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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, four of which describe the
hardware aspects of the IBM Personal Computer AT including
signal charts and register information. 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 Hardware Maintenance and Service for the IBM Personal
Computer AT

e MACRO Assembler for the IBM Personal Computer
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Description

The system board is approximately 30.5 by 33 centimeters (12 by
13 inches) and uses very large scale integration (VLSI)
technology. It has the following components:

« Intel 80286 Microprocessor

« System support function:

— 7-Channel Direct Memory Access (DMA)

16-level interrupt

System clock
— Three programmable timers

e 64Kb read-only memory (ROM) subsystem, expandable to
128Kb

« Either a 256Kb or a 512Kb random-access memory (RAM)
Subsystem

« Speaker attachment

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

+ Real-Time clock

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

« Keyboard attachment
« 8 input/output (I/0) slots:
— 6 with a 36- and a 62-pin card-edge socket.

— 2 with only the 62-pin card-edge socket.

System Board 1-3
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Memory

The system board has two banks of memory sockets, each
supporting 18 128K by 1 modules for a total maximum memory
size of 512Kb, 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, 1-gigabyte (1,073,741,824 bytes) of virtual address
space for each task, and two operating modes: the
8086-compatible real-address mode and the protected
virtual-address mode. More detailed descriptions of the
microprocessor may be found in the publications listed in the
Bibliography of this manual.

Real-Address Mode

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

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

All segments in the real-address mode are 64Kb 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

In this manual, the term interface refers to a device that carries signals between
functional units.
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not use the full 64Kb, the unused end of the segment may be
overlayed by another segment to reduce physical memory
requirements.
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Protected 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.

The protected mode provides a 1-gigabyte virtual address space
per task mapped into a 16-megabyte 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 tables are
automatically referenced by the microprocessor 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.

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, which results in a
clock cycle time of 167 nanoseconds.

A bus cycle requires three clock cycles (which includes 1 wait
state) so that a 500-nanosecond, 16-bit, microprocessor cycle
time is achieved. 8-bit bus operations to 8-bit devices take 6
clock cycles (which include 4 wait states), resulting in a
1000-nanosecond microprocessor cycle. 16-bit bus operations to
8-bit devices take 12 clock cycles (which include 10 I/O wait
states) resulting in a 2000 nanosecond microprocessor cycle.

The refresh controller operates at 6 MHz. 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 percent of bandwidth used
for refresh.

% Bandwidth used 5 cycles X 256 1280
for Refresh = mmmmemmmeomoe- = m=--- = 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 five 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 O through 3 to the microprocessor.

The following figure is a system memory map.
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Address Name Function

000000 to 512Kb system System board memory

O7FFFF board

080000 to 128Kb 1/0 channel memory - IBM Personal

O9FFFF Computer AT 128KB Memory
Expansion Option

0AO0000 to 128Kb video Reserved for graphics display buffer

OBFFFF RAM

0C0000 to 128Kb I/0 Reserved for ROM on |/0 adapters

ODFFFF expansion ROM

OEO000 to 64Kb Reserved Duplicated code assignment at

OEFFFF on system board address FEQQ00

OF0000 to 64Kb ROM on Duplicated code assignment at

OFFFFF the system board address FFOO00

100000 to Maximum 1/0 channel memory - IBM Personal

FDFFFF memory 15Mb Computer AT 512KB Memory
Expansion Option

FEOOOO to 64Kb Reserved Duplicated code assignment at

FEFFFF on system board address OEO00O

FFOO000 to 64Kb ROM on Duplicated code assignment at

FFFFFF the system board address OFO000

System Memory Map

System Timers

The system has three programmable timer/counters controlled by
an Intel 8254-2 timer/counter chip and defined as Channels 0
through 2 as follows:

Channel 0 System Timer

GATE 0 Tied on

CLKIN O 1.190 MHz OSC
CLK OUT 0 8259A IRQ 0
Channel 1 Refresh Request Generator
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GATE 1 Tied on

CLKIN 1 1.190 MHz OSC
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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 0 of port hex 61 PPI bit
CLKIN2 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/O ports. Three ports are treated as counters; the

fourth is a control register for mode programming. Following is a
system-timer block diagram.
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+9 Vdco

Refresh Request

Clock
Clear

To 8259A IRQ O

System Bus———
Gate 0
Clock In 0
+5 Vde Gate 1
lock In 1
1/0 Address clock In
Hex 0061 Gate 2
Port Bit 0 Clock In 2
Clock Out 0
Clock Out 1
Clock Out 2
1/0 Address e
Hex 0061
Port Bit 1
PCLK Divide
(2.38MHz) by 2
System Interrupts

Low
Pass

Filter

— To Speaker

The 80286 Microprocessor NMI and two 8259A Interrupt
Controller chips provide 16 levels of system interrupts. The
following shows the interrupt-level assignments in decreasing

priority.

Note: Any or all interrupts may be masked (including the
microprocessor’s NMI).
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Level Function .
()
MicroProcessor NMI Parity or I/O Channel Check =
=
Interrupt Controllers -
CTLR 1 CTLR 2
IRQO Timer Output 0
IRQ1 Keyboard (Output Buffer Full)
IRQ 2 —— Interrupt from CTLR 2
IRQ S8 Realtime Clock Interrupt
IRQ9 Software Redirected to INT JAH (IRQ 2)
IRQ 10 Reserved
IRQ 11 Reserved
IRQ 12 Reserved
IRQ 13 Coprocessor
IRQ 14 Fixed Disk Controller
‘ IRQ 15 Reserved
IRQ3 Serial Port 2
IRQ 4 Serial Port 1
IRQS Parallel Port 2
IRQ 6 Diskette Controller
IRQ7 Parallel Port 1
ROM Subsystem

The system board’s ROM subsystem consists of two 32K by 8-bit
ROM/EPROM modules or four 16K 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 (hex OF0000 and
hex 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 hex 000000
of the 16M address space. It consists of either 256Kb or 512Kb
of 128K by 1-bit RAM modules. 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.

» Performs a memory write operation to any memory location

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

Direct Memory Access (DMA)

The system supports seven DMA channels. Two Intel 8237A-5
DMA Controller Chips are used, with four channels for each
chip. The DMA channels are assigned as follows:

Ctir1 Ctir 2
Ch O - Spare Ch 4 - Cascade for Ctir 1
Ch1 - SDLC Ch 5 - Spare
Ch 2 - Diskette (IBM Ch 6 - Spare
Personal Computer)
Ch 3 - Spare Ch 7 - Spare
DMA Channels

DMA controller 1 contains channels O through 3. These channels
support 8-bit data transfers between 8-bit I/C adapters and 8- or

1-12 System Board



16-bit system memory. Each channel can transfer data
throughout the 16-megabyte system-address space in 64Kb
blocks.
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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 16-megabyte system-address
space in 128Kb blocks. Channels 5, 6, and 7 cannot transfer data
on odd byte boundaries.

The following figure shows the addresses for the page register.

| Page Register 1/0 Hex Address
DMA Channel O 0087
DMA Channel 1 0083
DMA Channel 2 0081
DMA Channel 3 0082
DMA Channel 5 008B
DMA Channel 6 0089
DMA Channel 7 0O08A
Refresh 008F

Page Register Addresses

The following figures show address generation for the DMA
channels.

Source DMA Page Registers 8237A-5
Address A23<---—-=---- >A16 | A16<-—-------- >A0

Address Generation for DMA Channels 3 through 0

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

Source DMA Page Registers 8237A-5
Address A23<---—------ >A17 | A16<---------- >A1

Address Generation for DMA Channels 7 through 5

Note: The addressing signals, ‘'BHE' and 'A0Q"', are forced to
a logic 0.

System Board 1-13



Addresses for all DMA channels do not increase or decrease
through page boundaries (64Kb for channels O through 3 and
128KDb for channels 5 through 7).

Programming the 16-Bit DMA Channels

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 (8237A-5), which controls these channels, is through
I/0 addresses 0CO through ODF. The command codes for the
DMA controller are as follows:

Hex Command Codes

Address

0Co CHO base and current address

0Cc2 CHO base and current word count

0ca CH1 base and current address

0ceé CH1 base and current word count

0C8 CH2 base and current address

0CA CH2 base and current word count

0CccC CH3 base and current address

OCE CH3 base and current word count

0oDO Read Status Register/Write Command Register
0D2 Write Request Register

0oD4 Write Single Mask Register Bit

0D6 Write Mode Register

oD8 Clear Byte Pointer Flip-Flop

ODA Read Temporary Register/Write Master Clear
obC Clear Mask Register

ODE Write All Mask Register Bits

DMA Controller Registers

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
that is 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 16Mb memory space into 128Kb pages.
When the DMA page registers for channels 5 through 7 are
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programmed, data bits D7 through D1 should 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.

After power-up time, all internal locations, especially the mode
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registers, should be loaded with some valid value. This should be
done even if some channels are unused.

I/0 Channel

The I/0 channel supports:

I/0 address space hex 100 to hex 3FF

24-bit memory addresses (16Mb)

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

DMA channels

I/0O wait-state generation

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

Refresh of system memory from channel microprocessors.

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

Note: In two positions on the I/O channel, the 36-pin
connector is not present. These positions can support only
62-pin I/0 bus adapters.
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The following figure shows the pin numbering for I/O channel

connectors J1 through J8. 5
—
=)
=

Rear Panel
Bl ] ] Al

(] i
] 1
] 1
L] 1
] 1
] 1
1 1
] 1

B10 ] 1 A10
] 1
] 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

B20 1 1 A20
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1

B31 LJ _l_ A3l

Component Side

I/0 Channel Pin Numbering
(J1-18)
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The following figure shows the pin numbering for I/O channel
connectors J12 through J16 and J18.

Rear Panel
D ' 4] ¢l

1 [ ]
1 |}
1 ]
[ ] 1
1 1
1 1
' 1
[ ] 1

D10 ] ] c10
1 1
1 [ ]
1 1
[ ] [ ]
1 1
] [ ]
] ]

D18 ' t c18

Component Side

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

channel connectors. E
peti]
=)
=

1/0 Pin _Signal Name 1/0 -
A1 -1/0 CH CK |
A2 SD7 1/0
A3 SD6 1/0
A4 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 I
A11 AEN o)
A12 SA19 1/0
A13 SA18 1/0
A4 SA17 1/0
A 15 SA16 1/0
A16 SA15 1/0
A17 SA14 1/0
‘A 18 SA13 1/0
A19 SA12 1/0
A 20 SA11 1/0
A 21 SA10 1/0
A 22 SA9 1/0
A23 SA8 1/0
A 24 SA7 1/0
A25 SAB 1/0
A 26 SA5 1/0
A27 SA4 1/0
A28 SA3 1/0
A29 SA2 1/0
A 30 SA1 1/0
A 31 SA0 1/0

1/0 Channel (A-Side, J1 through J8)
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1/0 Pin Signal Name 1/0
B1 GND Ground
B2 RESET DRV 0

B3 +5 Vdc Power
B4 IRQ9 |

B5 -5 Vdc Power
B6 DRQ2 |

B7 -12 Vdc Power
B8 OwWs |

B9 +12 Vdc Power
B 10 GND Ground
B 11 -SMEMW 0
B12 -SMEMR 0

B 13 -ilow 1/0
B14 -IOR 1/0

B 15 -DACK3 (0]

B 16 DRQ3 |

B17 -DACK1 0

B 18 DRQ1 |

B19 -Refresh 1/0

B 20 CLK (0]

B 21 IRQ7 I

B 22 IRQ6 |

B 23 IRQ5 |

B 24 IRQ4 |

B 25 IRQ3 |

B 26 -DACK2 0

B 27 T/C 0

B 28 BALE (0]

B 29 +5 Vdc Power
B 30 (0151 (o}

B 31 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
(o} LA21 1/0
C5 LA20 1/0
C6 LA19 1/0
c7 LA18 1/0
Cc8 LA17 1/0
c9 -MEMR 1/0
Cc10 -MEMW 1/0
cn SD08 1/0
c12 SDO09 1/0
c13 SD10 1/0
ci14 SD11 1/0
c15 SD12 1/0
C16 SD13 1/0
c17 SD14 1/0
C18 SD15 1/0

I/0 Channel (C-Side J10 through J14 and J16)

1/0 Pin Signal Name 1/0
D1 -MEM CS16 |

D2 -1/0 CS16 1

D3 IRQ10 |

D4 IRQ11 1

D5 IRQ12 1

D6 IRQ15 |

D7 IRQ14 I

D8 -DACKO 0

D9 DRQO |

D10 -DACK5 (0}
D11 DRQ5 |

D12 -DACK®6 0}
D13 DRQ6 I

D14 -DACK7 (o}
D15 DRQ7 1

D16 +5 Vdc Power
D17 -MASTER |

D18 GND Ground

I1/0 Channel (D-Side, J10 through J14 and J16)
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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/0 adapters should
be designed with a maximum of two low-power Shottky (LS)
loads per line.

~.SAO through SA19 (I/0)

Address bits 0 through 19 are used to address memory and I/0
devices within the system. These 20 address lines, in addition to
LA17 through LLA23, allow access of up to 16 Mb of memory.
SAO through SA19 are gated on the system bus when '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/O
devices within the system. They give the system up to 16Mb 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 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 (0)

This is the 6-MHz system clock. It is a synchronous
microprocessor cycle clock with a cycle time of 167 nanoseconds.
The clock has a 50% duty cycle. This signal should only be used
for synchronization. It is not intended for uses requiring a fixed
frequency.

1-22 System Board



RESET DRY (0)

‘Reset drive' is used to reset or initialize system logic at
power-up time or during a low line-voltage outage. This signal is
active high.
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“SDO0 through SD15 (I/0)

These signals provide bus bits 0 through 15 for the
microprocessor, memory, and I/0O 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 (0) (buffered)

' Address latch enable' 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/0 channel as an indicator of a valid microprocessor or DMA
address (when used with 'AEN"'). Microprocessor addresses
SAO through SA19 are latched with the falling edge of 'BALE.'
'BALE' is forced high during DMA cycles.

AN
-I/0 CH CK (I)

'-I/0O channel check' provides the system board with parity
(error) information about memory or devices on the I/0O channel.
When this signal is active, it indicates an uncorrectable system
error.
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I/0 CH RDY (I)

'I/0 channel ready ' is pulled low (not ready) by a memory or
I/0O 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.

IRQ3-IRQ7, IRQ9-IRQ12 and IRQ 14 through 15 (I)

Interrupt Requests 3 through 7, 9 through 12, and 14 through 15
are used to signal the microprocessor that an I/O device needs
attention. The interrupt requests are prioritized, with IRQ9
through IRQ12 and IRQ14 through IRQ15 having the highest
priority (IRQ9 is the highest) and IRQ3 through IRQ7 having the
lowest priority (IRQ7 is the lowest). An interrupt request is
generated when an IRQ line is raised from low to high. The line
must be held high until the microprocessor acknowledges the
interrupt request (Interrupt Service routine). Interrupt 13 is used
on the system board and is not available on the I/O channel.
Interrupt 8 is used for the real-time clock.

-IOR (1/0)

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

-IOW (1/0)

'-I/O Write' instructs an I/0 device to read the data on 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 1Mb 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 1Mb 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 system clock period before driving '-MEMR ' active.
Both signals are active LOW.
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-SMEMW (0O) -MEMW (I/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 1Mb of the memory space.
'-MEMW' is active on all memory read 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 1Mb of memory. When a microprocessor on the I/0
channel wishes to drive '-MEMW ', it must have the address lines
valid on the bus for one system clock period before driving
'"-MEMW ' active. Both signals are active low.

DRQO0-DRQ3 and DRQ5-DRQ7 (I)

DMA Requests 0 through 3 and 5 through 7 are asynchronous
channel requests used by peripheral devices and the I/O channel
microprocessors to gain DMA service (or control of the system).
They are prioritized, with 'DRQO' having the highest priority and
'DRQ7"' having the lowest. A request is generated by bringing a
DRAQ line to an active level. A DRQ line must be held high until
the corresponding 'DMA Request Acknowledge' (DACK) line
goes active. 'DRQO' through 'DRQ3"' will perform 8-bit
DMA transfers; 'DRQS5"' through 'DRQ7"' will perform 16-bit
transfers. 'DRQ4 ' is used on the system board and is not
available on the I/0 channel.
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-DACKO to -DACK3 and -DACKS to -DACK?7 (O)

-DMA Acknowledge O to 3 and 5 to 7 are used to acknowledge
DMA requests (DRQO through DRQ?7). They are active low.

" AEN (O)

' Address Enable' is used to degate the microprocessor and other
devices from the I/O channel to allow DMA transfers to take
place. When this line is active, the DMA controller has control of
the address bus, the data-bus Read command lines (memory and
1/0), and the Write command lines (memory and 1/0).

“_REFRESH (1/0)

This signal is used to indicate a refresh cycle and can be driven by
a microprocessor on the I/0 channel.

T/C (O)

‘Terminal Count' provides a pulse when the terminal count for
any DMA channel is reached.

“=SBHE (I/0)

'Bus High Enable' (system) 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.

~ -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', anI/O
microprocessor may pull '-MASTER' low, which will allow it to
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control the system address, data, and control lines (a condition
known as tri-state). After '-MASTER' is low, the I/O
microprocessor must wait one system clock period before driving
the address and data lines, and two clock periods before issuing a
Read or Write command. If this signal is held low for more than
15 microseconds, system memory may be lost because of a lack of
refresh.
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--MEM CS16 (I)

'-MEM 16 Chip Select' signals the system board if 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' should be driven with an open collector or tri-state driver
capable of sinking 20 mA.

“1/0 CS16 ()

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

OSC (0)

'Oscillator ' (OSC) 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.

SOWS ()

The 'Zero Wait State' (OWS) 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 be driven active one system clock after the
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Read or Write command is active 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 the system clock. 'OWS'
is active low and should be driven with an open collector or
tri-state driver capable of sinking 20 mA.

The following figure is an I/0O 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
0OAO-0OBF Interrupt controller 2, 8259A
0CO-0DF DMA controller 2, 8237A-5

OF0 Clear Math Coprocessor Busy

OF1 Reset Math Coprocessor

OF8-0FF Math Coprocessor

1FO-1F8 Fixed Disk

200-207 Game |/0

278-27F Parallel printer port 2

2F8-2FF Serial port 2

300-31F Prototype card

360-36F Reserved

378-37F Parallel printer port 1

380-38F SDLC, bisynchronous 2

3A0-3AF Bisynchronous 1

3B0-3BF Monochrome Display and Printer Adapter
3C0-3CF Reserved

3D0-3DF Color/Graphics Monitor Adapter
3F0-3F7 Diskette controller

3F8-3FF Serial port 1

1/0 Address Map

Note: I/0 addresses, hex 000 to OFF, are reserved for the
system board I/0. Hex 100 to 3FF are available on the I/0O
channel.

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:

Mask On Write to I/O 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
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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. 'Busy' 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/0 address hex 080 is used as a diagnostic-checkpoint port or
register. This port corresponds tc a read/write register in the
DMA page register (741.S612).

The '-1/0 channel check signal' (-I/O CH CK) is used to report
uncorrectable errors on RAM adapters on the I/0 channel. This
check will create a non-maskable interrupt (NMI) if enabled (see
the figure, ''I/O Address Map," for enable control). At
power-on time, the NMI is masked off and check is disabled.
Before check or NMI is enabled, the following steps should be
taken.

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

2. Enable I/0 channel check.
3. Enable NMIL
Note: All three of these functions are performed by POST.

When a check occurs, an interrupt (NMI) will result. Check the
status bits to determine the source of the NMI (see the figure,
"I/O Address Map''). To determine the location of the failing
adapter, write to any memory location within a given adapter. If
the parity check was from that adapter, '-I/O CH CK' will be
inactive.
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Other Circuits

Speaker

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

« The I/O-port output bit
« The timer/counter’s clock out

« Both

Jumper

The system board has a 3-pin, Berg-strip connector. The
placement of a jumper across the pins of the connector
determines whether the system board’s 2nd 256Kb of RAM is
enabled or disabled. Following are the pin assignments for the
connector.

Pin Assignments
1 No connection
2 Ground

3 A8 (28542)

RAM Jumper Connector(J18)

The following shows how the jumper affects RAM.

Jumper Positions Function

1and 2 Enable 2nd 256Kb of system board ram

2and 3 Disable 2nd 256Kb of system board ram
RAM Jumper

Note: The normal mode is the enable mode. The disable
mode permits the 2nd 256Kb of RAM to reside on adapters
plugged into the I/O bus.
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Type of Display Adapter Switch

The system board has a slide switch, the purpose of which is to
tell the system into which display adapter the primary display is
attached. Its positions are assigned as follows:
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On (toward the rear of the system unit): The primary display is
attached to Color/Graphics Monitor Adapter.

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

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

Variable Capacitor

The system board has a variable capacitor. Its purpose is to
adjust the 14.31818 MHz oscillator (OSC) signal that is used to
obtain the color burst signal required for color televisions.

Keyboard Controller

The keyboard controller is a single-chip microcomputer (Intel
8042) that is programmed to support the IBM Personal Computer
AT 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 will interrupt the
system when data is placed in its output buffer. The status
register contains bits that indicate if an error was detected while
receiving the data. Data may be sent to the keyboard by writing
to the keyboard controller’s input buffer. The byte of data will be
sent to the keyboard serially with an odd parity bit automatically
inserted. The keyboard is required to acknowledge all data
transmissions. No transmission should be sent to the keyboard
until acknowledgment is received for the previous byte sent.
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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, 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.

Scan Code Translation

Scan codes, which are received from the keyboard, are converted
by the keyboard controller before they are put into the
controller’s output buffer. The following figure shows the
keyboard layout with key numbers.
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SECTION 1
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The following figure is the scan-code translation table.

Keyboard Scan Code Key System Scan Code
00 FF
76 90 o1
16 2 02
1E 3 03
26 4 04
25 5 05
2E 6 06
36 7 07
3D 8 08
3E 9 09
46 10 0A
45 1 0B
4E 12 oc
55 13 oD
66 15 OE
oD 16 OF
156 17 10
1D 18 1
24 19 12
2D 20 13
2C 21 14
35 22 15
3C 23 16
43 24 17
44 25 18
4D 26 19
54 27 1A
5B 28 1B
5A 43 1C
14 30 1D
1C 31 1E
1B 32 1F
23 33 20
2B 34 21
34 35 22
33 36 23
3B 37 24
42 38 25
4B 39 26
4c 40 27
52 41 28
OE 1 29
12 44 2A
5D 14 2B
1A 46 2c
22 47 2D
21 48 2E
2A 49 2F
(Part 1 of 2). Scan-Code Translation Table
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Keyboard Scan Code Key System Scan Code w
32 50 30 P
31 51 31 g
3A 52 32 =>
41 53 33 -
49 54 34
4aA 55 35
59 57 36
7C 106 37
1 58 38
29 61 39
58 64 3A
05 70 3B
06 65 3C
04 71 3D
oc 66 3E
03 72 3F
0B 67 40
02 or 83 73 4
0A 68 42
o1 74 43
09 69 44
77 95 45
7E 100 46
6C 91 47
75 96 48
7D 101 49
7B 107 4A
6B 92 4B
73 97 4c
74 102 4D
79 108 4E
69 93 4F
72 98 50
7A 103 51
70 99 52
71 104 53
7F or 84 105 54
(Part 2 of 2) Scan-Code Translation Table
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The following scan codes are reserved.

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

Scan-Code Translation Table
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Sending Data to the Keyboard

Data is sent to the keyboard 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 out of 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. If the
response contains a parity error, a hex FE is placed in the
keyboard controller’s 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 time limit for the keyboard to
respond. If 25 milliseconds are exceeded, the keyboard controller
places a hex FE in its output buffer and sets the transmit and
receive time-out error bits in the status register. No retries will be
made by the keyboard controller for any transmission error.
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Inhibit

The keyboard interface may be inhibited by a key-controlled
hardware switch, although all transmissions to the keyboard will
be allowed, regardless of the state of the switch. 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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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 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.

Bit 1  Input Buffer Full—A O indicates that the keyboard
controller’s input buffer (I/O address hex 60 or 64) is
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Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

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.

System Flag—This bit may be set to 0 or 1 by writing to
the system’s flag bit in the keyboard controller’s
command byte. It is set to 0 after a power on reset.

Command/Data—The keyboard controller’s input buffer
may be addressed as either /0 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.

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 0
indicates the keyboard is inhibited.

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.
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
On. 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 On.

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.

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 with odd
parity.
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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’s full bit in the status register is 1.

Input Buffer

The input buffer is an 8-bit write-only register at I/O address hex
60 or 64. Writing to address hex 60 sets a flag, that 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 equal to 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 to 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
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AB

Personal Computer. This includes converting a
two-byte break sequence to the one-byte IBM
Personal Computer format.

w
m
lx}
=
o
=2
—

Bit5 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 to a 0.

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

Self-Test—This commands the controller to perform

internal diagnostic tests. A hex 55 is placed in the output

buffer if no errors are detected.

Interface Test—This commands the controller to test the

keyboard clock and 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.
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AC

AD

co

DO

D1

E0

FO-FF

04 The 'keyboard data' line is stuck high.

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.

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.

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.

Pulse Output Port—Bits 0 through 3 of the controller’s
output port may be pulsed low for approximately 6
microseconds. Bits O through 3 of this command indicate
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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.
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Note: Bit O of the controller’s output port is
connected to System Reset. Pulsing this bit resets the
MiCroprocessor.

1/0 Ports

The keyboard controller has two 8-bit I/O ports and two test
inputs. One of the ports is assigned for input and the other for
output. The controller uses the test inputs to read the state of the
keyboard’s 'clock’ line and the keyboard’s 'data' line.

System Board 1-43



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

Bit O Undefined
Bit 1 Undefined
Bit 2 Undefined
Bit 3 Undefined
Bit 4 RAM on the system board

0 = Disable 2nd 256Kb of system board RAM

1 = Enable 2nd 256Kb of system board RAM

Bit 5 Manufacturing jumper

0 = Manufacturing jumper installed

1 = Jumper not installed’

Bit 6 Display type switch

0 = Primary display attached to Color/Graphics adapter
1 = Primary display attached to Monochrome adapter
Bit 7 Keyboard inhibit switch

0 = Keyboard inhibited

1 = Keyboard not inhibited

Input-Port Definitions

Bit O System reset

Bit 1 Gate A20

Bit 2 Undefined

Bit 3 Undefined

Bit 4 Output buffer full

Bit 5 Input buffer empty

Bit 6 Keyboard clock (output)
Bit 7 Keyboard data (output)

Output-Port Bit Definitions

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

Test-Input Port Bit Definitions
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Real-time Clock/Complementary Metal Oxide
Semiconductor (RT/CMOS) RAM
Information
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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 - drives C and D
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
19-2D 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.

Real-time Clock Information

The following figure describes real-time clock bytes and specifies
their addresses.
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Byte Function Address
0 Seconds 00
1 Second alarm 01
2 Minutes 02
3 Minute alarm 03
4 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 OA
1 Status Register B 0B
12 Status Register C ocC
13 Status Register D 0D

Real-Time Clock Information (addresses 00—-0D)

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

Bit 3-Bit 0

Update in Progress (UIP)—A 1 indicates the
time update cycle is in progress. A 0 indicates
the current date and time is available to read.

22-Stage Divider (DV2 through DV0)—These
three divider-selection bits identify which
time-base frequency is being used. The system
initializes the stage divider to 010, which selects a
32.768kHz time base.

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

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

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.
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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 O
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 O.

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 O.

24/12—This bit establishes whether the hours
byte is in the 24-hour or 12-hour mode. A 1
indicates the 24-hour, mode and a 0 indicates the

12-hour mode. The system initializes this bit to
1.
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Bit 0

Register C

Bit 7-Bit 4

Bit 3-Bit 0

Register D

Bit 7

Bits 6-Bit 0

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

IRQF, PF, AF, UF—These flag bits are read
only and are affected when the 'AIE', 'PIE’,
and 'UIE' interrupts are enabled in register B.

Reserved

Valid RAM Bit (VRB)—This bit is read only and
indicates the condition of the contents of the
CMOS RAM through the power sense pin. A
low state of the power sense pin indicates that the
real-time clock has lost its power (battery dead).
A 1 on the VRB indicates power on the real-time
clock and a O indicates that the real-time clock
has lost power.

Reserved

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

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

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

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

Memory Size Miscompare—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' 1]

Time Status Indicator—(POST validity check) A

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

Reserved

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."
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Diskette Drive Type Byte (Hex 10)

Bit 7-Bit 4 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.

Bit 3-Bit 0 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.

Fixed Disk Type Byte (Hex 12)

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

0000 No fixed disk drive is present.

0001 through 1111 define type 1 through type 15
(see BIOS listing at label FD__TBL).

