 BC 057C R MOV SP orrszr z2_0

1735 04CB EB (2 JMP SHORT

1736 04CD E4 82 z2: IN AL MFG_PORT+2 3 GET THE HIGH BYTE OF FAILING PATTERN
1737 04CF BI 04 MOV cL4 3 SHIFT COUNT

1738 04D1 D2 E8 SHR JCL ; NIBBLE SWAP

1739 04D3 BC 057E R MOV SP,OFFSET Z3_0

1740 04D6 EB 07 JMP SHORT PR

1741 04D8 E4 82 23: IN AL ,MFG_PORT+2

1742 04DA 24 OF AND AL, OFH ; ISOLATE TO LOW NIBBLE

1743 04DC BC 0580 R MOV SP,OFFSET Z4_0 : RETURN TO Z4:

1744

1745 gmm-—e CONVERT AND PRINT

1746 5 CONVERT 00-OF TO ASCII CHARACTER
1747 04DF 04 90 PR: ADD AL,090H ; ADD FIRST CONVERSION FACTOR

1748 04E1 27 DAA ; ADJUST FOR NUMERIC AND ALPHA RANGE
1749 04E2 14 40 ADC AL,040H ; ADD CONVERSION AND ADJUST LOW NIBBLE
1750 04E4 27 DAA ; ADJUST HIGH NIBBLE TO ASCII RANGE
1751

1752 04E5 88 05 MoV [D1],AL 3 WRITE TO COLOR BUFFER

1753 04E7 26: 88 05 MOV ES:[DI],AL : WRITE TO MONOCHROME BUFFER

1754 04EA 47 INC DI 3 POINT TO NEXT POSITION

1755 04EB 47 INC DI

1756 04EC C3 RET

1757

1758 §mm--- DISPLAY 201 ERROR

1759

1760 04ED BO 20 z4: MOV AL,* * 3 DISPLAY A BLANK

1761 04EF 88 05 MOV [Dl] AL ; WRITE TO DISPLAY REGEN BUFFER
1762 04F1 26: 88 05 MOV :[ 1] i WRITE TO MONOCHROME BUFFER

1763 04F4 47 INC 3 POINT TO NEXT POSITION

1764 04F5 47 INC DI

1765 04F6 BO 32 MOV AL,'2° 3 DISPLAY 201 ERROR

1766 04F8 88 05 MoV [DI],AL i WRITE TO DISPLAY REGEN BUFFER
1767 04FA 26: 88 05 MOV Es:[DI],AL i WRITE TO MONOCHROME BUFFER

1768 04FD 47 INC DI ; POINT TO NEXT POSITION
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1769 04FE 47 INC o1

1770 04FF BO 30 MoV AL, ‘0"

1771 0501 88 05 MoV [D1],AL ; WRITE TO DISPLAY REGEN BUFFER
1772 0503 26: 88 05 MoV ES:[DI],AL i WRITE TO MONOCHROME BUFFER
1773 0506 47 INC ot 3 POINT TO NEXT POSITION

1774 0507 47 INC D1

1775 0508 BO 31 MoV AL, v 1t

1776 050A 88 05 MoV [D1],AL 3 WRITE TO DISPLAY REGEN BUFFER
1777 050C 26: 88 05 MoV ES:[DI],AL i WRITE TO MONOCHROME BUFFER
1778

1779 §=--—- ROLL ERROR CODE IN MFG_PORT --> FIRST THE CHECKPOINT

1780

1781 050F BO DD C31_0: MoV AL, ODDH 3 <> <> <> <> <> <> > >G> <>
1782 0511 E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT DD <><>
1783 0513 E6 83 out MFG_PORT+3, AL 3 ALSO DISPLAY CHECK POINT IN PORT 83
1784 0515 2B C9 sus CX,Cx

1785 0517 C31_A:

1786

1787 0517 2B CO suB AX, AX 3 SETUP SEGMENT

1788 0519 BE D8 MoV DS, AX

1789 051B B8 AAS55 Mov AX, 0AA55H 3 WRITE AN AAS55

1790 051E 2B FF suB D1,DI

1791 0520 89 05 MoV [D1],AX

1792 0522 8B 05 MoV AX, [D1] ; READ THE FIRST WORD

1793 0524 E2 F1 LooP c31_A 3 DISPLAY CHECKPOINT LONGER

1794 0526 c31_B:

1795 0526 89 05 MoV [D1],AX

1796 0528 8B 05 MoV AX, [D1]

1797 052A E2 FA LooP c31_8

1798 052C c31_C:

1799 052C 89 05 MoV (D1],AX

1800 052E 8B 05 MoV AX, [D1]

1801 0530 E2 FA LOOP c31_C

1802 0532 c31_D:

1803 0532 89 05 Mov (D1],AX

1804 0534 8B 05 MOV AX, [D1]

1805 0536 E2 FA LooP c31_D

1806 0538 c31_E:

1807 0538 89 05 MoV (D1],AX

1808 053A 8B 05 MoV AX, [D1]

1809 053C E2 FA LooP c31_E

1810

1811 j=-m-- ROLL ERROR CODE IN MFG_PORT --> NEXT THE HIGH BYTE

1812

1813 053E E4 81 IN AL,MFG_PORT+1 i XOR OF FAILING BIT PATTERN
1814 0540 E6 80 out MFG_PORT, AL i HIGH BYTE

1815 0542 C31_G:

1816 0542 B8 AA55 MoV AX, 0AAS5H 3 WRITE AN AA55

1817 0545 89 05 MoV [D1],AX

1818 0547 8B 05 MoV AX, [D1] 3 READ THE FIRST WORD

1819 0549 E2 F1 LooP c31_G

1820 054B C31_H:

1821 054B 89 05 MoV [D1],AX

1822 054D 8B 05 MoV AX, [D1]

1823 054F E2 FA LooP C31_H

1824 0551 c31_1:

1825 0551 89 05 MoV [D1],AX

1826 0553 8B 05 MOV AX, [D1]

1827 0555 E2 FA LooP c3t_1

1828

1829 g=m--- ROLL ERROR CODE IN MFG_PORT --> THEN THE LOW BYTE

1830

1831 0557 E4 82 IN AL,MFG_PORT+2 3 LOW BYTE

1832 0559 E6 80 out MFG_PORT, AL

1833 0558 BB AA55 MoV AX, OAAS5H 3 WRITE AN AA55

1834 055E 2B FF C31_K: SuB 01,DI

1835 0560 89 05 MoV [DI],AX

1836 0562 8B 05 MoV AX, [D1] 3 READ THE FIRST WORD

1837 0564 E2 F8 LooP c31_K

1838 0566 c31_L:

1839 0566 89 05 MoV [D1],AX

1840 0568 8B 05 MoV AX, [D1]

1841 056A E2 FA LooP c31_L

1842 056C C31_M:

1843 056C 89 05 MoV [D1],AX

1844 056E 8B 05 MOV AX, [DI1]

1845 0570 E2 FA LooP 31_M

1846 0572 C31_N:

1847 0572 89 05 MoV [D1],AX

1848 0574 8B 05 MoV AX,[D1]

1849 0576 E2 FA LooP C31_N

1850 0578 EB 95 JMP c31o0 3 DO AGAIN

1851

1852 05TA 04C4 R Z1_0 DW z1 3 TEMPORARY STACK

1853 057C 04CD R z2_0 bW zz2 3 TEMPORARY STACK

1854 O57E 04D8 R 2370 DW z3 3 TEMPORARY STACK

1855 0580 04ED R 2470 oW 24 3 TEMPORARY STACK

1856

1857

1858 §o---- CLEAR STORAGE ENTRY

1859

1860 w
1861 0582 CLR_STG: m
1862 ASSUME  DS:DATA ™
1863 0582 F3/ AB REP STOSW ; STORE 32K WORDS OF 0000 -
1864 0584 B8 ---- R MoV AX,DATA ; RESTORE DATA SEGMENT P
1865 0587 8E D8 MoV DS, AX [=
1866 0589 89 IE 0072 R MoV @RESET_FLAG,BX 3 RESTORE RESET FLAG =
1867

1868 §----- SETUP STACK SEGMENT AND SP o
1869

1870 058D c33:

1871 058D R MoV AX,DATA 3 SET DATA SEGMENT

1872 0590 MoV DS, AX

1873 0592 MoV SP,POST_SS 3 GET STACK VALUE

1874 0595 MoV ss,SP 5 SET THE STACK UP

1875 0597 MoV SP,POST_SP i STACK 1S READY TO GO

1876

1877 3m---- INITIALIZE DISPLAY ROW COUNT

1878

1879 059A C6 06 0084 R 18 MOV ©ROWS, 25~ 1 ; SET ROWS FOR PRINT SCREEN DEFAULT
1880

1881 059F BO 11 MoV AL, 1 IH B <><><><><><> >G> <>
1882 05A1 E6 80 out MFG_PORT, AL 3 <><> CHECKPOINT {1 <><>
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1883

1884 [ idtaiid VERIFY SPEED/REFRESH CLOCK RATES ( ERROR = | LONG AND ! SHORT BEEP
1885

1886 05A3 32 DB XOR BL,BL 3 CLEAR REFRESH CYCLE REPEAT COUNT
1887 05A5 33 C9 XOR CcX,CX 3 INITIALIZE SPEED RATE REGISTER
1888 05A7 90 EVEN ;3 PLACE ON EVEN WORD BOUNDARY

1889 05A8 C34:

1890 05A8 E4 61 IN AL ,PORT 3 READ REFRESH BIT REGISTER

1891 05AA A8 10 TEST AL, REFRESH I_BIT 3 MASK FOR BIT

1892 05AC E1 FA Loorz 034 3 DECREMENT LOOP COUNTER TiLL ON
1893 05AE C35:

1894 O05AE E4 61 IN AL ,PORT 3 READ REFRESH BIT REGISTER

1895 05B0 A8 10 TEST AL REFRESH BIT 3 MASK FOR B

1896 0582 EO FA LOOPNZ 3 DECREMENT LOOP COUNTER TILL OFF
1897

1898 05B4 FE CB DEC BL 3 DECREMENT REFRESH CYCLE REPEAT COUNT
1899 05B6 75 FO INZ Cc34 3 REPEAT TILL CYCLE COUNT DONE
1900

1901 0588 81 F9 FBAT CMP CX,RATE_UPPER 3 CHECK FOR RATE BELOW UPPER LIMIT
1902 05BC 73 07 JAE Cc36 i SKIP ERROR BEEP IF BELOW MAXIMUM
1903 05BE C36E:

1904 05BE BA 0101 Mov DX,0101H 3 GET BEEP COUNTS FOR REFRESH ERROR
1905 05C1 E8 0000 E CALL ERR_BEEP 3 CALL TO POST ERROR BEEP ROUTINES
1906 05C4 F4 HLT 3 HALT SYSTEM - BAD REFRESH RATE
1907 05C5 C36:

1908 05C5 81 F9 F9FD » CMP CX,RATE_LOWER 3 CHECK FOR RATE ABOVE LOWER LIMIT
1909 05C9 77 F3 JA C36E 3 GO TO ERROR BEEP IF BELOW MINIMUM
1910

1911 Hinieininted GET THE INPUT BUFFER (SWITCH SETTINGS

1912

1913 05CB E4 82 IN AL ,DMA_PAGE+ 3 GET THE SWITCH SETTINGS

1914 05CD 24 F8 AND AL ,KEY_BD INHIB+DSF JMP*MFG _LOOP+BASE_MEM+BASE_MEM8 ; STRIP BITS
1915 O05CF A2 0012 R MoV OMFG _TST,AL 3 SAVE SETTINGS

1916 05D2 2A CO suB WAL ; RESET DMA_PAGE

1917 05D4 E6 82 ouT DMA_PAGE+I,AL

1918

1919 H

1920 3 TEST.11A

1921 H VERIFY 286 LGDT/SGDT LIDT/SIDT :

1922 H INSTRUCT IONS

1923 3 DESCRIPTION :

1924 H LOAD GDT AND IDT REGISTERS WITH :

1925 H AA,55,00 AND VERIFY CORRECT. i

1926 H

1927

1928  iniaiaiid VERIFY STATUS INDICATE COMPATIBILITY (REAL) MODE

1929

1930 SMSW AX 3 GET THE CURRENT STATUS WORD

1931 05D6 OF 01 EO + DB 00FH,001H,0EOH

1932 05D9 A9 000F TEST AX, OFH 3 PE/MP/EM/TS BITS SHOULD BE ZERO
1933 05DC 75 34 JINZ ERR_PROT i GO IF STATUS NOT REAL MODE

1934

1935 [ ittt TEST PROTECTED MODE REGISTERS

1936

1937 0SDE BO 12 MoV AL, 12H i <> L>C> OO > <><>
1938 05E0 E6 80 ouT MFG PORT, AL H <><> CHECKPOINT 12 <><>
1939

1940 05E2 IE PUSH DS 3 SET ES TO SAME SEGMENT AS DS
1941 053 07 POP ES

1942 05E4 BF DOAO MOV DI,SYS_IDT_LOC 3 USE THIS AREA TO BUILD TEST PATTERN
1943 05E7 B9 0003 MoV

1944 05EA B8 AAAA MOV AX, 0AAAAH 3 FIRST PATTERN

1945 05ED E8 0615 R CALL WRT_PAT

1946 05F0 B8 5555 MoV AX,05555H

1947 05F3 E8 0615 R CALL WRT_PAT 3 WRITE NEXT PATTERN

1948 05F6 2B CO sus AX,AX 3 WRITE O

1949 05F8 E8 0615 R CALL WRT_PAT

1950

1951 | Sniaiaiied TEST 286 CONTROL FLAGS

1952

1953 05FB FD STD 3 SET DIRECTION FLAG FOR DECREMENT
1954 05FC 9C PUSHF 3 GET THE FLAGS

1955 05FD 58 POP X

1956 OSFE A9 0200 TEST AX,0200H H INTERRUPT FLAG SHOULD BE OFF
1957 0601 75 OF JINZ ERR_PROT 3 GO IF N

1958 0603 A9 0400 TEST AX,0400H 3 CHECK DIRECTION FLAG

1959 0606 74 0A Jz ERR_PROT 3 GO IF NOT SET

1960 0608 FC CLD 3 CLEAR DIRECTION FLAG

1961 0609 9C PUSHF 3 INSURE DIRECTION FLAG IS RESET
1962 060A 58 POP AX

1963 060B A9 0400 TEST AX,0400H

1964 060E 75 02 JINZ ERR_PROT 3 GO IF NOT

1965

1966 0610 EB 3D JMP SHORT C37A 3 TEST OK CONTINUE

1967 0612 ERR_PROT:

1968 0612 F4 HLT 3 PROTECTED MODE REGISTER FAILURE
1969 0613 EB FD JMP SHORT ERR_PROT 3 INSURE NO BREAKOUT OF HALT

1970

1971 === WRITE TO 286 REGISTERS

1972

1973 0615 B9 0003 WRT_PAT:MOV CX,3

1974 0618 F3/ AB REP STOSW 3 STORE 6 BYTES OF PATTERN

1975 061A BD DOAO MoV BP,SYS_IDT_LOC

1976 SEGOV ES 3 LOAD THE IDT

1977 061D 26 + DB 026H

1978 LIDT [8P] 3 REGISTER FROM THIS AREA

1979 061E OF + DB 00FH

1980 061F + 270001 LABEL BYTE

1981 061F 8B 5E 00 + Mov BX,WORD PTR [BP]

1982 0622 + 770002 LABEL BYTE

1983 061F + ORG OFFSET CS:?7?000!

1984 061F 01 + DB 001H

1985 0622 + ORG OFFSET CS3:??70002

1986 0622 BD DOAO Mov BP,SYS_IDT_LOC

1987 SEGOV ES 3 LOAD THE GDT

1988 0625 26 + DB 026H

1989 LGDT [BP] 3 FROM THE SAME AREA

1990 0626 OF + DB 00FH

1991 0627 + 770004 LABEL BYTE

1992 0627 8B 56 00 + MoV DX,WORD PTR [BP]

1993 062A + 770005 LABEL

1994 0627 + ORG OFFSET CS:?70004

1995 0627 01 + oB

1996 062A + ORG OFFSET CS:7?20005
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1997

1998 READ AND VERIFY 286 REGISTERS

1999

2000 062A BD D8AO MOV BP,GDT_LOC 3 STORE THE REGISTERS HERE

2001 SEGOV ES

2002 062D 26 + o8 026H

2003 SIDT [(eP] 3 GET THE IDT REGISTERS

2004 062E OF + b8 00FH

2005 062F + 770007 LABEL BYTE

2006 062F 8B 4E 00 + MoV cx, [BP]

2007 0632 + 770008 LABEL  BYTE

2008 062F + ORG OFFSET CS:?770007

2009 062F 01t + DB 001H

2010 0632 + ORG OFFSET CS:?70008

2011 0632 BD DBAS MOV BP,GDT_LOC+5

2012 SEGOV  ES

2013 0635 26 + DB 026H

2014 sGdT  [BP] 3 GET THE GDT REGISTERS

2015 0636 OF + DB 00FH

2016 0637 + 77000A LABEL  BYTE

2017 0637 03 46 00 + ADD AX, [BP]

2018 063A + 770008 LABEL  BYT

2019 0637 + ORG OFFSET CS:?7000A

2020 0637 01 + DB 001H

2021 063A + ORG OFFSET CS:770008

2022 063A BF DOAO MoV DI,SYS_IDT_LOC

2023 063D 8B 05 MoV X [DlT ; GET THE PATTERN WRITTEN

2024 063F B9 0005 MoV 3 CHECK ALL REGISTERS

2025 0642 BE DBAO MoV 80T Loc 3 POINT TO THE BEGINNING

2026 0645 26: 3B 04 C37B:  CMP AX,ES:TSt]

2027 0648 75 C8 JINZ ERR_PROT 3 HALT IF ERROR

2028 064A 46 INC St 3 POINT TO NEXT WORD

2029 064B 46 INC Si

2030 064C E2 F7 LOoP c3718 3 CONTINUE TILL DONE

2031 064E C3 RET

2032

2033

2034 s --

2035 H INITIALIZE THE 8259 INTERRUPT #! CONTROLLER CHIP :

2036 3 ---

2037 064F C37A:

2038 064F 2A CO suB AL, AL 3 RESET MATH PROCESSOR

2039 0651 E6 FI ouT X287+1,AL

2040 0653 BO 11 MoV AL, 1 1H : ICW! - EDGE, MASTER, I1CW4

2041 0655 E6 20 ouTt INTAQ0O, AL

2042 0657 EB 00 JMP $+2 3+ 1/0 DELAY

2043 0659 BO 08 MoV AL,8 3 SETUP ICW2 - INTERRUPT TYPE 8 (8-F
2044 065B E6 21 ouTt INTAO1 ,AL

2045 065D EB 00 JMP $+2 3 1/0 DELAY

2046

2047 065F BO 04 MoV AL, 04H : SETUP 1CW3 - MASTER LEVEL 2

2048 0661 E6 21 ouT INTAO1, AL

2049 0663 EB 00 JMP $+2 3 1/0 DELAY

2050 0665 BO 01 MOV AL,O1H : SETUP ICW4 - MASTER,8086 MODE
2051 0667 E6 21 ouTt INTAO!, AL

2052 0669 EB 00 JMP $+2 3 1/0 DELAY

2053 066B BO FF Mov AL, OFFH 3 MASK ALL INTERRUPTS OFF

2054 066D E6 21 out INTAO1, AL i (VIDEO ROUTINE ENABLES INTERRUPTS
2055

2056

2057 INITIALIZE THE 8259 INTERRUPT #2 CONTROLLER CHIP

2058

2059

2060 066F BO 13 MOV L, 13H 3 <> OD> O DO
2061 0671 E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT 13 <><>
2062

2063 0673 BO 11 MoV R : ICWI - EDGE, SLAVE ICW4

2064 0675 E6 A0 ouT INTBOO, AL

2065 0677 EB 00 IMP $+2 3 1/0 DELAY

2066 0679 BO 70 MoV AL, INT_TYPE 3 SETUP ICW2 - INTERRUPT TYPE 70 (70-7F)
2067 067B E6 Al ouT INTBO1, AL

2068 067D BO 02 MoV AL,02H ;3 SETUP ICW3 - SLAVE LEVEL 2

2069 067F EB 00 JIMP +2

2070 0681 E6 Al ouT INTBO1 , AL

2071 0683 EB 00 JMP $+2 3 1/0 DELAY

2072 0685 BO Of MOV s i SETUP ICW4 - 8086 MODE, SLAVE
2073 0687 E6 Al ouTt INTBO1,AL

2074 0689 EB 00 JMP $+2 3 1/0 DI

2075 068B BO FF MoV AL, OFFH 3 MASK ALL INTERRUPTS OFF

2076 068D E6 Al ouT INTBO1,AL

2077

2078 SET UP THE INTERRUPT VECTORS TO TEMPORARY INTERRUPT

2079

2080 068F BO 14 MoV AL, 14H 3 <>L> OO
2081 0691 E& 80 ouT MFG_PORT, AL H <><> CHECKPOINT 14 <><>
2082

2083 0693 B9 0078 MoV CX, 78H 3 FILL_ALL_INTERRUPT LOCATIONS

2084 0696 2B FF suB D1,DI i FIRST INTERRUPT LOCATION

2085 0698 8E C7 MoV ES,DI 3 SET (ES) ALSO

2086 069A B8 0000 E D3: MOV AX,OFFSET D11 3 GET ADDRESS OF INTERRUPT OFFSET
2087 069D AB STOSW 3 PLACE IN INTERRUPT VECTOR LOCATION
2088 069E BC C8 MOV AX,CS : GET THE CURRENT CODE SEGMENT (%
2089 06A0 AB STOSW ; PLACE CODE SEGMENT IN VECTOR LOCATION ey
2090 06A1 E2 FT LOOP D3 (=)
2091 -
2092 ESTABLISH BIOS SUBROUTINE CALL INTERRUPT VECTORS —_
2093

2094 06A3 BO 15 MoV AL, 15H ; <> <> <> <> <> <> <> <> <> <> <> =
2095 06A5 E6 80 out MFG_PORT, AL H <><> CHECKPOINT 15 <><> =
2096

2097 o
2098 06A7 BF 0040 R MOV D1,0FFSET @VIDEO_INT 3 SET VIDEO INTERRUPT AREA

2099 06AA OE PUSH  CS

2100 06AB IF POP DS 3 SET UP ADDRESS OF VECTOR TABLE
2101 06AC 8C D8 MoV AX,DS 3 SET AX=SEGMENT

2102 06AE BE 0010 E MOV S1,0FFSET VECTOR_TABLE+!6 3START WITH VIDEO ENTRY

2103 06B1 B9 0010 MoV CX,16

2104

2105 06B4 A5 D3A: MOVSW 3 MOVE VECTOR TABLE TO LOW MEMORY
2106 06B5 47 INC DI

2107 06B6 47 INC DI 3 SKIP SEGMENT POINTER

2108 06B7 E2 FB LOOP  D3A

2109

2110 5
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SET THE DATA SEGMENT

<> > >G> <> <>
<><> CHECKPOINT 16 <><>

CHECK BATTERY CONDITION
READ THE BATTERY STATUS
1S THE BATTERY LOW?
ERROR IF YES

GET THE OLD STATUS

FROM DIAGNOSTIC STATUS BYTE

HAS CUSTOMER SETUP BEEN EXECUTED?
GO CHECK CHECKSUM IF YES

CONTINUE WITHOUT CONFIGURATION

<> > <> D> > > <> > >
<><> CHECKPOINT 17 <><>

CMOS DIAGNOSTIC STATUS BYTE
GET THE CURRENT STA
SET THE DEAD BATTERV FLAG

SA
OUTPUT THE STATUS
GO TO MINIMUM CONF IGURATION

CLEAR OLD STATUS

GET THE CURRENT STATUS
1S THIS A SOFT RESET
GO IF NOT

CLEAR ALL BUT THE CMOS/POR MEMORY SI1ZE

CLEAR STATUS IF POWER ON RESET
SAVE THE CURRENT STATUS

SET START OF CMOS CHECKSUMED AREA
SET END OF CMOS CHECKSUMED AREA +1
(FIRST BYTE OF CHECKSUM)

ADDRESS THE BEGINNING

INSURE AH=0

ADD TO CURRENT VALUE

POINT TO NEXT BYTE ADDRESS IN CMOS
FINISHED? (AT CHECKSUM BYTE HIGH)
GO 1F NOT

BX MUST NOT BE 0

CMOS BAD IF CHECKSUM=0

GET THE CHECK SUM HIGH BYTE

FIRST BYTE OF CHECKSUM

SAVE IT

SECOND BYTE OF CHECKSUM

IS THE CHECKSUM OK
GO IF

ADDRESS DIAGNOSTIC STATUS
GET THE CURRENT STATUS
SET BAD CHECKSUM FLAG
SAVE IT

SET FLAG

ADDRESS CMOS REGISTER A

GET CURRENT DIVISORS

LOOK AT PERIODIC RATE BITS

EXIT IF SET TO SOMETHING USEFUL

ELSE SET THE STANDARD DEFAULT USED BY
BIOS FOR THE 976.56 US RATE
FOR THE PERIODIC CLOCK

<><>C><> <> <> B> <> <>
<><> CHECKPOINT 18 <><>

DISABLE MEMORY AND 1/0 PARITY CHECKS

<> >G> BB
<><> CHECKPOINT 19 <><>

SET THE RETURN ADDRESS FOR
THE FIRST SHUTDOWN RETURN ADDRESS

SET STACK FOR SYSINIT!

1BM Personal Computer MACRO Assembler Version 2.00 1-21
TEST! -~-- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
2t ;3 TEST.12 H
2112 H VERIFY CMOS CHECKSUM/BATTERY OK :
2113 3 DESCRIPTION B
2114 H DETERMINE IF CONFIG RECORD :
2115 3 CAN BE USED FOR INITIALIZATION. :
2116 H
2117 ASSUME DS:DATA
2118 06B9 E8 0000 E CALL DDS H
2119
2120 06BC BO 16 Mov AL, 16H H
2121 06BE E6 80 ouT MFG _PORT, AL H
2122
2123 [ il IS THE BATTERY LOW THIS POWER UP?
2124
2125 06C0 BO 8D MoV AL ,CMOS_REG_D+NMI H
2126 06C2 E8 0000 E CALL CMDS READ
2127 06C5 A8 80 TEST AL, 100000008
2128 06C7 74 0B Jz CMOS 1A H
2129
2130 06C9 BO 8E MoV AL, CMOS DIAGONMI H
2131 06CB E8 0000 E CALL CMO H
2132 06CE A8 80 TEST AL BAD_BAT 3
2133 06D0 74 15 Jz CMOSI
2134
2135 06D2 EB 64 JMP SHORT CMOS4 H
2136
2137 ittt SET DEFECTIVE BATTERY FLAG
2138
2139 06D4 BO 17 CMOS1A: MOV AL, I TH H
2140 06D6 E6 80 ouTt MFG_PORT, AL 3
2141
2142 06D8 B8 BEBE MoV AX,X*(CMOS_DIAG+NMI)

2143 06DB E8 0000 E CALL CMOS_READ 3
2144 06DE 0OC 80 OR AL ,BAD_BAT H
2145 06E0 86 C4 XCHG AL.AH H
2146 06E2 E8 0000 E CALL CMOS_WRITE

2147 06E5 EB 51 JMP SHORT CMOS4 H
2148

2149  inlniind VERIFY CHECKSUM

2150

2151 06E7 B8 BEBE CMOSI1: MOV AX,X* (CMOS_DIAG+NMI) H
2152 06EA E8 0000 E CALL CMOS READ H
2153 06ED 81 3E 0072 R 1234 CMP @RESET _FLAG, 1234H H
2154 06F3 75 04 JNZ CMOos 1 A H
2155

2156 06F5 24 10 AND AL,W_MEM_SIZE 3
2157 06F7 EB 02 JMP SHORT CcMOS | _B

2158 06F9 CMOS1_A:

2159 06F9 2A CO AL, AL H
2160 06FB CMOS1_B:

2161 06FB 86 C4 XCHG AL , AH H
2162 06FD EB 0000 E CALL CMOS_WRITE

2163

2164 0700 2B DB suB BX,BX

2165 0702 2B C9 suB CX,CX

2166 0704 B! 90 Mov CL,CMOS_DISKETTE+NMI H
2167 0706 BS AE MOV CH,CMOS_CKSUM_HI+NMI H
2168 H
2169 0708 8A CI CMOS2: MOV AL,CL

2170 0O70A E8 0000 E CALL CMOS_READ H
2171 070D 2A E4 suB AH, AH H
2172 070F 03 D8 ADD BX, AX H
2173 0711 FE CI INC cL i
2174 0713 3A E9 CMP CH,CL 3
2175 0715 75 F1 JNZ CM0Ss2 H
2176 0717 0B DB OR BX,BX H
2177 0719 74 10 Jz CMOS3 3
2178 071B B0 AE MoV AL ,CMOS__( CKSUM HI+NMI H
2179 071D E8 0000 E CALL CMOS REA H
2180 0720 8A EO MoV AH, AL H
2181 0722 BO AF Mov AL ,CMOS_CKSUM_LO+NMI H
2182 0724 E8 0000 E CALL CMOS READ

2183 0727 3B C3 CMP AX,BX H
2184 0729 74 0D Jz CMOs4 H
2185

2186 SET CMOS CHECKSUM ERROR

2187

2188 072B B8 BEBE CMOS3: MoV AX,X*(CMOS_DIAG+NMI) H
2189 072E E8 0000 E CALL CMOS_READ

2190 0731 0OC 40 OR AL ,BAD_CKSUM H
2191 0733 86 C4 XCHG AL, AH H
2192 0735 E8 0000 E CALL CMOS_WRITE H
2193

2194 Hlaletebl INSURE CMOS DIVIDERS SET

2195

2196 0738 CMOS4:

2197 0738 B8 BABA Mov AX,X*(CMOS_REG_A+NMI) H
2198 073B E8 0000 E CALL CMDS _READ H
2199 073E 24 OF AND AL ,00FH H
2200 0740 75 07 JINZ CM059 H
2201

2202 0742 BO 26 MoV AL, 26H H
2203 0744 86 C4 XCHG AL , AH H
2204 0746 E8 0000 E CALL CMOS_WRITE H
2205 0749 CMOS9:

2206 0749 BO 8 MOV AL, 18H H
2207 074B E6 80 ouTt MFG _PORT, AL H
2208

2209 bt ENABLE PROTECTED MODE

2210

2211 074D E4 61 IN AL ,PORT_B H
2212 074F 0C oC OR AL ,RAM_PAR_OFF

2213 0751 E6 61 out PORT_B, AL

2214

2215 = SET RETURN ADDRESS BYTE IN CMOS
2216

2217 0753 BO 19 MoV AL, 1 9H H
2218 0755 Eé 80 ouTt MFG i_PORT, AL. H
2219

2220 0757 B8 018F MoV AX, 1 *H+ (CMOS_SHUT_! DO'N*NMI)
2221 075A E8 0000 E CALL CMOS_WRITE

2222

2223 075D BC 0000 MOV SP,POST_SS H
2224 0760 BE D4 MoV SS,SP

5-48
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TEST! ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
2225 0762 BC 8000 MoV SP,POST_SP
2226 0765 E8 0000 E CALL SYSINITY 3 CALL THE DESCRIPTOR TABLE BUILDER
2227 3 AND REAL-TO-PROTECTED MODE SWITCHER
2228
2229 0768 BO 1A MoV AL, H €O
2230 076A E6 80 ouTt MFG PONT AL H <><> CHECKPOINT 1A <><>
2231
2232 §----- SET TEMPORARY STACK
2233
2234 076C 6A 08 PUSH BYTE PTR GDT_PTR 3 SET (DS:) SELECTOR TO GDT SEGMENT
2235 0T6E IF POP DS
2236 076F C7 06 005A 0000 MoV DS:SS_TEMP.BASE_LO_WORD, 0
2237 0775 Cé 06 005C 00 MoV BYTE PTR DS"SS TEMP. BASE ._HI_BYTE),0
2238 077A BE 0058 Mov S1,SS_TEMP
2239 077D 8E Dé Mov SS.SI
2240 OT7F BC FFFD Mov SP,MAX_SEG_LEN-2
2241
2242 i
2243 3 TEST.13 H
2244 3 PROTECTED MODE TEST AND MEMORY SIZE DETERMINE ( 0 -=> 640K ) H
2245 3 1
2246 3 DESCRIPTION: 3
2247 H THIS ROUTINE RUNS IN PROTECTED MODE IN ORDER TO.ADDRESS ALL OF STORAGE.
2248 H IT CHECKS THE MACHINE STATUS WORD (MSW) FOR PROTECTED MODE AND THE BASE
2249 3 MEMORY SIZE IS DETERMINED AND SAVED. BIT 4 OF THE CMOS DIAGNOSTIC s
2250 3 STATUS BYTE IS SET IF 512K --> 640K MEMORY 1S INSTALLED.
2251 H DURING A POWER UP SEQUENCE THE MEMORY SIZE DETERMINE 1S DONE WITH
2252 H PLANAR AND 1/0 PARITY CHECKS DISABLED. DURING A SOFT RESET THE MEMORY
2253 H SIZE DETERMINE WILL CHECK FOR PARITY ERRORS. T
2254 H i
2255
2256 At INSURE PROTECTED MODE
2257
2258 SMSW AX 3 GET THE MACHINE STATUS WORD
2259 0782 OF 01 EO + 00FH, 001H, 0EOH
2260 0785 A9 0001 TEST AX,VIRTUAL_ENABLE 3 ARE WE IN PROTECTED MODE
2261 0788 75 OC JINZ VIR_OK
2262
2263 078A B8 088F SHUT_8: MoV AX, 8*H+ (CMOS_SHUT_DOWN+NMI ) 3 SET _THE RETURN ADDRESS
2264 078D E8 0000 E CALL CMOS_WRITE 3 AND SET SHUTDOWN 8
2265 0790 E9 0000 E IMP PROC_SHUTDOWN 3 CAUSE A SHUTDOWN
2266
2267 §o---- VIRTUAL MODE ERROR HALT
2268
2269 0793 F4 SHUT8: HLT
2270 0794 EB FD IMP SHUT8 3 ERROR HALT
2271
2272 it 64K SEGMENT LIMIT
2213
2274 0796 C7 06 0048 FFFF VIR_OK: MOV DS:ES_TEMP.SEG_LIMIT,MAX_SEG_LEN
2275
2276 §=---- CPLO, DATA ACCESS RIGHTS
2271
2278 079C Cé 06 004D 93 Mov BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS) ,CPLO_DATA_ACCESS
2219
2280 §--m-- START WITH SEGMENT ADDRESS 01-0000 (SECOND 64K)
2281
2282 07A1 C6 06 004C 01 Mov BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),0tH
2283 07A6 CT 06 004A 0000 Mov DS:ES_TEMP.BASE_LO_WORD, OH
2284
2285 07TAC BO 1B MoV AL, I1BH 3 B S it e g
2286 O0TAE E6 80 out MFG_PORT, AL H <><> CHECKPOINT 1B <><>
2287
2288 0780 BB 0040 MoV BX,16%4 3 SET THE FIRST 64K DONE
2289
2290 §----- START STORAGE SIZE/CLEAR
2291
2292 07B3 NOT_DONE:
2293 07B3 6A 48 PUS BYTE PTR ES_TEMP 3 POINT ES TO DATA
2294 07B5 07 POP ES 3 POINT TO SEGMENT TO TEST
2295 07B6 E8 0102 R CALL HOW_BIG 3 DO THE FIRST 64K
2296 07B9 14 vz NOT_FIN 3 CHECK IF TOP OF MEMORY
2297 07BB E9 0810 R IMP DONE
2298
2299 0TBE NOT_FIN:
2300 07BE 83 C3 40 ADD BX,16%4 3 BUMP MEMORY COUNT BY 64K
2301 .
2302 it DO NEXT 64K (0X0000) BLOCK
2303
2304 07C1 FE 06 004C INC BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE)
2305
2306 E iniiuiaid CHECK FOR END OF FIRST 640K (END OF BASE MEMORY)
2307
2308 07C5 80 3E 004C 0A cmP BYTE PTR DS: (ES_TEMP. BASE HI BVTE) DAH
2309 07CA 75 ET INZ NOT_DONE
2310 07CC E8 084D R CALL HOW_BIG_END : GO SET MEMORV SI1ZE
2311 0TCF E9 0870 R IMP DONE
2312
2313 = FILL/CHECK LOOP
2314
2315 07D2
2316 07D FF sus D1,D1 «xn
2317 07D4 B8 AA55 Mov AX,0AA55H 3 TEST PATTERN m
2318 07D7 8B C8 MoV CX,AX 3 SAVE PATTERN (]
2319 07D9 26: 89 05 MoV ES:[D1],AX 3 WRITE PATTERN TO MEMORY -
2320 07DC BO OF Mov AL, OFH 3 PUT SOMETHING IN AL —
2321 OTDE 26: 8B 05 MoV AX,ES:[D1] 3 GET PATTERN o
2322 0TE! 26: 89 05 MoV ES:[DI 3 INSURE NO PARITY 1/0 CHECK =2
2323 07E4 33 CI XOR AX,CX 3 COMPARE PATTERNS
2324 0TE6 15 65 INZ HOW_B1G_END ; GO END IF NO COMPARE
2325 - o
2326 07E8 1E PUSH DS
2327 OTE9 6A 18 PUSH BYTE PTR RSDA_PTR POINT TO SYSTEM DATA AREA
2328 0TEB 1IF POP Ds GET (DS
2329
2330 ittt IS THIS A SOFT RESET
2331
2332 07EC 81 3E 0072 R 1234 cMP @RESET_FLAG, 1234H 3 SOFT RESET
2333 07F2 IF POP D! 3 RESTORE DS
2334 07F3 75 36 JINZ HOW_BIG_2 3 GO IF NOT SOFT RESET
2335
2336 | Rt INSURE NO PARITY WITH PARITY BITS OFF
2337
2338 0TF5 26: C7 05 0101 Mov WORD PTR ES:[D1],0101H ; TURN OFF BOTH PARITY BITS
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TEST! ---- 06/10/85 POWER ON SELF TEST (POST)

2339

2340 OTFA E4 61 IN AL,PORT_B

2341 0TFC 0C 0C OR AL ,RAM_PAR_OFF 3 TOGGLE PARITY CHECK ENABLES
2342 OTFE E6 61 out PORT_B;AL

2343 0800 24 F3 AND AL ,RAM_PAR_ON

2344 0802 E6 61 out PORT_B7AL

2345 0804 6A FF PUSH BYTEPTR OFFH 3 PLACE OFFFFH IN STACK (BUS BITS ON
2346 0806 58 POP AX i DELAY - CAUSING BUS BITS ON
2347 0807 26: 8B 05 MOV AX,ES:[D1] 3 CHECK PARITY

2348

2349 080A E4 61 IN AL,PORT_B : CHECK FOR PLANAR OR 1/0 PARITY CHECK
2350 080C 24 CO AND AL ,PARITY_ERR

2351 080E 26: 89 05 MoV ES:[DI],AX § CLEAR POSSIBLE PARITY ERROR
2352 0811 75 3A INZ HOW_BIG_END 5 GO IF PLANAR OR 1/0 PARITY CHECK
2353

2354 CHECK ALL BITS WRITE OK

2355

2356 0813 26: CT 05 FFFF MoV WORD PTR ES:[DI],0FFFFH ; TURN ON ALL BITS

2357 0818 26: 8B 05 MoV AX,ES:[DI] 3 CHECK FOR FFFFH

2358 081B 50 PUSH AX i SAVE RESULTS

2359 081C E4 61 IN AL,PORT_{ ; CHECK FOR PLANAR OR 1/0 PARITY CHECK
2360 08IE 24 CO AND AL,PARITY_ERR

2361 0820 26: 89 05 MOV ES:[DI],AX 3 CLEAR POSSIBLE PARITY ERROR
2362 0823 58 POP AX i GET RESULTS

2363 0824 15 27 INZ HOW_B1G_END ; GO IF PARITY CHECK

2364 0826 3D FFFF cMP AX, OFFFFH

2365 0829 15 22 JNZ HOW_B1G_END

2366

2367 jmm-- CHECK 64K BLOCK FOR PARITY CHECK

2368

2369 0828 HOW_BIG_2:

2370 0828 2B CO suB AX, AX i WRITE ZEROS

2371 082D B9 8000 MOV CX,2000H*4 ; SET COUNT FOR 32K WORDS

2372 0830 F3/ AB REP STOSW ; FILL 32K WORDS

2373

2374 0832 1E PUSH DS

2375 0833 06 PUSH ES

2376 0834 06 PUSH ES 3 GET ES TO DS

2377 0835 IF POP DS

2378 0836 B9 8000 MOV CX,2000H*4 3 SET COUNT FOR 32K WORDS

2379 0839 2B Fé suB st,

2380 083B F3/ AD REP LODSW

2381 083D 2B FF suB o1,DI 3 SET TO BEGINNING OF BLOCK

2382 083F E4 61 IN AL,PORT_B i CHECK FOR PLANAR OR 1/0 PARITY CHECK
2383 0841 24 CO AND AL,PARITY_ERR

2384 0843 26: CT 05 0000 MOV WORD PTR ES:[DI],0 : CLEAR POSSIBLE PARITY ERROR
2385 0848 07 POP ES ; RESTORE SEGMENTS

2386 0849 IF POP DS

2387 084A 75 01 INZ HOW_B1G_END i GO IF PLANAR OR 1/0 PARITY CHECK
2388

2389 084C C3 RET

2390

2391 084D HOW_BI1G_END:

2392 084D 9C PUSHF 5 SAVE THE CURRENT FLAGS

2393 084E BO IC MOV AL, 1CH ; <> <> <> <> <> <> <> <> <> <> <> <>
2394 0850 E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT 1C <><>
2395

2396 §=---- SET OR RESET 512 TO 640 INSTALLED FLAG

2397

2398 0852 B8 B3B3 MOV AX,X* (CMOS_INFO128+NMI) ; SET/RESET 640K STATUS FLAG
2399 0855 E8 0000 E CALL CMOS_READ i GET THE DIAGNOSTIC STATUS

2400 0858 0C 80 OR AL ,MB40K

2401 085A 81 FB 0200 cMP BX,512 ; CHECK MEMORY SIZE

2402 085 T7 02 JA K640 § SET FLAG FOR 512 -> 640 INSTALLED
2403 0860 24 TF AND AL ,NOT M640K

2404 0862 K640:

2405 0862 86 C4 XCHG AL, AH 3 SAVE THE STATUS

2406 0864 EB 0000 E CALL CMOS_WRITE 3 RESTORE THE STATUS

2407

2408 0867 6A 18 PUSH BYTE PTR RSDA_PTR ; RESTORE THE DATA SEGMENT

2409 0869 IF POP

2410 086A B9 IE 0013 R MoV @MEMORY_S 1ZE,BX i SAVE MEMORY SIZE

2411 086E 9D POPF ; RESTORE THE FLAG REGISTER

2412 086F C3 RET

2413

2414 o e
2415 3 TEST.13A

2416 ; PROTECTED MODE TEST AND MEMORY SIZE DETERMINE ( ABOVE 1024K

2417 i

2418 ; DESCRIPTION:

2419 H THIS ROUTINE RUNS IN PROTECTED MODE IN ORDER TO ADDRESS ABOVE | MEG.
2420 H THE MEMORY SIZE IS DETERMINED AND SAVED IN CMOS.

2421 3 DURING A POWER UP SEQUENCE THE MEMORY SIZE DETERMINE IS DONE WITH
2422 H PLANAR AND 1/0 PARITY CHECKS DISABLED. DURING A SOFT RESET THE MEMORY
2423 H SI1ZE DETERMINE WILL CHECK FOR PARITY ERRORS.

2424 B

2425

2426 0870 DONE:

2427 0870 6A 08 PUSH BYTE PTR GDT_PTR : POINT DS TO THE DESCRIPTOR TABLE
2428 0872 IF POP DS

2429

2430 jmm-mn START WITH SEGMENT ADDRESS 10-0000 (ONE MEG AND ABOVE

2431

2432 0873 C6 06 004C 10 MoV BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE), 10H

2433 0878 CT 06 004A 0000 MoV DS:ES_TEMP.BASE_LO_WORD, OH

2434

2435 087E BO 1D MoV AL, 1DH 5 <><><><> <> <> <> <> <> <> <> <>
2436 0880 E& 80 ouT MFG_PORT, AL <><> CHECKPOINT 1D <><>
2437

2438 0882 2B DB sus BX,BX : START WITH COUNT 0

2439

2440 jo-—m- START STORAGE SIZE/CLEAR

2441

2442 0884 NOT_DONE ! :

2443 0884 6A 48 PUSH BYTE PTR ES_TEMP POINT ES TO DATA

2444 0886 07 POP ES POINT TO SEGMENT TO TEST

2445 0887 E8 08A3 R CALL HOW_BIG1 DO THE FIRST 64K

2446 088A T4 03 Jz DONEA i CHECK IF TOP

2447

2448 088C E9 092A R JMP DONE 3 GO IF TOP

2449

2450 088F 83 C3 40 DONEA:  ADD BX, 16%4 ; BUMP MEMORY COUNT BY 64K

2451

2452 §mo-m- DO NEXT 64K (XX0000) BLOCK
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TESTI ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85

2453

2454 0892 FE 06 004C INC BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE

2455

2456 jo--- CHECK FOR TOP OF MEMORY (FE0000)

2457

2458 0896 80 3E 004C FE cMP BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE) ,0FEH ; LAST OF MEMORV7
2459 0898 15 ET INZ NOT_DONE{ i GO IF _NO

2460 089D EB 0917 R CALL HOW_BIG_ENDI i GO SET WEMORY §12€
2461 08A0 E9 092A R JIMP DONE {

2462

2463 FILL/CHECK LOOP

2464

2465 08A3 HOW_BIG1:

2466 08A3 2B FF sus D1,D1

2467 08A5 B8 AA5S MOV AX, 0AAS5H 3 TEST PATTERN

2468 08A8 8B CB MOV CX, AX i SAVE PATTERN

2469 0BAA 26: 89 05 MoV ES:[D1],AX i SEND PATTERN TO MEMORY

2470 0BAD BO OF MOV AL, OFH i PUT SOMETHING IN AL

2471 0BAF 26: 8B 05 MoV AX,ES:[DI] i GET PATTERN

2472 08B2 26: 89 05 MOV ES:[DI],AX ; INSURE NO PARITY 1/0 CHECK
2473 0885 33 CI XOR , ; COMPARE PATTERNS

2474 08BT 15 5E UNZ HOW_B1G_END : GO END IF NO COMPARE

2475

2476 3o---- IS THIS A SOFT RESET

2417

2478 08B9 (E PUSH DS

2479 08BA 6A 18 PUSH BYTE PTR RSDA_PTR ; POINT TO SYSTEM DATA AREA

2480 08BC IF POP D!