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

0000 No fixed disk drive is present.
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0001 through 1111 define type 1 through type 15
(see BIOS listing at label FD__TBL).
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The following figure shows the BIOS fixed disk parameters.

Type Cylinders Heads Write Landing
Pre-comp Zone

1 306 4 128 305

2 615 4 300 615

3 615 6 300 615

4 940 8 512 940

5 940 6 512 940

6 615 4 no 615

7 462 8 256 511

8 733 5 no 733

9 900 15 no8 901

10 820 3 no 820

11 855 5 no 855

12 855 7 no 855

13 306 8 128 319

14 733 7 no 733

15 Reserved--set to zeros

BIOS Fixed Disk Parameters

Hex address 13 contains a reserved byte.

Equipment Byte (Hex 14)

Bit 7-Bit 6 Indicates the number of diskette drives installed:

00 1 drive
01 2 drives
10 Reserved

11  Reserved
Bit 5-Bit 4 Primary display

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

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

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 The set condition of this bit indicates that
diskette drives are 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—ILow-byte base size
Bit 7-Bit 0 Address hex 16—High-byte base size
Valid Sizes:
0100H 256Kb system-board RAM
0200H 512Kb system-board RAM
0280H 640Kb 512Kb system board RAM

and the IBM Personal Computer AT
128KB Memory Expansion Option
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Low and High Memory Expansion Bytes (Hex 17 and 18)

Bit 7-Bit 0 Address hex 17—Low-byte expansion size
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Bit 7-Bit 0 Address hex 18—High-byte expansion size

Valid Sizes:

0200H 512Kb I/O adapter

0400H 1024Kb I/0O adapter (2 adapters)
600H 1536Kb I/O adapter (3 adapters)
to

3CO00H 15360Kb I/O adapter (15Mb
maximum)

Hex addresses 19 through 2D are reserved.

Checksum (Hex 2E and 2F)
Address hex 2E High byte of checksum
Address hex 2F Low byte of checksum

Note: Checksum is on addresses hex 10-20.

Low and High Expansion Memory Bytes (Hex 30 and 31)
Bit 7-Bit 0 Address hex 30—Low-byte expansion size
Bit 7-Bit 0 Address hex 31—High-byte expansion size
Valid Sizes:
0200H 512Kb I/O adapter

0400H 1024Kb I/0 adapter
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0600H 1536Kb I/O adapter
to

3C00H 15360Kb I/O adapter (15Mb
maximum)

Note: This word reflects the total expansion memory above
the 1IMb 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.

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 Set if the IBM Personal Computer AT 128KB
Memory Expansion Option is installed.

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

Bit 5-Bit 0 Reserved

Note: Hex addresses 34 through 3F are reserved.

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.
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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.

Specifications

System Unit

Size

e Length: 540 millimeters (21.3 inches)
¢ Depth: 439 millimeters (17.3 inches)

o Height: 162 millimeters (6.8 inches)

Weight

» 19.05 kilograms (42 pounds)

Power Cables

o Length: 1.8 meters (6 feet)

System Board 1-55

»
m
o
=

)
=
-




Environment

e 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 Humidity
— System On: 8% to 80%
— System Off: 20% to 80%
e Altitude

— Maximum altitude: 2133.6 meters (7000 feet)

Heat Output

e 1229 British Thermal Units per hour

Noise Level

e Meets Class 3; 42 decibels average-noise rating

Electrical

¢« VA —450
 Range 1
— Nominal - 115 Vac

— Minimum - 100 Vac
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— Maximum - 125 Vac

+ Range 2
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— Nominal - 230 Vac

— Minimum - 200 Vac

— Maximum - 240 Vac

Connectors

The system board has the following connectors:
« Speaker connector (J19)

¢ Two power-supply connectors (PS8 and PS9)
« Keyboard connector (J9)

« Power LED and keylock connector (J20)

« Battery connector (J21)

The speaker connector is a 4-pin, keyed, Berg strip. The pin
assignments follow.

Pin Function
1 Data out
2 Key

3 Ground

4 +5 Vdc

Speaker Connector (J19)

The pin assignments for power-supply connectors, P8 and P9, are
as follows:
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Pin

Assignments

Connector

DD WN=

DO WN =

Power good
+5 Vdc

+12 Vdc
-12Vdc
Ground
Ground

Ground
Ground
-5Vdc
+5 Vdc
+5 Vdc
+5 Vdc

PS8

PS9

Power Supply Connectors

The keyboard connector is a 5-pin, 90-degree Printed Circuit
Board (PCB) mounting, DIN connector. The pin assignments are

as follows:

Pin

Assignments

OabhwWN =

Keyboard clock
Keyboard data
Spare

Ground

+5 Vdc

Keyboard Connector (J22)

The power LED and keylock connector is a 5-pin Berg strip. Its
pin assignments follow:

Pin

Assignments

aOpwWN =

LED Power

Key

Ground
Keyboard inhibit
Ground

Power LED and Keylock Connector (J20)

The battery connector is a 4-pin, keyed, Berg strip. The pin

assignments follow:
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Pin Assignments v

m
1 Ground Q
2 Not Used =)
3 Not Used 2
4 6 Vdc. -

Battery Connector (J21)
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Description

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

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)
o Decimal integers (1 type)

« Real numbers (3 types)

Programming Interface

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

The coprocessor has eight 80-bit registers, which provide the
equivalent capacity of the 40 16-bit registers in the
microprocessor. This register space allows constants and
temporary results to be held in registers during calculations, thus
reducing memory access and improving speed as well as bus
availability. The register space can be used as a stack or as a fixed
register set. When used as a stack, only the top two stack
elements are operated on. The following figure shows
representations of large and small numbers in each data type.
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Data Type Bits | Significant Approximate Range (Decimal)
Digits
(Decimal)
Word Integer 16 4 -32,768< x <+32,767
Short Integer 32 9 -2x109< x <+2 x 109
Long Integer 64 19 -9 x 1018< x <+9x 1018
Packed Decimal 80 18 -99...99< x <+99...99 (18 digits)
Short Real * 32 6-7 8.43x 10737< x <3.37 x 1038
Long Real * 64 15-16 4.19x10-307< x <1.67 x 10308
Temporary Real 80 19 3.4 x10-4932< x <1.2 x 104932

Data Types

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

Hardware Interface

The math coprocessor uses the same clock generator as the
microprocessor. It works at one-third the frequency of the system
microprocessor clock. The coprocessor is wired so that it
functions as an I/O device through I/0 port addresses hex 00FS,
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 1/0 ports. The
coprocessor’s busy signal informs the microprocessor that it is
executing; the microprocessor’s Wait instruction forces the
microprocessor to wait until the coprocessor is finished executing.

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

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

hardware interrupt 13 and sets up its vector to point to a routine
in ROM. The ROM routine clears the 'BUSY ' signal’s latch and
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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.

The coprocessor has two operating modes similar to the two
modes of the microprocessor. When reset by a power-on reset or
an I/O write operation to port hex O0F1, 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 O.

o
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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’s 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.

Range Voltage (Vac) Current (Amperes) «
Minimum 100 Maximum 5 Q

115 Vac =)
Maximum 125 =

(2%

Minimum 200 Maximum 3.0

230 Vac
Maximum 240

Input Requirements

Note: The maximum in-rush current is 100 A.

Outputs

The power supply provides +5, -5, +12, and -12 Vdc. The
following figure shows the load current and regulation tolerance
for the voltages.

Note: The power supply also supplies either 115 Vac or 230
Vac for the IBM Monochrome Display.
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Nominal Load Current (A) Regulation

Output Tolerance
Min Max

+5 Vdc 7.0 19.8 +5% to -4%

-5 Vdc 0.0 0.3 +10% to -8%

+12 Vdc 25 7.3 +5% to -4%

-12 Vdc 0.0 0.3 +10% to -9%

DC Load Requirements

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.

Dummy Load

If no fixed disk drive is connected to the power supply, the
Dummy Load must be connected to P10. The Dummy Load is a
5 ohm, 50 watt resistor.

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 cycle 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 1 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 1
millisecond before any output voltage falls below the regulation
limits. The operating point used as a reference for measuring the
1 millisecond is normal operation at minimum line voltage and
maximum load.

w
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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. The following figure shows the
minimum sense levels for the output voltages.
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Level (Vdc) Minimum (Vdc)
+5 +4.5

-5 -3.75

+12 +10.8

-12 -10.4

Sense Levels

Fan-Out

Fan-out is the number of inpiuts that one output can drive. The
'power-good ' signal can drive six standard TTL loads.

Connectors

The following figure shows the pin assignments for the
power-supply output connectors.
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Load Point Voltage (Vdc) Max. 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
P10-1 +12 2.8
P10-2 Ground 0.0
P10-3 Ground 0.0
P10-4 +5 1.8
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.

Interface

The keyboard uses a bidirectional serial interface to carry signals
between the keyboard and system unit.

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 keylock 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
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
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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 typematic. 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.

Functions Performed at Power-On Time

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.

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
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(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
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.
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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
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
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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 Fé6)

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.

Enable (Hex F4)

Upon receipt of this command, the keyboard responds with
'ACK', clears its output buffer, and starts scanning.
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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 (2B) 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.

Bit Rate Bit Rate

00000 30.0 10000 7.5

00001 26.7 10001 6.7

00010 24.0 10010 6.0

00011 21.8 10011 5.5

00100 20.0 10100 5.0

00101 18.5 10101 4.6 »
00110 17.1 10110 4.3 o
00111 16.0 10111 4.0 =
01000 15.0 11000 3.7 g
01001 13.3 11001 3.3 -
01010 12.0 11010 3.0

01011 10.9 11011 2.7

01100 10.0 11100 25

01101 9.2 11101 2.3

01110 8.6 11110 2.1

01111 8.0 11111 2.0

Typematic Rate

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
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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.

It is up to the using system to remember the previous state of an
indicator. This is in case its setting does not change when a
command sequence is issued to change the state of another
indicator.

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.

The command has the following format:
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I Command I Options I

Set/Reset Command

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 format of the option byte is as follows:

Bit 7 Reserved

Bit 6 Reserved

Bit 5 Reserved

Bit 4 Reserved

Bit 3 Reserved

Bit 2 Caps Lock indicator
Bit 1 Numeric Lock indicator
Bit 0 Scroll Lock indicator

Note: Bit 7 is the most-significant bit; bit 0 is the
least-significant.
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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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Keyboard Outputs

Key Scan Codes

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. The following figure is a keyboard layout.
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The following figure lists the positions of the keys and their make
scan codes.

Key Positions and Their Make Codes
1--DE 18--1D 36--33 55--4A 90--76
2--16 19--24 37--3B 56--51 91--6C
3--1E 20--2D 38--42 57--59 92--6B
4--26 21--2C 39--4B 58--11 93--69
5--25 22--35 40--4C 60--19 94--77
6--2E 23--3C 41--52 61--29 96--75
7--36 24--43 43--5A 64--58 97--73
8--3D 25--44 44--12 65--D6 98--72
9--3E 26--4D 46--1A 66--DC 99--70
10--46 27--54 47--22 67--0B 100--7E
11--45 28--5B 48--21 68--0A 101--7D
12--4E 30--14 49--2A 69--09 102--74
13--55 31--1C 50--32 70--05 103-7A
14--5D 32--1B 51--31 71--04 104--71
15--66 33--23 52--3A 72--D3 105--84
16--0D 34--2B 53--41 73--83 106--7C
17--15 35--34 54--49 74--01 107--7B

Make Scan Codes

Command Codes to the System

The command codes described here are those sent by the
keyboard. The codes 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.

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
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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)
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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.
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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 serial data line. The
following figure shows the structure of the data stream.

Bit Function

1st bit 0 start bit

2nd bit Data bit O (least-significant)
3rd bit Data bit 1

4th bit Data bit 2

5th bit Data bit 3

6th bit Data bit 4

7th bit Data bit 5

8th bit Data bit 6

9th bit Data bit 7 (most-significant)
10th bit Parity bit (odd parity)

11th bit Stop bit

Transmission Data Stream

The parity bit is either 1 or 0, and the eight data bits, plus the
parity bit, always have 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 before the falling edge and beyond the rising edge of
"clock'. 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.

Keyboard Layout

The IBM Personal Computer AT Keyboard is available in six
different layouts:

« U.S. English

« U.K. English

o French
¢ German
o Italian

e Spanish

The following pages show all six possible keyboard layouts.
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German Keyboard
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Specifications
Size

« Length: 540 millimeters (21.6 inches)
« Depth: 100 millimeters (4 inches)

o Height: 225 millimeters (9 inches)

Weight
e 2.8 kilograms (6.2 pounds)

Keyboard Connector

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

w
Connector Signal Name a
Pin =
o
1 Clock 2
2 Data -
3 Spare
4 Ground
5 +5 Vdc

Keyboard Connector
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Notes:
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System BIOS

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. Additional ROM modules may be placed on option
adapters to provide device level control for that option adapter.
BIOS routines enable the assembler language programmer to
perform block (disk or diskette) or character-level 1/O operations
without concern for device address and characteristics. System
services, such as time-of-day and memory size determination, are
provided by the BIOS.

If the sockets labeled U17 and U37 on the system board are
empty, additional ROM modules may be placed in these sockets.
During POST a test is made for valid code at this location,
starting at address hex EO000 and ending at hex EFFFF. More
information about these sockets may be found under "System
Board Additional ROM Modules'" later in this section.

The goal of the ROM 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 protects
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
become transparent 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 BIOS is through program interrupts of the 80286 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 80286 in the real mode, INT 12H
will invoke the BIOS routine for determining the memory size and
return 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 1Kb
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 ;set the time

To read the time of day:

MOV AH,0 ;function is to read time-of-day
INT 1AH ;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.

Address Int Name BIOS Entry

0-3 0 Divide by Zero D11

4-7 1 Single Step D11

8-B 2 Nonmaskable NMI INT

C-F 3 Breakpoint D11

10-13 4 Overflow D11

14-17 5 Print Screen PRINT SCREEN

18-1B 6 Reserved D11

1D-1F 7 Reserved D11

20-23 8 Time of Day TIMER INT

24-27 9 Keyboard KB INT

28-2B A Reserved D11

2C-2F B Communications D11

30-33 Cc Communications D11

34-37 D Alternate Printer D11

38-3B E Diskette DISK INT

3C-3F F Printer D11

40-43 10 Video VIDEO 10

44-47 11 Equipment Check EQUIPMENT

48-4B 12 Memory MEMORY SIZE
DETERMINE

4C-4F 13 Diskette / Disk DIiSKETTE 10

50-53 14 Communications RS8232 10

54-57 15 Cassette CASSETTE
10/System
Extensions

58-5B 16 Keyboard KEYBOARD 10

5C-5F 17 Printer PRINTER 10

60-63 18 Resident BASIC F600:0000

64-67 19 Bootstrap BOOT STRAP

68-6B 1A Time of Day TIME OF DAY

6C-6F 1B Keyboard Break DUMMY RETURN

70-73 1C Timer Tick DUMMY RETURN

74-77 1D Video Initialization VIDEO PARMS

78-7B 1E Diskette Parameters DISK BASE

7C-7F 1F Video Graphics Chars 0

80286 Program Interrupt Listing (Real Mode Only)
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The following figure shows hardware, BASIC, and DOS reserved
interrupts.

Address Interrupt Function

80-83 20 DOS program terminate

84-87 21 DOS function call

88-8B 22 DOS terminate address

8c-8F 23 DOS Ctrl Break exit address

90-93 24 DOS fatal error vector

94-97 25 DOS absolute disk read

98-9B 26 DOS absolute disk write

9C-9F 27 DOS terminate, fix in storage

AO-FF 28-3F Reserved for DOS

100-17F 40-5F Reserved

180-19F 60-67 Reserved for user program interrupts

1A0-1BF 68-6F Not used

1C0-1C3 70 IRQ 8 Realtime clock INT (BIOS entry
RTC__INT)

1C4-1C7 71 IRQ 9 (BIOS entry RE__ DIRECT)

1C8-1CB 72 IRQ 10 (BIOS entry D11)

1CC-1CF 73 IRQ 11 (BIOS entry D11)

1D0-1D3 74 IRQ 12 (BIOS entry D11)

1D4-1D7 75 IRQ 13 BIOS Redirect to NMI interrupt
(BIOS entry INT__287)

1D8-1DB 76 IRQ 14 (BIOS entry D11)

1DC-1DF 77 IRQ 15 (BIOS entry D11)

1EO-1FF 78-7F Not used

200-217 80-85 Reserved by BASIC

218-3C3 86-F0 Used by BASIC interpreter while BASIC is
running

3C4-3FF F1-FF 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
« Device closed
+ Program termination

+« Event wait
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« Joystick support

« System Request key pressed

« Wait

« 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 will be executed when the Ctrl and Break keys are
pressed on the keyboard. The vector is invoked while responding
to 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.

Control may be retained by this routine with the following
problems:

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

« Al I/0 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.

System BIOS 5-7
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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
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
parameiers 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 1Kb, 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 an IBM Personal Computer AT
Fixed Disk and Diskette Drive Adapter is installed, the BIOS
routines use interrupt 40 to revector the diskette pointer.

Interrupt 41 and 46: 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.
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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
addresses of any RS-232C adapters attached to the system.
Locations hex 408 to 40F contain the base addresses of the
printer adapter.

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

4A2-4EF Reserved

4F0-4FF 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

If you do a DEF SEG (default workspace segment):
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Offset Length
2E 2 Line number of current line being executed
347 2 Line number of last error
30 2 Offset into segment 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
4E 1 Character color in graphics mode*

BASIC Workspace Variables

*Set to 1,2, or 3 to get text in colors 1-3. Do not set to 0. The

default is 3.

Example

100 PRINT PEEK (&H2E) + 256 x PEEK (&H2F)

Hex 64 Hex 00

The following is a BIOS memory map.

Starting Address

00000 BIOS interrupt vectors
001EQ Available interrupt vectors
00400 BIOS data area

00500 User read /write memory
EO000 Read only memory

FO000 BIOS 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.
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If an error is reported by the disk or diskette code, you should
reset the drive adapter and retry the operation. A specified
number of retries should be required for diskette reads to ensure
that 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 programmer should restore the original environment. 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.

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 EO000 are scanned in
2K blocks in search of a valid adapter ROM. A valid ROM is
defined as follows:

Byte 0 Hex 55

Byte 1 Hex AA

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

Byte 3  Entry via a CALL FAR
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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 O for the module to be valid.
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When the POST identifies a valid ROM, it does a far call to byte
3 of the ROM, which should be executable code. The adapter
may now perform its power-on initialization tasks. The adapter’s
ROM should now return control to the BIOS routines by
executing a far return.

System Board Additional ROM Modules

The POST provides a way to integrate additional ROM modules’
code into the system. These modules are placed in the sockets
marked U17 and U37 if they are empty. 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 hex EO000 through EFFFF are scanned in
a 64K block in search of a valid checksum. Valid ROM is defined
as follows:

Byte 0  Hex 55

Byte 1 Hex AA

Byte 2  Not used

Byte 3  Entry via 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 O for the modules to be valid. This checksum is

located at address hex EFFFF.

When the POST identifies a valid ROM at this segment, it does a
far call to byte 3 of the ROM, which should be executable code.
Keyboard Encoding and Usage

Encoding

The keyboard routine provided by IBM in the ROM scan codes
into what will be termed Extended ASCII
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Extended ASCII encompasses one-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 following character codes 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 Section 7 for the
exact codes.
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is a keyboard layout showing the key
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Key Base Case Upper Case Ctrl Alt
90 Esc Esc Esc -1

2 1 ! -1 Note 1
3 2 @ Nul(000) Note 1 Note 1
4 3 # -1 Note 1
5 4 $ -1 Note 1
6 5 % -1 Note 1
7 6 - RS(030) Note 1
8 7 & -1 Note 1
9 8 * -1 Note 1
10 9 ( -1 Note 1
11 0 ) -1 Note 1
12 - . Us(031) Note 1
13 = + -1 Note 1
15 Backspace(008) | Backspace(008) | Del(127) -1

16 —(009) «—(Note 1) -1 -1

17 q Q DC1(017) Note 1
18 w w ETB(023) Note 1
19 e E ENQ(005) Note 1
20 r R DC2(018) Note 1
21 t T DC4(020) Note 1
22 y Y EM(025) Note 1
23 u U NAK(021) Note 1
24 i | HT(009) Note 1
25 (o} (0] SI(015) Note 1
26 p P DLE(016) Note 1
27 [ { Esc(027) Note 1
28 ] 3 GS(029) -1

43 CR CR LF(010) -1

30 Ctrl -1 -1 -1 -1

31 a A SOH(001) Note 1
32 s S DC3(019) Note 1
33 d D EOQT(004) Note 1
34 f F ACK(006) Note 1
35 g G BEL(007) Note 1
36 h H BS(008) Note 1
37 j J LF(010) Note 1
38 k K VT(011) Note 1
39 | L FF(012) Note 1
40 ; H -1 -1

41 ’ [ ] -1 -1

1 Q ° -1 -1

44 Shift -1 -1 -1 -1

14 \ | FS(028) -1

46 z z SUB(026) Note 1
47 X X CAN(024) Note 1
48 c C ETX(003) Note 1
49 v Vv SYN(022) Note 1
50 b B STX(022) Note 1

(Part 1 of 1). Character Codes
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Key Base Case Upper Case Ctrl Alt
51 n N S0(014) Note 1
52 m M CR(013) Note 1
53 , < -1 -1
b4 . > -1 -1
55 / ? -1 -1
57 Shift -1 -1 -1 -1
106 * Note 2 Note 1 -1
56 Alt -1 -1 -1 -1
61 SP SP SP SP
64 Caps -1 -1 -1 -1
Lock
Lock
70 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
65 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
71 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
66 Nul{Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
72 Nul{(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
67 Nul(Note 1) Nul(Note 1) Nul{Note 1) Nul{Note 1)
73 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
68 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
74 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
69 Nul(Note 1) Nul(Note 1) Nul(Note 1) Nul(Note 1)
95 Num -1 -1 Pause(Note 2) -1
Lock
100 -1 -1 Break(Note 2) -1
Scroll
Lock
Notes:

1. Refer to Extended Codes in this section.

2. Refer to Special Handling in this section.

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

Key Num Base Case Alt Ctrl
Lock

91 7 ome(Note 1) -1 Clear Screen

96 8 (Note 1) -1 -1

101 9 Page Up(Note 1) -1 Top of Text and
Home

107 - - -1 -1

92 4 <«—(Note 1) -1 Reverse
Word(Note 1)

97 5 -1 -1 -1

102 6 —>(Note 1) -1 Advance
Word(Note 1)

108 + +Note 1) -1 -1

94 1 End(Note 1) -1 Erase to
EOL(Note 1)

98 2 &(Note 1) -1 -1

102 3 Page Down(Note 1) -1 Erase to
EOS(Note 1)

99 0 Ins -1 -1

104 . Del(Notes 1,2) Note 2 Note 2

Notes:

Refer to Extended Codes in this section.
Refer to Special Handling in this section

Special Character Codes

Extended Codes
Extended Functions

For certain functions that cannot be represented by the 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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Second Function

Code

3 Nul Character

15 —>

16-25 AltQ, W,E,R T,VY,U IO P

30-38 AltA, S, D, F, G H J K L

44-50 AitZ, X, C,V,B,N, M

59-68 F1 to F10 Function keys base case

71 Fome

72

73 Page Up and Home Cursor

75 -

77 —>

79 nd

80 5

81 Page Down and Home Cursor

82 Ins(insert)

83 Del(delete)

84-93 F11 to F20(uppercase F1 to F10)
94-103 F21 to F30(Ctrl F1 to F10)

104-113 F31 to F40(Alt F1 to F10)

114 Ctrl PrtSc(start/stop echo to printer)
115 Ctrl «—(reverse word)

116 Ctrl =>(advance word)

117 Ctrl End(erase to end of line-EOL)

118 Ctrl PgDn(erase to end of screen-EQS)
119 Ctrl Home(clear screen and home)
120-131 Alt1,2,3,4,5,6,7,89,0, -, =keys 2-13
132 Ctrl PgUp(top 25 lines of text and home cursor)

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 ROM keyboard routine. The following keys
result in altered shift states:

Shift: This key temporarily shifts keys 1-14, 16-28, 31-41,
46-55, 106, and 65-74 to uppercase (base case if in Caps lock
state). Also, the Shift temporarily reverses the Num Lock or
non-Num Lock state of keys 91-93, 96, 98, and 101-103.
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Ctrl: This key temporarily shifts keys 3, 7, 13, 15, 17-28, 31-39,
46-52, 106, 65-74, 42, 101, 92, 102, 91, 93, 95, 100, and 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 1-13, 17-26, 31-39, 46-52,
and 65-74 to the Alt state. The Alt key is also used with the Ctrl
and Del keys to cause the system reset function.

The Alt key also allows the user to enter any character code from
0-255 into the system from the keyboard. The user holds down
the Alt key and types the decimal value of the characters desired
on the numeric keypad (keys 91-93, 96-98, and 101-103). The
Alt key is then released. If more than three digits are typed, a
modulo-256 result is created. These three digits are interpreted as
a character code and are sent through the keyboard routine to the
system or application program. Alt is handled internal to the
keyboard routine.

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

Pause: The combination of the Ctrl and Num Lock keys causes
the keyboard interrupt routine to loop, waiting for any key except
Num Lock to be pressed. This provides a system- or
application-transparent method of temporarily suspending list,
print, etc. and then resuming the operation. The key used to
resume operation is thrown away. Pause is handled internal to the
keyboard routine.

Print Screen: The combination of the Shift and PrtSc keys
results in an interrupt invoking the print screen routine. This
routine works in the alphanumeric or graphics mode, with
unrecognizable characters printing as blanks.
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Caps Lock: This key shifts keys 17-26, 31-39, and 46-52 to
uppercase. When Caps Lock is pressed again, it reverses the
action. Caps Lock is handled internal to the keyboard routine.
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When Caps Lock is pressed, it toggles 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: This key is interpreted by appropriate application
programs as indicating that the use of cursor control keys should
cause windowing over the text rather than cursor movement.
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
toggles 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 90-93 and 95-104 to upper
case. 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 toggles the Num Lock Mode indicator. If
the indicator was on, it will go off; if it was off, it will go on.

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.

Sys Req
When the Sys key is pressed, a hex 8500 is placed in AX, and an
interrupt 15 is executed. When the Sys key is released, a hex
8501 is placed in AX, and another interrupt 15 is executed. If an
application is to use the Sys key, 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
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If no, go to previous address

It is the responsibility of the application to preserve the value in
all registers, except AX, upon return. Sys is handled internal to
the keyboard routine.

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.

Special Handling

System Reset

The combination of the Alt, Ctrl, and Del keys results in the
keyboard routine that starts a system reset or reboot. System
reset is handled by BIOS.
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Notes:
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Warning: No STACK segment

Start Stop Length Name
00000H OFFFEH FFFFH CODE

Origin  Group

Address Publics by Name
0000:E729 Al

0000:3792 ACT_DISP_PAGE
0000:E137 ADERR
0000:E11C ADERR1
0000:17AA BEEP
0000:0000 BEGIN
0000:16B9 BLINK_INT
0000:E372 BOOT_INVA
0000:E6F2 BOOT_STRAP
0000: 1B66 BOOT_STRAP_1
0000:EOSE Cl

0000:0222 Cc11
0000:E060 c2

0000: 0C3F €21
0000:0454 €30

0000: 0405 C8042
0000:E062 C8042A
0000:E066 C8042B
0000:E068 C8042C
0000:F859 CASSETTE_10
0000: 3FE2 CASSETTE_IO_1
0000:09FB CHK_VIDEO
0000:E234 CM1
0000:E25D CM2
0000:E286 CM3
0000:EODO CM4
0000:E2C6 CM4_A
0000:E2DF CMé4_B
0000:E2F8 CM&_C
0000:E311 CM4_D

0000: FA6E CRT_CHAR_GEN
0000:E164 D1

0000: 1805 D11
0000:E174 D2

0000:E184 D2A
0000:17FD DDS
0000:EC59 DISKETTE_IO
0000: 2045 DISKETTE_I0_1
0000:EFC7 DISK_BASE
0000:EF57 DISK_INT
0000:260E DISK_INT 1
0000:2A71 DISK_IO
0000:28DA DISK_SETUP
0000:2816 DSKETTE_SETUP
0000:FF53 DUMMY_RETURN
0000:1851 DUMMY_RETURN_1
0000:E06C EO

0000:E085 EO_A
0000:E09E EO_B
0000:EOES El

0000:E324A E1 A
0000:EOQFC E1_B
0000:E10C E1 C
0000:03E5 E30B
0000:03EB E30C
0000:F84D EQUIPMENT
0000:3E6C EQUIPMENT 1
0000:177A ERR_BEEP
0000:187F EXC_00

0000: 1884 EXC_01
0000:1889 EXC_02
0000:188E EXC_03
0000:1893 EXC 04
0000:1898 EXC_05
0000:18B1 EXC_06
0000:18B6 EXC_07
0000:18BB EXC_08
0000:18C0 EXC_09
0000:18C5 EXC_10
0000:18CA EXC_11
0000:18CF EXC_12
0000:18D4 EXC_13
0000:18D9 EXC_14

0000: 18DE EXC_15
0000:18E3 EXC_16

0000: 18E8 EXC_17
0000:18ED EXC_18

0000: 18F2 EXC_19

0000:18F7
0000:18FC
0000:1901
0000:1906
0000:190B
0000:1910
0000:1915
0000:191A
0000: 191F
0000:1924
0000:1929
0000: 192E
0000:1753
0000:E1C2
0000:E393
0000:E3A8
0000:E3BD
0000:E3DB
0000:E3EE
0000:E1FB
0000:E34E
0000:E21F
0000:E152
0000:E15D
0000:E18B
0000:E1A1
0000:E2AC
0000:E2B2
0000:E401
0000:4752
0000:4392
0000: 1FFO
0000: 1BC6
0000: 2FA4
0000: 1852
0000:E8E1
0000:E91B
0000:E955
0000:E95F
0000:E969
0000:E976
0000:30A9
0000:E87E
0000:0008
0000:E886
0000:E88E
0000:E8C8
0000:17D2
0000:E987
0000:3054
0000:E82E
0000:2FC8
0000:E1D7
0000:0010
0000: FOE4
0000:FOEC
0000:FOF4
0000:F841
0000:3E62
0000:E2C3
0000:3E76
0000:0411
0000:E064
0000:E06A
0000:002C
0000:0C3F
0000 : 16AD
0000:1753
0000:187F
0000:199C
0000:1C2D
0000 :EFD2
0000 : 346F
0000 :FF54
0000:46CC
0000:174C
0000:1720
0000:1719
0000:186A
0000:176C
0000:FFFO
0000: 38F5
0000:377B
0000 :3A3B
0000:3DBC
0000:1861

Abs

Abs

EXC_20
EXC_21
EXC_22
EXC_23
EXC_24
EXC_25
EXC_26
EXC_27
EXC_28
EXC_29
EXC_30
EXC_31

E_MSG

F1

F1780

F1781

F1782

F1790

F1791

F1A

F1_B

F3

F3A

F3B

F3D

F3D1

Fb4

F4E

FD_TBL

FILL
GATE_A20
GDT_BLD

H5

HD_INT

INT 287

K10

K11

K12

K13

K14

K15

K16

X6

K6L

K7

X8

K9
KBD_RESET
KB_INT
KB_INT 1
KEYBOARD_I0
KEYBOARD_I0_1
LOCK

MG

M5

M6

M7
MEMORY_SIZE_DETERMINE
MEMORY_SIZE_DETERMINE_1
NMI_INT
NMI_INT 1
OBF_42
OBF_424
OBF_42B
POST1

POST2

POST3

POST4

POSTS

POST6

POST7
PRINTER_IO
PRINTER_I10_1
PRINT_SCREEN
PRINT_SCREEN_1
PROC_SHUTDOWN
PROT_PRT_HEX
PRT_HEX
PRT_SEG
P_MSG

P OR
READ_AC_CURRENT
READ_CURSOR
READ_DOT
READ_LPEN
RE_DIRECT
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0000:
0000:
:16AD
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
:372A
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:

0000

0000

16D0
1AF9

E739
34F5
462A
38A3
37FF
24C1
37B6
3751

364E
3F2F
1197
114A
1698
11BC
119A
4252
1FF9
FF23
EOSB
0046
199C
1F1A
1933
1938
193D
1942
1947
194C
1951
FEAS
4684
FE6E
445C
03C7
03D3
03F7
FEF3
F065
3605
FOA4
37DC
EOB7
3938
396E
3A4C
3D38
1713
1B25
1708

Address

0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
:16D0
0000:
0000:
0000:
0000:

0000

0000
0008
0010
002C
00A6
0222
03C7
03D3
03E5
03EB
03F7
0405
0411
0454
09FB
OC3F
0C3F
114A
1197
119A
11BC
169B
16AD
16AD
16B9

1708
1713
1719
1720

Abs
Abs

ROM_CHECK
ROM_ERR
ROS_CHECKSUM
RS232_I0
RS232_10_1
RTC_INT
SCROLL_DOWN
SCROLL_UP
SEEK
SET_COLOR
SET_CPOS
SET_CTYPE
SET_MODE
SET_TOD
SHUT2

SHUT3

SHUT4

SHUT6

SHUT?

SHUT9
SIDT_BLD
SLAVE_VECTOR_TABLE
START

START 1
STGTST_CNT
SYSINITL
SYS_32
sYs_33
SYS_34
SYS_35
SYS_36
SYS_37
SYS_38
TIMER_INT
TIMER_INT 1
TIME_OF_DAY
TIME_OF_DAY_1
TST4_B
TST4_C
TST4_D
VECTOR_TABLE
VIDEO_I0
VIDEO_10_1
VIDEO_PARMS
VIDEO_STATE
VIR_ERR
WRITE_AC_CURRENT
WRITE_C_CURRENT
WRITE_DOT
WRITE TTY
XLAT_PR
XMIT_8042
XPC_BYTE

Publics by Value

BEGIN
K6L

M4

POST1
START_1

c11

TST4_B
TST4_C

E30B

E30C

TST4_D
8042
OBF_42

c30
CHK_VIDEO
POST2

c21

SHUT3

SHUT2

SHUT?

SHUT6

SHUT4
ROS_CHECKSUM
POST3
BLINK_INT
ROM_CHECK
XPC_BYTE
XLAT_PR
PRT_HEX
PROT_PRT_HEX
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0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
12816
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
0000:
:37FF
0000:
0000:
0000:

0000

0000

174C
1753
1753
176C
177A
17AA
17D2
17FD
1805
1851
1852
1861
186A
187F
187F
1884
1889
188E
1893
1898
18B1
1886
18BB
18C0
18C5
18CA
18CF
18D4
18D9
18DE
18E3
18E8
18ED
18F2
18F7
18FC
1901
1906
190B
1910
1915
191A
191F
1924
1929
192E
1933
1938
193D
1942
1947
194C
1951
199C
199C
1AF9
1B25
1B66
1BC6
1C2D
1F1A
1FFO
1FF9
20A5
24C1
260E

28DA
2A71
2FA4
2FC8
3054
30A9
346F
34F5
3605
364E
372A
3751
3778
3792
3786
37DC

38A3
38F5
393B

PROC_SHUTDOWN
POSTS

E_MSG

P_MSG
ERR_BEEP
BEEP
KBD_RESET
DDS

D11
DUMMY_RETURN_1
INT 287
RE_DIRECT
PRT_SEG
EXC_00

POSTS

EXC_O1
EXC_02
EXC_03
EXC_04
EXC_05
EXC_06
EXC_07
EXC_08
EXC_09
EXC_10
EXC_11
EXC_12
EXC_13
EXC_14
EXC_15
EXC_16
EXC_17
EXC_18
EXC_19
EXC_20
EXC_21
EXC_22
EXC_23
EXC_24
EXC_25
EXC_26
EXC_27
EXC_28
EXC_29
EXC_30
EXC_31

SYS 32
SYS_33
SYS_34
SYS_35
SYS_36

SYS 37
SYS_38

POST6
STGTST_CNT
ROM_ERR

XMIT 8042
BOOT_STRAP_1
HS

POST7
SYSINIT1
GDT_BLD
SIDT_BLD
DISKETTE_IO_1
SEEK
DISK_INT_1
DSKETTE_SETUP
DISK_SETUP
DISK_I0
HD_INT
KEYBOARD_I0_1
KB_INT 1

K16
PRINTER_IO_1
RS232_10_1
VIDEO 10_1
SET_MODE
SET_CTYPE
SET_CPOS
READ_CURSOR
ACT_DISP_PAGE
SET_COLOR
VIDEO_STATE
SCROLL_UP
SCROLL_DOWN
READ_AC_CURRENT
WRITE_AC_CURRENT



0000:396E
0000:3A3B
0000: 3A4C
0000:3D38
0000:3DBC
0000: 3E62
0000: 3E6C
0000:3E76
0000: 3F2F
0000: 3FE2
0000:4252
0000:4392
0000: 445C
0000:462A
0000: 4684
0000:46CC
0000:4752
0000:E05B
0000:EOSE
0000: E060
0000:E062
0000:E064
0000:E066
0000:E068
0000:E06A
0000:E06C
0000:E085
0000:EQ9E
0000:EO0B7
0000:EODO
0000: EOE9
0000:EOFC
0000:E10C
0000:E11C
0000:E137
0000:E152
0000:E15D
0000:E164
0000:E174
0000:E184
0000:E18B
0000:E1A1
0000:E1C2
0000:E1D7
0000:E1FB
0000:E21F
0000:E234
0000:E25D
0000:E286
0000 :E2AC
0000 :E2B2
0000:E2C3
0000 :E2C6
0000 :E2DF
0000 :E2F8
0000 :E311
0000:E32A
0000 :E34E
0000:E372
0000:E393
0000:E3A8
0000 :E3BD
0000:E3DB
0000 :E3EE
0000:E401
0000:E6F2
0000:E729
0000:E739
0000 :E82E
0000:E87E
0000:E886
0000:E88E
0000:E8C8
0000:E8E1
0000:E91B
0000:E955
0000:E95F
0000:E969
0000:E976
0000:E987
0000:EC59
0000:EF57
0000:EFC7
0000:EFD2
0000:F065
0000:FOA4

WRITE_C_CURRENT 0000:FOE4 M5
READ_DOT 0000:FOEC M6
WRITE_DOT 0000:FOF4 M7
WRITE_TTY 0000:F841 MEMORY_SIZE_DETERMINE
READ_LPEN 0000:F84D EQUIPMENT
MEMORY_SIZE_DETERMINE_1 0000:F859 CASSETTE_IO
EQUIPMENT 1 0000:FA6E CRT_CHAR_GEN
NMI_INT 1 0000:FE6E TIME_OF DAY
SET_TOD 0000:FEAS TIMER_INT
CASSETTE_IO_ 1 0000:FEF3 VECTOR_TABLE
SHUT9 0000:FF23 SLAVE_VECTOR_TABLE
GATE_A20 0000:FF53 DUMMY_RETURN
TIME OF DAY 1 0000:FF54 PRINT_SCREEN
RTC INT 0000:FFFO P_OR
TIMER_INT 1

PRINT_SCREEN_1

FILL

START

C1

c2

C8042A

OBF_42A

C8042B

C8042C

OBF_42B

EO

E0_A

E0 B

VIR_ERR

CM&

El

E1 B

El1C

ADERR1

ADERR

F3A

F3B

D1

D2

D2A

F3D

F3D1

F1

LOCK

F1 A

F3

CM1

CM2

CM3

F&

F4E

NMI_INT

CM4_A

CM4_B

[T

CM4 D

E1A

F1_B

BOOT_INVA

F1780

F1781

F1782

F1790

F1791

FD_TBL

BOOT_STRAP

Al

RS232_I0

KEYBOARD 10

K6

K7

K8

K9

K10

K11

K12

K13

K14

K15

KB_INT

DISKETTE_IO

DISK_INT

DISK_BASE

PRINTER_IO

VIDEO_IO0

VIDEO_PARMS
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TITLE TEST1 11/28/83 ROM POST

BI10S 1/0 INTERFACE

THESES INTERFACE LISTINGS, PROVIDE ACCESS TO BIOS ROUTINES
THESE B10S ROUTINES ARE MEANT TO BE ACCESSED THRO!

SOFTWARE INTERRUPTS ONLY, ANY ADDRESSES PRESENT IN

THE LISTINGS ARE INCLUDED ONLY FOR COMPLETENESS,

NOT FOR REFERENCE. APPLICATIONS WHICH REFERENCE
ABSOLUTE ADDRESSES WITHIN THE CODE SEGMENT
VIOLATE THE STRUCTURE AND DESIGN OF BI10OS.

Deeve e v s

AGE
MODULES REQUIRED

DATA. SRC -—> DATA AREA

TEST1.SRC -—> TEST.01 THRU TEST.16

TEST2.SRC - TEST.17 THRU TEST.22

TEST3.SRC -->  PROCEDURES
ROS_CHECKSUM
BLINK_INT
ROM_CHECK
XPC_BYTE
PRT_HEX

NCLUDE POSTEQU.SRC

: TEST4. SRC --> _MS§

: PTMSG

: BEEP

: ERR_BEEP

; KBD_RESET

: D11 DUMMY INT HANDLER

H INT13 - X287 HANDLER

H PRT_SEG

: 0DS

: HARDWARE INT 9 WANDLER (TYPE 71)
: TEST5.SRC -->  EXCEPTION INTERRUPT

: TEST6.SRC --> STGTST_CNT

H ROM_ERR

: XMIT_8042

: BOOT_STRAP

5 TESTT. SRC -->  PROTECTED MODE TEST

H SYSINITI.SRC ~ =--> BUILD PROTECTED MODE DESCRIPTORS
: GDT_BLD. SRC

H SIDT_BLD. SRC

: DSKETTE. SRC DISKETTE B10S

: DISK. SRC HARD FILE BIOS

: KYBD. SRC > KEYBOARD B0S

: PRT. SRC > PRINTER BI0S

: RS232.SRC > RS232 BIOS

: VIDEO1. SRC -->  VIDEO BIOS

; B10S. SRC --> MEM_S1ZE

H EQUTP_DET

: NMI

H SET_TOD

; B10S1.SRC -->  DUMHYTCASSETTE (INT 15)

: DEVIcE ou

; PROGRAM TERMINATION

: EVENT WA

5 JOYSTICK SUPPORT

: SYSTEM REQUEST KEY

: WAIT

! MOVE BLOCK

H EXTENDED MEMORY SIZE DETERMINE
: PROCESSOR TO VIRTUAL MODE
H B10S2. SRC --> TIME

H TUMERL 1N

: ORGS. SRC -->  PC COMPATABILITV AND TABLES
: POST ERROR MESSAGES

i

Qu 80H ; MANUFACTURING CHECKPOINT PORT
~==MANUFACTURING BIT DEFINITION FOR MFG_ERR_FLAG+1 - e -
EQU 000001

c
(4

¢ EQUATES :

c ————

¢ TesT £Qu 0 ; CONDITIONAL ASM (TEST2.SRC)

€ KY_LOCK EQU 0 i CONDITIONAL ASM (TEST2.SRC)

C KEY_NUMS £QU 0 ! CONDITIONAL ASM (KYBD.SRC)

c ;-

C Xes7 £qQu oFoH ; MATH PROCESSOR

c

C LOOP_POST EQU 020H ; MFG LOOP POST JUMPER

C ;-=-=

C REFRESH_BIT EQU 010H ; REFRESH TEST BIT

c

C POST_SS EQu OH ; POST STACK SEGMENT

C POST_SP EQU 8000H ; POST STACK POINTER

C TEMP_STACK_LO  EQU OFFFFH :

C TEMPISTACK HI  EQU 0 § SET PROTECTED HODE TEMP_SS

c i

c

C PORT_A EQU 60H ; 8042 KEYBOARD SCAN/DIAG OUTPUTS

¢ PORT_B EQU 61H i 8042 READ WRITE REG

C  PARITY_ERR EQU ; RAM/10 CHANNEL PARITY ERROR w
C RAM_PAR_ON EQU 111100118 ; AND THIS VALUE m
C RAM_PAR_OFF EQU 000011008 ; OR THIS VALUE [or]
C 10_CHK £QU 010000008 1o K2 -
C  PRTY_CHK EQu 100000008 ; PARITY CHECK? —
C

C  STATUS_PORT £Qu 6uH ;8042 STATUS PORT =
C OUT_BUF_FULL  EQu 01H 170 = +OUTPUT BUFFER FULL =
C INPT_BUF_FULL  EQU o2H {1 = +INPUT BUFFER FU

C SYS_FLAG™ £QU OUH ;2 = -SYSTEM FLAG -POR/-SELF TEST o
C CMD_DATA EQu 08H ;3 —~COMMAND/+DA’

C  KYBD_INH EQU 10H ;4 +KEYBOARD INHlBlTED

C  TRANS_TMOUT EQU 20H ; 5 = +TRANSM!IT TIMEOUT

C RCV_TMOUT EQU LOH ; 6 = +RECEIVE TIME OUT

C PARITY_EVEN EQU 80H ; = +PARITY |

¢ SHUT_CHD E£Qu OFEH } CAUSE A SHUTDOWN COMMAND

€ INTRFAGE_( £QU 0ABH i CHECK 802 |INTERFACE CMD

¢ \Bb-CLK DATA  EQU OEQH 3 CET KYGD CLOCK AND DATA CMD

[ KVBD CLK™ ; KEYBOARD CLOCK BI

C

c

c

c

c

c

c

c

c

c

MEM_FAIL ; STORAGE TEST FAILED (ERROR 20)()
PRO_FAIL EQU 000000108 ; VIRTUAL MODE TEST FAILED (ERROR 104)
LMCS_FAIL EQu 000001008 ; LOW MEG CHIP SELECT FAILED (ERROR 109)
KYCLK_FAIL EQU 000010008 ; KEYBOARD CLOCK TEST FAILED (ERROR 304)
KY_SYS_FAIL EQu 000100008 ; KEYBOARD OR SYSTEM FAILED (ERROR 303)
KYBD_FAIL EQU 001000008 ; KEYBOARD FAILED (ERROR 301)

DSK_FAIL EQU 010000008 ; DISKETTE TEST FAILED (ERROR 601)
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C KEY_FAIL qQu 10000000 ; KCYBOARD LOCKED (ERROR 302)
€ j=mmm-—mmee 8ou2 wvur PORT 81T DEF INITIONS-aoonio LOTKED (ERRON 302) o eee
C  BASE_RAM EQU T0H SBASE R/W MEMORY
C MFG_JMP £qu 20H ;LOOP POST JUMPER
G DSP_JMP EQU lwu SDISPLAY TYPE JUMPER
C KEYIBD_INHIB EQU JKEYBOARD INHIBIT SWITCH
c 42 RAM DEF!NITIOu
c mn KEYBOARD EQ YTE 0 BIT 4 OF 8042 RAM
c -~ Cormanos S B T T et
¢ READ 802 RAM | EQU 20H ; BITS 0-4 = ADDRESS (20-3F)
C WRITE_804Z_RAM EQU 60H :
C SELF_80u2_TEST EQU OAAH 8042 SELF TEST
C  RCAD_80u2” INPUT EQU OCOH ; READ 8042 INPUT PORT
C ENA_KBD EQu OAEH ; ENABLE KCYBOARD GOMMAND
C DIS_KBD £QU OADH : DISABLE KEYBOARD COMMAND
C  ENABLE_| 81120 EQU DFH : ENABLE ADDR LINE BIT 20
C DISABL 20 QU ;_DISABLL ADDR LINE BIT 20
c K[VBOARD/L&D COMMANDS ~ -
c 2 SELECT MENU COMMAND
C  KB_ENABLE EQU orun ; KEYBOARD ENABLE
C  KBMAKE_BREAK  EQU OF7H ; TYPAMATIC
€ KB_ECHO EQU OFEH ; ECHO COMMAND
G KB_RESET £QU OF FH ; SELF DIAGNOSTIC COMMAND
G LED_CHD EQU OEDH ; LED WRITE COMMAND
c KEYBOARD RESPONSE -- m———————
C KBe EQU OAAH ; RESPONSE FROM SELF DIAG
G KB_ACK EQU OFAH ; ACKNOWLEDGE FROM TRANSMISSION
C  KBZOVER_RUN EQU OFFH : OVER RUN
¢ KBZRESEND EQU OFEH ; RESEND REQUEST
C KB BREAK EQU OFOH ; KEYBOARD BREAK CODE
C KBZFA EQu OT10H ; ACK RECEIVED
C KBZFE U 020H ; RESEND RECEIVED FLAG
€ KB_PR_LED 040 ; MODE INDICATOR UPDATE
€ ;aTmemiicmaccc CMOS EQUATES =mmmmmmemm oo o oo oo oo oo e e e
c cmos PORT ; 10 ADDRESS OF CMOS PORT
c EQu O8AH i CLOCK UPDATE STATUS
c CMOS_ALARM EQU 08BH ;
C  CMOS_BEGIN EQU 090H ;
C  CMOS_END EQU OADH :
C SHUT_DOWN £Qu 08FH ; SHUTDOWN OFFSET
C  BATTERY_COND_STATUS EQU O8DH : BATTERY STATUS
C M_SIZE_HI EQU 0B1H ; 10 MEMORY SIZE HIGH BYTE (POST)
C M SIZE_LO EQU 0BOH ; 10 MFMORY SI7F 10 BYTE
C  MI_SIZE_H1 EQU 096H 02>GoK CONFIG MEMORY S1ZE (sc'rup)
C MIZSIZE_LO EQU 095H LOW BYTE {SETUP)
C M2ISIZE_HI £Qu 098H ; 64OK->UP CONFIG MEMORY SIZE (SETUP)
C M2 SIZE_LO EQU 097H i LOW BYTE (SETUP)
C C_EQUIP EQU O9L4H } GMOS EQUIPMENT FLAG
c HDiFILE_TYPE £Qu 092H ; HARD FILE TYPE BYIE
G PAG
C pm-m--- mmmmmmene CMOS DIAG_STATUS ERROR FLAGS====== == === === =o oo mommomoo
c DIAG STATUS EQU OB8EH ; CMOS ADDRESS OF DIAG_STATUS
C  BAD. EQU 080H ; DEAD BATTERY
c BAD_CKSUM EQU okoli ; CHECKSUM ERROR
C  BAD_CONFIG EQU 020H ; MINIMUM CONFIG USED INSTEAD OF CMOS
€ W MEW SIZE EQU OT0H : MEMORY SIZE NOT EQUAL TO CONFIG
C HF EQU 008H ; HARD FILE FAILURE ON INIT
c cmos cu( FAIL O04H : CMOS CLK NOT UPDATING OR NOT VALID
L CMOS INFORMAT ION FL, T R
¢ INFO_STATUS EQU OB3H ; CMOS ADDRESS OF INFO BYTE
C  M6LOK EQU 080H i 512K -> G6UGK CARD INSTALLED
C  NEW_INST EQU OLOH ; FLAG USED BY CMOS SETUP UTILITY
C HF_BOOT EQU 020H ; BOOT HARD FILE FLAG
---------------- INTERRUPT EQUATES e
INTAOO 20H ; 8259 PORT
INTAOT EQU 21H 8259 PORT
E0l EQU 20H
INTBOO EQU OAOH ; 2ND 8259
INTBO1 EQU OATH :
INI_IYPE EQU O70H ; START OF 8259 INTERRUPT TABLE LOCATION
INT_VIDEO EQU 010H ; VIDEO VECTOR
Tiver EQU Lon
TIM_CTL EQu u3H ; 8253 TIMER CONTROL PORT ADDR
TIMERO EQU HOH : 8253 TIMER/CNTER O PORT ADDR
TMINT £Qu o1 ; TIMER O INTR RECVD MASK
DMAOS £QU 08 ; DMA STATUS REG PORT ADDR
= 0000 DMA EQU 00 ; DMA CH.0 ADDR. REG PORT ADDR
= 0000 bMA1S EQu 0DOH ; 2ND DMA STATUS PORT ADDR
= 00CO DMA1 EQU 0COH i 2ND DMA CH.O ADDR. REG PORT ADDR
DMA_PAGE EQU 81H ; START OF DMA PAGE REGISTERS
LAST_DMA_PAGE  EQU 8FH : LAST DMA PAGE REGISTER
MAX_PER 10D £Qu 540H
MIN_PER10D £QU L10H
KBD_IN £qu 60H ; KCYBOARD DATA IN ADDR PORT
KBDTNT £QU 02  KEYBOARD INTR MASK
KB_DATA £QU 60H ; KFYBOARD SCAN CODE PORT
KB_CTL EQU 61H  CONTROL BITS FOR KEYBOARD SENSE DATA
KB_ERR EQU BOH ; KEYBOARD TRANSMIT ERROR FLAG
-~ SHIFT FLAG EQUATES WITHIN KB_FLAG
iNS_STATE EQU 80H ; INSERT STATE 1S ACTIVE
CAPS_STATE £QU LoH ; CAPS LOCK STATE HAS BEEN TOGGLED
NUM_STATE £QU 20H ; NUM LOCK STAIE HAS BEEN TOGGLED
SCROLL_STATE EQU 10H ; SCROLL LOCK STATE HAS BEEN TOGGLED
ALT_SHTFT EQU 08H ; ALTERNATE SHIFT KEY DEPRESSED
CTL_SHIFT EQU OUH ; CONTROL SHIFT KEY DEPRESSED
LEFT_SHIFT EQU 02H ; LEFT SHIFT KEY DEPRESSED
RIGHT_SIIFT EQU o : RIGHT SHIFT KEY DEPRESSED
INS_SHIFT £QU 80H : INSERT KEY IS DEPRESSED
CAPS_SHIFT EQU LOH : CAPS LOCK KEY IS DEPRESSED
NUM_SHIFT EQU 20H ; NUM LOCK KEY IS DEPRESSED
SCROLL_SHIFT £QU 10H ; SCROLL LOCK KEY IS DEPRESSED
HOLD_STATE FQu 08H ; SUSPEND KEY HAS BEEN TOGGLED
SYS_SHIFT EQU OUH ; SYSTEM KEY DEPRESSED AND HELD
NUM_KEY EQU 69 ; SCAN CODE FOR NUMBER LOCK
SCROLL_KEY EQU 70 ; SCROLL LOCK KEY
ALT_KEY EQU 56 ; ALTERNATE SHIFT KEY SCAN CODE
CTL_KEY EQU 29 ; SCAN CODE FOR CONTROL KEY
CAPS_KEY EQU 58 ; SCAN CODE FOR SHIFT LOCK
LEFT_KEY EQU L2 ; SCAN CODE FOR LEFT SHIFT
RIGHT _KEY EQU 5l ; SCAN CODE FOR RIGHT SHIFT
INS_KEY EQU 82 i SCAN CODL FOR INSERT KEY
DEL_KEY EQU 83 ; SCAN CODE FOR DELETE KEY
SYS_KEY ; SCAN CODE FOR SYSTEM KEY

000D 00000N000000000000000NN0NN00N00000N00N0ANN0000000000A00000D

INT_FLAG ; INTERRUPT OCCURRENCE FLAG
MOTOR_WAIT EQu 37 ; 2 SECS OF COUNTS FOR MOTOR TURN OFF
TIME_OUT EQU 80H ATTACHMENT FAILED TO RESPOND
BAD_SFFK EQU 4OH SEEK OPERATION FAILED
BAD_NEC EQU 20H ; NEC CONTROLLER HAS FAILED

D_C! EQU 10H ; BAD CRC ON DISKETTE READ
DMA BOUNDARY EQU 09H ; ATTEMPT 7O DMA AGCROSS 64K BOUNDARY
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2272

2277

0000000000 C000CN000NN0000000000000000NN0NN0000000000000N0CN00C0 N00N0NNN0000000N00NC0N0000A00000000000000000000000N00N00N0CN00D

DMA OVERRUN ON OPERATION

MEDIA REMOVLD ON DUAL ATTACH CARD
REQUESTED SECTOR NOT FOUND

WRITE ATTEMPTED ON WRITE PROT DISK
ADDRESS MARK NOT FOUND

BAD COMMAND PASSED TO DISKETTE 1/0

250KBS DATA TRANSFER RATE
DUAL ATTACH CARD PRESENT FLAG

DISKETTE CHANGE FLAG MASK BIT

USED TO STRIP OFF STATE OF MEDIA
USED AS MASK FOR STATE BITS

SET STATE DETERMINED IN STATE BITS
ISOLATE SHIFTED TRANSFER RATE BITS
MASK TO TURN ON DOUBLE STEPPING
MASK TO CLEAR MOTOR ON BITS

MAX NUMBER OF DRIVES

TRACK 0 MASK

SENSE ORIVE STATUS GOMMAND

SEEK ONE TRA

CRASH_STOP (48 TPI DRIVES)