2481 08BD 81 3E 0072 R 1234 CcMP ORESET_FLAG, 1234H ; SOFT RESET

2482 08C3 IF POP ' ; RESTORE DS

2483 08C4 15 2F JINZ HOW_B1G_2A i GO IF NOT SOFT RESET

2484

2485 smmm- CHECK PARITY WITH PARITY BITS OFF

2486

2487 08C6 26: CT 05 0101 [ WORD PTR ES:[D1],0101H ; TURN OFF BOTH PARITY BITS

2488 08CB 6A FF PUSH BYTE PTR OFFH 3 PLACE OFFFFH IN STACK (BUS BITS ON
2489 08CD 58 POP A 3 DELAY - CAUSING BUS BITS ON
2490 0BCE 26: 8B 05 MoV AX,ES:[DI] 3 CHECK PARITY

2491

2492 08D1 E4 61 IN AL,PORT_B ; CHECK FOR PLANAR OR 1/0 PARITY CHECK
2493 0803 24 CO AND AL,PARITY_ERR

2494 08D5 26: 89 05 MOV ES:[DI1],AX ; CLEAR POSSIBLE PARITY ERROR
2495 08D8 75 3D INZ HOW_BIG_END! ; GO IF PLANAR OR 1/0 PARITY CHECK
2496

2497 1----- CHECK ALL BITS

2498

2499 08DA 26: C7 05 FFFF MOv WORD PTR ES:[DI],0FFFFH ; TURN ON ALL BITS

2500 0BDF 6A 00 PUSH BYTE PTR 0 i PLACE 00000H IN STACK (BUS BITS OFF
2501 0BE! 58 POP AX 3 DELAY - CAUSING BUS BITS OFF
2502 0BE2 26: 8B 05 MOV AX,ES:[D1] 3 CHECK FOR FFFFH

2503 08E5 50 PUSH AX § SAVE RESUL

2504 0BE6 E4 61 IN AL,PORT_B i CHECK FOR PLANAR OR 1/0 PARITY CHECK
2505 0BE8 24 CO AND AL,PARITY_ERR

2506 0BEA 26: 89 05 MOV ESx[Dl] AX 5 CLEAR POSSIBLE PARITY ERROR
2507 08ED 58 POP § GET RESULTS

2508 0BEE 715 27 JINZ fiow_s16_enot i GO IF PLANAR OR 1/0 PARITY CHECK
2509 08F0 3D FFFF cMP AX, OFFFFH

2510 08F3 75 22 JINZ HOW_BI1G_ENDI

2511

2512 j----- CLEAR 64K BLOCK OF MEMORY

2513

2514 08F5 HOW_B1G_2A:

2515 08F5 2B CO sUB AX, AX i WRITE ZEROS

2516 08F7 B9 8000 MOV CX,2000H*4 3 SET COUNT FOR 32K WORDS

25(7 0BFA F3/ AB REP STOSW 3 FILL 32K WORDS

2518

2519 PRt CHECK 64K BLOCK FOR PARITY CHECK (VALID TEST DURING SOFT RESET ONLY)
2520

2521 08FC I1E PUSH DS

2522 08FD 06 PUSH ES

2523 08FE 06 PUSH ES 3 GET ES TO DS

2524 08FF IF POP DS

2525 0900 B9 8000 MOV CX,2000H*4 3 SET COUNT FOR 32K WORDS

2526 0903 2B F6 suB S1,S1

2527 0905 F3/ AD REP LODSW

2528 0907 2B FF sus DI,DI 3 SET TO BEGINNING OF BLOCK

2529 0909 E4 61 IN AL,PORT_B ; CHECK FOR PLANAR OR 1/0 PARITY CHECK
2530 090B 24 CO AND AL,PARITY_ERR

2531 090D 26: C7 05 0000 MOV WORD PTR ES:[DI1],0 3 CLEAR POSSIBLE PARITY ERROR
2532 0912 07 POP ES 3 RESTORE SEGMENT

2533 0913 IF POP DS

2534 0914 75 01 INZ HOW_B1G_END1 3 GO IF PLANAR OR 1/0 PARITY CHECK
2535

2536 0916 C3 RET

2537

2538 0917 HOW_B1G_ENDI :

2539 0917 BO IE MOV AL, 1EH s <> <> <> <> >G>
2540 0919 E6 80 out MFG_PORT, AL B <><> CHECKPOINT 1E <><>
2541

2542 - SET EXPANSION MEMORY SIZE DETERMINED IN CMOS

2543

2544 0918 BO BO MOV AL ,CMOS_U_M_S_LO+NMI 3 ADDRESS LOW BYTE

2545 091D BA E3 MOV AH,BL 3 GET LOW MEMORY SIZE

2546 091F E8 0000 E CALL CMOS_WRITE 3 SET LOW BYTE

2547 0922 BO BI MoV AL, CMOS_U_M_S_HI+NM1 ;3 ADDRESS HI BYTE

2548 0924 8A E7 MOV AH,BH i GET THE HIGH MEMORY SI1ZE

2549 0926 E8 0000 E CALL CMOS_WR1TE 3 PLACE IN CMOS

2550 0929 C3 RET

2551

2552 FRSEEES TEST ADDRESS LINES 19 - 23

2553

2554 092A BO IF DONEf: MOV AL, IFH 5 <><><><> <> <> <> <> <> <>
2555 092C E6 80 out MFG_PORT, 3 <><> CHECKPOINT 1F <><>
2556 092E C6 06 004C 00 MOV BVTE PTR DS:(ES TEMP.BASE_HI_BYTE) ,00H

2557 0933 2B FF suB 1TSET LOCATION POINTER TO ZERO
2558 0935 BA FFFF MOV DX,OFFFFH i WRITE FFFF AT ADDRESS 0

2559 0938 E8 0967 R CALL sDO

2560 0938 2B D2 suB DX, DX 3 WRITE O

2561

2562 093D C6 06 004C 08 MOV BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE) ,08H

2563 0942 E8 0967 R CALL

2564 0945 C6 06 004C 10 MOV BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE), 10H

2565 094A E8 0967 R CALL S|

2566 094D C6 06 004C 20 MOV BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE),20H
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HI_BYTE) ,40H
HI_BYTE) ,80H

TEST PASSED CONTINUE

POINT ES TO DATA
POINT TO SEGMENT TO TEST
WRITE THE PATTERN

HI_BYTE) ,00H

POINT ES TO DATA

POINT TO SEGMENT TO TEST
DID LOCATION 0 CHANGE?
CONTINUE IF NOT

GO HALT IF YES

<> > > D> > B> > <> <>
<><> CHECKPOINT 20 <><>

TOGGLE PARITY CHECK ENABLES

CAUSE A SHUTDOWN (RETURN VIA JUMP)

<> <> > > > > > <> > <> <> <>
<><> CHECKPOINT 21 <><>
SET REAL MODE STACK

POINT TO FIRST INTERRUPT LOCATION

SET ES TO ABSO SEGMENT

GET ADDRESS. OF INTERRUPT OFFSET

PLACE OFFSET IF NULL HANDLER IN VECTOR

SET UP THE REAL DATA AREA

CHECK CMOS GOOD
GET THE STATUS
VALID CMOS ?

GO IF YES

GO IF NOT

CLEAR THE MINIMUM CONFIG BIT
SAVE THE STATUS BYTE
BACK INTO CMOS

CHECK FOR SOFT RESET
BYPASS IF SOFT RESET

GET THE BASE MEMORY SIZE HIGH BYTE

MASK FOR MANUFACTURING.TEST BITS
CHECK FOR MANUFACTURING TEST MODE SET
SKIP IF NOT MANUFACTURING LINE TEST

ELSE SET THE MFG TEST FLAG

GET THE EQUIPMENT BYTE

SAVE VIDEO TYPE

ANY VIDEO?

CONT INUE

INSURE VIDEO ROM PRESENT
CONT INUE

EXCEPT IF MFG JUMPER IS INSTALLED
GO IF INSTALLED

GO DEFAULT

START OF FEATURE 1/0 ROM

SAVE THE CONF IGURATION
SAVE THE DATA SEGMENT

SAVE 'COMPARE REGISTER

GET ROM SEGMENT

GET THE PRESENCE SIGNATURE
CLEAR INDEX POINTER

GET THE FIRST 2 LOCATIONS
IS THE VIDEO FEATURE ROM PRESENT?
RESTORE WORK REGISTER
RESTORE DATA SEGMENT

GET THE CONF IGURATION

GO IF VIDEO ROM INSTALLED

POINT TO NEXT 2K BLOCK
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2567 0952 E8 0967 R CALL sDo
2568 0955 C6 06 004C 40 MoV BYTE PTR DS:(ES_TEMP.BASE_|
2569 095A E8 0967 R CALL S
2570 095D Cé 06 004C 80 MoV BYTE PTR DS:(ES_TEMP.BASE_}
2571 0962 E8 0967 R CALL sbo.
2572
2573 0965 EB 18 JMP SHORT SD2 H
2574
2575 0967 SDO:
2576 0967 6A 48 PUSH BYTE PTR ES_TEMP
2577 0969 07 POP
2578 096A 261 89 15 MoV ES:[DI],DX H
2579
2580 096D C6 06 004C 00 MoV BYTE PTR DS: (ES_TEMP.BASE_|
2581
2582 0972 6A 48 PUSH BYTE PTR ES_TEMP 3
2583 0974 07 POP ES H
2584 0975 26:.83 3D FF cMP WORD PTR ES:[DI1],0FFFFH
2585 0979 74 03 Jz SD1 3
2586 097B E9 078A R IMP SHUT_8 B
2587 097E SD1:
2588 097E C3
2589
2590 SHUTDOWN
2591
2592 097F BO 20 sp2: MoV AL,20H :
2593 0981 E6 80 out MFG_PORT, AL i
2594 0983 E4 61 IN AL,PORT_8
2595 0985 0C 0C OR AL, RAM__PAR_OFF 3
2596 0987 E6 61 ouTt PORT_B7 AL
2597 0989 24 F3 AND AL,RAM_PAR_ON
2598 098B E6 61 ouT PORT_B, AL
2599 098D E9 0000 E IMP PROC_SHUTDOWN t
2600
2601
2602 3 RETURN 1 _FROM SHUTDOWN
2603 H
2604
2605 0990 BO 21 SHUT1: MOV AL,21H
2606 0992 E6 80 out MFG_PORT , AL B
2607 0994 BC ---- MoV sP,ABSO H
2608 0997 BE D4 MOV ss,sP
2609 0999 BC 0400 R MoV SP,OFFSET @TOS
2610
2611 SET DIVIDE 0 VECTOR OFFSET
2612 .
2613 099C 2B FF sus Di,DI f
2614 099E 8E C7 MoV ES,DI 3
2615 09A0 B8 0000 E MOV AX,OFFSET D11 3
2616 09A3 AB STOSW H
2617
2618 09A4 EB 0000 E CALL oDs ;
2619
2620 jmmm- GET THE CONFIGURATION FROM CMOS
2621
2622 09AT B8 BESE MoV AX,X* (CMOS_DIAG+NMI ) 3
2623 09AA E8 0000 E CALL CMOS_READ H
2624 09AD A8 CO TEST AL BAD BAT+BAD_CKSUM
2625 09AF 74 03 Jz ;
2626 09B1 E9 O0A3A R IMP BAD MOS H
2627 0984 M_OK:
2628 09B4 24 DF AND AL, ODFH 3
2629 09B6 86 C4 XCHG AL , AH i
2630 0988 E8 0000 E CALL CMOS_WRITE B
2631
2632 §----- CHECK FOR CMOS RUN IN MODE
2633
2634 098B 81 3E 0072 R 1234 CcMP @RESET_FLAG, 1234H 3
2635 09C1 T4 10 JE M_OK_6% H
2636
2637 09C3 BO 96 MoV AL, CMOS_| 5 M_S_HI+NMI [
2638 09C5 E8 0000 E CALL CMOS_RE!
2639 09C8 24 CO AND AL, 0COH 5
2640 09CA 3C CO cMp AL, 0COH 3
2641 09CC 75 05 INE M_OK_64 H
2642
2643 09CE C6 06 0072 R 64 MoV BYTE PTR ®RESET_FLAG,64H;
2644 .
2645 gmm--- INSURE CONFIGURATION HAS CORRECT VIDEO TYPE
2646
2647 09D3 M_OK_64:
2648 09D3 BO 94 oV AL ,CMOS_EQUIP+NMI s
2649 09D5 E8 0000 E CALL CMOS_READ
2650 09D8 8A EO MOV AH, AL 3
2651 09DA A8 30 TEST AL, 030H H
2652 090C 75 31 INZ MOS_OK_t ;
2653 09DE E8 09EC R CALL CHK_VIDEO H
2654 09E1 T4 4C Jz MOS_OK H
2655 .
2656 09E3 F6 06 0012 R 20 TEST OMFG_TST,MFG_LOOP 3
2657 09E8 T4 6F Jz NORMAL_CONF 1G H
2658
2659 09EA EB 4E JMP SHORT BAD_MOS 3
2660
2661 3 - ROUTINE CHECK FOR VIDEO FEATURE ROM PRESENT
2662
2663 09EC CHK_VIDEO:
2664 09EC B9 C000 CX,0C000H f
2665 09EF CHK_VIDEOT ¢
2666 09EF 50 PUSH AX i
2667 09F0 1E PUSH DS H
2668 09F1 57 PUSH DI H
2669 09F2 8E D9 MoV S, CX i
2670 09F4 BF AAS5 MOV DI,0AA55H i
2671 09F7 2B DB suB BX,BX 3
2672 09F9 8B 07 MoV AX, [BX] 3
2673 09FB 3B C7 cMP AX,DI 3
2674 09FD 5F POP DI 3
2675 09FE IF POP DS ;
2676 09FF 58 POP AX i
2677 0A00 74 OC Jz CHK_VIDEO2 :
2678
2679 0A02 81 C! 0080 ADD CX,080H i
2680 0A06 81 F9 CB800 cMP CX,0C800H 3
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TEST! ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85

2681 0AOA 7C E3 JL CHK_VIDEO! ;i TRY AGAIN

2682 0AOC 23 C9 AND X,CX 3 SET NON ZERO FLAG

2683 0AOE CHK_VIDEO2:

2684 OAQE C3 RET 3 RETURN TO CALLER

2685

2686 it CMOS VIDEO BITS NON ZERO (CHECK FOR PRIMARY DISPLAY AND NO VIDEQ ROM)
2687

2688 0AOF MOS_OK_ 13

2689 0AOF E8 09EC R CALL CHK_VIDEO 3 IS THE VIDEO ROM INSTALLED?