SEEK TO TRACK 10

1.2 M HEAD SETTLE TiME

320 K HEAD SETTLE TIME

WRITE OPERATION FLAG

NG DISK CHANGE LINE AVAILABLE
DISK CHANGE LINE AVAILABLE

STATE MACHINE - 320/360 MLDIA/ORIVE

STATE MACHINE - 1.2 MEDIA/DRIVE
300K DATA TRANSFER RATE & STATE 1
250K DATA TRANSFER RATE & STATE 0

DISKETTE STATUS BYTE ADDRESS

CMOS ADDRESS PORT ADDRESS

CMOS DATA PORT ADDRESS

BATTLRY AND CHECKSUM INDICATOR
DISKETTE BYTE ADDRESS

ISOLATE LOW NIBBLE IN REGISIER MASK
FIRST INVALID DISKETTE TYPE

BAD_DMA £Qu 08H 5
MEDTA_CHANGE EQu OGH :
RECORD_NOT_FND  EQU ouH ;
WRITE_PROTECT  EQU 03H 5
BAD_ADDR_MARK  EQU 02H ;
BAD_CMD EQU O1H H
XRATE £QU 02H ;
DUAL EQU O1H
DSK_CHG EQU 080H
STATL_MSK £Qu 007H ;
REV_STATE £QU OF8H ;
DETERMINED EQU 010H :
TRAN MSK EQU 03H
DOUBLE_STEP EQU 020H :
MOTOR_MSK £QuU OFOH 5
MAx DRV EQuU 002H ;
ME EQu 010H
SLNsL DRV_ST EQU O0LH ;
EQU 001H ;
TRKisLAP EQU 030H
QUIET_SEEK £QU 00AH ;
HD12_SETTLE EQU 0150 5
HD320_SETTLE EQU 020D H
WRITE_OP €qu 0B0OH H
PAGE
et DISK CHANGE LINE EQUATES
NOCHGLN £Qu 001H
CHGLN £Qu 002H ;
MEDIA/DRIVE STATE INDICATORS
M326D326 EQU 093H H
M326D12 EQuU O7uH ;
Mi2D12 EQU 015H ;
POA_DUAL £QU 06IH ;
POA START EQu 08 ;
—--- CMOS NON-VOLATILE RAM EQUATES
CMOSDSB_ADDR EQU 00E 5
CADR_PRT EQU 070H ;
CDATA_PRT EQU 071H ;
CMOS_GOOD EQU 0COH 5
CMOSOSK_RYTE £Qu 010H ;
LOWNIB £QU 00FH ;
INVAL | D_DRV EQU 002H ;
: TIMER DATA AREA
; COUNTS_SLC LQU 8
; COUNTS_MIN EQU 1092
; COUNTS_HOUR  EQU 65543
; COUNTS_DAY EQU 1573040 = 1800BOH

; POINTER TO VIDEO PARMS

DISKETTE POINTER

REAL TIME CLOCK IN
FIXED DISK lNTERRUPT VECTOR

;ABSOLUTE LOCATION OF DATA SEGMENT

: 0286 INTERRUPT LOCATIONS (READ):
ABSO SEGMENT AT 0
STG_LOCO LABEL  BYTE
ORG 2*4
NMI_PTR LABEL  WORD
ORG 5*4
INT5_PTR LABEL  WORD
ORG 8%4
INT_ADDR LABEL  WORD
INT_PTR LABEL  DWORD
ORG 10H*4
VIDEO_INT LABEL  WORD
G 13H*Y ; NEW FDISK
ORG_VECTOR LABEL  DWORD
G 18H*L
BASIC_PTR LABEL WORD
ORG 19H*4
BOOT_VEC LABFI  DWORD
BOOT_VECTOR LABEL  DWORD
ORG 1DH*4
PARM_PTR LABEL  DWORD
G TEH*L
DISK_POINTER LABEL  DWORD
ORG 01FH*Y4
EXT_PTR LABEL  DWORD
ORG LOH*Y ;
DISK_VECTOR LABEL  DWORD
G LIH*Y
HF_TBL_VEC LABEL  DWORD
RG LGH*Y
HF1_TBL_VEC LABEL  DWORD
RG_7OH4
SLAVE_INT_PTR LABEL  DWORD
RTC_INT_VEC LABEL  DWORD  ;
ORG 76H*l H
HDISK_INT LABEL  DWORD
ORG 4OOH
DATA_ARLA LABEL BYTE
DATA_WORD LABEL WORD
ORG 0500H
MFG‘TEST‘RTN LABEL FAR
7COOH
BOOT Locn” LABEL FAR
ENDS
e
; STACK -- USED DURING INITIALIZATION ONLY
STACK SLGMLNT AT 30H
128 DUP(?)
ToS LABEL  WORD

STACK ENDS

ROM B10S DATA AREAS

DATA

SEGMENT AT 4OH
DATA_BASE LABEL
RS232_BASE oW

PRINTER_BASE oW

EQUIP_FLAG DW

BYTE
4 DUP(?)

4 DUP(?)

1 DUP(?7)

; ADDRESSES OF RS232 ADAPTERS
; ADDRESSES OF PRINTERS

; INSTALLED HARDWARE

Test 1

STATE MACHINE - 320/360 MEDIA,1.2DRIVE
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] c
c
0012 01 [ C  MFG_TST 0B 1 DUP(?) 5 INITIALIZATION FLAG
27 c
] c
c
0013 01 [ C  MEMORY_SIZE oW 1 DUP(?) ; MEMORY SIZE IN K BYTES
2277 c
] C
c
0015 01 [ C MFG_ERR_FLAG DB 1 DUP(?) ; SCRATCHPAD FOR MANUFACTURING
77 c
) c
c
0016 01 [ c 08 1 DUP(?) ; ERROR CODES
?? c
] c
c
C  PAGE
c
[ KEYBOARD DATA AREAS
c
0017 01 [ C KB_FLAG 0B 1 DUP(?)
27 c
] c
c
0018 o1 [ C  KB_FLAG_1 vB 1 0UP(?7) ; SECOND BYTE OF KEYBOARD STATUS
77 c
1 c
c
0019 o1 | C  ALT_INPUT DB 1 DUP(?) ; STORAGE FOR ALTERNATE KEYPAD ENTRY
22 c
] C
c
001A [ C  BUFFER_HEAD oW 1 0UP(?) ; POINTER TO HEAD OF KEYBOARD BUFFER
2727 c
b
oo1c o1 [ C BUFFER_TAIL oW 1 DUP(7) ; POINTER TO TAIL OF KEYBOARD BUFFER
7222 c
c
c
001E 10 [ C  KB_BUFFER oW 16 DUP(7) ; ROOM FOR 15 ENTRIES
7777 c
1 c
c
003E C KB_BUFFER_END  LABEL  WORD
c
c HEAD = TAIL INDICATES THAT THE BUFFER IS EMPTY
c
c ; -
c DISKETTE DATA AREAS :
c
003E o1 | C  SEEK_STATUS DB 1 DUP(?) ; DRIVE RECALIBRATION STATUS
77 c
] c
c
c ; BIT 3-0 = DRIVE 3-0 NEEDS RECAL
c i BEFORE NEXT SEEK IF BIT 1S = ©
003F o1 [ C MOTOR_STATUS DB 1 0UP(?) ; MOTOR STATUS
27 c
] c
c
c ; BIT 3-0 = DRIVE 3-0 1S CURRENTLY
c :  RUNNING
c ; BIT 7 = CURRENT OPERATION IS A WRITE,
c : _ REQUIRES DELAY
0040 o1 [ C  MOTOR_COUNT 0B 1 DUP(?) : TIME OUT COUNTER FOR DRIVE TURN OFF
27 c
) c
c
oou1 o1 [ C DISKETTE_STATUS DB 1 0UP(7) ; RETURN CODE STATUS BYTE
27 c
1 c
C
oou2 C  CMD_BLOCK LABEL  BYTE
0042 C  HD_ERROR LABEL  BYTE
0042 o7 ( C NEC_STATUS 08 7 DUP(?) ; STATUS BYTES FROM NEC
22 c
] c
c
C  PAGE
c ; ---- --
c VIDEO DISPLAY DATA AREA :
c i--
0049 o1 [ C  CRT_MODE 08 1 0UP(?) ; CURRENT CRT MODE
72 c
] c
c
004A o1 [ C  CRT_COLS oW 1 DUP(?) ; NUMBER OF COLUMNS ON SCREEN
2722 c
1 c
c
oouc o1 [ C CRT_LEN oW 1 DUP(?) ; LENGTH OF REGEN IN BYTES
2222 c
) c
c
004E o1 [ C CRT_START oW 1 DUP(?) ; STARTING ADDRESS IN REGEN BUFFER
2777 c
] c
c
0050 08 [ C  CURSOR_POSN oW 8 DUP(?) ; CURSOR FOR EACH OF UP TO 8 PAGES
2722 c
] c
c
0060 01 | C  CURSOR_MODE ow 1 DUP(?) ; CURRENT CURSOR MODE SETTING
??2? C
) c
c
0062 o1 | C  ACTIVE_PAGE 0B 1 DUP(?) ; CURRENT PAGE BEING DISPLAYED
77 c
] c
c
0063 01 [ C  ADDR_6845 oW 1 DUP(?) ; BASE ADDRESS FOR ACTIVE DISPLAY CARD
2722 c
c
c
0065 o1 [ C CRT_MODE_SET DB 1 0UP(?) ; CURRENT SETTING OF THE 3X8 REGISTER
72 c
] c
c
0066 01 [ C CRT_PALLETTE DB 1 0UP(?) ; CURRENT PALLETTE SETTING COLOR CARD
77 c
) c
c
C  PAGE
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c
c POST DATA AREA :
c -
0067 [ C 1O_ROM_INIT oW 1 DUP(?) ; PNTR TO OPTIONAL 1/0 ROM INIT ROUTINE
2222 c
1 c
c
0069 o1 | C  10_ROM_SEG oW 1 DUP(?) ; POINTER TO 10 ROM SEGMENT
2222 c
1 c
c
0068 o1 [ C INTR_FLAG 08 1 0UP(?7) ; FLAG TO INDICATE AN INTERRUPT HAPPEND
77 c
] c
c
c
c :
c
006C o1 ( ¢ TiMER_LOW oW 1 0UP(?) ; LOW WORD OF TIMER COUNT
2777 c
) c
c
006E o1 [ C  TIMER_HIGH oW 1 DUP(?) ; HIGH WORD OF TIMER COUNT
2727 c
] c
c
0070 o1 | C  TIMER_OFL 08 1 DUP(?) ; TIMER HAS ROLLED OVER SINCE LAST READ
27 c
] c
c
c
c i SYSTEM DATA AREA
c
0071 o1 [ C  BI0S_BREAK 08 1 DUP(?) ; BIT 7=1 IF BREAK KEY HAS BEEN HIT
27 c
] c
C
0072 01 { C RESET_FLAG DW 1 DUP(?) ; WORD=1234H |F KEYBOARD RESET UNDERWAY
2272 c
] c
c
c
c
c
c -
0074 01 [ C DISK_STATUSY o8 1 DUP(?)
22 ¢
] c
c
0075 01 { C Ht_NUM 0B i oUR(?7)
?? C
] c
c
0076 01 [ C CONTROL_BYTE DB 1 DUP(?7)
27 c
] c
c
0077 01 [ C  PORT_OFF 0B 1 0UP(?)
272 c
] c
c
c ;
c ; PRINTER AND RS232 TIME-OUT VARIABLES :
c ;- -
0078 oy | C PRINT_TIM_OUT DB 4 DUP(?)
27 c
] c
c
007C ou [ C RS232_TIM_OUT DB 4 DUP(?)
27 c
) c
c
C jmmmmmmee mmmmmommae P e
c ADDITIONAL KEYBOARD DATA AREA  :
€ jemmmmmmmm—mmeeoooo -
0080 01 [ C BUFFER_START  DW 1 DUP(?)
2722 c
) c
c
0082 01 [ C  BUFFER_END oW 1 DUP(?)
2772 c
1 c
c
c
c
c
0088 c ORG 88H
0088 01 [ C  LASTRATE 08 1 DUP(?) ; LAST DATA RATE SELECTED
22 c
1 c
c
C  PAGE
c
c ADDITIONAL HARD FILE DATA :
c ;
008C c ORG 8CH
008C o1 [ C  HF_STATUS 0B 1 DUP(?) ; STATUS REGISTER
22 c w
] c m
g [x)
0080 01 [ C HF_ERROR DB 1 DUP(?) ; ERROR REGISTER
27 c =
p —
! & o
008E 01 [ C HF_INT_FLAG 08 1 DUP(?) ; HARD FILE INTERRUPT FLAG =2
?? C
1 g o
008F 01 [ C HF_CNTRL DB 1 DUP(?) ; COMBO HARD FILE/FLOPPY CARD BIT 0=1
22 c
1 c
c
c
c ADDITIONAL DISKETTE AREA
c
0090 c ORG 90H
0090 C  DSK_STATE LABEL  BYTE
0090 o1 [ c 0B 1 DUP(?) ; DRIVE O MEDIA STATE
27 c
1 c
c
0091 o1 [ c 0B 1 DUP(?) ; DRIVE 1 MED!A STATE
27 c
1 c
c
0092 o1 | c 0B 1 0UP(?) ; DRIVE 0 OPERATION START STATE
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0093
0094
0095
0096

0097
0097

0098
0098

009A
009C
009E
00A0
00A1

0000
0000

0001

00
0000
4000

0000
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01

01

01

01

01

01

01

4000 [

2?7

7?7

7?7

7

27

27?727

7777

7222

27?7

??

27

000 00000000 ON0NNNNN0000NNNNRNNN0N0NNNCN0NN000NNNNN00000CNRNNN00000000NO000000

DSK_TRK

DB

bB

0B

DB

DUP(?)

DUP(?)

DUP(?)

DUP(?)

ADDITIONAL KEYBOARD LED FLAG

ORG 97H
KB_FLAG_2 08 1 0UP(?7)

PAGE

: REAL TIME CLOCK DATA AREA

i ORG 98H

USER_FLAG oW 1 0UP(?7) ;
USER_FLAG_SEG  DW 1 0UP(?) ;
RTC_LOW ow 1 DUP(?) ;
RTC_HIGH ow 1 DUP(?) ;
RTC_WAIT_FLAG DB 1 DUP(?) ;
DATA  ENDS

Z EXTRA DATA AREA :
XXDATA _SEGMENT AT 50H

STATUS_BYTE 1 DUP(?)

XXDATA ENDS

H VIDEO DISPLAY BUFFER

VIDEO_RAM

REGEN LABEL

REGENW  LABEL
DB

VIDEO_RAM

Lt
INCLUDE SEGMENT.
CODE SEGMENT BYTE PUBLIC

EXTRN VIDEO_PARMS: BYTE

SEGMENT AT 0B80OH
BYTE

WORD
16384 DUP(?)

ENDS

SRC

EXTRN POST2: NEAR

EXTRN DDS:NEAR

EXTRN D11:NEAR

EXTRN VECTOR_TABLE:NEAR
EXTRN KBD_RESET: NEAR
EXTRN DUMMY_RETURN: NEAR
EXTRN STGTST_CNT:NEAR
EXTRN ERR_BEEP:NEAR
EXTRN ROM_CHECK: NEAR
EXTRN ROS_t CHECKSUM:NEAR

EXTRN SHUTY:

EXTRN PROC_: SHUTDDNN NEAR

EXTRN c1 .NEA

EXTRN CBOUZA NEAR

EXTRN C8042C: NEAR

EXTRN OBF_u28B:

NEAR

EXTRN F3BINEAR
EXTRN SLAVE VECTOR TABLE:NEAR

FXTRN NMI_INT:

EXTRN PRINT_SCRE[N:NEAR
EXTRN GATE_A20:NEAR

NEAI

DRIVE 1 OPERATION START STATE

DRIVE O PRESENT CYLINDER

DRIVE 1 PRESENT CYLINDER

RESERVED

OFFSET ADDR OF USERS WAIT FLAG

SEG ADDR OF USER WAIT FLAG

LOW WORD OF USER WAIT FLAG

HIGH WORD OF USER WAIT FLAG

WAIT ACTIVE FLAG

ASSUME  CS:CODE, $S:CODE, ES: ABSO, DS: DATA

PUBLIC POST1
PUBLIC BEGIN

PUBLIC CHK_VIDEO

PUBLIC START_1
PUBLIC C8042
PUBLIC OBI_u2
PUBLIC CI1
PUBLIC C30
PUBLIC TST4_B
PUBLIC TST4_C
PUBLIC TSTu_D
PUBLIC E30B
PUBLIC E30C



= 0000 BEGIN  EQU $
; 6181028 COPR. 1BM 198UL EVEN
i 6181029 COPR. IBM 198 ;0DD
0000 36 36 31 31 38 38 08 '66118811002289 CCOOPPRR.. 11BBMM 11998844" ;COPYRIGHT NOTICE
31

34 34

; INITIAL RELIABILITY TESTS =-- PHASE 1

002¢ POST1  PROC  NEAR
: LOAD A BLOCK OF TEST CODE THROUGH THE KEYBOARD PORT :
B FOR MANUFACTUING TEST. H
H THIS ROUTINE WILL LOAD A TEST (MAX LENGTH=FAFFH) THROUGH :
H THE KEYBOARD PORT. CODE WILL BE LOADED AT LOCATION H
B 0000:0500. AFTER LOADING, CONTROL WiLL BE TRANSFERED :
H TO LOCATION 0000:0500. STACK WILL BE LOCATED AT 30:100 H
H THIS ROUTINE ASSUMES THAT THE FIRST 2 H
: BYTES TRANSFERED CONTAIN THE COUNT OF BYTES TO BE LOADED :
H (BYTE 1=COUNT LOW, BYTE 2=COUNT HI.) H

002C MFG_BOOT:

002C  FA cuit ; NO INTERRUPTS

- DEGATE ADDRESS LINE 20

0020 B4 DD MoV AH,DISABLE_BIT20 ; DEGATE COMMAND

002F E8 0000 E CALL GATE_A20 ; ISSUE THE COMMAND
em——— -~ SETUP HARDWARE INT VECTOR TABLE LVL 0-7

0032 28 CO suB AX, AX ;

0034 8E CO MOV €S, AX

0036 B9 0008 MoV CX, 08 ; GE1 VECTOR CNT

0039 OE PUSH  CS i SETUP DS SEG REG

003A 1F POP DS

0038 BE 0000 E MoV S1,0FFSET VECTOR_TABLE

003E BF 0020 R MOV DI, OFFSET INT_PTR

0041 A5 MFG_B: MOVSW

0042 47 INC DI ; SKIP OVER SEGMENT
0043 47 INC DI

oouy E2 B LooP MFG_B

- SETUP HARDWARE INT VECTOR TABLE LVL 8-15 (VECTORS START AT INT 70H)

0046 28 CO suB AX, AX ;
0048  8E CO MoV ES, AX
004A B9 0008 Moy CX; 08 ; GET VECTOR CNT
004D  0OE PUSH cs ; SETUP DS SEG REG
004E 1F POP DS
004F  BE 0000 E MoV S1,0FFSET SLAVE_VECTOR_TABLE
0052 BF 01C0 R MO DI, OFFSET SLAVE_INT_PTR
0055 A5 MFG_C:  MOVSW
0056 47 INC DI ; SKIP OVER SEGMENT
0057 47 INC DI
0058 €2 FB LOOP  MFG_C ;
jmmem- SET UP OTHER INTERRUPTS AS NEGESSARY
ASSUME D! BSO
ASSUME ~ ES:ABSO
005A 2B CO suB AX, AX ; Ds=0
005C 8E DB MoV DS, A
005E 8E CO MoV ES 5 Es=
0060 C7 06 0008 R 0000 E MoV N1 PTR,OFFSET NHI_INT 1 NMIINTERRUPT
0066 C7 06 0014 R 0000 E MoV INT5_PTR,OF FSET PRTNT_SCREEN  : PRINT SCREEN
006C €7 06 0062 R F600 MoV BAS1C_PTR+2, 0F600H } SEGMENT FOR CASSETTE BASIC
;======-= ENABLE KEYBOARD PORT
0072 BO 60 MoV AL, 60H ; WRITE 8042 RAM O
0074 E8 0405 R CALL  C8042 ; ISSUE THE COMMAND
0077 BO 09 MoV AL,000010018 ; SET INHIBIT OVERIDE/ENABLE OBF INT
0079 €6 60 ouT PORT_A, AL i AND NOT PC COMP
007B E8 009D R CALL MFG_2 H GET COUNT LOW
007E 8A F8 oV BH, AL } OSAVE IT
0080 €8 009D R CALL  MFG_2 P GEY CONT M1
0083 8A E8 MoV CH, AL f
0085 8A CF MOV CL,BH ; CX NOW HAS COUNT
0087 fC cLD i SET DIR. FLAG TO INCRIMENT
0088 BF 0500 Mov DI,0500H 5 SEI TARGET OFFSET (DS=0000)
0088 MFG_1:
0088 E4 64 IN AL, STATUS_PORT ; GET 8042 STATUS PORT
008D A8 01 TEST AL, OUT_BUF_FULL ; KB REQUEST PENDING?
008F 74 FA Jz MFG_1 ; LOOP TILL DATA PRESENT
0091 Eh4 60 IN AL, PORT_A ; GET DATA
0093 AA sTOSB i STORE IT
0094 E6 80 out MFG_PORT, AL ; DISPLAY CHAR AT MFG PORT 17
0096 €2 F3 LoOP  MFG_1 ; LOOP TILL ALL BYTES READ g
0098 EA 0500 ---- R Jmp MFG_TEST_RTN ; FAR JUMP TO CODE THAT WAS JUST =
009D E4 Gt MFG_2: IN AL, STATUS_PORT : ancx FOR OUTPUT BUFF FU (=)
009F A8 01 TEST AL, OUT_BUF_FULL § O ERNG HERE [ NO DATA' AVAILABLE =2
00A1 E1 FA LOOPZ MFG_2 ;
(2]
00A3 4 60 N AL, PORT_A ; GET THE COUNT
00A5 €3 RET :
; TEST.O01 H
: X286 PROCESSOR TEST (REAL MODE) :
} DESCRIPTION :
: VERIFY FLAGS, REGISTERS :
: AND COND I TIONAL JUMPS
ASSUME  CS:CODE, DS: DATA, ES: NOTHING, SS: NOTHING
00A6  FA START_1: CLI DISABLE INTERRUPTS
O0A7 BL D5 MOV AH,O0DSH i SET SF, CF, ZF, AND AF FLAGS ON
00A9 9E SAHF
00AA 73 2A JNC ERRO2 ; GO TO ERR ROUTINE IF CF NOT SET
00AC 75 28 UNZ  ERRO2 } GO TO ERR ROUTINE IF ZF NOT SET
00AE 7B 26 INP  ERRO2 ; GO TO ERR ROUTINE IF PF NOT SET
0080 79 24 UNS  ERROZ ; GO TO ERR ROUTINE IF SF NOT SET
0082 9F LAHF : LOAD FLAG IMAGE TO AH
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LOAD CNT REG WITH SHIFT CNT

00B5 D2 EC SHR AH, LL ; SHIFT AF INTO CARRY BIT POS
00B7 73 10 JNC [RRO" ; GO TO ERR ROUTINE IF AF NOT SET
0089 BO 40 MOV AL UOH ; SET THE OF FLAG ON
00BB DO EO SHL ; SETUP FOR TESTING
00BD 71 17 JNO ERROZ ; GO TO ERR ROUTINE IF OF NOT SET
00BF 32 EH XOR AH, AH ; SET AH = 0
00C1  9E SAHF ; CLEAR SF, CF, ZF, AND PF
00C2 76 12 JBE ERRO2 ; GO TO ERR ROUTINE IF CF ON

; GO TO ERR ROUTINE IF ZF ON
0ocy 78 10 Js ERRO2 ; GO TO ERR ROUTINE IF SF ON
00C6 /A OE JP ERRO2 ; GO TO ERR ROUTINE 1F PF ON
0ocs 9F LAHF ; LOAD FLAG IMAGE TO AH
00c9  B1 0Y MOV CL,5 ; LOAD CNT REG WITH SHIFT
00CB D2 EC SHR AH,CL ; SHIFT “AF' INTO CARRY BIT POS
00CD 72 07 JC ERRO2 ; GO TO ERR ROUTINE IF ON
00CF DO EU SHL AL ; CHECK THAT “Of' IS CLEAR
00D1 70 03 JOo ERRO2 ; GO TO ERR ROUTINE IF ON
00D3 EB 04 90 Jmp C7A ; CONTINUE
00D6 E9 01AC R ERRO2: JMP ERRO1 ; ERROR EXIT
0009 C7A:
00D9 B8 ---- R MOV AX,DATA ; SET DATA SEGMENT
00DC 8t D8 MoV DS, AX

FOR PROCESSOR SHUTDOWN

0ODE E4 64 IN AL, STATUS_PORT ; CHECK FOR SHUTDOWN
00ED A8 Oh TEST AL, SYS_FLAG H
00E2 75 03 JNZ c7 ; GO IF YFS
00E4 E9 0181 R JMP c7 H
Jmm———- CHECK FOR SHUTDOWN 9
00E7 C78:
00E7 BO 8F MoV AL, SHUT_DOWN ; CMOS ADDR FOR SHUTDOWN BYTE
00E9 E6 70 our CMOS_PORT, AL
00EB  EB 00 JMpP SHORT $+2 ; 10 DELAY
00ED EH 71 IN AL ,CMOS_PORT+1 ; GET WHO
00EF 86 C4 XCHG AL, AH ; SAVE THE SHUTDOWN REQUEST
00F1 80 FC 09 CMP AH, 09H ; WAS IT SHUTDOWN REQUEST 97
00FL4 74 3C Jz 7C ; BYPASS INIT OF INT CHIPS
H RE-INITIALIZE THE 8259 INTERRUPT #1 CONTROLLER CHlP :
00F6 2A CO SuB AL, AL ; INSURE MATH PROCESSOR RESET
00F8 E6 F1 ouT X287+1,AL ;
O0FA BO 11 Mov AL,11H ; ICW1 - EDGE, MASTER, ICW4
00FC E6 20 ouTt INTAQO, AL
00FE EB 00 JMP SHORT $+2 ; WAIT STATE FOR 10
0100 BO 08 MOV AL,8 ; SETUP ICW2 - INT TYPE 8 (8-F)
0102 E6 21 oul INIAOT, AL
0104 EB 00 JMpP SHORT $+2 ; WAIT STATE FOR IO
0106 BO 04 MOV AL, OuH SETUP ICW3 - MASTER LV 2
0108 E6 21 ouT INTAOY, AL
010A EB 00 JMP SHORT $42 10 WAIT STATE
010C BO 01 MoV AL,01H SETUP ICW4 - MASTER,8086 MODE
010E E6 21 out INTAOT, AL H
0110 EB 00 JMP SHORT $+2 ; WAIT STATE FQR IO
0112 B0 FF MOV AL,OFFH ; MASK ALL INT: OF
0114 E6 21 ouT INTAOT, AL : (VIDEO ROUTINE ENABLES INTS.)
H RE-INITIALIZE THE 8259 INTERRUPT #2 CONTROLLER CHIP :
0116 BO 11 MOV AL, 11H ; ICW1 - £DGE, SLAVE ICW4
0118 E6 AO out INTBOO, AL
011A  EB 00 JMP SHORT S+2 WAIT STATE FOR 10
011C B8O 70 MOV AL, INT_TYPE SETUP ICW2 - INT TYPE 50 (50-5F)
011E E6 A ouT INTBO1, AL
0120 BO 02 Mov AL,02H SETUP 1CW3 - SLAVE LV 2
0122 €8 00 JMP SHORT $+2
0124 €6 A1 ouTt INTBO1, AL
0126 EB 00 JMP SHORT $+2 10 WAIT STATE
0128 80 01 MoV AL,01H SETUP I1CW4 - 8086 MODE, SLAVE
012A E6 A1l ouTt INTBO1,AL
012C EB 00 JMP SHORT S$+2 WAIT STATE FOR 10
012E BO FF MOV AL,OFFH MASK ALL INTS. OFF
0130 E6 Al out INTBOY,AL
SHUTDOWI H
RETURN CONTROL AFTER A SHUTDOWN COMMAND S |SSUED 2
DESCRI PT i Ol

A TF_SI IS MADE FOR THE SYSTEM FLAG BEING SET. IF
THE SYSTEM FLAG IS SET, THE SHUTDOWN BYTE IN CMOS
I'S USED TO DETERMINE WHERE CONTROL IS RETURNED.
CMOS = SOFT RESET OR UNEXPECTED SHUTDOWN H
SHUT DOWN AFTER MEMORY SIZE H
SHUT DOWN AFTER MEMORY TEST H
SHUT DOWN WITH MEMORY ERROR :
SHUT DOWN WITH BOOT LOADER REQUEST

JMP DWORD REQUEST (WITH INT INIT)
PROTECTED MODE TEST7 PASSED

PROTECTED MODE TEST7 FAILED

PROTECTED MODE TEST1 FAILED

BLOCK MOVE SHUTDOWN REQUEST

= A JMP DWORD REQUEST (W/O INT INIT)

RNV EWN O

FROM WHERE

AL, SHUT_DOWN
CMOS_PORT, AL
SHORT $+2

CLEAR CMOS BYTE

10 DELAY
AL, AL SET BYTE TO O
CMOS_PORT+1, AL

AH, AL

AL, 0An MAX TABLE ENTRYS

shox GO IF GREATER THAN MAX
orrsm BRANCH ; GET THE START OF BRANCH TABLE

SI,A)(

POINT TO BRANCH ADDRESS
GET BRANCH TO

evene Quevenineneninen,

SI,AX
BX,CS:[S1]
AX, STACK ; SLT STACK

S, AX
SP,OFFSET TOS

BX JUMP BACK
0158 016E R BRANCH: DW SHUTO ; NORMAL POWER UP/UNEXPECTED SHUTDOWN
015A 0980 R oW SHUT1 ; SHUT DOWN AFTER MEMORY SIZE
015C 0000 E oW SHUT2 ; SHUT DOWN AFTER MEMORY TEST
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0000
0000
0171
0000
0000
O7F7
0000
017D
EB 11 90

ImIMMTMM

FF 2E 0067 R

- R
D8

81 3E 0072 R 1234
0B

2A CO

BA 03D8

FE CO

B2 B8

FC
E6 61

D
SHUTO: JMP

SHUTS: IN
TEST
JzZ

IN
SHUT5B: MOV
ouT

SHUTA:  JMP
jmmmm- CHECKPO |
c7: MOV

ouT

HLT
INSURE

10_ROM_INIT MUST BE

SHUT3

c7

AL, STATUS_PORT
AL,OUT_BUF_FULL

INTAQGO, AL

DWORD PTR DS:10_ROM_INIT;

NT 1

AL,01H
MFG_PORT, AL

AX, OFFFFH

AX, D1
C10A

SHUT DOWN WITH MEMORY ERROR

SHUT DOWN WITH BOOT_LOADER REQUEST
JMP DWORD REQUEST (WITH INTERRUPT

PROTECTED MODE TEST7 PASSED
PROTECTED MODE TEST7 FAILED
PROTECTED OE TEST1 FAILED
BLOCK MOVE SHUTDOWN REQUEST

INIT)

JMP DWORD REQUEST (W/O INTERRUPT INIT)

INITIALIZED BY THE USER
FLUSI

I

THE KEYBOARD BUFFER
CHECK IF OUTPUT BUFFER FULL

GO |F NOT

FLUSH

FLUSH LAST TIMER TICK

~TO ALLOW TIMER INTERRUPTS

> BB>B>
<><><>CHECKPOINT 1<><><>

-- READ/WRITE THE X286 GENERAL AND SEGMENTATION REG!STERS
WITH ALL ONE'S AND ZEROES'S

SETUP ONE'S PATTERN
SET CARRY FLAG
GO |F NO CARRY
WRITE PATTERN TO ALL REGS

IN AX

PATTERN MAKE IT THRU ALL REGS

NO - GO TO ERR ROUTINE
CLEAR CARRY FLAG

ZERO PATTERN lVAKE IT THRU?
ES - GO _TO NEXT TEST

ALT S
THAT CMOS CLOCK INTERRUPTS ARE DISABLED

C10A: MOV AL, CMOS_ALARM ;
ouT CMOS_PORT, AL i
JMp SHORT $+2 3
IN AL, CMOS_PORT+1 : GET THE CURRENT CONTROL REG
XCHG AL, AH i SAVE |
AND AH, O7H i CLEAR SET,PIE,AlE, AND SQWE BITS
MOV AL, CMOS_ALARM :
out CMOS_PORT, AL 3
XCHG AL, AH i
JMP SHORT $+2 ; 10 DELAY
out CMOS_PORT+1, AL :
JMP SHORT $+2 ; 10 DELAY
MOV AL, CMOS_ALARM+1 ; CLEAR PENDING INTERRUPT
out CMOS_PORT, AL H
JmMP SHORT $+2 : 10 DELAY
IN AL, CMOS_PORT+1 :
R RESET VIDEO
ASSUME  DS: DATA
MoV x DATA
MoV ; SET DATA SEGMENT
cMP RESET FLAG 1234H ; SOFT RESET?
Jz SFT_| ;GO IF YES
SUB AL, AL ;
MoV DX, 3D8H
ouT DX, AL ; DISABLE COLOR VIDEO
INC AL
MoV DL, 0B8H
ouT DX, AL ; DISABLE B/W VIDEO,EN HIGH RES
SFT_RST:MOV AL, 111111008 } DISABLE PARITY CHECKERS
ouT PORT_B, AL B
i TEST.02 :
B VERIFY CMOS SHUTDOWN BYTE :
: DESCRIPTION :
H ROLLING BIT WRITTEN AND VERIFIED :
: AT SHUTDOWN ADDRESS :
jmmme- VERIFY AND CLEAR SHUTDOWN FLAG
MOV AL, 2 5 > C> > >
out MFG_PORT, AL ;<><><>CHECKPOINT 2<><>
MOV CX, 09H ; LOOP_COUNT
MOV AN, 1 ; START WITH BIT 0
c108: MoV AL, SHUT_DOWN B
ouT CMOS_PORT, AL H
MOV , ; OUTPUT ROLLING BIT
Jmp SHORT $+2 : 10 DELAY
out CMOS_PORT+1, AL H
MOV AL, SHUT_DOWN : READ CMOS
JmMp SHORT $%2 ; 10 DELAY
ouT CMOS_PORT, AL H
IMP SHORT $+2 ; 10 DELAY
IN AL, CMOS_PORT+1 :
cMP AL, AH ; MUST BE THE SAME
INZ ERRO1 : ERROR IF NOT
RCL AH, 1 : ROLL A BIT THRU SHUT DOWN
LOOP  C10B ; LOOP TILL DONE
; TEST.03 :
; ROS CHECKSUM TEST 1 :
; DESCRIPTION :
; A CHECKSUM IS DONE FOR THE 32K :
B ROS MODULES CONTAINING POD AND :
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020F cio

j===== CHECKPOINT 3
020F BO 03 MoV AL,03H R S S sttt
0211 E6 80 ouT MFG_PORT, AL § <><><>CHECKPOINT 3<><><>
0213 8C C8 MOV AX,CS ; SEIUP SS SEG REG
0215 8E DO MOV $S, AX
0217 8E D8 MoV DS, AX ; SET UP DATA SEG TO POINT TO

; ROM ADDRESS
ASSUME  $S:CODE

0219 BB 0000 R MoV BX,0FFSET BEGIN ; SETUP STARTING ROS ADDR
021C  BC 0000 E MOV SP,OFFSET C1 ; SETUP RETURN ADDRESS
021F E9 0000 E JMP ROS_CHECKSUM
0222 c1i
0222 74 01 Jz C11A ; HALT SYSTEM IF ERROR
0224  Fy HLT

; TEST.O4

; 8253 CHECK TIMER 1 ALL BITS ON

; DESCRIPTION

; SET TIMER COUN :

; CHECK_THAT TIMER 1 ALL BITS ON :

ASSUME DS:DATA

0225 B8 =---- R Cll1A: oV AX,DATA ; SET DATA SEGMENT
0228 8t D8 MDV DS, AX H
022A B0 Ou MoV AL, OUH § <> > > <> D> > PP CIL>
022C E6 80 out MFC;PORT,AL ; <><><><>CHECKPOINT 4<><><><><>

3 - DISABLE DMA CONTROLLER

; MoV AL, 0l ; AL ALREADY = O4H
022E E6 08 ouT DMAQS, AL DISABLE DMA CONTROLLER 1

0230 E6 DO ouT DMA18, AL DISABLE DMA CONTROLLER 2

;===-- VERIFY THAT TIMER 1 FUNCTIONS OK

0232 8B 16 0072 R MOV DX, RESET_FLAG ; SAVE RESET FLAG wHILE REFRESH 1S OFF
0236 BO 54 MoV AL, S4H ; SEL TIMER 1,LSB,MODE
0238 E6 U3 ourt TIMER+3, AL
023A EB 00 Jmp SHORT $+2 ; WAIT STATE FOR 10
023C 8A C1 MoV AL,CL ; SET INITIAL TIMER CNT TO O
023E E6 U1 out TIMFR+1, AL
0240 B7 05 MoV BH,O5H ; LOOP COUNT
0242 cie: ; TIMER1_BITS_ON
0242 B0 40 MOV AL, 4OH ; LATCH TIMER 1 COUNT
0244 EB 00 JMP SHORT $+2 ; 10 DELAY
0246 E6 43 ouT TIMER+3, AL
0248 8O FB FF CMP BL,OFFH ; YES - SEE_IF ALL BITS GO OFF
0248 74 0B JE c13 ; TIMER1_BITS_OFF
024D E4 41 IN AL, TIMER+1 ; READ TIMER 1 COUNT
024F 0A D8 OR BL,AL ; ALL BITS ON IN TIMER
0251 E2 EF LooP ci2 ; TIMER1_BITS_ON
0253  FE CF DEC BH ;
0255 75 EB JNZ c12 ;  TRY AGAIN
0257 Fu HLT 5 TIMER 1 FAILURE, HALT SYS
: TIMER1_BITS_OFF
; TEST.05 :

8253 CHECK TIMER 1 ALL BIT OFF :
DESCRIPTION :
SET TIMER COU :
Stk THAT TIMER 1 ALL BITS OFF :

jmmm———— CHECKPOINT 5
0258 B0 05 c13: MoV AL, 051 R e TR TR
025A E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT 5<><><>
025C 8A C3 MOV AL,BL ; SET TIMER 1 CNT
025E 2B C9 suB CX,CX
0260 E6 41 ouT TIMER+1, AL
0262 B7 05 MoV BH,05H ; SET TRY AGAIN COUNT
026N ciy ; TIMER_LOOP
0264 EB 00 JMP SHORT $+2 H 10 DELAY
0266 BO 40 MoV AL, 4OH ; LATCH TIMER 1 COUNT
0268 E6 43 ouT TIMER+3, AL
026A EB 00 JMP SHORT $+2 ; DELAY FOR TIMER
026C EB 00 JMP SHORT S$+2 ; ADDED DELAY FOR TIMER
026E Eu4 41 IN AL, TIMER+1 ; READ TIMER 1 COUNT
0270 22 08 AND BL,
0272 74 07 JZ C15 ; WRAP_DMA_REG
0274  E2 EE LoopP  Cik  TIMER_LOOP
0276 FE CF DEC 8H :
0278 75 EA JNZ Cciy ;
027A Fh HLT ; HALT SYSTEM

TEST.06 H
237 DMA O INITIALIZATION CHANNEL REGISTER TEST :
DESCRIPTION
DISABLE THE 8237 DMA CONTROLLER.
WRITE/READ THE CURRENT H
ADDRESS AND WORD COUNT REGISTERS FOR ALL H
CHANNELS. H

jmm—— CHECKPQINT 6

C15:

MoV AX, DATA ; SET DATA SEGMENT

MoV DS, AX

MOV AL, 06H 5 <SSO

80 ouT MFG_PORT , AL '<><><>CHECKPOINT 6<><><>
0284 89 16 0072 R MoV RESET»FLAG,D)( ; RESTORE SOFT RESET FLAG
0288 E6 0D ouT DMA+QDH, Al ; SEND MASTER CLEAR TO DMA
jeme—— WRAP DMA O CHANNEL ADDRESS AND COUNT REGISTERS

028A B0 FF MOV AL, OFFH 5 WRITE PATTERN FF TO ALL REGS
028C 8A D8 C16: MOV BL,AL ; SAVE PATTERN FOR COMPARE
028E 8A f8 MOV BH, AL
0290 B9 0008 MOV CX,8 ; SETUP LOOP CNT
0293  BA 0000 MoV DX, DMA ; SETUP 1/0 PORT ADDR OF REG
0296 EE c17: ouT DX, AL ; WRITE PATTERN TO REG, LSB
0297 EB 00 JMP SHORT $+2 ; WAIT STATE FOR 10
0299 EE ouT DX, AL ; MSB OF 16 BIT REG
029A BO 01 MoV AL,O0TH ; AL TO ANOTHER PAT BEFORE RD
029C EB 00 JMP SHORT $+2 ; WAIT STATE FOR 10
029E EC IN AL, DX ; READ 16-BIT DMA CH REG, LSB 2ST DMA
029F EB 00 JMP SHORT $+2 ; WAIT STATE FOR 10
02A1 8A EO MOV AH, AL ; SAVE LSB OF 16-BIT REG
02A3 EC IN AL, DX ; READ MSB OF DMA CH REG
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02AL 3B D8 cup BX, AX ; PATTERN READ AS WRITTEN?
02A6 74 01 JE c18 i YES - CHECK NEXT REG
02A8  Fy HLT I NO - HALT THE SYSTEM
02A9 cis:  NXT_DMA_CH
02A9 42 INC DX ; SET_10 PORT TO NEXT CH REG
02AA E2 EA Loop  C17 ; WRITE PATTERN To NEXT REG
02AC  FE CO INC AL ; SET PATTERN TO
02AE 74 DC Jz cis ; YES CONTINUE
j=-===-- WRITE DMA WITH 55 PATTERN
0280 80 FB 55 cmp BL,55H ; CHECK JE 35 PATTERN DONE
0283 74 09 Jz c19 ;
0285 80 tB AA cmp BL, OAAH ; cuzcx TESan PATTERN DONE
02B8 74 08 Jz c2 ; GO IF YES
02BA BO 55 MoV AL, 55H 3
02BC EB CE JMP c16
jomm———— WRITE DMA WITH AA PATTERN
02BE  BO AA c19: MoV AL, OAAH 5
02C0  EB CA JMP ci6 ;
; TEST.07
; 7 DMA 1 INITIALIZATION CHANNEL REGISTER TEST
 DESCRIPTION
; DISABLE THE 8237 DMA CONTROLLER 1.
B WRITE/READ THE CURRENT DMA 1
; ADDRESS AND WORD COUNT REGISTERS FOR ALL
; CHANNELS.
e CHECKPOINT 7 DMA 1
02C2  BO 07 c20 HOV AL,O7H ;€3> <>C>CHCI >
02C4  E6 80 ouT MFG PORT, ; <><><>CHECKPOINT 7<><><>
02C6 E6 DA ouT nmmmun*z AL ; SEND MASTER CLEAR TO 2ND DMA
1 CHANNEL ADDRESS AND COUNT REGISTERS
02C8  BO FF AL,OFFH ; WRITE PATTERN FF TO ALL REGS
02CA  8A D8 C16A: MOV BL, AL i SAVE PATTERN FOR COMPARE
02CC  8A F8 MOV BH,AL
02CE B9 0008 MOV X, 8 ; SETUP LOOP CNT
02D1  BA 00CO MoV ox DM ; SETUP 1/0 PORT ADDR OF REG
0204 EE c17a:  ouT i WRITE PATTERN TO REG, LB
0205 EB 00 JmMp snom $+2 ; WAIT STATE FOR
02D7  EE ouT DX,AL ; MSB OF 16 BIT
02D8 BO 01 MOV ; AL TO ANOTHER PhT BEFORE RD
02DA  £B 00 JMP snom svz i WAIT STATE FOR |
02DC  EC IN : READ 16-BIT DMA CH REG, LSB 2ST DMA
020D  EB 00 Jmp SRt $+2 ; WAIT STATE FOR 10
02DF  8A EO MOV AH, AL i SAVE LSB OF 16-BIT REG
02E1  EC iN AL, DX ; READ MSB OF DMA CH REG
02E2 3B DB cMp BX, AX i PATTERN READ AS WRITTEN?
02E4 74 01 JE C18A ; YES - CHECK NEXT REG
02E6  FY HLT 5 NO - HALT THE SYSTEM
02E7 C18A:  NXT_DMA_CH
02E7 83 C2 02 ADD ,2 ; SET_10 PORT TO NEXT CH REG
02EA E2 E8 LOOP  C17A i WRITE PATTERN TO NEXT REG
02EC  FE CO INC AL ; SET PATTERN TO O
02CC 74 DA Jz C16A i YES CONTINUE
jmmmmmmm WRITE DMA WITH 55 PATTERN
02F0 80 FB 55 chp BL.SSH 3 CHECK IF 55 PATTERN DONE
02F3 74 09 Jz C20A ;GO IF
02F5 80 FB AA cmp BL, OAAH i CHECK TE°AA PATTERN DONE
02F8 74 08 NY4 c2i ; GO IF YES
02FA  BO 55 MOV AL 55H :
02FC  EB CC Jmp c16.
jmmmmm— WRITE DMA WITH AA PATTERN
02FE  BO AA C20A: MOV AL, OAAH 5
0300 EB C8 JMP C16A :
;===== INITIALIZE AND START MEMORY REFRESH.
0302 8B 1E 0072 R c21: MoV BX,RESET_FLAG ; GET THE RESET FLAG
0306 A3 0010 R MOV EQUIP_FLAG, AX ; DO A DUMMY WRITE RAM BEFORE REFRESH
0309 B0 12 MOV AL, ; START TIMER
030B €6 41 ouT TIMER+1, AL
jmmmmmme SET DMA COMMAND
030D c21z:
030D 2A CO suB AL, AL ; DACK SENSE LOW,DREQ SENSE HIGH
030F £6 08 ouT DMA+8, AL : LATE WRITE, FIXED PRIORITY,NORMAL TIMING
; CONTROLLER ENABLE,CHO ADDR HOLD DISABLE
; MEMORY TO MEM DISABLE
0311 E6 DO out DMA18, AL ; SAME TO SECOND CONTROLLER
jummm———— MODE SET ALL DMA CHANNELS
0313 B0 40 Hov AL ; SET MODE FOR CHANNEL 0
0315 £6 0B ouT DMAﬂ)BH AL 3
0317 BO CO MOV AL, OCOH ; SET CASCADE MODE ON CHANNEL 4
0319 €6 DG ouT om1a+osn AL ; w
0318 FB 00 JMP SHORT $+2 ; WAIT STATE FOR 10 m
0310 BO 41 MOV AL, 4TH ; SET MODE FOR CHANNEL 1 ™
031F €6 OB ouT DMA+OBH AL ]
0321 E6 D6 ouT DMA18+06H, AL ; SET_MODE FOR CHANNEL 5 —
0323 EB 00 JMP SHORT $+2 : WAIT STATE FOR o
0325 B0 42 MOV AL, 42H ; SET MODE FOR CHANNEL 2
0327 £6 OB ouT DMA+OBH, AL —4
0329 €6 D6 out DMA18+06H, AL ; SET _MODE FOR CHANNEL 6
0328 €B 00 JMP SHORT $+2 i WAIT STATE FOR o
0320 B8O 43 MOV AL, 43H ; SET MODE FOR CHANNEL 3
032F €6 0B ouT DMA+0BH, A
0331 [6 D6 out DMA18+06H,, AL ; SET MODE FOR CHANNEL 7
RESTORE RESET FLAG
0333 89 1E 0072 R MOV RESET_FLAG, BX ;
; TEST.08
: OMA PAGE REGISTER TEST :
; DESCRIPTION :
; WRITE/READ ALL PAGE REGISTERS :
jmmee- CHECK POINT 8
0337 BO 08 MOV AL, 08H 5 <> LS OISO
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0339 E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT 8<><><>
0338 2A CO suB AL, A H

033D BA 0081 HOV DX, DMA_PAGE :

0340 B9 OOFF MOV CX,OFFH 1 DO ALL DAIA PATTERNS
0343 EE c2zA;  OUT DX, AL :

o3ul  u2 INC DX :

0345 FE CO INC AL :

0347 81 FA 008F cMp DX, 8FH i TEST DMA PAGES 81 THUR BEH
034B 75 F6 INZ c22A :

034D 86 EO XCHG ~ AH, AL ; SAVE CURRENT DATA PATTERN
034F FE CC DEC ; CHECK LAST WRITTEN

0351 LA DEC DX :

0352 2A CO c22B:  SUB AL, AL : CHANGE DATA BEFORE READ
0354 EC In AL, DX :

0355 3A Cu cup AL, AH  DATA AS WRITTEN?

0357 75 30 INZ c26 ! GO ERROR HALT IF NOT
0359 FE CC DEC AH H

0358 LA DEC DX :

035C 81 FA 0080 cmp DX, MFG_PORT ; CONTINUE TILL PORT 80
0360 75 FO INZ c228 :

0362 FE Cb INC AH ! NEXT PATTERN TO RIPPLE
0364 8A Cu MOV AL, AH :

0366 E2 DB LOOP  C22A H

--------- TEST LAST DMA PAGE REGISTER (USED FOR ADDRESS LINES DURING REFRESH)

0368 BO CC MoV AL,0CCH ; WRITE AN CC TO PAGE REGISTERS
036A BA 008F c22: MOV DX, LAST_DMA_PAGE H
036D 8A EO MoV AH,AL ; SAVE THE DATA PATTERN
036F EE c23: ouTt DX, AL ; OUTPUT PAGE REG

jmmmmmmm VERIFY PAGE REGISTER 8F
0370 2A €O c2y: SUB AL, AL ; CHANGE DATA PATTERN BEFORE READ
0372 EC IN AL, DX ; GET THE DATA FROM PAGE REG
0373 3A Ch cMP AL, AH H
0375 1Y 12 JINZ C26 ; GO IF ERROR
0377 80 FC CC cMP AH, 0CCH H
037A 75 O4 INZ c2! ; GO _IF ERROI
037C BO 33 MoV AL,033H ; SET UP DATA PATTERN OF 33
037E EB EA JMP cz22 ; DO DATA
0380 80 FC 00 C25: cMP AH, 0 H CHECK DONE
0383 74 05 Jz c27 ; GO
0385 2A CO SuB AL, AL B SET UP FOR DATA PATTERN 00
0387 EB E1l JMP c22 ; DO DATA

;======= ERROR HALT
HALT SYSTEM

0389 Fh C26: HLT

; TEST.09

; STORAGE REFRESH TEST H
; DESCRIPTION :
H VERIFY STORAGE REFRESH IS OCCURRING H

-------- CHECKPOINT 9 TEST MEMORY REFRESH

038A BO 09 c27: MOV AL, 09H 5 >GOOI
038C E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT 9<><><>
038E 2B C9 suB CX, CX H
0390 Eu4 61 c28: IN AL, PORT_B ; INSURE REFRESH BIT 1S TOGGLING
0392 A8 10 TEST AL,REFRESH_BI1 H
0394 E1 FA LOOPZ c28 ; INSURE REFRESH IS OFF
0396 74 F1 Jz C26 ; GO IF NO
0398 2B C9 suB CX,CX ;
039A E4 61 Cc29: IN AL, PORT_B ;
039C A8 10 TEST AL,REFRESH_BIT ; INSURLC REFRLCSH 1S ON
039E EO FA LOOPNZ €29 ;
03A0 75 E7 JNZ c26 ; GO IF NO REFRESH

; TEST.10

H 042 TEST AND CONFIGURATION JUMPERS

; DESCRIPTION H

H ISSUE A SELF TEST TO THE 8042 H

H INSURE A 55H 1S RECEIVED H

H GET MANUFACTURING/DISPLAY TYPE JUMPER

B INPUT PORT INFO SAVED IN MFG_TEST

-------- CHECKPOINT O0A

03A2 BO OA MOV AL ;>SS

, OAH
03A4  E6 80 ouT MFG_PORT, AL ; <><>CHECPOINT QA<><><>
- SOFT RESET (HANDLE ALL POSSIBLE CONDITIONS)

03A6 2B C9 SuB CX,CX ; 100 MSEC FOR THIS LOOP

03A8 El 64 TST1:IN AL, STATUS_PORT : CHECK FOR INPUT BUFFER FULL
03AA  B8A EO MOV AH, AL H

03AC F6 Ch 01 TEST  AH,OUT_BUF_FULL :

03AF 74 02 Jz T8T2 ; GO IF NOT

0381 Eu4 60 IN AL, PORT_A ; FLUSH

03B3 F6 Cu4 02 TST2: TEST AH, INPT BUF_FULL ; 1S THE OUTPUT BUFFER ALSO FULL?
03B6 EO FO LOOPNZ TST\ ; TRY AG,

0388 74 01 Jz TST4 : CONTINGE 1 F 0K

03BA  Fu ERRO: HLT ; HALT SYSTEM IF BUFFER FULL

oo ISSUE A RESET TO THE 8042

0388 BO 0B TST4: MoV AL, OBH ;OO
03BD E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT OB <><>
03BF B0 AA MOV AL, OAA! ; SELF TEST COMMAND
03C1 BC 0000 E MOV sP, DFFSET c8ou2A ; SET RETURN ADDR
03C4 EB 3F 90 JMP €80 H
03C7 A8 01 TST4_B: TEST AL,OUT_BUF_FULL ;1S THE OUTPuT BUFFER FULL?
03C9 74 02 Jz TSTH ; GO IF NO
03CB  EL 60 IN AL, PORT. ; FLUSH
03CD  BC 0000 E TST4_A: MOV sP, OFFSET OBF_u2A ; SET RETURN ADDR
03D0 EB 3F 90 P OBF ; GO WAIT FOR BUFFER
03D3 E4 60 TST4_C: IN AL,PORT_A ; GET THE ENDING RESPONSE
03D5 3C 55 cMP AL,55H ;
03D7 BO 0C % AL, OCH 5 <> OI>
03D9 E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT 0C <><>
03DB 75 DD JNZ ERRO ; GO IF NOT OK

e GET THE SWITCH SETTINGS
03DD BO CO MOV AL,0COH ; READ INPUT COMMAND
03DF BC 0000 E MoV SP,OFFSET C8042C ; SET RETURN ADDRESS
03€2 EB 21 JMP c80u2 ; 1SSUE COMMAND
03E5 BC 0000 E E30B: MoV SP,OFFSET OBF_u28B ; SET RETURN ADDRESS

5-38 Test1



03€E8 EB 27 90 JMP OBF_42 ; GO WAIT FOR RESPONSE

03EB  E4 60 E30C: N AL, PORT_A ; GET THE SWITCH
03ED E6 82 ouT DMA PAGE+1, AL ; SAVE TEMP

el WRITE BYTE O OF 8042 RAM
03EF BO 60 MOV L, 60H ; WRITE BYTE COMMAND
03F1 BC 0000 E MoV SP,OFFSET C80428B ; SET RETURN ADDR
03F4 EB OF 90 JMP c80u2 ; ISSUE THE COMMAND
03F7 74 05 TSTY_D: JZ T8T4_D1 ; CONTINUE |F COMMAND ACCEPTED
03F9 80 0D MoV AL, ODH ;S>> OS>
03F8  E6 80 ouT MFG_PORT,AL ; <><><>CHECKPOINT 0D <><>
03FD  fu HLT
03FE B0 5D TST4_D1:MOV AL, 5DH ; ENABLE OQUTPUT BUFF FULL INT - DISABLE KEYBOARD
0400 E6 6O ouT PORT_A, AL ; SET SYS FLAG - PC 1 COMP - INH OVERRIDE
0402 EB 1E 90 JMpP E30A ; CONTINUE

jmmmmm——— ISSUE THE COMMAND TO THE 8042
0405 FA csou2: CLI ; NO INTERRUPTS ALLOWED
0406 E6 64 ouTt STATUS_PORT, AL ; SEND COMMAND IN AL REG
0408 2B C9 SuB CX, CX ; LOOP COUNT
O4DA EL 64 cu2_1: IN AL, STATUS_PORT ; WAIT FOR THE COMMAND ACCLPILD
040C A8 02 TEST AL, INPT_BUF_FULL ;
OUDE EO FA LOOPNZ  Cu2_1
0410 €3 RET ;

Halalanketaid WAIT FOR 8042 RESPONSC
o411 2B C9 OBF_u2: sus CX, CX H
0413 B3 06 MoV BL,6 ; 200MS/PER LOOP * 6 =1200 MS +
0415 E4 64 cu2_2: N AL STATUS_PORT ; CHECK FOR RESPONSE
0h17 A8 01 TEST AL, OUT_BUF_FULL H
0419 75 06 JNZ 2_3 ; GO IF RESPONSE
041B €2 F8 LOOP cu2_2 ; TRY AGAIN
041D FE CB DEC ; DECREMENT LOOP COUNT
O41F 75 Fu JNZ cu2_2 ;
ou21  C3 RET ; RETURN TO CALLER

TEST.11
BASE 64K READ/WRITE STORAGE TEST
DESCRIPTION

WRITE/READ/VERIFY DATA PATTERNS
AA,55,FF,01, AND 00 TO 1ST 64K O
STORAGE . VERIFY STORAGE ADDRESSABILITY H

;===== FILL MEMORY WITH DATA

o422 BO OE E30A: MOV AL, OEH ; SET CHECKPOINT (E)
ou24  E6 80 ouT MFG_PORT,AL ;OO L><>
o426 B8 =-=--- R MoV AX, DATA ; GET THE SYSTEM SEGMENT
0429 8E D8 MoV DS, A; ; OF DATA

0u2B 8B 1E 0072 R Mov BX, RESET FLAG ; SAVE RESET_FLAG IN BX
042F FC CLD ; SET DIR FLAG TO INC.
0430 B9 8000 Mov CX, 2000H*y ; SET FOR 32K WCRDS
0433 2B FF suB Di,DI ; FIRST

0u35 2B F6 SUB s1,S1 3

0137 2B CO suB AX, AX 3

0439 8E D8 MoV DS, AX H

0438 8E CO MOV ;

043D 81 FB 1234 CHMP BX, 1234H 5 WARM START?

ouy1 75 JNZ £30A O ; GO IF NOT

o443 F9 05E6 R JMP CLR_STG

--------- GET THE INPUT BUFFER (SWITCH SETTINGS)

oLu6 B8O OF E30A_0: MOV AL, OFH ;<> LI
o448 E6 80 ouT MFG_PORT, AL 3 <><><>CHECKPOINT F<><><>
O4u4A  BO 80 MOV AL, PRTY_CHK ; SET BASE RAM PARITY

o44C  E6 87 ouT DMA PAGE+6, AL ; USE AS TEMP SAVE

O44E  BC 0000 E MOV SP,OFFSET c2 ; SET RETURN ADDRESS

0451 E9 0000 E JMP STGTST‘_CNT

ou54 8B D8 C€30: MoV BX, AX ; SAVE FAILING BIT PATTERN
o456 75 03 JN. €31

0458 E9 05F1 R JMP €33 STORAGE OK, CONTINUE

BASE 64K STORAGE FAILURE

DISPLAY THE CHECKPOINT (MFG CHECKPOINT)
AND XOR EXPECTED WITH READ IN MFG_PORT

DISPLAY CHECKPOINT [N MFG_PORT+3

DISPLAY XOR'D DATA HIGH BYTE MFG_PORT+1
LOW BYTE IN MFG_PORT+2

A READ/WRITE SCOPE LOOP OF THE FIRST

WORD FOR POSSIBLE ADDRLCSS LINC FAILURES

o458 c31:
0u58  8A C7 MoV AL, BH ; SAVE HIGH BYTE
045D E6 81 ouT MFG_PORT+1, AL H
OU5F 8A C3 Moy AL, BL ; SAVE LOW BYTE
0461 E6 82 ouT MFG_PORT+2, AL

; OR VIDEO ROM o

m

0463 B9 CO00 MOV CX, 0CO00H ; START OF 10 ROM o
ou66 8E D9 M1; MOV DS, CX ; -
0u68 2B DB SUB BX, BX ; GET THE FIRST 2 LOGATIONS —_
Ou6A 8B 07 MOV AX,[B)(; B <)
046C  EB 00 JMp SHORT $+2 ; BUS SETTLE
OLGE 3D AASS cmp AX, OAAS5H ; IS THE VIDEO ROM PRESENT? =
o471 74 0C Jz z5 ;GO IF YES
0473 81 C1 0080 ADD CX, 080H ; POINT TO NEXT 2K BLOCK (2]
ou77 81 F9 C800 cmp CX, 0C800H ; ToP or vnm:o ROM AREA YET?
ou7B  7C E9 JL M1 3 TRY A
o470 23 C9 AND CX, CX :OSET NON ZERO FLAG
Ou7F 75 03 75: INZ c32 ; GO IF
o481 E9 0573 R Jmup c31_0 ; BYPASS ERROR DISPLAY IF VIDEO ROM

SET VlDEO MODE TO DISPLAY MEMORY ERROR
1HIS ROUTINE INITIALIZES THE ATTACHMENT TO
TO DISPLAY FIRST 64K STORAGE ERRORS.