2690 0A12 T4 26 Jz BAD_MOS 3 WRONG CONFIGURATION IN CONFIG BYTE
2691

2692 0A14 BA C4 MoV AL 3 RESTORE CONF IGURATION

2693 0Al6 F6 06 0012 R 40 TEST QMFG TST DSP_JMP CHECK FOR DISPLAY JUMPER

2694 OAIB T4 OA Jz MOS_OK_: 3 GO IF COLOR CARD IS PRIMARY DISPLAY
2695

2696 Hininbaiaid MONOCHROME CARD 1S PRIMARY DISPLAY (NO JUMPER INSTALLED

2697

2698 0AID 24 30 AND AL, 30H ; INSURE MONOCHROME 1S PRIMARY

2699 O0AIF 3C 30 CMP AL ,30H 3 CONFIGURATION OK?

2700 0A21 75 117 JNZ BAD_MOS 3 GO IF NOT

2701 0A23 8A C4 MoV AL, AH 3 RESTORE CONF IGURATION

2702 0A25 EB 08 IMP SHORT MOS_OK i USE THE CONFIGURATION BYTE FOR DISPLAY
2703

2704 COLOR CARD

2705

2706 0A27 MOS_OK_2:

2707 0A27 24 30 AND AL,30H 3 STRIP UNWANTED BITS

2708 0A29 3C 30 CMP AL ,30H 3 MUST NOT BE MONO WITH JUMPER INSTALLED
2709 0A2B 8A C4 MOV AL, AH 3 RESTORE CONF IGURATION

2710 0A2D T4 0B Jz BAD_MOS 3 GO IF YES

2711

2712 it CONF IGURATION MUST HAVE AT LEAST ONE DISKETTE

2713

2714 0A2F A8 0f MOS_OK: TEST AL,01H 3 MUST HAVE AT LEAST ONE DISKETTE

2715 0A31 75 26 JNZ NORMAL._CONF I G GO SET CONFIGURATION IF OK

2716 O0A33 Fé6 06 0012 R 20 TEST @MFG_ TST,MFG, _LOOP EXCEPT IF MFG JUMPER 1S INSTALLED
2717 0A38 74 IF Jz NORMAL CONFIG 3 GO IF INSTALLED

2718

2719 H MINIMUM CONF IGURATION WITH BAD CMOS OR NON VALID VIDEO

2720

2721 0A3A BAD_MOS:

2722 O0A3A B8 008E MOV AX,CMOS_D1AG+NMI 3 GET THE DIAGNOSTIC STATUS

2723 0A3D E8 0000 E CALL CMOS_REAI

2724 0A40 A8 CO TEST AL.BID_BAT#BAD_CKSUM ;3 WAS BATTERY DEFECTIVE OR BAD CHECKSUM
2725 0A42 75 03 JINZ BAD_MOS1 3 GO IF YES

2726

2727 0A44 E8 0000 E CALL CONF I G_BAD 3 SET THE MINIMUM CONFIGURATION FLAG
2728 0A47 BAD_MOS 1 :

2729 0A47 E8 09EC R CALL CHK_VIDEO 3 CHECK FOR VIDEO ROM

2730 0A4A BO 01 MoV AL,01H 3 DISKETTE ONLY

2731 0A4C 74 0B Jz NORMAL_CONFIG 3 GO IF VIDEO ROM PRESENT

2732

2733 0A4E F6 06 0012 R 40 TEST @MFG_TST,DSP_JMP 3 CHECK FOR DISPLAY JUMPER

2734 0A53 BO 11 MoV AL, 3 DEFAULT TO 40X25 COLOR

2735 0A55 74 02 Jz NORMAL_CONF IG 3 GO IF JUMPER IS INSTALLED

2736

2737 0AS7 BO 31 MoV AL,31H ; DISKETTE / B/W DISPLAY B0X25

2738

2739

2740

2741

2742

2743 0A59 .

2744 0A59 F6 06 0012 R 20 TEST @MFG_TST,MFG_LOOP 3 IS THE MANUFACTURING JUMPER [INSTALLED
2745 0ASE 75 02 JNZ NORMT 3 GO IF NOT

2746 0A60 24 3E AND AL, 03EH 3 STRIP DISKETTE FOR MFG TEST

2741

2748 0A62 2A E4 NORM1: sSuB AH, AH

2749 0A64 A3 0010 R MOV @EQUIP_FLAG,AX 3 SAVE SWITCH INFORMATION

2750 0A6T 81 3E 0072 R 1234 CMP @RESET_FLAG, 1234H 3 BYPASS IF SOFT RESET

2751 0A6D 74 2C Jz E6

2752

2753 ;----= GET THE FIRST SELF TEST RESULTS FROM KEYBOARD

2754

2755 0A6F BO 60 MOV AL,WRITE_8042_L0OC 3 ENABLE KEYBOARD

2756 O0AT1 E8 0396 R CALL Cc8042 3 ISSUE WRITE BYTE COMMAND

2757 0AT4 BO 4D MOV AL, 4DH : ENABLE OUTPUT BUFFER FULL INTERRUPT
27568 3 SET SYSTEM FLAG, PC | COMPATIBILITY,
2759 0ATe E6 60 ouT PORT_A,AL 3 INHIBIT OVERRIDE, ENABLE KEYBOARD
2760

2761 0AT8 2B C9 suB cX,CX 3 WAIT FOR COMMAND ACCEPTED

2762 OATA E8 039B R CALL c42_t

2763

2764 0ATD B9 TFFF MOV CX,07FFFH 3 SET LOOP COUNT FOR APPROXIMATELY 100MS
2765 3 TO RESPOND

2766 0AB0 E4 64 TSTe: IN AL,STATUS_PORT 3 WAIT FOR OUTPUT BUFFER FULL

2767 0A82 A8 01 TEST AL,OUT_BUF_FuULL

2768 0AB4 EI FA LOOPZ 3 TRY AGAIN IF NOT

2769

2770 0AB6 9C PUSHF 3 SAVE FLAGS

2771 0A87 BO AD MOV AL,DIS_KBD 3 DISABLE KEYBOARD

2772 0AB9 E8 0396 R CALL cB042 5 ISSUE THE COMMAND «
2773 0ABC 9D POPF 3 RESTORE FLAGS m
2774 0A8D 74 0C Jz E6 3 CONTINUE WITHOUT RESULTS (]
2775 —
2776 OABF E4 60 IN AL ,PORT _ 3 GET INPUT FROM KEYBOARD —
2777 0A9! A2 0072 R MoV BVTE PTR QRESET _FLAG,AL ; TEMPORARY SAVE FOR AA RECEIVED [
2778

2719 bt CHECK FOR MFG REQUEST =
2780 o
2781 0A94 3C 65 CMP AL, 065H 3 LOAD MANUFACTURING TEST REQUEST?

2782 0A96 75 03 JNE El 3 CONTINUE IF NOT

2783 0A98 E9 0C27 R IMP MFG_BOOT ; ELSE GO TO MANUFACTURING BOOTSTRAP
2784

2785 3 -—--

2786 ;3 TEST.14 kl

2787 H INITIALIZE AND START CRT CONTROLLER (6845) t

2788 H TEST VIDEO READ/WRITE STORAGE. +

2189 ; DESCRIPTION

2790 3 RESET THE VIDEO ENABLE SIGNAL. B

2791 i SELECT ALPHANUMERIC MODE, 40 ° 25, B & W.

2192 i READ/WRITE DATA PATTERNS TO MEMORY. cuzcx :

2793 H STORAGE ADDRESSABILITY.

2794 3 ERROR = | LONG AND 2 SHORT BEEPS
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TESTI =--- 06/10/85 POWER ON SELF TEST (POST) 06-10-85
27195 3 -- -
279
2797 0A9B E6:
2798 0A9B Al 0010 R MoV AX,@EQUIP_FLAG 3 GET SENSE INFORMAT 10N
2799 0A9E 50 PUSH AX i SAVE
2800 0A9F BO 30 MOV L,30H 3 FORCE MDNOCHROME TYPE
2801 OAA1 A3 0010 R MoV OEQUIP_FLAG,AX 3 INTO EQUIPMENT FLAG
2802 0AA4 2B CO suB AX, AX ; MODE SET COMMAND FOR DEFAULT MODE
2803 0AA6 CD 10 INT INT_VIDEO ; SEND INITIALIZATION TO B/W CARD
2804 0AA8 BO 20 MOV AL,20 ; FORCE COLOR AT 80 BY 25
2805 0AAA A3 0010 R MoV 'EQUIP FLAG,AX i INTO EQUIPMENT FLAG TO CLEAR BUFFERS
2806 0AAD B8 0003 MoV AX,0003H ; AND INITIALIZATION COLOR CARD 80X25
2807 0ABO CD 10 INT INT_VIDEO 3 MODE SET 80 X 25
2808 0AB2 B8 0001 MoV AX,T001H 3 SET COLOR 40 X 25 MODE
2809 0ABS CD 10 INT INT VIDEO 3 SET DEFAULT COLOR MODI
2810 0AB7 58 POP ;3 RECOVER REAL SWITCH INFORMATIUN
2811 0AB8 A3 0010 R MOV OEQUIP FLAG, AX 3 RESTORE IT
2812 0ABB 24 30 AND AL, 30H™ ;i ISOLATE VIDEO SWITCHES
2813 0ABD 75 11 INZ ET ; VIDEO SWITCHES SET TO 07
2814 OABF IE PUSH oS 3 SAVE THE DATA SEGMENT
2815 0ACO 50 PUSH AX
2816 0ACI 2B CO suB AX, AX ; SET DATA SEGMENT TO 0
2817 OAC3 8E D8 MOV DS, AX
2818 0AC5 BF 0040 R MOV D1,0FFSET @VIDEO_INT SET INTERRUPT (OH TO DUMMY
2819 0AC8 C7 05 0000 E MOV wono PTR [D1],0FFSET DUMMY RETURN 3 RETURN IF NO VIDEO CARD
2820 0ACC 58 POP ; RESTORE REGISTERS
2821 O0ACD IF POP D
2822 OACE EB TF JMP SHORT E18_1 ; BYPASS VIDEO TEST
2823 0ADO ET:
2824 0ADO 3C 30 cMP AL, 30H 3 B/W CARD ATTACHED?
2825 0AD2 74 08 JE £8 i YES - SET MODE FOR B/W CARD
2826 0AD4 FE C4 INC AH ; SET COLOR MODE FOR COLOR CARD
2827 0AD6 3C 20 CMP AL, 20H ; 80X25 MODE SELECTED?
2828 0AD8 75 02 JINE E8 3 NO - SET MODE FOR 40X25
2829 0ADA B4 03 MOV AH,3 ; SET MODE FOR 80X25
2830 0ADC E8:
2831 0ADC 86 EO XCHG AH, AL
2832 0ADE 50 PUSH AX i SAVE VIDEO MODE ON STACK
2833 0ADF 2A E4 suB AH, AH 3 INITIALIZE TO ALPHANUMERIC WO
2834 0AEI CD 10 INT INT_VIDEO i CALL VIDEO
2835 0AE3 58 POP AX 3 RESTORE VlDEO SENSE SWITCHES IN AH
2836 0AE4 50 PUSH AX i SAVE VALUE
2837 0AES BB B00O MOV BX, 0BOOOH ; STARTING VIDEO MEMORY ADDRESS B/W CARD
2838 0AE8 BA 0388 MoV DX, 388H i MODE REGISTER FOR B/W
2839 0AEB B9 0800 [ cx,2048 i MEMORY WORD COUNT FOR B/W CARD
2840 0AEE 80 FC 30 cMP AH, 30H i B/W VIDEO CARD ATTACHED?
2841 OAFI 74 07 JE E9 i YES - GO TEST VIDEO STORAGE
2842 0AF3 BT B8 MOV BH, 0B8H 3 STARTING MEMORY ADDRESS FOR COLOR CARD
2843 0AF5 BA 03D8 MoV DX, 3D8H i MODE REGISTER FOR COLOR CARD
2844 0AF8 B5 20 MOV CH, 20H i MEMORY WORD COUNT FOR COLOR CARD
2845 0AFA E9:
2846 0AFA A0 0065 R MoV AL ,@CRT_MODE_SET ; GET CURRENT MODE SET VALUE
2847 OAFD 24 37 AND AL,037TH 3 SET VIDEO BIT OFF
2848 OAFF EE ouT DX, AL ; DISABLE VIDEO FOR COLOR CARD
2849 0B0O 8E C3 MOV ES,BX 3 POINT ES TO VIDEO MEMORY
2850 0B02 8E DB MOV 0S,BX i POINT DS TO VIDEO MEMORY
2851 0B04 D1 C9 ROR cX, 1 ; DIVIDE BY 2 FOR WORD COUNT
2852 0B06 E8 0000 E CALL STGTST_CNT 3 GO TEST VIDEO READ/WRITE STORAGE
2853 0B09 7 o JINE E1T7 3 R/W MEMORY FAILURE - BEEP SPEAKER
2854
2855 i -- -
2856 3 TEST.15 s
2857 ; SETUP VIDEO DATA ON SCREEN FOR VIDEO
2858 3 LINE TEST
2859 i DESCRIPTION :
2860 H ENABLE VIDEO SIGNAL AND SET MODE.
2861 3 DISPLAY A HORIZONTAL BAR ON SCREEN.
2862 H - -
2863
2864 0BOB BO 22 MoV AL,22H ; <><><><><><> <> <> <> <> <> <>
2865 0BOD E6 80 out MFG_PORT , AL H <><> CHECKPOINT 22 <><>
2866
2867 0BOF 58 POP AX 3 GET VIDEO SENSE SWITCHES (AH)
2868 0BI10 50 PUSH AX i SAVE IT
2869 0BI1 B4 00 MoV AH,0 ; ENABLE VIDEO AND SET MODE
2870 0BI13 CD 10 INT INT_VIDEO 3 VIDEO
2871 0B15 B8 7020 MOV AX,T020H i WRITE BLANKS IN REVERSE VIDEO
2872 0818 2B FF suB DI,DI 3 SETUP STARTING LOCATION
2873 0BIA B9 0028 MOV CX,40 5 NUMBER OF BLANKS TO DISPLAY
2874 0BID F3/ AB REP STOSW ; WRITE VIDEO STORAGE
2875
2876 A
2877 3 TEST.16 s
2878 H CRT INTERFACE LINES TEST :
2879 ;3 DESCRIPTION :
2880 3 SENSE ON/OFF TRANSITION OF THE
2881 3 VIDEO ENABLE AND HORIZONTAL :
2882 3 SYNC LINES. :
2883 i -
2884
2885 OBIF 58 POP AX § GET VlDEO SENSE SWITCH INFORMATION
2886 0B20 50 PUSH AX i SAVE
2887 0B21 80 FC 30 cMP AH, 30H 3 BIW CARD ATTACHED?
2888 0B24 BA 03BA MoV DX, 03BAH 3 SETUP ADDRESS OF B/w STATUS PORT
2889 0B27 74 03 JE K ; YES - GO TEST LIN
2890 0B29 BA 03DA MOV DX, 03DAH ; COLOR CARD IS ATTACHED
2891 0B2C Eif:
2892 0B2C B4 08 MoV AH,8
2893 0B2E E12:
2894 0B2E 2B C9 suB cx,Cx
2895 0B30 E13:
2896 0B30 EC IN AL,DX 3 READ CRT STATUS PORT
2897 0B31 22 C4 AND AL, AH 3 CHECK VIDEO/HORIZONTAL LINE
2898 0B33 715 04 INZ E14 ; ITS ON - CHECK IF IT GOES OFF
2899 0B35 E2 F9 LooP Ei3 3 LOOP UNTIL ON OR TIMEOUT
2900 0B37 EB 42 IMP SHORT EI7 i GO PRINT ERROR MESSAGE
2901 0B39 El4:
2902 0839 2B C9 suB €X,CX
2903 0838 El5:
2904 0B3B EC IN AL,DX ; READ CRT STATUS PORT
2905 0B3C 22 C4 AND AL, AH 3 CHECK VIDEO/HORIZONTAL LINE
2906 OB3E 74 04 Jz El6 3 ITS ON - CHECK NEXT LINE
2907 0B40 E2 F9 LOOP 15 5 LOOP IF ON UNTIL IT GOES OFF
2908 0B42 EB 37 JMP SHORT E17 ; GO ERROR BEEP
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GET NEXT BIT TO CHECK
CONT INUE

GET VIDEO SENSE SWITCHES (AH)
SET MODE AND DISPLAY CURSOR
CALL VIDEO 1/0 PROCEDURE

SET THE LOW SEGMENT VALUE

<> <><><> <> <> > K> > <> <><>
<><> CHECKPOINT 23 <><>

SAVE WORK REGISTER

PRESENCE SIGNATURE

CLEAR POINTER

GET FIRST 2 LOCATIONS
PRESENT?

RECOVER REGISTER

NO? GO LOOK FOR OTHER MODULES

GO SCAN MODULE

POINT TO NEXT 2K BLOCK

TOP OF VIDEO ROM AREA YET?
GO SCAN FOR ANOTHER MODULE

<><><> <> <> <> > B> > <> <>
<><> CHECKPOINT 24 <><>

GO TO NEXT TEST

POINT TO DATA

<><> CRT ERROR CHECKPOINT
3 1S THIS A MFG REQUEST?
BY PASS ERROR BEEP IF YES

1S THE MFG LOOP JUMFER INSTALLED?
1F

BY PASS ERROR BEEP
GO BEEP SPEAKER

GET THE CURRENT VIDEO
STRIP OTHER BITS

1S 1T MONOCHROME ?