BOTH COLOR AND MONO ATTACHMENTS ARE INITIALIZED.
= 0010 03 EQU 10H
e INIT COLOR/MONO
ou8Y4 BA 03D8 c32: MoV DX, 308H ; CONTROL REG ADDRESS OF COLOR CARD
o487 2A CO SUB AL, AL ; MODE SET
o489 EE ouT DX, AL H
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048A BA 03B8 MoV DX, 03B8H ; CONTROL REG ADDRESS OF BW CARD
048D BO 01 MoV AL, 1 ; MODE SET FOR CARD

Ou8F EE out DX, AL ; RESET VIDEO

0490 83 EA 04 suB DX, 4 ; BACK TO BASE REGISTER

0493 BB 0030 E Mov BX,0FFSET VIDEO_PARMS+M4*3 ; POINT TO VIDEO PARMS
ASSUME  DS:CODE
Mov

ou96 B9 0010 z_2: CX, Ml ; COUNT OF MONO VIDEO PARMS
- BX POINTS TO CORRECT ROW OF INITIALIZATION TABLE

o499 32 E4 XOR AH, AH ; AH WILL SERVE AS REGISTER NUMBER DURING LOOP
;===--- LOOP THROUGH TABLE, OUTPUTTTING REG ADDRESS, THEN VALUE FROM TABLE
0498 BA Cy M10: MoV AL, AH ; GET 6845 REGISTER NUMBER
0490  EE out DX, AL
O49E 42 INC DX ; POINT TO DATA PORT
049F FE Cu 1NC AH ; NEXT RECISTER VALUE
O4A1 2E: 8A 07 MOV AL,CS: [BX] ; GET TABLE VALUE
O4Ay  EE our DX, AL } OUT TO CHIP
O4AS 43 INC BX ; NEXT IN TABLE
04AG LA DEC DX : BACK TO POINTER REGISTER
OUA7 E2 F2 LooP  M10 ! DO THE WHOLE TABLE
0uA9 BA E2 MOV AH, DL ! CHECK IF COLOR CARD DONE
O4AB 80 E4 FO AND AH,OFOH ; STRIP UNWANTED BITS
OUWAE 80 FC DO CMP AH, ODOH ; IS IT THE COLOR CARD?
ouB1 7 8 JzZ zZ_3 ; CONTINUE IF COLOR
0483 BB 0000 E MOV BX,OFFSET VIDEO_PARMS  ; POINT TO VIDEO PARMS
04B6 BA 03D4 MoV DX, 3D4H ; COLOR BASE
0489 EB DB Jnp z2 i CONTINUE
jmmmmme FILL REGEN AREA WITH BLANK
o4BB 33 FF Z_3: XOR DI,Di1 ; SET UP POINTER FOR REGEN
048D B8 BOOO MOV AX; 0BOOOH ! SET UP ES TO VIDEO REGEN
04CO  8E CO MoV ES,AX H
oucz 89 0800 MOV CX, 2048 ; NUMBER OF WORDS IN MONO CARD
Quc5 88 0720 MoV AX, ' T47*256 I FILL CHAR FOR ALPHA
oucs8 F3/ AB REP STOSW ; FILL THE REGEN BUFFER WITH BLANKS
O4CA 33 FF XOR 01,01 ; CLEAR COLOR VIDEO RAM
04CC BB B8OO MoV BX, 0BBOOH ! SET UP ES TO COLOR VIDEO RAM
O4CF  8E C3 MoV ; :
04D1 B9 2000 MoV CX,8192 H
oud4  F3/ AB REP STOSW i FILL WITH BLANKS
;===-- ENABLE VIDEO AND CORRECT PGRT SETTING
0uD6 BA 0388 MOV DX, 388H
0uD9 BO 29 MoV AL, 29H ;
O4DB  EE ouT DX, AL ! SET VIDEO ENABLE PORT
jmmmm- SET UP OVERSCAN REGISTER
ouDC 42 INC DX ; SET OVERSCAN PORT TO A DEFAULT
ou0D 80 30 MOV AL, 30H ; VALUE OF 30H FOR ALL MODES EXCEPT 640X200
OuDF  EE ouT DX, AL  OUTPUT THE CORRECT VALUE TO 3D9 PORT
Hahtd ENABLE COLOR VIDEO AND CORRECT PORT SETTING
OUEQ BA 03D8 MOV DX, 3D8H
O4E3 BO 28 MoV AL, 28H ;
O4E5  EE out DX, AL ! SET VIDEO ENABLE PORT

;-==-- SET UP OVERSCAN REGISTER

O4E6 u2 INC DX ; SET OVERSCAN PORT TO A DEFAULT
OWE7 BO 30 Mov AL, 30H ; VALUE OF 30H FOR ALL MODES EXCEPT 640X200
O4E9 EE ouT DX, AL ; OUTPUT THE CORRECT VALUE TO 3D9 PORT

e DISPLAY FAILING CHECKPOINT AND

OUEA 8C C8 MoV AX,CS ; SET STACK SEGMENT TO CODE SEGMENT
O4EC 8E DO MoV SS,AX :
O4EE BB BOOO MoV BX, 0BOOOH ;
O4F1 8E DB MoV DS, BX  SET DS TO BW CRT BUFFER
O4F3 B0 30 z_0: MoV AL,'0' ; DISPLAY BANK 000000
O4F5 B9 0006 MoV CX,6 :
QufF8 2B FF suB DI,DI ; START AT 0
Ou4FA 88 05 Z: Mov Ds:[DI],AL ; WRITE TO CRT BUFFER
OUFC 47 INC DI ; POINT TO NEXT POSTITON
O4FD 47 INC DI :
OUFE E2 FA Loor  Z
0500 80 FF B8 cHp BH,0B8H ; CHECK THAT COLOR BUFFER WRITTEN
0503 74 0OC Jz z_3
0505 2B FF sus DI,DI ; POINT TO START OF BUFFER
0507 B7 BO MOV BH, 0BOH H
0509 8E C3 MoV ES,BX i ES = MONO
0508 B7 BB MoV BH, 0B8H ; SET SEGMENT TO COLOR
050D 8E DB MoV DS, BX i DS = COLOR
050F EB E2 JHp zZ_0 :

jmmm———— -~ PRINT FAILING BIT PATTERN
0511 BO 20 zZ_1: MoV ALt ! ; DISPLAY A BLANK
0513 88 05 MoV DS:{DI],AL ; WRITE TO COLOR BUFFER
0515 26: 88 05 MOV ES:{DI],AL { WRITE TO MONO BUFFER
0518 47 INC DI { POINT TO NEXT POSTITON
0519 47 INC D1 :
051A Eu4 81 IN AL,MFG_PORT+1 ; GET THE HIGH BYTE OF FALING PATTERN
051C B1 04 MoV cLi4 i SHIFT COUNT
051€ D2 E8 SHR AL,CL  NIBBLE SWAP
0520 BC OSDE R Moy SP,OFFSET Z1_0
0523 EB 1E 90 JMP PR
0526 E4 81 z1: IN AL,MFG_PORT+1 ;
0528 24 OF AND AL, OFH i VSOLATE TO LOW NIBBLE
052A BC 05E0 R MoV SP,OFFSET Z2_0
052D EB 14 90 JMP ;
0530 El 82 z2: 1N AL, MFG_PORT+2 3 GET THE HIGH BYTE OF FALING PATTERN
0532 B1 04 MOV cLo b  SHIFT COUNT
0534 D2 E8 SHR AL, CL : NIBBLE SWAP
0536 BC 05E2 R MoV SP,OFFSET Z3_0
0539 EB 08 90 JMP
053C EL 82 z3: IN AL, MFG_PORT+2 ;
053E 24 OF AND » ; ISOLATE TO LOW NIBBLE
0540 BC 05E4 R MoV SP,OFFSET Z4_0 i RETURN TO Z4:

jmmmmme- CONVERT AND PRINT

5-40 Test1



o4 90
27
1 4o
27

88 05
26: 88 05

88 ---- R

®
o
o
o®
<3
=3

8E Dy

PR:

;======== ROLL ERROR CODE IN MFG_PORT =-=->

c31_0:

C31_A:

c31_8:

c31_C:

€31_0:

C31_E:

€31_6:

C31_H:

C31_K:

c31_L:

ADD AL,090H
DAA

ADC AL, O40H
DAA

MoV 0S:[DI],AL
MoV ES:[DI],AL
INC DI

INC D!

RET

- DISPLAY 201 £RROR

MoV AL,' Y
MOV 0St{DI],AL
MOV ES:[DI],AL
INC DI

INC DI

MOV AL,'2'
MOV DS:(DI],AL
MoV £S:[01];AL
INC

INC

MoV AL ‘o'
MoV DS:[DI],AL
MoV ES:[DI], AL
INC D1

INC oI

MoV AL, "1
MOV DSI[DI],AL
MOV ES:[DI],AL

Moy

ouT MFG PORT AL
out MFG_PORT+3, AL
SUB €x,Cx

SUB AX, AX

MoV DS, AX

MoV AX, OAASSH
SuB 01,01

MoV DS:[DI],AX
MOV AX,DS: [DI]
LoOP  C3i_A

MoV DS:[DI],AX
MOV AX,DS:[DI]
LooP  C31_B

MoV DS:(DI],AX
MOV AX,DS:(D1]
Loop  c31_C

MoV DS:[DI],AX
MoV AX,DS: (D1}
Loopr  c31_D

MoV DS:[DI],AX
MoV AX,DS:[D1]

IN AL, MFG_PORT+1
ouT MFG_PORT, AL
MoV AX, OAASSH
MoV DS:[D1],AX
MoV AX,DS: {D1]
LooP €316

MoV DS:[D1],AX
MOV AX,DS:[DI]
LooP  C31_H

MOV DS:[DI],AX
MoV AX,DS:{D1]
LooP  C31_1

CONVERT 00-0F TO ASC|| CHARACTER
ADD FIRST CONVERSION FACTOR
ADJUST FOR NUMERIC AND ALPHA RANGE
ADD CONVERSION AND ADJUST LOW NIBBLE
ADJUST HIGH NIBBLE TO ASCHI RANGE

WRITE TO COLOR BUFFER
WRITE TO MONO BUFFER
POINT TO NEXT POSTITON

DISPLAY A BLANK

WRITE TO CRT BUFFER
WRITE TO MONO BUFFER
POINT TO NEXT POSTITON

DISPLAY 201 ERROR
WRITE TO CRT BUFFER
WRITE TO MONO BUFFER
POINT TO NEXT POSTITON

WRITE TO CRT BUFFER
MONO BUFFE
POINT TO NEXT POSTITON

k4
El
3
m
-
ooo

WRITE TO CRT BUFFER
WRITE TO MONO BUFFER

FIRST THE CHECKPOINT

<><><>CHECKPOINT DD <><><:
ALSO DISPLAY CHECK POINT IN PORT 83

SETUP SEGMENT
WRITE AN AASS

READ THE FIRST WORD
DISPLAY CHKPT LONGER

NEXT THE HIGH BYTE

XOR OF FAILING BIT PATTERN
HIGH BYTE

WRITE AN AA55
READ THE FIRST WORD

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

IN AL,MFG_PORT+2

ouT MFG_PORT, AL

MoV AX,DAAS5H

SUB D1,

MoV DS:[DI],AX

Moy AX,DS:[D1]

LooP c31_K

MoV DS:[DI],AX
oV AX,DS:[DI]

Loop C31_L

MOV DS:[D1],AX

MoV AX,DS:{D1]

LooP c31_m

ov DS:[D1],AX
v AX,DS:[DI]

Loop C31_N

Jmp €31_0

oW z1

oW z2

oW z3

oW zy

ASSUME  DS:DATA

REP OSW

MOV AX,DATA

MoV DS, AX

MoV RESET_FLAG, BX

SETUP STACK SEG AND SP

MoV AX,DATA
MOV DS, AX

MoV SP,POST_SS
MoV SS,SP

LOW BYTE
WRITE AN AADH

READ THE FIRST WORD

DO AGAIN
TEMP STACK
TEMP STACK

TEMP STACK
TEMP STACK

STORE 32K WORDS OF 0000
RESTORE DATA SEGMENT

RESTORE RESET FLAG

SET DATA SEGMENT

GET STACK VALUE
SET THE STACK UP
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05FB  BC 8000

05FE BO 11

0600 E6 80

0602 E4 82

0604 24 FO

0606 A2 0012 R

0609 2A CO

0608 E6 82

0600 OF +
060E +
060E D1 EO +
0610 +
060E +
060E 01 +
0610 +
0610 A9 000F

0613 75 37

0615 B0 12

0617 E6 80

0619 1E

061A 07

0618 BF DOAO

061E B9 0003

0621 B8 AAAA

0624  E8 064F R

0627 B8 5555

062A E8 O64F R

0620 2B CO

062F E8 OG4F R

0632 2B ED

0634  FD

0635 9C

0636 58

0637 A9 0200

063A 75

063! A9 0400

063F 74 0B

0641 FC

o6u2  9C

0643 58

06ul A9 0400

0647 75 03

0649 EB 3E 90

o6uC

o64C  Fu

064D EB FD

064fr B9 0003

0652 F3/ AB

0654 BD DOAO

0657 26 +
0658 OF +
0659 +
0659 8B 5E 00 +
065C +
0659 e
0659 01 +
065C +
065C BD DOAO

065F 26 +
0660 OF +
0661 +
0661 8B 56 00 +
0664 +
0661 +
0661 01 +
0664 +
0664 BD D8AO

0667 26 +
0668 OF +
0669 +
0669 8B UE 00 +
066C +
0669 +
0669 01 +
066C +
066C BD D8AS

066F 26 +
0670 OF +
0671 +
0671 03 46 00 +
0674 +
0671 +
0671 01 +
0674 +
0674 BF DOAO

0677 8B O

0679 B9 0005

067C BE DB3A

067F 26: 3B 0'-6
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Test 1

IS READY TO GO

<S>>I
<><><>CHECKPOINT 11 <><>

GET THE SWITCH SETTINGS
STRIP UNUSED BITS

SAVE SETTINGS

RESET DMA_PAGE

GET THE CURRENT STATUS WORD

PE/MP/EM/TS BITS SHOULD BE ZERO
IF STATUS NOT REAL MODE

3 SET CHECK POINT 12
 <>C>L>C>>>> S>>

SET ES TO SAME SEGMENT AS DS
USE THIS AREA TO BUILD TEST PATTERN

FIRST PATTERN
WRITE NEXT PATTERN
WRITE O

RESTORE BP REG

SET DIRECTION FLAG FOR DECREMENT
GET THE FLAGS

INTFRRUPT FLAG SHOULD BE OFF
oT

CHECK DIREC'ION FLAG
IF NOT SET
CLEAR DIRECTION FLAG

INSURE DIRECTION FLAG IS RESET

MOV SP, POST_SP ; STACK
jmmmmmme GET THE INPUT BUFFER (SWITCH SETTINGS)
c37: MOV AL, 1 3

ouT MFG_ PORI AL

IN AL, DMA_PAGE+1 ;

AND AL, OFOH 3

MOV MFG_TST, AL H

SUB AL, AL :

out DMA_PAGE+1, AL :

D OTEST.1IA :
: VERIFY 236 LODT/SGDT LIDT/SIDT
; INSTRUCT {O| :
; DESCRIPTION :
; LOAD GDT AND 1DT REGISTERS WITH
: AA,55,00 AND VERIFY CORRECT
-- VERIFY STATUS INDICATE COMPABILITY (REAL) MODE

SMSW  AX ;

08 00FH
720000 LABEL  BYTE

H el
270001 LABEL  BYT

ORG orrssT €S:270000

0B 001H

ORG orrszr €$:220001

TEST AX, OFH B

INZ ERR_PROT i GO
j===-==== TEST PROTECTED MODE REGISTERS

MOV AL,

ouT nrc PORT AL

PUSH 0s ;

POP s :

MoV DI, SYS_IDT_LOC :

MOV )3 :

MOV AX, OAAAAH :

CALL  WRT_PAT :

MOV AX, 05555H H

CALL  WRT_PAT i

suB ) H

CALL  WRT_PAT :

SUB 8P, BP H
jmmmmmmem TEST 286 CONTROL FLAGS

STD H

PUSHF :

POP AX i

TEST  AX, 02004 :

JNZ ERR_PROT P GO IF

TEST AX, O4OOH H

Jz ERR_PROT ; GO

cLD B

PUSHF :

POP H

TEST AX, O4OOH ;

JNZ ERR_PROT 1 GO IF NOT

c37A B

JmP
ERR_PROT :

HLT

JMp
jm=-=--= WRITE

WRT_PAT: MOV
REP ST

270003
270004

720006
2770007

G
P READ

MoV
SEGOV
2:3

720009
?7?7000A

27000C

270000

C378B:

SHORT ERR_PROT

TO 286 REGISTERS
CX,3
BP,SYS_1DT_LOC
33
026H
[er)

OO0FH
Y

BYTE
BX,WORD PTR [BP]
BYTE
OFFSET CS:?720003

001H
OFFSET CS:?20004
8P, SYS_IDT_LOC

€

BYTE
DX, WORD PTR [BP]
YT
CS$:220006

OFFSET CS:?770007
AND VERIFY 286 REGISTERS

BP,GDT_LOC
E

OFFSET CS:?70009
001H

OFFSET CS:??7000A
BP,GDT_LOC+5
E

OFFSET CS:?77000C
001H

OFFSET CS:?77000D
DI, SYS_IDT_LOC
AX,DS:[DI ]

S1.GDT_LOC
AX,ES:[SI]

TEST OK CONTINUVE

PROTECTED MODE REGISTER FAILURE
INSURE NO BREAKOUT OF HALT

STORE 6 BYTES OF PATTERN
LOAD THE 10T

RECISTER FROM THIS AREA

LOAD THE GDT

FROM THE SAME AREA

STORE THE REGISTERS HERE

GET THE 10T REGS

GET THE GDT REGS

GET THE PATTERN WRITTEN
CHECK ALL REGISTERS
POINT TO THE BEGINNING



15
80

0040 R

08
0010 E

0010

FB

0000 E

16
80

INZ ERR_PROT ;
INC Si H

INC si
LOOP Cc378
RET

HALT IF ERROR
POINT TO NEXT WORD

CONTINUE TILL DONE

INITIALIZE THE 8259 INTERRUPT #1 CONTROLLER CHIP :

C37A:  SUB AL, AL f
ouT X287+1,AL ;
MoV AL, 11H ;
out INTAOO, AL
JMP SHORT $+2 5
MoV AL, 8 ;
out INTAO1, AL
JMP SHORT $+2 ;
MoV AL, O4H 5
ouT INTAO1,AL 5
JMP SHORT S$+2 H
MoV AL,01H ;
ouT INTAO1, AL B
JMP SHORT $+2 ;
MoV AL, OFFH ;
ouT INTAO1, AL ;

RESET MATH PROCESSOR
ICW1 - EDGE, MASTER, ICWu

WAIT STATE FOR 10
SETUP ICW2 ~ INI TYPE 8 (8-F)

WAIT STATE FOR 10
SETUP ICW3 - MASTER LV 2

10 WAIT STATE
SETUP ICW4 - MASTER, 8086 MODE

WAIT STATE FOR IO
MASK ALL IN
(VIDEO ROUTINE ENABLES INTS.)

INITIALIZE THE 8259 INTERRUPT #2 CONTROLLER CHIP :

MoV AL, 13H ;
out MFG_PORT, AL ;
MoV AL, 11H ;
ouT INTBOO, AL

JMP SHORT §+2 5
MOV AL, INT_TYPE :
ouT INTBO1,AL ;
MOV AL, 02H H
JMP SHORT $+2 :
out INTBO1,AL ;
JMP SHORT $+2 ;
MoV AL, OTH ;
out INTBO1, AL ;
JMP SHORT $+2 ;
MOV ALLOFFH ;
ouTt H

MoV AL, 14H

out MFG_PORT, AL

MoV CX, 78H ;

suB DI, DI H

MoV £S, D1 :
D3: MOV AX, OFFSET D11 :

STOSW

MOV AX, CS ;

STOSW

LOOP D3 ;

- ESTABLISH BIOS SUBROUTINE CALL IN

> > L>>LC> >SS <>
<><><>CHECKPOINT 13 <><>

ICW1 - EDGE, SLAVE ICW4

WAIT STATE FOR 10
SETUP ICW2 ~ INT TYPE 50 (50-5F)

SETUP ICW3 - SLAVE LV 2
10 WAIT STATE
SETUP ICW4 - 8086 MODE, SLAVE

WAIT STATE FOR 10
MASK ALL INTS. OFF

INTBO
-------- SET UP THE INTERRUPT VECTORS TO TEMP INTERRUPT

C><>C>C> > > CI >
<><><>CHECKPOINT 14 <><>
FILL ALL INTERRUPT LOCATIONS
FIRST INTERRUPT LOCATION

SET ES ALSO

MOVE ADDRESS OF INT OFFSET

GET THE SEGMENT

ITERRUPT VECTORS
<>L>L>L>E>COCOLIC>C>><>
<><><>CHECKPOINT 15 <><>

SCT VIDIO INT AREA

SET UP ADDRESS OF VECTOR TABLE
SET AX=SEGMENT

;START WITH VIDEO ENTRY

MOVE VECTOR TABLE TO RAM

SKIP SEGMENT POINTER

MoV AL, 15H ;
ouT MFG_PORT, AL
MoV DI,OFFSET VIDEO_INT ;
PUSH  CS :
POP 0S :
MOV AX, ;
MOV si, OfFser VECTOR_TABLE+16
MOV cx; 16 3

D3A: MOVSW s
INC DI
INC DI ;
LOOP  D3A

TEST.12

VERIFY CMOS CHECKSUM/BATTERY GOOD
DESCRIPTION

DETERMINC IF CONFIG RECORD SHOULD
H USED FOR INITIALIZATION

ASSUME  DS:DATA
CMOS: CALL DDS H

MOV AL, 16H
ouT MFG_PORT, AL

1S THE BATTERY LOW THIS POWER UP?

IN AL, CMOS PORT+‘I
TEST AL, BAD.
Jz cMOS1

MOV AL, BATTERY_ COND_STATUS  ;
ouT CMOS_POR :
JMP SHORT $+2 ;
IN AL, CMOS_| BoRT+1 H
TEST AL 8OH :
Jz S1 :
MOV AL on STATUS :
ouT CMOS_PORT, AL ;
Jup SHORT §+2 :

JMP CcMosh

SET DEFECTIVE BATTERY FLAG

CMOSTA: MOV AL,
ouT MFG PORT AL
MoV AL, DIAG_STATUS ;
ouT CMOS_PORT, AL H
JNP SHORT $+2 :
IN AL, CMOS_PORT+1 H
XCHG AL, AH :
OR AH, BAD_BAT 3
MOV AL, D1AG_STATUS 1
ouT CMOS_PORT, AL :
XCHG AL, AH ;
Jmp SHORT $+2 5
ouT CMOS_PORT+1, AL :

SET THE DATA SEGMENT

<>CFC>L>C> > K>>I C>L><>
<><><>CHECKPOINT 16 <><>

CHECK BATTERY CONDITION
POINT TO BATTERY STATUS
WAIT STATE FOR 10

s TNE BATTERY LOW?

GO If YES

GET TN[ OLD STATUS

HAS CUSTOMER SETUP BEEN EXECUTED?
GO CHECK CHECKSUM IF YES

CONTINUE WiTHOUT CONFIG

<>E>C>ESI>LOLSCH >SS
<><><>CHECKPOINT 17 <><>

CMOS DIAGNOSTIC STATUS BYTE

GET THE CURRENT STATUS
S
SET THE DEAD BATTERY FLAG

OUTPUT THE STATUS
SET FLAG IN CMOS
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0
£ 0072 R 1234

0752

0752 2A CO
0754 €6 71
0756 28 DB
0758 2B C9
075A B1 90
075C BS AE
075E 8A C1
0760 E6 70
0762 EB 00
0764 C4 71
0766 2A E4
0768 13 D8
076A FE C1
076C 3A E9
076E 75 EE
0770 08 DB
0772 74 16
0774 BO AE
0776 E6 70
0778 EB 00
O77TA E4 71
077C 8A EQ
077E BO AF
0780 E6 70
0782 EB 00
0784 E4 71
0786 3B C3
0788 74 17
078A BO 8E
078C €6 70
078E EB 00
0790 E4 71
0792 86 Ch
0794 80 CC 40
0797 80 8
0799 E6 70
0798 EB 00
079D 86 Cu
079F E6 71
07A1 BO 18
07A3 E6 80
07A5 Eu 61
07A7 0C 0C
07A9 LB 00
07AB  E6 61
07AD BO 19
07AF E6 80
0781 BO 8F
07B3 E6 70
0785 EB 00
0787 BO 01
0789 E6 71
07BB  BC 0000
07BE 8E DL
07C0  BC 8000
07C3 E8 0000 E
07C6 BO 1A
07C8 E6 80
07CA B8 0008
07CD 8E D8
07CF C7 06 005A 0000
0705 €6 06 005C 00
07DA  BE

0700 8E D
07DF BC FFFD
07E2 OF

07E3

07E3 D1 EO
07E5

07E3

073 01
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b+t

CMOSY ;

JM
jmm——— VERIFY CHECKSUM

GO TO MINIMUM CONFIG

cMOS1: MOV AL,DIAG_STATUS ; CLEAR OLD STATUS
ouT CMOS_PORT, AL ;
JMP SHORT $+2 ; 10 DELAY
IN AL, CMOS, PORT-H 5 GET THE CURRENT STATUS
JMP SHORT $+2 5 10 DELAY
XCHG AL, AH : SAVE THE CURRENT STATUS
MOV AL,D1AG_STATUS :
ouT CMOS_PORT, AL ;
CMP RESET_FLAG, 1234H ; 1S THIS A SOFT RESET
JINZ CMOS1_A ; GO IFf NOT
XCHG AH, AL ; RESTORE THE STATUS
AND AL, W_MEM_S1ZE ; CLCAR ALL BUT THL CMOS/POR MLCMORY S1ZC
i MISCOMPARE
Jme CMOS1_B ;
CMOS1_A:
SUB Al AL B
CMOS1_B: OUT CMOS_PORT+1, AL 3
SuB BX, BX
SUB CX,CX ;
MOV CL,CMOS_BEGIN ; SET START OF CMOS
MOV CH, CMOS_END+1 i SEI END OF GMOS
CMOS2: MOV AL,CL :
ouT CMOS_PORT, AL ; ADDRESS THE BEGINNING
JmMp SHORT $+2 ; WAIT STATE FOR
IN AL, CMOS_PORT+1 B
SuUB AH, AH ; INSURE AH=0
ADC BX, AX ; ADD TO CURRENT VALUE
INC cL ; POINT TO NEXT WOR
cMP CH,CL 5 FINISHED?
JINZ CMOS2 ;GO IF N
OR BX, BX ; BX MUST NOT BE 0
Jz CMOS3 ; CMOS BAD IF CKSUM=0
MoV AL, CMOS_END+1 ; GET THE CHECK SUM
ouT CMOS_PORT, AL H
JMP SHORT $+2 H
IN AL, CMOS_PORT+1 ; FIRST BYTE OF CHECKSUM
MOV AH, AL ; SAVE IT
MOy AL,CMOS_END+2 ; SECOND BYTE OF CHECKSUM
ouT CMOS_PORT, AL B
JMp SHORT $+2 B
IN AL CMOS_PORT+1 3
cMp ;s THE CHECKSUM oK
Jz cmosu ; GO IF
jom-m--- SET CMOS CHECKSUM ERROR
CMOS3: MOV AL, DIAG_STATUS ; SET BAD CHECKSUM FLAG
ouT CMOS_PORT, AL ;
Jmp SHORT $+2 ; 10 DELAY
IN AL cmos PORT+1 ; GET THE CURRENT STATUS
XCHG 3 SAVE IT
OR AH BAD CKSUM ; SET BAD CHECKSUM FLAG
MOV AL, DI1AG_STATUS :
ouT CMOS_PORT, AL 3
Jup SHORT $+2 ; 10 _DELAY
XCHG ; SET FLAG
ouT CMos_Pomn AL B
CMOSH: MOV AL, 18H iRl edeto ol penetoteled
ouT MFG_PORT, AL i <><><>CHECKPOINT 18 <><>
; ENABLE PROTECTED MODE
IN AL, PORT_B ; DISABLE 10/RAM PARITY CHK
OR AL, RAM PAR_OFF :
JMP SHORT §+2 ; 10 DELAY
out PORT_B, AL 3
jommmmm- SET RETURN ADDRESS BYTE IN CMOS
MOV AL, 19H ; <>
ouT MFG_PORT, AL ! <><><>CHECKPOINT 19 <><>
MoV AL, SHUT_DOWN ; SET THE RETURN ADDR
ouT CMOS_PORT, AL 3
Jmp SHORT $+2 ; 10 DELAY
MOV AL, OTH ; FIRST SHUTDOWN RETN ADDR
ouT CMOS_PORT+1, AL :
MoV SP,POST_SS ; SET STACK FOR SYSINIT1
MOV $S,SP ;
MOV SP, POST_SP ;
CALL SYSINITI ; CALL THE DESCRIPTOR TABLE BUILDER
; AND REAL-TO-PROTECTED MODE SWITCHER
MoV AL, 1AH ;GO BOBBO
ouT MFG_PORT, AL ; <><><>CHECKPOINT 1A <><>
jom-mm-- SET TEMPORY STACK
MOV AX,GDT_PTR ;
MOV
MOV DS:SS_TEMP.BASE_LO_WORD, O
MoV BYTE PIR DS:(SS_TEMP.BASE_HI_BYTE), TEMP_STACK_HI
MOV ss TEMP ;
MOV ;
MoV SP,MAx_SEc_LEN—z ;
TEST.13

DESCRI PTION

MEMORY SIZE

THIS ROUTINF RUNS
ORDER TO ADDRESS ALL STORAGE

CMOS DIAGNOSTIC BYTE BIT 4 = 512

PROTECTED MODE TEST
CHECK MSW FOR PROTECTED MODE
MEMORY SIZE DETERMINE (RAM -> 6LOK)

IN PROTECTED MODE IN
IS SAVED AT MEMORY_SIZE

-> 640K

SMSW
DB
77000E LABEL
SHL
??7000F LABEL
ORG
DB

INSURE PROIECTED MODE

AX

0OFH
BYTE
AX, 1

BYTE
OFFSET CS:?7000E
001H

; GET THE MACHINE STATUS WORD



O7FA

0800

0805
080A

0810
0812

0814

0827

A9 0001
75 10
BO 8F
E6 70
EB 00
BO 08

E6 71
E9 0000 E
Fiy

EB FL

C7 06 0048 FFFF

C6 06 004D 93

€6 06 00OuC 01
C7 06 004A 0000

BO 18
E6 80

BB 0040

B8 00ug
8E CO

E8 0838 R
7 3

E9 08B7 R
83 C3 40

FE 06 004C

80 3E 004C OA
75 ES

E8 088B R

E9 08B7 R

2B FF
B8 AASS

1E

B8 0018

8E D8

81 3E 0072 R 1234
1F

75 26

26: C7 05 0101

B8 FFFF
50

58
26: 8B 05

E4 61
24 co

26: C7 05 0000
75 08
2B CO

B9 8000
F3/ AB
Cc3

iy
81 FB 0200
2

ORG
TEST
JNZ
SHUT_8: MOV
o
Jmp
LoV
ouT
NP

OFFSET CS:77000F
AX, VIRTUAL_ENABLE
VIR_OK

AL, SHUT_DOWN
CMOS_PORT, AL
SHORT $+2

AL, 08H
CMOS_PORT+1, AL
PROC_SHUTDOWN

H VIRTUAL MODE ERROR HALT

SHUI8: HLT
JMe

SHUT8

H 64K SEGMENT LIMIT

VIR_OK: MOV

j==m--- CPLO,

ARE WE

10 DELAY
SET SHUTDOWN 8

CAUSE A SHUTDOWN

ERROR HALT

DS:ES_TEMP.SEG_LIMIT,MAX_SEG_LEN

DATA ACCESS RIGHTS

IN PROTECTED MODE

SET THE RETURN ADDR

F NOT
ET MEMORY SIZE

STALLED

MoV BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS),CPLO_DATA_ACCESS
Palaeiebted START WITH SEGMENT ADDR 01-0000 (SECOND 6uK)
MOV BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),O1H
MoV DS:ES_TEMP.BASE_LO_WORD, OH
MOV L, 1BH ;<P IICIIL>>
ouT MFG_PORT, AL <><><>CHECKPOINT 1B <><>
MOV BX, 16%4 5 SET THE FIRST G4K DONE
;===---- START STORAGE SIZE/CLEAR
NOT_DONE:
MOV AX, ES_TEMP ; POINT ES TO DATA
MOV ES,AX ; POINT TO SEGMENT TO TEST
CALL HOW_BI1G ; DO THE FIRST 6LK
Jz NOT_FIN ; CHECK IF TOP OF RAM
JMp DONE H
NOT_FIN:
ADD BX, 16%*4 ; BUMP MEMORY COUNT BY 64K
H - DO NEXT 64K (0X0000) BLOCK
INC BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE)
Hahrtall CHECK FOR END OF FIRST 640K (END OF BASE RAM)
cMp BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),OAH
JNZ NOT_DONE ; GO |
CALL HOW_BIG_END i GO Si
Jmp DONE
Fes=s==s= FILL/CHECK LOOP
HOW_BI1G:
suB DI, DI
MOV AX, 0AASSH ; TEST PATTERN
MOV X, AX ; SAVE PATTERN
Mov ES:{DI],AX ; SEND PATTERN TO MEM.
MOV AL,OFH ; PUT SOMETHING IN AL
MOV AX,ES:[DI] ; GET PATTERN
MOV £S:[D1],AX : INSURE NO PARITY 10 CHECK
XOR AX, CX ; COMPARE PATTERNS
JNZ HOW_BI1G_END ; GO END |F NO COMPARE
PUSH DS H
MOV AX,RSDA_PTR ; POINT TO SYSTEM DATA AREA
MOV DS, AX i
CMP RESET_FLAG, 1234H ; SOFT RESET
pPOP ; RESTORE DS
JNZ HOW_BIG_2 ; GO IF NOT SOFT RESET
MOV WORD PTR ES:[DI],0101H ; TURN OFF BOTH PARITY BITS
IN AL, PORT_B
JMP SHORT $+2 ; 10 DELAY
OR AL, RAM_PAR_OFF ; TOGGLE PARITY CHECK ENABLES
ouT PORT_B, AL
JMP SHORT S$+2 ; 10 DELAY
AND AL, RAM_PAR_ON
ouT PORT_B, AL
MoV AX,OFFTTH
PUSH AX
POP AX ; DELAY
MOV AX,ES:[DI1] ; CHECK PARITY
N AL, PORT_B ; CHECK FOR PARITY/I10 CHECK
AND AL, PARITY_ERR ;
MOV WORD PTR ES:[DI],0 ; INSURE NO PARITY 10 CHECK
JNZ HOW_BI1G_END ; GO If PARITY/I0 CHECK
HOW_BI1G_2:
suB AX, AX ; WRITE ZEROS
MOV CX, 2000H*Y ; SET COUNT FOR 32K WORDS
REP STOSW ; FILL 32K WORDS
RET 3
HOW_BIG_END:
PUSHF ; SAVE THE CURRENT FLAGS
MOV AL, 1CH HESISR TRt e ot T oo atd
ouT MFG_PORT, AL ; <><>CHECKPOINT 1C <><><>
jmmmme——— SET OR RESET 512 TO 640 INSTALLED FLAG
MoV AL, INFO_STATUS ; SET/RESET 640K STATUS FLAG
ouT CMOS_PORT, AL ;
JMP SHORT $+2 ; 10 DELAY
IN AL, CMOS_PORT+1 ; GET THE DIAGNOSTIC STATUS
OR AL, M6LOK H
XCHG »AH ; SAVE THE STATUS
MoV AL, INFO_STATUS H
ouT CMOS_PORT, AL :
XCHG AL, AH ; RESTORE THE STATUS
CcMP BX, 512 ; CHECK MEMORY SIZE
JA K640 ; SET FLAG FOR 512 =-> 640 IN
AND AL, NOT M64OK H
K640:  OUT CMOS_PORT+1, AL i
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0887

08B7
08BA

08BC
08C1

08C7
08C9

oscs

08DD

B8 0018

8E D8

89 1E 0013 R
90

c3

B8 0008
8E D8

C6 06 004C 10
C7 06 004A 0000

BO 1D
E6 80

28 DB

88 0048
8E CO
E8 O8EE R

74 03
EB 75 90

83 C3 40

FE 06 004C

80 gE 004C FE
E8 0933 R
EB 61 90

33 C

75 2F

1E

B8 0018

81 3E 0072 R 1234
1F

75 18

26: C7 05 0101

B8 FFFF

58

26: 88 05

E4 61

A8 40

26: C7 05 0000
75 08

28 CO

B89 8000
F3/ AB
c3

BO 1E
E6 80

BO 1F

6 80

C6 06 004C 00
FFFF

E8 098A R

B D2

C6 06 004C 08
098A R

C6 06 004C 10
098A R

cé6 06 DOUC 20

c6 06 OOIIC 40
E8 098A
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RESTORE THE DATA SEGMENT

SAVE MEMORY S|ZE
RESTORE THE FLAG REG

MOV AX,RSDA_PTR ;
MOV » AX H
MOV MEMORY_S | ZE, BX B
POPF :
RET

TE:

MEMORY S|z£ DETERMINE (RAM ABOVE 1024K)

DESCRIP

THIS ROUT]NE RUNS IN PROTECTED MODE
MEMORY SIZE ABOVE 1MEG ADDRESSING 1S
SAVED IN CMOS

DONE:

MoV AX,GDT_PTR ;
MoV DS, AX 3

;======= START WITH SEGMENT ADDR 10-0000 (

MoV BYTE PTR DS:(ES_TEMP,BASE !
MOV DS:ES_TEMP. BASE_LO_WORD, OH
MOV AL, 1DH 5
ouT MFG_PORT, AL :
suB BX, BX ;
j-- - START STORAGE SIZE/CLEAR
NOT_DONET:
MoV AX, ES_TEMP ;
MOV ES,AX H
CALL  HOW_BIG H
Jz DONEA ;
NIY DONE1 H
DONEA:  ADD BX, 16%4 3
e -- DO NEXT 6K (XX0000) BLOCK
INC BYTE PTR DS:(ES_TEMP.BASE_|
jmmmm—— CHECK FOR TOP OF RAM (FE0000)

NOT_END_BASE:
CM|

JINZ NOT_DONE1
CALL HOW_BIG_END1
P DONE1
jmmmmmee FILL/CHECK LOOP
HOW_BIG1:
DI,DI
MOV AX, 0AA5SH 3
MOV CX, AX :
MOV ES:[D1],AX 3
MOV AL,OFH 3
MOV AX,ES:[DI ] B
MOV ES:[DI],AX ;
XOR AX, CX B
INZ HOW_BIG_END1 3
PUSH DS :
MOV AX,RSDA_PTR :
MOV S, AX :
cMP RESET_FLAG, 1234H H
POP DS H
INZ HOW_B1G_2A
MOV WORD PTR ES:[D1],0101H
MoV Ax OF H
PUSH
POP Ax B
MOV AX,ES:[D1] B
IN AL, PORT_8 :
TEST AL, 10_CHK ;
MoV WORD PTR ES:[DI],0 :
INZ HOW_B IG_END1 H
HOW_B1G_2A:
SUB AX, AX ;
MOV CX, 2000H*Y H
REP STOSW ;
RET B
HOW_BIG_END1:
MOV AL, 1EH 3
ouT MFG_PORT, AL B
FEREEEE SET 10 RAM SIZE IN CMOS
MoV AL,M_SIZE_LO ;
oyl GMOS_PORT; AL B
JMP SHORT $+2 H
MoV AL, 3
ouT cnos PORT+1, AL 3
JMp SHORT $+2 H
MoV AL,M_SIZE_HI H
ouT CMOS_PORT, AL ;
JIMP SHORT $+ :
MoV AL, BH :
ouT CMOS_PORT+1,AL ;
RET

jmmmmmn— TEST ADDRESS LINES 19 - 23

DONE1: MOV ;
out MFG Por T,
MOV BYTE PTR’ DS: (ES_TEMP.BASE_|
MoV DX, OFFFFH ;
CALL  SDO ;
suB DX, DX :
MoV BYTE PTR DS:(ES_TEMP,BASE_|
CALL ;
MOV BYTE PTR DS:(ES_TEMP.BASE_
CALL ;
MOV BYTE PTR DS:(ES_TEMP.BASE_|
CALL  SD ;
MOV BYTE PTR DS:(ES_TEMP.BASE_|
CALL  SDO ;

BYTE PTR DS:(ES_TEMP.BASE_|

POINT DS TO THE DESCRIPTER TABLE

ONE MEG AND ABOVE)
HI_BYTE), 10H

<S>>I L> > >CI><>
<><><>CHECKPOINT 1D <><>

START WITH COUNT 0

POINT ES TO DATA
POINT TO SEGMENT TO TEST
DO THE FIRST 64K

CHECK |F TOP
GO IF ToP

BUMP MEMORY COUNT BY 64K

HI_BYTE)

HI_BYTE), OFEH
GO IF _NOT
GO SET MEMORY SIZE

TEST PATTERN

SAVE PATTERN

SEND PATTERN TO MEM.

PUT SOMETHING IN AL

GET PATTERN

INSURE NO PARITY 10 CHECK
COMPARE PATTERNS

GO END |F NO COMPARE

POINT TO SYSTEM DATA AREA

SOFT RESET
RESTORE DS

5 GO IF NOT SOFT RESET

TURN OFF BOTH PARITY BITS

DELAY
CHECK PARITY
CHECK FOR 10 CHECK

INSURE NO PARITY 10 CHECK
GO IF 10 CHECK

WRITE ZEROS
SET COUNT FOR 32K WORDS
FILL 32K WORDS

<>L>L>L>E> S>> C> S>>
<><>CHECKPOINT 1E <><><>

ADDRESS LO BYTE

10 DE
SET LOW MEMORY SIZE

IO DELA

ADDRESS HI BYTE

10 DELAY
SET THE HIGH MEMORY SIZE
IN CMO!

<>E>LBCII>ID> OS> > <>
<><><>CHECKPOINT 1F <><>
HI_BYTE), 00K

; WRTTE FFFF AT ADDRESS 0

WRITE O
HI_BYTE),08H
HI_BYTE), 10H
HI_BYTE), 20H
HI_BYTE), 40H

LAST OF POSSIBLE RAM!



Cc6 06

09
EB 20
2B FF

004C 80
8A R

920

B8 0048

8E CO

26: 89 15

Cc6 06

004C 00

B8 0048

co
26: 81 3D FFFF
03

E9 O7EA R

BO 20

F6 06
4 7A

EB 4C

80
E£9 0000 E

0012 R 20

90

BY Co00

8E D9
8B 07

3D AA55

74 0C
81 C1
81 F9

23 C9

8A Ch
F6 06
74 0B

24 30

75 18
8A Cu
EB 09

24 30
3C 30
8A C4
T4 0B

A8 01
75 33
F6 06
T4 2C

0080
€800

E8 09FB R
u 27

0012 R 40

90

0012 R 20

MoV BYTE PTR DS:(ES_TEMP.BASE_|
CALL SDO 5
Jmp sp2 B

SDO: sUB :
MOV Ax ES TEMP B
MoV :
MoV :s lDI] DX H
MoV BYTE PTR DS:(ES_TEMP.BASE_|
MOV AX, ES_TEMP ;
MOV S, AX :
cMP WORD PTR ES:[DI],0FFFFH ;
Jz D1 :
JMp SHUT_8 ;

sD1: RET

jemmmme CAUSE A SHUTDOWN

sp2: MoV AL, 20H H
ouT MFG_PORT, :
JMP PROC_ snumown H

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 SECMENT TO TEST
DID LOCATION O CHANGE?

CONTINUE IF NOT
GO HALT IF YES

€>E>C>C>L>CFE>L>LC><>E>LC>
<><><>CHECKPOINT 20 <><>
CAUSE A SHUTDON (RETURN VIA JUMP

RETURN 1 FROM SHUTDOWN

SHUT1: MOV AL,21H H
ouT MFG_PORT, AL H
MoV $P,STACK ;
MoV SS,SP H
MOV SP,OFFSET TOS ;
MoV AX, DATA 5
MoV DS, AX H

jemmm—m—- GET THE CONFIGURAT!ON FROM CMOS
MoV AL, DIAG_STATUS ;
ouT CMOS_PORT, AL :
JMP SHORT $+2
IN AL, CMOS_PORT+1

TEST AL, 0COH
JZ

M_0K ;

JMP BAD_MOS H
M_OK: MOV AH, Al ;
MoV AL, DIAG_STATUS 3
ouT CMOS_PORT, AL H
XCHG  AL,AH :
AND AL, 0DFH ;
ouT CcMOS PORTE1, AL :
MOV AL,C_EQ ;
JMP SHORT s+z 5
ouT CMOS_PORT, AL B
Jmp SHORT $+ H
IN AL, CMOS_PORT+1 H

<> CICIICIIC> <>
<><><>CHECKPOINT 21 <><>
SET REAL MODE STACK

SET UP THE REAL DATA AREA

CHECK CMOS GOOD

GET THE STATUS
OK?

GO
GO

SAVE THE CMOS ST

IF YES
|F NOT

ATUS

Y
ADDRESS THE DIAG STATUS

RESTORE THE STATUS BYTE
CLEAR THE MIN CONFIG BIT

GET THE EQUIPMENT BYTE

10 DELAY

INSURE CONFIGURATION HAS CORRECT VIDEO TYPE

Moy AH, AL ; SAVE VIDEO TYPE
TEST  AL,030H ; ANY VIDEO?
JNZ MOS_OK_1 ; CONTINUE
CALL  CHK_VIDEO ; INSURE VIDEO ROM PRESENT
Jz MOS_OK ; CONTINUE
TEST MFG_TST,MFG_JMP ; EXCEPT IF MFG JUMPER 1S INSTALLED
Jz NORMAL_CONFTG ;GO IF INSTALLED
N GO DEFAULT
FREEEEE ROUT INE GRECK FOR VIDEO ROM PRESENT
CHK_VIDEO:
CX, 0CO00H ; START OF 10 ROM
CHK_VIDEOT :
PUSH  AX ; SAVE THE CONFIG
PUSH DS : SAVE THE DATA SEGMENT
MOV DS, CX H
sus BX, BX i GET THE FIRST 2 LOCATIONS
MoV AX, [BX] H
POP ; RESTORE DATA SEG AND BUS SETTLE
cMp AX, DAASSH ; 1S _THE VIDEO ROM PRESENT?
POP ; GET THE CONFIG
Jz CHK_VIDEO2 ; GO IF VIDEO ROM INSTALLED
ADD CX, G8OH i POINT TO NEXT 2K BLOCK
cMp CX, 0CBOOH ; TOP OF VIDEO ROM AREA YET?
JL CHK_VIDEO1 : TRY AGAIN
CX, CX I SET NON ZERO FLAG

AND
CHK_Vv1DEO2:
RET

- CMOS VIDEO BITS NON ZERO (CHECK

T CALL  CHK_VIDEO
Jz BAD_MOS

RETURN TO CALLER

FOR PRIMARY DISPLAY AND NO VIDEO ROM)

IS THE VIDEO ROM
WRONG CONF IGURAT ION

INSTALLED?

IN CONFIG BYTE

IS PRIMARY DiSPLAY

MoV AL, AH ; RESTORE CONFIGURATION
TEST MFG_TST, DSP_JMP : CHECK FOR DISPLAY JUMPER
Jz MOSZOK_2 ; GO IF COLOR CARD
jmmmmmee MONO CARD 1S PRIMARY DISPLAY (NO JUMPER INSTALLED)
AND AL, 30H ; INSURE MONO IS PRIMARY
cmp AL, 30H : CONFIG OK?
INZ BAD_MOS ; GO IF NOT
MOV AL, AH ; RESTORE CONFIGURATION
JMp MOS_OK ; USE THE CONFiG BYTE FOR CRT
e COLOR CARD
MOS_OK_2:
AND AL, 30H ; STRIP UNWANTED BITS
cmp AL, 30H ; MUST NOT BE MONO WITH JUMPER INSTALLED
MOV , ; RESTORE CONFIGURATION
9z BAD_MOS ; GO IT YES
jmmmmmmm CONFIGURAT ION MUST HAVE AT LEAST ONE DISKETTE

MOS_OK: TEST AL,01H

INZ NORMAL_CONF |G i
TEST  MFG_TST,MFG_JMP ;
Jz NORMAL_CONFTG :

MUST HAVE AT LEAST ON DISKETTE
IF

GO SET CONF IGURATION OK
IF MFG JUMPER IS INSTALLED

EXCEPT

GO

IF

INSTALLED

Test 1
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j======-= MINIMUM CONFIG WITH BAD CMOS

AL, DIAG_STATUS
CMOS_PORT, AL
SHORT S$+2
AL,CMOS_PORT+1

AL, A
AL, DIAG_STATUS
CMOS_PORT, AL
SHORT $+2

AL, AH

AL 20H
CMOS_PORT+1, AL
CHK_VIDEO
AL,OTH
NORMAL_CONF |G
MFG_TST, DSP_JMP
AL, T1H
NORMAL_CONF G

AL, 3TH

OR

NON VALID VIDEO

GET THE DIAGNOSTIC STATUS

WAS THE BATTERV DEFECTIVE OR BAD CKSUM
GO |F YE:

SAVE THE STATUS

CHECK CMOS GOOD

RESTORE THE STATUS

SET THE MIN CONFG FLAG
STORE THE STATUS

CHECK FOR VIDEO ROM
DISKETTE ONLY

GO I|F VIDEO ROM PRESENT
CHECK FOR DISPLAY JUMPER
DEFAULT TO 40X2!

GO IF JUMPER IS INSTALLED

DISKETTE / BW CRT 80X25

CONF IGURATION AND MFG. MODE

MFG_TST, MFG_JMP
NOR#M1

AL, 03EH

AH, AH
EQUIP_FLAG, AX

RESET_FLAG, 1234H
E6

AL, 4DH

PORT_A, AL

€X, CX
cuz_1

CX, 07FFFH

AL, STATUS_PORT
AL, OUT_BUF_FULL

AL, DIS_KBD
c8bu2

AL, PORT_A
BYTE PTR RESET_FLAG,AL

FOR MFG REQUEST
AL, 065H

E6

MFG_BOOT

1S THE MANUFACTURING JUMPER INSTALLED
GO !'F NOT
STRIP DISKETTE FOR MFG TEST

SAVE SWITCH INFO
BYPASS |F SOFT RESET

- GET THE FIRST SELF TEST RESULTS FROM KEYBOARD

ENABLE KEYBOARD

1SSUE WRITE BYTE COMMNAD

ENABLE OUT BUFF FULL INT

SYS FLAG - PC 1 COMP - INH OVERRIDE
ENABLE KEYBOARD

WAIT FOR COMMAND ACCEPTED

SET LOOP COUNT FOR APPROX 100 MS
T0

WAIT FOR OUTPUT BUFF FULL

TRY AGAIN IF NOT

SAVE FLAGS

DISABLE KEYBOARD

ISSUE THE CO IMAND
RESTORE FLA

CONT INUE NITHOUT RESULTS
GET INPUT FROM KEY BOARD
TEMP SAVE FOR AA RECIEVED

LOAD MFG. TEST REQUEST?
GO TO BOOTSTRAP IF SO

|NIT|ALIZE AND START CRT CONTROLLER (6845)
TEST VIDEO READ/WRITE STORAGE

RESET THE VIDEO ENABLE SIGNAL.