GO IF YES

COLOR FAILED TRY MONOCHROME - CHECKPOINT OD = COLOR FAILED

<><> CRT ERROR CHECKPOINT
DISABLE B/W
OUTPUT THE DISABLE

CHECK FOR MONOCHROME VIDEO MEMORY

WRITE AN AA55
TO THE FIRST LOCATION

ALLOW BUS TO SETTLE
READ THE FIRST LOCATION

1S THE MONOCHROME VIDEO CARD THERE?

RESTORE THE DATA SEGMENT
GO IF NOT

TURN ON MONOCHROME BITS IN EQUIP FLAG

ENABLE VIDEO

CONT INUE

SET MODE COLOR 40X25

DISABLE COLOR

OUTPUT THE DISABLE
CHECK FOR COLOR VIDEO MEMORY

WRITE AN AAS!
TO THE FIRST LOCATION

ALLOW BUS TO SETTLE

READ THE FIRST LOCATION

IS THE COLOR VIDEO CARD THERE?
RESTORE THE DATA SEGMENT

GO IF NOT

TURN OFF VIDEO BITS

SET COLOR 40X24

SET NEW VIDEO TYPE ON STACK

IS IT THE B/W?
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2909
2910 §m-=-- CHECK HORIZONTAL LINE
2911
2912 0B44 BI 03 El6: MOV cL,3
2913 0B46 D2 EC SHR AH,CL
2914 0B48 15 E4 UNZ El12
2915 0B4A E18:

2916 0B4A 58 POP AX

2917 0B4B B4 00 MoV AH,0

2918 0B4D CD 10 INT INT_VIDEO

2919

2920 CHECK FOR THE ADVANCED VIDEO CARD
2921

2922 0B4F BA C000 E18_1: MOV DX, 0C000H :
2923 0852 E18A:

2924 0B52 BO 23 MoV f
2925 0B54 E6 80 out MFG PORT AL H
2926 0B56 8E DA MOV 0S,DBX

2927 0858 57 PUSH DI

2928 0B59 BF AA55 MoV DI, 0AA55H

2929 0B5C 2B DB SuB BX,BX

2930 OBSE 8B 07 MOV AX, [BX] H
2931 0B60 3B CT cMP AX,DI 3
2932 0B62 5F POP DI 3
2933 0863 15 05 JUNZ E18B H
2934

2935 0B65 E8 0000 E CALL  ROM_CHECK s
2936 0B68 EB 04 IMP SHORT E18C

2937 0B6A E188B:

2938 0B6A 81 C2 0080 ADD DX, 0080H

2939 0B6E El18C:

2940 0B6E 81 FA CB0O cMP DX, 0C800H

2941 0B72 1C DE NS E18A 3
2942

2943 0B74 BO 24 MOV AL, 24H f
2944 0876 E6 80 out MFG_PORT , AL

2945

2946 0B78 E9 0000 E JMP POST2

2947

2948

2949 CRT ERROR SET MFG CHECKPOINT AND ERROR BEEP
2950

2951 0BTB E8 0000 E E17: CALL oDS s
2952

2953 IRt CHECKPOINT OC = MONOCHROME FAILED
2954

2955 0BTE Cé6 06 0015 R 0C MOV ©MFG_ERR_FLAG, OCH

2956 0B83 80 3E 0072 R 64 cMP BYTE “PTR ORESET_FLAG, 064H
2957 0B88 T4 Jz s
2958 0BBA F6 06 0012 R 20 TEST @MFG_TST,MFG~LO0F H
2959 0BBF 74 06 Jz EI9 3
2960 0B91 BA 0102 MOV DX, 102H

2961 0B94 EB 0000 E CALL ERR_BEEP s
2962 0B9T E19:

2963 0897 IE PUSH DS

2964 0B98 Al 0010 R MOV AX,@EQUIP_FLAG

2965 0B9B 24 30 AND AL, 30H 3
2966 0B9D 3C 30 cMP AL, 30H H
2967 OB9F T4 30 Jz TRY_COLOR 3
2968

2969 [RR e

2970

2971 OBAI C6 06 0015 R 0D MOV OMFG_ERR_FLAG, 0DH

2972

2973 0BA6 BA 0388 MoV DX, 3B8H f
2974 0BA9 BO OI MOV AL, 1

2975 OBAB EE out DX, AL f
2976 0BAC BB B000 MoV BX, 0BOOOH

2977 OBAF BE DB MOV DS,BX

2978 0BBI BB AA55 MOV AX, 0AA55H

2979 0BB4 2B DB sus X, 3
2980 0BB6 89 07 MOV [BX],AX

2981 0BB8 EB 00 JIMP +2

2982 0BBA 8B 07 MOV AX, [BX]

2983 OBBC 3D AA55 cMP AX, 0AA55H

2984 0BBF IF POP DS

2985 0BCO 75 INZ E17_3

2586 o0BC2 a1 op 0010 R 0030 OR ©EQUIP_FLAG,30H

2387 oBCs A1 0010 MOV AX,@EQUIP_FLAG

2988 0BCB 2A suB AH, AH

2989 0BCD CD INT INT_VIDEO

3950 oncr ca 34 JMP SHORT E17_1 3
2991

2992 3 MONOCHROME FAILED TRY COLOR

2993

2994 0BD! TRY_COLOR:

2995 0BD! BO 01 MoV AL,01H f
2996 0BD3 2A E4 sus AH, AH

2997 0BD5 CD 10 INT INT_VIDEO

2998 0BD7 BA 03D8 M DX,3D8H

2999 0BDA BO 00 MOV AL,0

3000 0BDC EE out DX, AL :
3001 0BDD BB B800O MoV 8X, 0B800H ;
3002 OBEO 8E DB MOV DS,BX

3003 0BE2 BB AA55 MOV AX, 0AA55H f
3004 0BES 2B DB suB BX,BX H
3005 OBE7 89 07 MoV [BX],AX

3006 OBE9 EB 00 JMP $+2 s
3007 OBEB 8B 07 MOV AX, [BX] 3
3008 OBED 3D AAS5 cMP AX,0AA55H 3
3009 0BFO IF POP DS 1
3010 OBF1 75 24 JNZ E17_3 H
3011 OBF3 81 26 0010 R FFCF AND ©EQUIP_FLAG, OFFCFH H
3012 OBF9 81 OE 0010 R 0010 OR @EQUIP_FLAG, 10H i
3013 OBFF BO 0 MOV AL, O1H

3014 0CO1 2A E4 suB AH, AH

3015 0C03 CD 10 INT INT_VIDEO

3016 0C05 ENT_1:

3017 0C05 & POP AX 3
3018 0C06 Al 0010 R MOV AX,@EQUIP_FLAG

3019 0C09 24 30 AND AL,30H

3020 0COB 3C 30 CMP AL,30H :
3021 0COD 2A CO suB AL, AL

3022 0COF 74 02 Jz EIT_2 :

GO IF YES
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on 2.00 1-29
06-10-85

AL
AX
E18

3

INITIALIZE FOR 40X25

BOTH VIDEO CARDS FAILED SET DUMMY RETURN IF RETRACE FAILURE

IBM Personal Computer MACRO Assembler Versi
TEST! ---- 06/10/85 POWER ON SELF TEST (POST)
3023 0oCt1 FE CO INC
3024 oCI3 E17_2:

3025 0CI3 50 PUSH
3026 0C14 E17_4:

3027 0C14 E9 0B4A R JMP
3028

3029 o=

3030

3031 0C17 E17_3:

3032 0C17 1E

3033 0oC18 2B CO

3034 0C1A BE D8

3035 0CIC BF 0040 R
3036 OCIF C7 05 0000 E
3037 0C23 IF

3038 0C24 E9 0B4F R

5-56 TEST1

DS
AX, AX

DS, AX
D1,0FFSET @VIDEO_INT

SET DS SEGMENT TO 0

SET INTERRUPT 10H TO DUMMY

WORD PTR [D1],0FFSET DUMMY_RETURN ; RETURN IF NO VIDEO CARD
DS

E18_1

BYPASS REST OF VIDEO TEST
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TEST! ---- 06/10/85 POWER ON SELF TEST (POST) 06-10-85

3039 PAGE

3040 3 sme=mecmeeeceeseescame—es—eec—eemeeceeeeeene
3041 i MANUFACTURING BOOT TEST CODE ROUTINE

3042 3 LOAD A BLOCK OF TEST CODE THROUGH THE KEYBOARD PORT FOR MANUFACTURING
3043 3 TESTS. :
3044 3 THIS ROUTINE WILL LOAD A TEST (MAX LENGTH=FAFFH) THROUGH THE KEYBOARD :
3045 3 PORT. CODE WILL BE LOADED AT LOCATION 0000:0500. AFTER LOADING,

3046 3 CONTROL WILL BE TRANSFERRED TO LOCATION 0000:0500.  THE STACK WILL
3047 s BE LOCATED AT 0000:0400. THIS ROUTINE ASSUMES THAT THE FIRST 2 BYTES
3048 3 TRANSFERRED CONTAIN THE COUNT OF BYTES TO BE LOADED

3049 § (BYTE 1=COUNT LOW, BYTE 2=COUNT HI.) :
3050 e s
3051

3052 ju-——- DEGATE ADDRESS LINE 20

3053

3054 oca7 MFG_BOOT:

3055 0C27 B4 DD MoV AH,DISABLE_B1T20 5 DEGATE COMMAND FOR ADDRESS LINE 20
3056 0C29 E8 0000 E CALL  GATE_A20 i 1SSUE TO KEYBOARD ADAPTER AND CLI
3057

3058 gomme- SETUP HARDWARE INTERRUPT VECTOR TABLE LEVEL 0-7 AND SOFTWARE INTERRUPTS
3059

3060 0C2C 68 ---- R PUSH  ABSO 3 SET ES SEGMENT REGISTER TO ABSO

3061 0C2F 07 POP ES

3062 0C30 B9 0018 MOV cX,24 3 GET VECTOR COUNT

3063 0C33 8C C8 MOV AX,CS 3 GET THE CURRENT CODE SEGMENT VALUE
3064 0C35 8E D8 Mov DS, AX ; SETUP DS SEGMENT REGISTER Ti

3065 0C37 BE 0000 E MOV S1,OFFSET VECTOR_TABLE ; POINT TO THE ROUTINE ADDRESS TABLE
3066 0C3A BF 0020 R MOV D1,0FFSET @INT_PTR i SET DESTINATION TO FIRST USED VECTOR
3067 0C3D MFG_B1 :

3068 0C3D A5 MOVSW 3 MOVE ONE ROUTINE OFFSET ADDRESS

3069 OC3E AB STOSW ; INSERT CODE SEGMENT VALUE

3070 0C3F E2 FC LOOP  MFG_B! i MOVE THE NUMBER OF ENTRIES REQUIRED
3071

3072 3----- SETUP HARDWARE INTERRUPT VECTORS LEVEL 8-15 (VECTORS START AT INT 70 H)
3073

3074 0C41 B9 0008 MoV cx,08 3 GET VECTOR COUNT

3075 0C44 BE 0000 E MoV S1OFFSET SLAVE_VECTOR_TABLE

3076 0C47 BF 01CO R MoV DI,OFFSET @SLAVE_INT_PTR

3077 0C4A MFG_B2:

3078 0C4A A5 MOVSW ; MOVE ONE ROUTINE OFFSET ADDRESS

3079 0C4B AB STOSW ; INSERT CODE SEGMENT VALUE

3080 0C4C E2 FC LOOP  MFG_B2

3081

3082 SET UP OTHER INTERRUPTS AS NECESSARY

3083 :

3084 ASSUME DS:ABSO0,ES:ABSO

3085 0C4E 06 PUSH  ES 3 ES=

3086 0C4F IF POP 3 SET 0570 ABSO

3087 0C50 C7 06 0008 R 0000 E MOV WORD PTR ©NMI_PTR,OFFSET NMI_INT 3 NMIINTERRUPT

3088 0C56 CT 06 0014 R 0000 E MoV WORD PTR @INT5_PTR,OFFSET PRINT_SCREEN ; PRINT SCREEN

3089 0C5C C7 06 0062 R F600 MOV WORD PTR @BASIC_PTR+2,0F600H i CASSETTE BASIC SEGMENT
3090 . .

3091 gmm—n ENABLE KEYBOARD PORT

3092

3093 0C62 BO 60 MoV AL, 60H ; WRITE 8042 MEMORY LOCATION 0

3094 0Cé4 E8 0396 R CALL  c8042 3 ISSUE THE COMMAND

3095 0C6T BO 09 MoV AL,000010018 3 SET INHIBIT OVERRIDE/ENABLE OBF

3096 0C69 E6 60 out PORT_A, AL i INTERRUPT AND NOT PC COMPATIBLE
3097

3098 0C6B E8 0C8D R CALL  MFG_ B4 : GET COUNT LOW

3099 0C6E 8A F8 MOV BH, AL 3 SAVE IT

3100 0C70 E8 0C8D R CALL  MFG_B4 3 GET COUNT HI

3101 0CT3 8A EB MOV CH, AL

3102 0C75 8A CF MOV CL,BH 3 CX_NOW HAS COUNT

3103 0C77 FC cLD 3 SET DIRECTION FLAG TO INCREMENT

3104 0C78 BF 0500 R MoV D1,0FFSET @MFG_TEST_RTN ; SET TARGET OFFSET (DS=0000

3105 0C7B MFG_B3:

3106 0CTB E4 64 IN AL,STATUS_PORT : GET 8042 STATUS PORT

3107 0C7D A8 Of TEST  AL,OUT_BUF_FULL i KEYBOARD REQUEST PENDING?

3108 OCTF 74 FA Jz MFG_E 3 LOOP TILL DATA PRESENT

3109 0C81 E4 60 IN AL,PORT_A i GET DATA

3110 0C83 AA STOSB - 3 STORE 1T

3111 0C84 E6 80 out MFG_PORT , AL i DISPLAY CHARACTER AT MFG PORT

3112 0c86 E2 F3 LOOP  MFG_B3 i LOOP TILL ALL BYTES READ

3113 -

3114 0C88 EA 0500 ---- R JMP OMFG_TEST_RTN 3 FAR JUMP TO CODE THAT WAS JUST LOADED
3115

3116 0CBD MFG_B4:

3117 0C8D E4 64 IN AL,STATUS_PORT i CHECK FOR OUTPUT BUFFER FULL

3118 OCBF A8 0f TEST AL,OUT_BUF_FULL i HANG HERE IF NO DATA AVAILABLE
3119 0C91 EI FA LOOPZ  MFG_B4™ :

3120 :

3121 0C93 E4 60 IN AL,PORT_A i GET THE COUNT

3122 0C95 C3 RET

3123

3124 0C96 POSTI  ENDP

3125 0C96 CODE  ENDS

3126 END

(2]
m
(x}
-
o
=
o
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Version

TITLE TEST2 ---- 06/10/85 POST TESTS AND INITIALIZATION ROUTINES
.286C
.287
LLIST
CODE SEGMENT BYTE PUBLIC
PUBLIC
PUBLIC POSYZ
PUBLIC SHUT2
PUBLIC SHUT3
PUBLIC SHUT4
PUBLIC SHUTé
PUBLIC SHUT7
EXTRN BLINK_INT:NEAR
EXTRN €804 IEAR
EXTRN CMOS_READ :NEAR
EXTRN CMOS_WRITE :NEAR
EXTRN CONF IG_BAD:NEAR
EXTRN D1 :NEA
EXTRN D2 :NEAR
EXTRN DDS :NEAR
EXTRN DISK_SETUP:NEAR
EXTRN DSKETTE_SETUP NEAR
EXTRN ERR_BEEP :NEAR
EXTRN E_MSG:NEAR
EXTRN F3D:NEAR
EXTRN F3D1 :NEAR
EXTRN GATE_A20:NEAR
EXTRN HD_ INT:NEAR
EXTRN KBD_RESET : NEAR
EXTRN NMI_INT:NEAR
EXTRN OBF 42:NEAR
EXTRN POST3:N
EXTRN PRINT SCREEN NEAR
EXTRN PROC_SHUTDOWN : NEAR
EXTRN PROT_PRT_HEX :NEAR
EXTRN PRT HEX NEAR
EXTRN P_MSG:NEAR
EXTRN ROM_CHECK :NEAR
EXTRN ROM_CHECKSUM:NEAR
EXTRN SEEK :NEAR
EXTRN SET_TOD:NEAR
EXTRN SLAVE_VECTOR_TABLE :NEAR
EXTRN SND_DATA: NEAR
EXTRN START_1:NI
EXTRN STGTST. CNT NEAR
EXTRN SYSINITI:NEAR
EXTRN VECTOR_TABLE :NEAR
EXTRN WAITF:NEAR
EXTRN XPC_BYTE :NEAR
EXTRN E101:NEAR 3 101 ERROR CODE - INTERRUPT FAILURE
EXTRN E102:NEAR 3 102 ERROR CODE - TIMER FAILURE
EXTRN E103:NEAR 3 103 ERROR CODE - TIMER INTERRUPT
EXTRN E104:NEAR 3 104 ERROR CODE - PROTECTED MODE ERROR
EXTRN E105:NEAR 3 105 ERROR CODE - 8042 COMMAND FAILURE
EXTRN E106:NEAR 3 106 ERROR CODE - CONVERTING LOGIC
EXTRN E107:NEAR 3 107 ERROR CODE - NMI ERROR
EXTRN E108:NEAR 3 108 ERROR CODE - TIMER BUS ERROR
EXTRN E109:NEAR 3 109 ERROR CODE - MEMORY SELECT ERROR
EXTRN E161:NEAR 5 161 ERROR CODE - BAD BATTERY
EXTRN E162:NEAR 3 162 ERROR CODE - CMOS CHECKSUM/CONFIG
EXTRN E163:NEAR 3 163 ERROR CODE - BAD REAL TIME CLOCK
EXTRN E164:NEAR 3 164 ERROR CODE - MEMORY SIZE WRONG
EXTRN E201:NEAR 3 201 ERROR CODE - MEMORY DATA ERROR
EXTRN E202:NEAR 3 202 ERROR CODE - MEMORY ADDRESS ERROR
EXTRN E203:NEAR 3 203 ERROR CODE - SEGMENT ADDRESS ERROR
EXTRN E301:NEAR 3+ 30! ERROR CODE - KEYBOARD ERROR
EXTRN E302:NEAR 3 302 ERROR CODE - LOCK IS ON
EXTRN E303:NEAR 3 303 ERROR CODE - KEYBOARD/PLANAR ERROR
EXTRN  E304:NEAR 3 304 ERROR CODE - KEYBOARD/PLANAR ERROR
EXTRN E401 :NEAR ; 401 ERROR CODE - MONOCHROME ADAPTER
EXTRN E501 :NEAR 3 501 ERROR CODE - COLOR ADAPTER
EXTRN E601:NEAR 3 601 ERROR CODE - DISKETTE ADAPTER
TEST. 17

DESCRIPTION

ASSUME
POsST2 PROC

8259 INTERRUPT CONTROLLER TEST

WITH ALL ONES AND ZEROES. ENABLE SYSTEM
INTERRUPTS. MASK DEVICE INTERRUPTS OFF. CHECK
FOR HOT INTERRUPTS (UNEXPECTED).

READ/WRITE THE INTERRUPT MASK REGISTER (IMR) ;

CS:CODE,DS:DATA

NEAR

AL, 10 i LINE FEED ON DISPLAY
PRT_HEX

DDS $SET DATA SEGMENT

CLEAR ERROR FLAG REGISTER (BP) <=> 0 FLAGS ERROR

suB BP,BP 3 CLEAR (BP) REGISTER AS ERROR FLAG REG
§-=--- TEST THE INTERRUPT MASK REGISTER REGISTERS
catA:  cLI i TURN OFF INTERRUPTS
MOV AL,0 3 SET INTERRUPT MASK REGISTER TO ZERO
ouT INTAO1, AL
ouT INTBO !, AL 3 SEND TO 2ND INTERRUPT CONTROLLER ALSO
IMP +2
IN AL, INTAO | ; READ INTERRUPT MASK REGISTER
MoV AH, AL 3 SAVE RESULTS
N AL, INTBO1 : READ 2ND INTERRUPT MASK REGISTER
OR AH, AL : BOTH IMR =
JINZ De 3 GO TO ERR ROUTINE IF NOT 0
MOV AL,25H 3 <><><><> <> <> <> <> <> <> <> <>
ouTt MFG_PORT , AL H <><> CHECKPOINT 25 <><>
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TEST.18

Version 2. -2

[NlTIALIZATION ROUTINES 06-10-

MoV AL, OFFH

ouT INTAO1,AL

ouT INTBO1,AL

JIMP $+2

IN AL, INTAO!

MOV AH, AL

IN AL, INTBO!

ADD AX, 1

JINZ Dé

CHECK FOR HOT INTERRUPTS

INTERRUPTS ARE MASKED OFF. CHEC

MOV ®INTR_FLAG, AL
MoV AL,26H

ouT MFG_PORT , AL
STI

MoV CX,6628

CALL WAITF

CMP @INTR_FLAG,00H
Jz T

MoV OMFG_ERR_FLAG,05H
MoV S1,0FFSET EI101
CALL E_MSG

cLl

HLT

CHECK THE CONVERTING LOGIC

MoV AL,2TH

out MFG_PORT, AL
MoV AX, 0AA55H
out MFG_PORT+2,AX
IN AL,MFG_PORT+2
XCHG AL, AH

IN AL \MFG_PORT+3
cMP AX, 55ARH

Jz DT_A

MoV S1,0FFSET E106
IMP D6A

CHECK FOR HOT NMI

MOV AL,CMOS_REG_D
ouTt CMOS PORY AC
MOV CX, 7

CALL WAITF

MOV AL,CMOS_REG_D+NM1
ouT CMOS_PORT, AL
CMP @INTR_FLAG,00H
Jz D7_C

MOV AL ,28H

out MFG_PORT, AL
MoV S1,0FFSET E107
JMP D6A

TEST THE DATA BUS TO TIMER 2

MOV AL, 29H

ouTt MFG_PORT, AL
IN AL ,PORT_B
MoV AH, AL

AND AL, OFCH

ouT PORT_B, AL
Mov AL, 10110000B
ouT TIMER+3, AL
JMP $+2

Mov AX,0AA55H
ouT TIMER+2,AL
JMP 302

MOV

ouTt TIMER&Z AL
JMP $+

IN AL TIMER+2
XCHG AH, AL

JMP S+2

IN AL, TIMER+2
CMP AX, 055AAH
Jz

Mov S1,0FFSET E108
JMP D6A

INTERRUPTS WITHOUT

85

DISABLE DEVICE INTERRUPTS

WRITE TO INTERRUPT MASK REGISTER
WRITE TO 2ND INTERRUPT MASK REGISTER
1/0 DELAY

READ lNTERRUPT MASK REGISTER

SAVE RE
READ ZND

TS
INTERRUPT MASK REGISTER

ALL IMR BITS ON?
NO - GO TO ERR ROUTINE

K THAT NO INTERRUPTS OCCUR.

CLEAR INTERRUPT FLAG

<><> <> <> <> > <> D> <> <> <> <>
<><> CHECKPOINT 26 <><>

ENABLE EXTERNAL INTERRUPTS

100 MILLISECONDS FOR ANY
INTERRUPTS THAT OCCUR

DID ANY INTERRUPTS OCCUR?

NO - GO TO NEXT TEST

<> <> <> <> <> <> <> D> B> <>
<> CHECKPOINT 5 <><>
101 ERROR

<>
DISPLAY

HALT THE SYSTEM

>G> D>
<><> CHECKPOINT 27 <><>

WRITE A WORD

GET THE FIRST BYTE
SAVE IT

GET THE SECOND BYTE
1S 1T OK
GO IF YES

DISPLAY 106 ERROR

1/0-MEMORY PARITY ENABLED

TURN ON NMI

ADDRESS DEFAULT READ ONLY REGISTER
DELAY COUNT FOR 100 MICROSECONDS
WAIT FOR HOT NMI TO PROCESS

TURN NMI ENABLE BACK OFF

DID ANY INTERRUPTS OCCUR?
CONTINUE IF NOT

<> <> <> <> <> <> K> <> > <> <> <>
<><> CHECKPOINT 28 <><>

DISPLAY 107 ERROR

<> <>L><> D D> > >G> <>
<><> CHECKPOINT 29 <><>

GET CURRENT SETTING OF PORT

SAVE THAT SETTING

INSURE SPEAKER OFF

SELECT TIM 2,LSB,MSB,BINARY,MODE 0
WRITE THE TIMER MODE REGISTER

1/0 DELAY

WRITE AN AAS55

WRITE TIMER 2 COUNT -
1/0 DELAY

Lse

WRITE TIMER 2 COUNT
1/0 DELAY

GET THE LSB

SAVE IT

1/0 DELAY

GET THE MSB

BUS OK?

GO IF OK

- MSB

DISPLAY 108 ERROR

8254 TIMER CHECKOUT

DESCRIPTION

VERIFY THAT THE SYSTEM TIMER (0)
TOO FAST OR TOO SLOW.

DOESN'T COUNT

MoV L, 2AH

ouTt MFG_PORT, AL
cLi

MoV AL, OFEH

ouT INTAO1,AL
MoV AL,000100008B
ouT TIMER+3, AL
MoV CX,2CH

JMP $+2

<D><>> DD B>
<><> CHECKPOINT 2A <><>

MASK ALL INTERRUPTS EXCEPT LEVEL 0
WRITE THE 8259 IM

SELECT TIM 0, LSB MODE 0, BINARY
WRITE TIMER CDNTROL MODE REGISTER
SET PROGRAM LOOP COUNT

1/0 DELAY
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229 00DO 8A Ci MoV AL,CL 3 SET TIMER 0 COUNT REGISTER

230 00D2 E6 40 ouT TIMER+0, AL 3 WRITE TIMER 0 COUNT REGISTER
231 00D4 FB STI

232 00D5 Fé 06 006B R O D8: TEST @INTR_FLAG,01H

233 3 DID TIMER 0 INTERRUPT OCCUR?
234 0O0ODA 75 0D JINZ D9 3 CHECK TIMER OPERATION FOR SLOW TIME
235 00DC E2 F7 LOOP D8 3 WAIT FOR INTERRUPT FOR SPECIFIED TIME
236

237 O0ODE Ceé 06 0015 R 02 mov ®MFG_ERR_FLAG,02H 3

238 3 <><> TIMER CHECKPOINT (2} <><>
239

240

241 00E3 BE 0000 E D8_A: MoV SI,0FFSET E102 5 DISPLAY 102 ERROR

242 O0OEé6 E9 0051 R JMP D6A 3 TIMER 0 INTERRUPT DID NOT OCCUR= ERROR
243

244

245 O0O0E9 BO 2B D9: MOV AL ,2BH 3 <> <> GG >SS C>C><>
246 00EB Eé 80 ouT MFG_PORT, AL. H <><> CHECKPOINT 2B <><>
247 N

248 O0O0ED FA cL!

249 OOEE Bi1 0C MoV CL,12 3 SET PROGRAM LOOP COUNT

250 00F0 BO FF MOV AL, OFFH 3 WRITE TIMER O COUNT REGISTER
251 O0F2 E6 40 ouT TIMER+0, AL

252 O00F4 Cé6 06 006B R 00 MOV @INTR_FLAG,0 3 RESET INTERRUPT RECEIVED FLAG
253 00F9 BO FE Mov AL, OFEH 3 RE-ENABLE TIMER 0 INTERRUPTS
254 OOFB E6 21 ouT INTAOT, AL

255 O00FD FB STI

256 OOFE Fé 06 006B R 01 D10 TEST @®INTR_FLAG,01H ;5 DID TIMER 0 INTERRUPT OCCUR?
257 0103 75 DE JINZ D8_A 3 YES - TIMER COUNTING TOO FAST, ERROR
258 0105 E2 F7 LooP D10 3 WAIT FOR INTERRUPT FOR SPECIFIED TIME
269

260 [ i WAIT FOR INTERRUPT

261

262 0107 2B C9 suB CX,CXx

263

264 0109 BO 2C MoV AL, 2CH 3 P R R R e R s R
265 010B E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT 2C <><>
266 010D D110:

267 010D F6 06 006B R 01 TEST @INTR_FLAG,01H 3 DID TIMER 0 INTERRUPT OCCUR?
268 0112 75 08 JINZ D12 3 GO IF YES

269 0114 E2 F7 LOOP Dito 3 TRY AGAIN

270

271 0116 BE 0000 E MoV S1,0FFSET E103 3 DISPLAY 103 ERROR

272 0119 E9 0051 R JIMP D6A 3 ERROR IF NOT

273

274 bbbl SETUP TIMER 0 TO MODE 3

275

276 011C FA Di2: cLi

277 011D BO FF MoV AL, OFFH 3 DISABLE ALL DEVICE INTERRUPTS
278 O1IF E6 21 ouT INTAO1, AL

279 0121 BO 36 MoV AL, 36H 3 SELECT TIMER 0,LSB,MSB,MODE 3
280 0123 E6 43 ouT TIMER+3,AL 3 WRITE TIMER MODE REGISTER

281 0125 EB 00 JMP $+2 3 170 DELAY

282 0127 BO 00 MoV AL,0

283 0129 E6 40 ouT TIMER+0, AL 3 WRITE LSB TO TIMER 0 REGISTER
284 012B EB 00 JMP $+2 3 1/0 DELAY

285 012D Eé6 40 out TIMER+0, AL 3 WRITE MSB TO TIMER 0 REGISTER
286

287 ittt CHECK 8042 FOR LAST COMMAND ACCEPTED

288

289 O0I12F 2B C9 suB CX,CX 3 SET WAIT TIME

290 0131 BO 2D MOV AL, 2DH H <> S>> S>> >SS
291 0133 E6 80 ouT MFG_PORT, AL 3 <><> CHECKPOINT 2D <><>
292 0135 E4 64 D13 IN AL,STATUS PORT 3 GET THE 8042 STATUS

293 0137 A8 02 TEST AL INPT_E BUF FuLL 3 HAS THE LAST COMMAND BEEN ACCEPTED?
294 0139 74 08 JZ E19 3 GO IF YES

295 013B E2 F8 LooP D13 3 TRY AGAIN

296

297 iaalntuind ERROR EXIT (MESSAGE 105)

298

299 013D BE 0000 E MOV SI1,0FFSET E!105 3 PRINT 105 ERROR

300 0140 E9 0051 R JMP D6A 3 GO ERROR HALT

301

302 A e e T
303 3 TEST.19 T
304 H ADDITIONAL READ/WRITE STORAGE TEST

305 H ++++ MUST RUN IN PROTECTED MODE ++++

306 3 DESCRIPTION i
307 H WRITE/READ DATA PATTERNS TO ANY READ/WRITE STORAGE AFTER THE T
308 H FIRST 64K. STORAGE ADDRESSABILITY IS CHECKED.

309 3 B ittt
310 ’

311 ASSUME DS:DATA

312 0143 E19:

313 0143 EB8 0000 E CALL DDS 3 SET DATA SEGMENT

314 0146 BO 2F MOV L, 2FH 3 <G>>I >G>
315 0148 E6 80 ouT MFG_PORT, AL 3 <><> CHECKPOINT 2F <><>
316

317 O014A 8! 3E 0072 R 1234 CMP @RESET_FLAG, 1234H 3 WARM START?

318 0150 75 03 JNE E19A 3 GO IF NOT

319 0152 E9 0420 R JMP SHUT2 3 GO TO NEXT TEST IF WARM START
320

321 i SET SHUTDOWN RETURN 2

322

323 0155 BO 30 E19A: MoV AL, 30H H >TSS
324 0157 E6 80 ouT MFG_PORT, AL H <><> CHECKPOINT 30 <><>
325

326 0159 B8 028F MOV 5 2*H+CMOS_SHUT _| DOWNONMI 3 ADDRESS FOR SHUTDOWN BYTE
327 015C E8 0000 E CALL CMOS _WRITE SECOND ENTRY IN SHUTDOWN TABLE
328

329 §ommm- ENABLE PROTECTED MODE

330

331 015F BC 0000 MoV SP,POST_SS 3 SET STACK FOR SYSINIT

332 0162 BE D4 MoV 55,SP .

333 0164 BC 8000 Mov SP,POST_SP

334

335 0167 E8 0000 E CALL SYSINITI 3 GO ENABLE PROTECTED MODE

336

337 016A BO 31 MOV AL,31H H <>> > > C> >
338 016C E6 80 ouT MFG PORT, AL H <><> CHECKPOINT 31 <><>
339

340 | ittt SET TEMPORARY STACK

341 i

342 016E 6A 08 PUSH BYTE PTR GDT_PTR
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343 0170 07

344 0171 26: CT 06 005A 0000
345 0178 26: C6 06 005C 00
346 O0(TE BE 0058
347 0181 BE D6

348 0183 BC FFFD
349

350

351

352 0186 6A 18

353 0188 IF

354

355 0189 BO 80

356 018B E6 87

357

358

359

360 018D B8 0040
361 0190 E8 099F R
362

363

364

365 0193 B8 BOBI
366 0196 EB 0000 E
367 0199 86 EO

368 0198 E8 0000 E
369 0I9E 8B IE 0013 R
370 01A2 88 D3

371 01A4 03 D8

372

373

374

375 O01A6 BO B8E

376 01A8 E8 0000 E
377

378 01AB A8 CO

379 01AD 74 02

380 OIAF EB 5B

381

382

383 018!

384 01BI B8 9596
385 01B4 E8 0000 E
386 01B7 24 3F

387 01B9 86 EO

388 01BB EB 0000 E
389 01BE 38 DO

390 01(CO 74 13

391

392

393

394 0iC2 50

395 01C3 B8 BESE
396 01C6 EB 0000 E
397 01C9 0C 10

398 01CB 86 C4

399 01CD E8 0000 E
400 01DO 58

401 0(DI 3B DO

402 01D3 77 37

403 01D5

404 0(D5 8B D8

405 01DT 8B DO

406

407

408

409 01D9 B8 9798
410 01DC E8 0000 E
411 0IDF 86 EO

412 O1E! E8 0000 E
413 01E4 8B C8

414

415

416 01E6 B8 BOBI
417 O(E9 E8 0000 E
418 OIEC 86 EO

419 OIEE E8 0000 E
420

421

422

423 O(F1 3B C8

424 01F3 74 OF

425

426

427

428 01F5 50

429 01F6 B8 BESE
430 0(F9 EB 0000 E
431 0{FC OC 10

432 OIFE 86 C4

433 0200 E8 0000 E
434 0203 58

435

436 0204

437 0204 3B C8

438 0206 77 02

439 0208 8B C8

440 020A

441 020A 03 D9

442 020C

443 020C 81 FA 0201
444 0210 72 0D

445

446 0212 B8 B3B3
447 0215 E8 0000 E
448 0218 0C 80

449 021A 86 C4

450 021C E8 0000 E
451 021F

452 021F 89 1E 0017 R
453 0223 CI EB 06
454 0226 4B

455 0227 C1 EA 06
456

Versi

PUSH
POP

Mov
ouT

INITIALIZATION ROUTINES

on 2. 1-4

ES SS_TEMP.BASE_LO_WORD, 0
BYTE PTR ES: (S 5 TEMP . BASE_|
S1,SS_TEMP

S,S1
SP,MAX_SEG_LEN-2

- DATA SEGMENT TO SYSTEM DATA AREA

BYTE PTR RSDA_PTR
DS

AL,PARITY_CHECK
DMA_PAGE+6, AL H

L it PRINT 64 K BYTES OK

06-10-85

HI_BYTE),0

POINT TO DATA AREA

SET CHECK PARITY
SAVE WHICH CHECK TO USE

MoV AX,64 3 STARTING AMOUNT OF MEMORY OK
CALL PRT_OK 3 POST 65K OK MESSAGE
il GET THE MEMORY SIZE DETERMINED (PREPARE BX AND DX FOR BAD CMOS
MOV AX, (CMOS_U_M_S_| LOfNMl)'H*CMOS _U_M_! S HI+NMI
CALL CMOS_READ HIGH BYTH
XCHG AH, AL : SAVE HIGH BYTE
CALL CMOS_READ LOW BYTE
MoV BX,@MEMORY_S1ZE LOAD THE BASE MEMORY SIZE
MoV DX,BX SAVE BASE MEMORY SIZE
ADD BX, AX 3 SET TOTAL MEMORY SIZE
ittt 1S CMOS GOOD?
MoV AL ,CMOS_DIAG+NM1 3 DETERMINE THE CONDITION OF CMOS
CALL CMOS_READ 3 GET THE CMOS STATUS
TEST AL, BAD BAT+BAD_CKSUM 3 CMOS OK?
Jz E2 3 GO IF YES
JMP SHORT E20C 3 DEFAULT IF NOT .
------ GET THE BASE 0->640K MEMORY SIZE FROM CONFIGURATION IN CMOS
E20B0:
MOV AX, (CMOS_B_M_S LO*NMI)'HfCMOS H M S HI+NMI
CALL CMOS_REAI AD HIGH
AND AL,03FH 3 MASK UFF THE MANUFACTURING TEST BITS
XCHG AH, AL SAVE HIGH BYTE
CALL CMOS_READ LOW BYTE OF BASE MEMORY SIZE
CMP DX, AX 3 IS MEMORY SIZE GREATER THAN CONF1G?
Jz E20B1 3 GO IF EQUAL
it SET MEMORY SIZE DETERMINE NOT EQUAL TO CONFIGURATION
PUSH AX 3 SAVE AX
MOV AX,X* (CMOS_DIAG+NMI} 3 ADDRESS THE STATUS BYTE
CALL CMOS_READ ;3 GET THE STATUS
OR AL ,W_MEM_SI1ZE 3 SET CMOS FLAG
XCHG AL, Al 3 SAVE AL AND GET ADDRESS
CALL CMOS_WRITE 3 WRITE UPDATED STATUS
POP AX 3 RESTORE AX
CMP DX, AX 1S MEMORY SIZE GREATER THAN CONFIG ?
JA E20C 3 DEFAULT TO MEMORY SIZE DETERMINED ?
E20B1:
Mov BX, AX 3 SET BASE MEMORY SIZE IN TOTAL REGISTER
MoV DX, AX 3 SAVE IN BASE SI1ZE REGISTER

MOV
CALL
XCHG
CALL
MOV

MOV

CALL
XCHG
CALL

- WHICH IS GREATER - AX =

CHECK MEMORY SIZE ABOVE 640K FROM

AX, (CMOS_E_M_S_LO+NM1) *H+
CMOS_READ

AH, AT
cmos _READ

AX, (CMOS_U_M_S_LO+NMI) *H+
CMOS_READ i
AH, AT 3
CMOS_READ ;

= CX = CONFIGURATION (ABOVE 640) BX
CMP CX, AX H
Jz SET_MEM1 H

PUSH
MOV
CALL
OR
XCHG
CALL
POP
SET_MEM! :
cMP
JA
MOV
SET_MEM:
ADI

E20C:

AX
AX,X* (CMOS_DIAG+NMI)
CMOS_READ

AL, W_MEM_SI1ZE

AL, A
CMOS_WR1TE
AX

H

CX, AX
SET_MEM
cX,AX

BX, CX

DX,513
NO_640

AX,X* (CMOS_INFO128+NMI )}
CMOS_READ
AL ,M640K

AL, AH
CMOS_WR1TE

WORD PTR @KB_FLAG,BX
8X,6

BX

DX, 6

CONF IGURATION

(CMOS_E_M_S_HI+NMI )

HIGH BYTE

SAVE HIGH BYTE

LOW BYTE

SAVE THE ABOVE 640K MEMORY SI1ZE

cX
ABOVE 640K SIZE FROM MEMORY SIZE DETERMINE
CX=CONFIG AX=MEMORY SIZE DETERMINE

(CMOS_U_M_S_HI+NMI)
HIGH BYTE

SAVE HIGH BYTE
LOW BYTE

MEMORY SIZE DETERMINE

= SIZE (BELOW 640)

1S CONFIGURATION EQUAL TO DETERMINED?
GO IF EQUAL

SET MEMORY SI1ZE DETERMINE NOT EQUAL TO CONFIGURATION

SAVE AX

ADDRESS THE STATUS BYTE
GET THE STATUS

SET CMOS FLAG

SAVE AL

UPDATE STATUS BYTE
RESTORE AX

1S CONFIG GREATER THAN DETERMINED?
GO IF YES
USE MEMORY SIZE DETERMINE IF NOT

SET TOTAL MEMORY SIZE

CHECK IF BASE MEMORY LESS 512K
GO IF YES

SET 640K BASE MEMORY BIT

GET THE CURRENT STATUS

TURN ON 640K BIT IF NOT ALREADY ON
SAVE THE CURRENT DIAGNOSTIC STATUS
RESTORE THE STATUS

SAVE TOTAL SIZE FOR LATER TESTING
DIVIDE BY 64

1ST 64K ALREADY DONE

DIVIDE BY 64 FOR BASE

TEST2 5-61
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1BM Personal Computer MACRO Assembler Version 1-5
06/10/85 POST TESTS AND lNlTIALIZATION ROUTINES 06-10-85
457 it SAVE COUNTS IN STACK FOR BOTH MEMORY AND ADDRESSING TESTS
458
459 022A 52 PUSH DX 3 SAVE BASE MEMORY SIZE COUNT
460 022B 6A 40 PUSH BYTE PTR 64 3 SAVE STARTING AMOUNT OF MEMORY OK
461 022D 53 PUSH BX 3 SAVE COUNT OF 64K BLOCKS TO BE TESTED
462
463 022E 52 PUSH DX 3 SAVE BASE MEMORY SIZE COUNT
464 022F 6A 40 PUSH BYTE PTR 64 i SAVE STARTING AMOUNT OF MEMORY OK
465 0231 53 PUSH BX 3 SAVE COUNT OF 64K BLOCKS TO BE TESTED
466
467  iintainted MODIFY DESCRIPTOR TABLES
468
469 0232 6A 08 PUSH BYTE PTR GDT_PTR 3 MODIFY THE DESCRIPTOR TABLE
470 0234 07 POP ES
471
472 §omm SET TEMPORARY ES DESCRIPTOR 64K SEGMENT LIMIT STARTING AT 000000
473
474 0235 26: C7 06 0048 FFFF Mov S_TEMP.SEG_LIMIT, MAX SEG_LEN
475 023C 26: C7 06 004A 0000 MoV EMP . BASE. _LO WOR
476 0243 26: C6 06 004C 00 Mov ES TEMP . EASE HI_BYTE),O0 ;3 FIRST 65K
477 0249 26: Cé6 06 004D 93 Mov BYTE PTR ES'(ES TEMP .DATA_ —ACT, RIGHTS) CPLO_DATA ACCESS
478
479 il SET TEMPORARY DS DESCRIPTOR 64K SEGMENT LIMIT AT FIRST 65K BLOCK
480
481 024F 26: C7 06 0060 FFFF MoV ES:DS_TEMP.SEG_LIMIT,MAX_SEG_LEN
482 0256 26: C7 06 0062 0000 MoV ES:DS_TEMP.BASE. ._LO_} NORD 0
483 025D 26: Cé6 06 0064 00 MoV BYTE PTR ES:{DS TEMP. BASE HI_BYTE),
484 0263 26: Cé 06 0065 93 Mov BYTE PTR ES: (DS_TEMP.DATA_ACC. RIGHTSD.CPLO DATA_ACCESS
485
486 i TEMPORARY SEGMENT SAVE IN DMA PAGE REGISTER FOR SECOND 65K BLOCK
487
488 0269 2A CO SuB WAl 3 INITIALIZE VALUES TO 010000
489 0268 E6 85 out DMA_PAGE+4, AL 3 HIGH BYTE OF LOW WORD OF SEGMENT
490 026D E6 86 out DMA_PAGE+5,AL 3 LOW BYTE OF LOW WORD OF SEGMENT
491 026F FE CO INC AL 3 SET HIGH BYTE OF SEGMENT WORD
492 0271 E6 84 ouT DMA_PAGE+3,AL 3 HIGH BYTE OF SEGMENT
493
494
495 gm-==- MEMORY TEST LOOP - POINT TO NEXT BLOCK OF 32K WORDS (64K)
496
497 0273 E21: P MEMORY TEST LOOP
498 0273 6A 08 PUSH BYTE PTR GDT_PTR ;3 POINT TO START OF DESCRIPTOR TABLE
499 0275 IF POP DS
500 0276 FE 06 0064 INC BYTE PTR DS: (DS_TEMP.BASE_HI_BYTE) i POINT TO NEXT BLOCK
501 027A FE 06 004C INC BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE)
502
503 ittt CHECK FOR END OF 256K PLANAR MEMORY
504
505 027E 80 3E 0064 04 CMP BYTE PTR DS: (DS_TEMP.BASE_HI_BYTE) , 04l
506 0283 72 04 JB E21_0 3 GO IF STILL FIRST 256K OF BASE MEMORY
507
508 0285 BO CO Mov AL,PARITY_CHECK+I0_CHECKj; CHECK FOR ANY TYPE OF PARITY ERROR
509 0287 E6 87 out DMA_PAGE+6, AL 3 AFTER FIRST 256K
510
511 §ommm CHECK END OF FIRST 640K OR ABOVE (END OF MAXIMUM BASE MEMORY)
512 0289 E21_0:
513 0289 80 3E 0064 0A CMP SVTE PTR DS: (DS_TEMP.BASE_HI_BYTE) , 0AH
514 028E 77 16 JA NE! 3 CONTINUE IF ABOVE | MEG
515
516 it CHECK FOR END OF BASE MEMORY TO BE TESTED
517
518 0290 59 POP CcX 3 GET COUNT
519 0291 5B POP BX 3 GET COUNT TESTED
520 0292 58 POP AX 3 RECOVER COUNT OF BASE MEMORY BLOCKS
521 0293 50 PUSH AX 3 SAVE BASE COUNT
522 0294 53 PUSH BX 3 SAVE TESTED COUNT
523 0295 5t PUSH ;3 SAVE TOTAL COUNT
524 0296 38 06 0064 CMP BYTE PTR DS: (DS_TEMP. BASE _HI_BYTE), MAX BASE COUNT
525 029A 72 0A JB NEXT CONT INUE IF NOT DONE WITH BASE MEMORY
526
527 it DO ADDITIONAL STORAGE ABOVE | MEG
528
529 029C Cé 06 0064 10 Mov BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE), 10H
530 02A1 Cé6 06 004C 10 Mov BYTE PTR DS: (ES_TEMP.BASE_HI_BYTE), |0H
531
532 i SAVE BASE_HI_BYTE IN DMA PAGE REGISTERS 3
533
534 02A6 A0 0064 NEXT: Mov AL ,BYTE PTR DS: (DS_TEMP. BASE _HI_BYTE)
535 02A9 E6 84 ouT DMA PAGE+3, AL SAVE THE HIGH BYTE OF SEGMENT
536 : FOR POSSIBLE ERROR
537
538 ittt CHECK FOR TOP OF MEMORY (FE0000) 16 MEG
539
540 02AB 80 3E 004C FE CMP BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE) ,0FEH ; TOP OF MEMORY?
541 02