SELECT ALPHANUMERIC MODE,

25,
READ/WRITE DATA PATTERNS TO STG. CHECK STG

ADDRESSABILITY

= 1 LONG AND 2 SHORT BEEPS

0A46 BAD_MOS:
0AUé BO 8E MoV
0A48 E6 70 out
OA4A EB 00 JMP
0A4C E4 71 IN
OALE A8 CO TEST
0A50 75 OE JNZ
0A52 86 Cl XCHG
0QA54 BO 8E Mov
0A56 E6 70 ouT
0A58 EB 00 JMP
0ASA 86 Cu XCHG
0ASC  0C 20 OR
OASE  E6 71 ouT
0A60 BAD_MOS1:
0A60 E8 09FB R CALL
0A63 B0 01 MoV
0A65 T4 0B Jz
0A67 F6 06 0012 R 40 TEST
0A6C BO 11 MoV
OA6E  7u4 02 Jz
0A70 BO 31 Mov
0AT2 NORMAL_CONF IG:
0A72 F6 06 0012 R 20 TEST
0A77 75 02 JNZ
0A79 24 3E AND
0A7B  2A Eb NORM1: SuB
0A7D A3 0010 R Mov
0A80 81 3E 0072 R 1234 CMP
0A86 T4 2C Jz
0A88 BO 60 Mov
0A8A E8 0Ou05 R CALL
0A8D BO u4D MoV
OA8F E6 60 ouT
0A91 B8 C9 suB
0A93 E8 OUOA R CALL
0A96 B9 TFFF Mov
0A99 E4 64 TST6: N
0A9B A8 01 TEST
0A9D E1 FA LOOPZ
0A9F 9C PUSHF
0AAO0 BO AD Mov
0AA2 E8 0405 R CALL
0AA5 9D POPF
0AA6 T4 OC Jz
OAA8  E4 60 IN
OAAA A2 0072 R MoV
jommmeoes CHECK
0AAD  3C 65 cmp
OAAF 75 03 JNE
0AB1 E9 002C R JMpP
; TEST.
; DESCRIPTION
: ERROR
0ABL E6:
0AB4 A1 0070 R MOV
0AB7 50 PUSH
0AB8 B0 30 MoV
0OABA A3 0010 R MoV
0ABD 2A E4 SUB
0ABF CD 10 INT
0AC1 BO 20 MoV
0AC3 A3 0010 R MoV
0AC6 2A EL SUB
0AC8 CD 10 INT
OACA B8 0001 MoV
0QACD CD 10 INT
0ACF 58 POP
0ADO A3 0070 R MoV
0AD3 24 30 AND
0AD5 75 12 JINZ
0AD7 1E PUSH
0AD8 50 PUSH
0AD9 2B CO SuB
0ADB 8E D8 MoV
0ADD BF 0040 R MoV
0AEO0 C7 05 0000 E Mov
OAE4 58 POP
0AES 1 POP
OAE6 E9 0B68 R JMP
0AE9 ET:
0AE9 3C 30 cMp
OAEB 74 08 JE
OAED FE Ch INC
OAEF  3C 20 cMP
0AF1 75 02 JNE
OAF3 B4 03 MoV
OAF5 86 EO E8: XCHG
0AF7 50 PUSH
OAF8 2A E4 SuB
OAFA CD 10 INT
OAFC 58 POP
OAFD 50 PUSH
OAFE B8 B0OOO Mov
0BO1 BA 0388 MOV
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AX, EQUIP_FLAG
AX

AL, 30H
£QUTP_FLAG, AX
AH, AH
INT_VIDEO
AL, 20H
EQUIP_FLAG, AX
H, AH
INT_VIDEO
AX,0001H
INT_VIDEO

AX
EQUIP_FLAG, AX
AL, 30H

E7

DS
AX
AX, AX

DI, ,OFFSET VIDEO_INT

GET SENSE INFO
SAVE IT

SEND INIT TO B/W CARD

AND INIT COLOR CARD

SET COLOR 40X25 MODE
RECOVER REAL SWITCH INFO
RESTORE IT

I1SOLATE VIDEO SWS

VIDEO SWS SET TO 07

SAVE THE DATA SEGMENT
SET DATA SEGMENT TO 0O

ET _INT 10H TO DUMMY

WORD PTR [DI],0FFSET DUMMY RETURN ; RETURN IF NO VIDEO CARD

E18_1
AL, 30H
€8

AH
AL, 20H
€8

AH, 3

AH, AL

AX

AH, AH
INT_VIDEO
AX

AX

8X, 0BOOOH
DX, 3B8H

RESTORE REGISTERS

BYPASS VIDEO TEST
TEST_VIDEO

B/W CARD ATTACHED?

YES - SET MODE FOR B/W CARD
SET_COLOR MODE FOR COLOR CD
80X25 MODE SELECTED?

NO - SET MODE FOR LOX25

SET MODE FOR 80X25

SET_MODE:

SAVE VIDEO MODE ON STACK
INITIALIZE TO ALPHANUMERIC MD
CALL VIDEO_(0O

RESTORE VIDEO SENSE SWS IN AH
RESAVE VALUE

BEG VIDEO RAM ADDR B/W CD
MODE REG FCR B/W



0B92

0800
01
FC 30

@o
-3

0308
cs

N
o

c3

0000 E
6F

22
80

1
7020

28
/ AB

FC 30
03BA
03

03DA

36 90

AAS5

5

0000 E
oL

C2 0080
EA C800

8
0000 E
0000 E

06 0015 R 0C
3E 0072 R 64

0D
06 0012 R 20
06

0102
0000 E

0010 R
30

30
31

06 0015 R 0D

03B8
01

B0OOO
DB
AA55

MoV CX, 2048 ; RAM WORD CNT FOR B/W CD
MoV AL, 1 ; SET MODE FOR BW CARD
cMp AH, 30H ; B/W VIDEO CARD ATTACHED?
JE E9 ; YES - GO TEST VIDEO STG
MoV BH, 0B8H ; BEG VIDEO RAM ADDR COLOR CD
Mov DX, 308H ; MODE REG FOR COLOR CD
Mov CH, 20H ; RAM WORD CNT FOR COLOR CD
DEC AL ; SET _MODE TO O FOR COLOR CD

E9: ; TEST VIDEO_STG:
ouT DX, AL ; DISABLE VIDEO FOR COLOR CD
Mov ES, BX ; POINT ES TO VIDEO RAM
MoV Ds, BX ; POINT DS TO VIDEO RAM
ROR CX,1 ; DIVIDE BY 2 FOR WORD COUNT
CALL STGTST_CNT ; GO TEST VIDEO R/W STG
JNE E17 ; R/W STG FAILURE - BEEP SPK

; TEST.15 H

H SETUP’ VIDEO DATA ON SCREEN FOR VIDEO :

H . :

H DESCRIPT|

H ENAI BLE VIDEO SIGNAL AND SET MODE. H

; DISPLAY A HORIZONTAL BAR ON SCREEN. H

E10:
MoV AL, 22H 5 LIS I>>DLSCS>
ouT MFG_PORT, AL ; <><><>CHECKPOINT 22 <><>
POP AX ; GET VIDEO SENSE SWS (AH)
PUSH AX H 1
Mov AH, 0 H ENABLE VIDEO AND SET MODE
INT INT_VIDEO H (]
Mov AX, 7020H H HRT BLANKS IN REVERSE VIDEO
SUB Di,DI ; SETUP STARTING_ LO
MoV CX, 40 ; NO. OF BLANKS TO DISPLAY
REP STOSW ; WRITE VIDEO STORAGE

; TEST.16 H

H CRT INTERFACE LINES TEST H

; DESCRIPTION :

H SENSE ON/OFF TRANSITION OF THE :

H VIDEO ENABLE AND HOR!ZONTAL H

H SYNC LINES. :
POP AX ; GET VIDEO SENSE SW INFO
PUSH AX 5 SAVE IT
CMP AH, 30H ; B/W CARD ATTACHED?
MoV DX, 03BAH ; SETUP ADDR OF BW STATUS PORT
JE ; YES - GO TEST LINES
MoV DX, 03DAH ; COLOR CARD IS ATTACHED

E11 5 LINE_TST:
MoV AH,8

El2: ; OFLOOP_CNT:
suB CX,CX

E13: IN AL, DX ; READ CRT STATUS PORT
AND AL, AH ; CHECK VIDEO/HORZ LINE
JNZ E1y ; ITS ON - CHECK IF IT GOES OFF
LOOP E13 ; LOOP TILL ON OR TIMEOUT
JMP SHORT E17 ; GO PRINT ERROR MSG

Elu: suB CX,CX

E15: IN AL, DX ; READ CRT STATUS PORT
AND AL, AH ; CHECK VIDEO/HORZ LINE
Jz E16 ; ITS ON - CHECK NEXT LINE
Loor €15 ; LOOP IF ON TILL IT GOES OFF
JMP E17 ; GO ERROR BEEP

;======= CHECK HORIZONTAL LINE

£16: MoV cL,3 ;
SHR AH,CL
INZ £12 5
E18: B
POP AX H
MoV AH,0 H
INT INT_VIDEO ;
P CHECK FOR THE ADVANCED
E18_1: MOV DX, 0C000H 5
E18A: MoV H
ouT MFG PORT, AL ;
MOV 0S,DX
SUB »
Moy AX, [BX) ;
PUSH B8X
POP BX
cMp AX, OAA55H
INZ €188 5
CALL  ROM_CHECK 5
JMp SHORT E18C
£18B:  ADD DX, 0080H 5
E18C:  CMP DX, 0C800H H
JL E18A ;
MOV AL, 2K ;
ouT MFG_PORT, AL :
JMp POST2 ;

E17: CALL  DDS
CHECKPOINT OC = MONO FAILED
MoV MFG_ERR_FLAG, OCH
cmp BYTE PTR RESET_FLAG,O064H ;
Jz E19
TEST  MFG_TST,HFG_JmP
Jz
MOV nx 102H
CALL  ERR_BEEP
€19: PUSH DS
MOV AX, EQUIP_FLAG
AND AL, 30K
cMp AL, 30H
Jz TRY_COLOR
jmmmm——- COLOR FAILED TRY MONO
R CHECKPOINT 0D = COLOR FAILED
MoV MFG_ERR_FLAG, ODH
MOV DX, 3B8H
MoV AL,
ouT DX AL
MOV BX, 0BOOOH
MoV DS, BX
MoV AX; 0AASSH

------- - CRT ERROR SET MFG CKPT AND ERR BEEP

GET NEXT BIT TO CHECK

CONT INUE

DISPLAY_CURSOR:

GET VIDEO SENSE SWS (AH)
SET MODE AND DISPLAY CURSOR
CALL VIDEO 1/0 PROCEDURE

VIDEO CARD

SET THE LOW SEGMENT VALUE
C>L>L>L>C>C> > LI
<><><>CHECKPOINT 23 <><>
GET FIRST 2 LOCATIONS
LET BUS SETTLE

PRESE!

NO? GO LOUK FOR OTHER MODULES
GO SCAN MODULE

POINT TO NEXT 2K BLOCK

TOP OF VIDEO ROM AREA YET?
GO SCAN FOR ANOTHER MODULE
D> >SS
<><><>CHECKPOINT 24 <><><><>
GO TO NEXT TEST

POINT TO DATA

;<><><><>CRT ERR CHKPT. 0C<><>
1S THIS A MFG REQUEST?
BY PASS ERROR BEEP IF YES
1S THE MFG LOOP JUMPER INSTALLED’
BY PASS ERROR BEEP IF YE:

w
m
Ix)
=
o
=2
(2]

GO BEEP SPEAKER

GET THE CURRENT VIDEO
STR1P OTHER BITS

1S IT MONO?

GO IF YES

<><><><>CRT ERR CHKPT. 0D<><>
DISABLE B/W

OUTPUT THE DISABLE
CHECK FOR MONO VIDEO RAM

WRITE AN AA55
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0BCB 28 DB
0BCD 89 07
0BCF  EB 00
0OBD1 8B 07
0BD3 3D AAS55
0BD6 1F
oBD7 7!

5 56
0BD9 81 OE 0010 R 0030
0010 R
ORF2 2A FL

0BE4 CD 10
0BE6 EB 35 90

5 24
0COB 81 26 0010 R FFCF
0C11 81 OE 0010 R 0010
01

0CiB CD 10

8
0C34 BF 0040 R
0C37 C7 05 0000 E

0C3C E9 0B68 R

5-50 Test1

sus BX,

MoV [BX],AX

JMp SHORT $+2

Moy AX, [BX]

cMp AX, 0AASSH

POP DS

JINZ E17_3

OR EQUTP_FLAG, 30H
MoV AX, EQUIP_FLAG
SuB AH, AH

INT INT_VIDEO

JMP a7

MONQ FAILED TRY COLOR

v AL,O1H

SuB AH, AH

INT INT_VIDEO

MoV DX, 3D8H

MoV AL, 0

ouT DX, AL

MoV BX, 0B8OOH

MoV DS, BX

MoV AX 0AASSH

sUB .

MOV (BX], AX

JMp SHORT $+2

MoV AX, [BX]

cmp AX, 0AASSH

POP DS

INZ E17_3

AND EQUTP_FLAG, OFFCFH

OR EQUIP_FLAG, 10H

MoV AL,01H

suB AH, AH

INT INT_VIDEO
E17_1:

POP AX

MOV AX, EQUIP_FLAG

AND AL, 30H

cmp AL 30H

suB AL, AL

NF4 E17_2

INC AL

PUSH DS
suB AX, AX

MoV DS, A;

MOV DI,OFFSET VIDEO_INT
MoV WORD PTR [DI],0FFSET
POP DS

JMp E18_1

POST1 ENDP
CODE ENDS

TO THE FIRST LOCATION

ALLOW BUS TO SETTLE

READ THE FIRST LOCATION

IS THE MONO VIDEO CARD THERE?
RESTORE THE DATA SEGMENT

GO IF NOT

TURN ON MONO BITS IN EQUIP FLAG
ENABLE VIDEO

CONTINUE

SET MODE COLOR LOX25

DISABLE COLOR

OQUTPUT THE DISABLE
CHECK FOR COLOR VIDEO RAM

WRITE AN AA55
TO THE FIRST LOCATION

ALLOW BUS TO SETTLE

READ THE FIRST LOCATION

IS THE COLOR V!DEO CARD THERE?
RESTORE THE DATA SEGMENT

GO IF NOT

TURN OFF VIDEO BITS

SET COLOR 4OX24

SET NEW VIDEO TYPE ON STACK
IS IT THE B/W?

GO IF YES
INIT FOR 40X25

BOTH VIDEO CARDS FAILED SET DUMMY RETURN |F RETRACE FALIURE

SET DS SEGMENT TO 0
SET INT 10H TO DUMMY

DUMI‘"IY;RETURN ; RETURN IF NO VIDEO CARD

BYPASS REST OF VIDEO TEST



TITLE 01/03/84 TEST2 POWER ON SELF TEST
LIST

PUBLIC C21

PUBLIC SHUT2
PUBLIC SHUT3
PUBLIC SHUTY
PUBLIC SHUT6
PUBLIC SHUT7
PUBLIC POSTZ

C INCLUDE SEGMENT.SRC
0000 C CODE SEGMENT BYTE PUBLIC
c

EXTRN H5: NEAR
EXTRN POST7:NEAR
EXTRN SET_TOD:NEAR
Ef AR 101 ERROR CODE
102 ERROR CODE
103 ERROR CODE

CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE
CODE

EXTRN EO_A:NEAR
EXTRN EO_B:NEAR

EXTRN VIR_ERR:NEAR
EXTRN CM4 : NEAR
EXTRN CMU_A:NEAR

EXTRN  E1_A:NEAR

CODE
CODE
CODE

EXTRN E1:NEAR
EXTRN ADERR1: NEAR
EXTRN ADERR: NEAR

301 ERROR CODE
302 ERROR CODE
CODE
304 ERROR CODE

EXTRN  F1:NEAR
EXTRN  LOCK:NEAR
EXTRN  F1_A:NEAR
EXTRN  F1_B:NEAR

w
=y
P
m
»
2
o
E]

EXTRN E1_B:NEAR ; 401 ERROR CODE
EXTRN E1_C:NEAR ; 501 ERROR CODE
EXTRN F3:NEAR ; 601 ERROR CODE

EXTRN KBD_RESET:NEAR
EXTRN GATE_A20:NEAR

EXTRN E_MSG:NEAR

EXTRN XPC_BYTE:NEAR
EXTRN VECTOR_TABLE: NEAR
EXTRN SLAVE_VECTOR_TABLE: NEAR
EXTRN NMI_INT:NEAR
EXTRN PRINT_SCREEN:NEAR
EXTRN  BLINK_INT:NEAR
EXTRN PRT_HEX: NEAR
EXTRN F3B: NEAR

EXTRN PRT_SEG: NEAR
EXTRN XPC_BYTE:NEAR

EXTRN ROM_CHECK: NEAR
EXTRN ROS_CHECKSUM: NEAR
EXTRN SEEK:NEAR

EXTRN ERR_BEEP:NEAR
EXTRN P_MSG: NEAR

EXTRN START_1:NEAR

EXTRN F3A: NEAR

EXTRN DISK_BASE: NEAR
EXTRN F3D: NCAR

EXTRN F3D1:NE

EXTRN PROC_SHUTDOWN : NEAR
EXTRN SYSINIT1:NEAR
EXTRN PROT_PRT_HEX:NEAR
EXTRN DISK_10:NEAR

HO_INT: NEAR
EXTRN  C8042: NEAR

EXTRN OBF_Uu2:NEAR

EXTRN  STGTST_CNT:NEAR
EXTRN BOOT_STRAP_1:NEAR
EXTRN XMIT_8042: NEAR
EXTRN ROM_ERR: NEAR

EXTRN DDS: NEAR

EXTRN  DISK_SETUP:NEAR
EXTRN DSKETTE_SETUP:NEAR

TEST.17
8259 INTERRUPT CONTROLLER TEST

DESCRIPTION
READ/WRITE THE INTERRUPT MASK REGISTER (IMR)
WITH ALL ONES AND ZEROES. ENABLE SYSTEM
INTERRUPTS. MASK DEVICE INTERRUPTS OFF. CHECK
FOR HOT INTERRUPTS (UNEXPECTED).

ASSUME
ASSUME

0000 POST2 PROC

0000 BO OA LINE FEED ON CRT
0002 E8 0000 E

0005 E8 0000 E

w
m
(x}
-
[=}
—4
(2]

SET DATA SEGMENT
IMR REGISTERS

0008 FA ; TURN OFF INTERRUPTS

0009 BO 00 AL,0 : SET IMR TO ZERO

0008 E6 21 INTAO1, AL

000D E6 Al INTBO1, AL ; SEND TO 2ND INT

000F EB 00 SHORT $+2 :

0011 E4 21 AL, INTAO1 ; READ IMR

0013 8A LO MOV JAL } SAVE RESULTS

0015 E4 Al IN AL, INTBO? ; READ 2ND IMR

0017 0A EO OR AH, AL ; BOTH INR = 0?

0019 75 2C JNZ D6 : GO TO ERR ROUTINE IF NOT 0O
001B B0 25 MOV AL, 25H 5 <> L> > >SS L> <>
001D E6 80 ouT MFG_PORT, AL ;<><><>CHECKPOINT 25 <><><><>
001F BO FF MoV AL,OFFH ; DISABLE DEVICE INTERRUPTS
0021 E6 21 ouT INTAO1, AL 3 WRITE TO IMR
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0023 E6 Al
0025 EB 00
0027 Eu 21
€029 B8A EQ
0028 E4 A1

0032 A2 0068 R

0035 B0 26
0037 E6 80

003A 2B C9
FE
FE
0040 80 3E
0D

0047 C6 06

0068 R 00

0015 R 05

004C BE 0000 E
00uF E8 0000 E

0052 FA
0053 Fu

0054 B0 27
0056 E6 80
0058 B8 AA5S
0058 E7 82
0050 Eb4 82
005F 86 Cy
0061 EB 00
0063 EL 83
0065 3D 55AA
0068 74 05
006A BE 0000 E
006D EB

006F

006F 2A CO
0071 E6 80
0073 B0 OF
0075 E6 70
0077 B9 OOFF
007A E2 FE
007C BO 8F
007E E6 70
0080 E4 80
0082 O0A CO
0084 74 09
0086 B0 28
0088 EG 80

008D EB CO
008F BO 29
0091 E6 80
0093 Eu 61
0095 8A EO
0097 EB 00
0099 24 FC
0098 E6 61

00D4  8A C1
00D6 E6 40
00D8 FB

00D9 F6 06

5-52 Test2

0068 R 01

ADD
JNZ

INTBOT, AL
SHORT $+2

AL, INTAO1
H, AL

AL, INTBO1

AX, 1

D6

;===== CHECK FOR HOT INTERRUPTS

jm——- INTERRUPTS ARE MASKED OFF.
MOV INTR_FLAG, AL
MoV AL, 26H
ouT MFG_PORT, AL
ST
suB CX, CX
LooP oy
LOOP 05
cHp INTR_FLAG, 00H
Jz D7
06: MoV MFG_ERR_FLAG, 05H
MoV S1,0FFSET EO
D6A: CALL _MSG
cLI
HLT
jemm———— CHECK THE CONVERTING LOGIC
D7: MOV AL, 27H
ouT MFG_PORT, AL
MOV AX, GAAS5H
ouT MFG_PORT+2, AX
IN AL, MFG_PORT+2
XGHG AL, AH
JMP SHORT $+2
IN AL, MFG_PORT+3
CMP AX, 55AAH
Jz D7 A
MoV SI,0FFSET CM4_A
JMP D6A
jomm——— CHECK FCR HOT NMi
D7_A:
SuB AL, AL
out MFG_PORT, AL
MoV AL, OFH
ouT CMOS_PORT, AL
MO CX, 00FFH
D7_B: LOOP D7_8
MoV AL, 8FH
ouT CMOS_PORT, AL
IN AL, MFG_PORT
OR AL, AL
Jz D7_C
MOV AL, 28H
ouT MFG_PORT, AL
MoV SI,0FFSET CMu_B
JMP D6A

H -- TEST THE DATA BUS TO TIMER 2

WRITE TO 2ND IMR
10 DELA

READ IMR

SAVE RESULTS
READ 2ND IMR

ALL IMR BIT ON?
NO - GO TO ERR ROUTINE

CHECK THAT NO INTERRUPTS OCCUR.

; CLEAR INTERRUPT FLAG

P> CF > > > > > >
<><><>CHECKPO INT 26 <><><><>

ENABLE EXTERNAL INTERRUPTS
WAIT 1 SEC FOR ANY INTRS THAT
MIGHT OCCUR

DID ANY INTERRUPTS OCCUR?
NO - GO TO NEXT TEST

<S>>SO <>
<><>CHECKPOINT 5<><><><><><>
DISPLAY 107 ERROR

HALT THE SYSTEM

5 <> S>>
; <><><>CHECKPOINT 27 <><><><>

WRITE A WORD

GET THE FIRST BYTE
SAVE T

10 DELAY

GET TNE SECOND BYTE
1S IT

GO IF YES

DISPLAY 106 ERROR

INTERRUPTS WITHOUT 10/RAM PARITY ENABLED

SET FLAG TO ZERO
SAVE IT

TURN ON NMI
DELAY
TURN OFF NMi

ANY NM1?

CONTINUE IF NOT

R e e e e e ey
<><><>CHECKPOINT 28 <><><><>

; DISPLAY 107 ERROR

D7_C: MoV AL, 29H ;OO CILF IO LCELI>LI>LC>
ouT MFG_PORT, AL <><><>CHECKPO|NT 29 <><><><>
IN AL, PORT_B ; GET CURRENT SETTlNG OF PORT
MOV AH, AL ; SAVE THAT SETTIN
JMP SHORT $+2 ; 10 DELAY
AND AL, OFCH ; INSURE SPEAKER OFF
out PORT_B, AL
MoV AL, 101100008 5 SEL TIM 2,LSB,MSB, BINARY, MODE O
ouT TIMFR+3, Al ; WRITE THE TIMER MODF REG
JMP SHORT $+2 ; 10 DELAY
MoV AX, OAASSH ;5 WRITE AN AA55
ouT TIMER42 AL ; WRITE TIMER 2 CNT - LSB
JMP SHORT 5*2 ; 10 DELAY
MOV AL, AH
ouT TIMER+2,AL ; WRIIE TIMER 2 CNI - MSB
JMP SHORT $+2 ; 10 DELAY
IN AL, TIMER+2 5 GET THE LSB
XCHG H, 53 SAVE IT
JMP SHORT $+2 ; 10 DELAY
IN AL, TIMER+2 ; GET THE MSB
cMp AX, 055AAH ; BUS OK?
Jz D7_D ; GO IF OK
MOV S1,0FFSET CM4_C ; DISPLAY 108 ERROR
JMP 6A H

TEST.18

DESCRI PTION

8253 TIMER CHECKOUT

VERIFY THAT THE SYSTEM TIMER (0)
TOO FAST OR TDO SLOW.

DOESN'T COUNT

D8: TEST

AL, 2AH
MFG_PORT, AL
AL, OFEH
INTAOT, AL
AL, 000700008
TiM_ CTL AL
CX, T6H

SHORT $+2
AL, GL
TIMERO, AL

INTR_FLAG, 0 TH

;> LC>C> S>>
; <><><>CHECKPOINT 2A <><><><>

MASK ALL INTRS EXCEPT LVL O
WRITE THE 8259 R

SEL TIM 0, LSB, MODE 0, BINARY
WRITE TIMER CONTROL MODE REG
SET PGM LOOP CNT

10 DELAY
SET TIMER O CNT REG
WRITE TIMER O CNT REG



DID TIMER O INTERRUPT OCCUR?

00DE 75 0D INZ D9 YES - CHECK TIMER OP FOR SLOW TIME
00E0 E2 F7 LooP DB WAIT FOR INTR FOR SPECIFIED TIME
00E2 C6 06 0015 R 02 MoV MFG_ERR_FLAG, 02H 5 <> > CH >
;<><>TIMER CHECKPOINT (2)<>
00E7 BE 0000 E D8_A: MOV S1,O0FFSET EO_A ; DISPLAY 102 ERROR
OOEA E9 OO4F R MP 6A ; TIMER O INTR DIDN'T OCCUR - ERR
00ED BO 2B D9 MoV AL, 2BH 5 > B> B>
O0EF  E6 80 ouT MFG_PORT, AL <><><>CHECKPOINT 2B <><><><>
00F1 FA cLt ;
00F2 B 0C MoV 12 i SET_PGM LOOP GNT
00FL B0 FF MOV AL, OFFH } WRITE TIMER O CNT REG
00F6 E6 4O out TIMERO, AL
00F8 C6 06 006B R 00 MoV INTR_FLAG, 0 ; RESET INTR RECEIVED FLAG
00FD BO FE MoV AL, OFEH ; REENABLE TIMER O INTERRUTS
OOFF  E6 21 out INTAOT, AL
0101 FB STI ;
0102 F6 06 006B R 01 D10 TEST INTR_FLAG,01H ; DID TIMER O INTERRUPT OCGUR?
0107 75 DE INZ D8_A i YES - TIMER CNTING TOO FAST, ERR
0109 E2 F7 LooP D10 i WAIT FOR INTR FOR SPECIFIED TIME
e WAIT FOR INTERRUPT
0108 2B C9 suB cX, CX 5
010D BO 2C MoV AL, 2CH ;EO>ILOLISLCILBLLSLBL>L>LC>C>
010F E6 80 ouT MFG_PORT, AL | <><><>CHECKPOINT 2C <><><><>
0111 F6 06 0068 R 01 D11: TEST INTR_FLAG,01H ; DID TIMER O INTERRUPT OCCUR?
0116 75 08 INZ D12 1 GO IF YES
0118 E2 F7 LooP D11 ; TRY AGAIN
011A BE 0000 E MoV SI,OFFSET E0_B ; DISPLAY 103 ERROR
011D E9 OO4F R Jmp 6A ; ERROR IF NOT
FEEEREE SETUP TIMER O TO MODE 3
0120 FA D12: oL ;
0121 BO FF MOV AL,OFFH ; DISABLE ALL DEVICE INTERRUPTS
0123 £6 21 out INTAOT, AL
0125 B0 36 Moy AL, 36H ; SEL TIM 0,LSB,MSB,MODE 3
0127 £6 43 ouT TIMER+3, AL ! WRITE TIMER MODE REG
0129 EB 00 JMP SHORT $+2 ;10 DELAY
0128 BO 00 MOV ,
012D E6 40 ouT TIMER, AL ; WRITE LSB TO TIMER O REG
012F EB 00 JmMp SHORT $+2 ; 10 DELAY
0131 E6 40 ouT TIMER, AL } WRITE MSB TO TIMER 0 REG
;====-=-"CHECK 8042 FOR LAST COMMAND ACCEPTED
0133 2B C9 Su CX, CX SET WAIT TINE
0135 BO 2D MoV AL, 2 ;>SS >SS S>> <>
0137 E6 80 ouT MFG_p 1 <><><>CHECKPOINT 2D <><><><>
0139 EL 64 D13: IN AL, STATUS_PORT } GET THE 8042 STATUS
0138 A8 02 TEST AL, INPT_BUF_FULL ! HAS THE LAST COMMAND BEEN ACCEPTED?
0130 74 08 Jz E19 i GO IF YES
013F E2 F8 LooP D13 ; TRY AGAIN
jmmmmme— ERROR EXIT (MSG 105)
0141  BE 0000 E MOV S1,0FFSET CM4 ; PRINT 105 ERROR
0144 E9 OOUF R Jmp D6A ; GO ERROR HALT
! TEST.19 :
i ADDITIONAL READ/WRITE STORAGE TEST :
: ++++ MUST RUN IN PROTECTED MODE ++++ :
: DESCRIPTION :
: WRITE/READ DATA PATTERNS TO ANY READ/WRITE :
: STORAGL AFTER THE FIRST 6HK. STORAGE :
: ADDRESSABILITY 1S CHECKED. :
’ ASSUME  DS:DATA
0147 E19:
0147 E8 0000 E CALL  ODS ; SET DATA SEGMENT
O14A BO 2F MOV AL, 2FH £ 0> <> <> <> <> <> <> > > > <> > >
014C  E6 80 ouT MFG_PORT, AL  <><><>CHECKPOINT 2F <><><><>
014E 81 3E 0072 R 1234 cmp RESET_FLAG, 1234H ; WARM START?
0154 75 03 INE ET19A i GO IF NOT
0156 E9 0558 R Jmp SHUT2 1 GO TO NEXT TEST IF WARM START
jmmmmm—e SET SHUTDOWN RETURN 2
0159 B0 30 E19A: MOV AL, 30H 5 > > > > > >
0158 E6 80 ouT MFG_PORT, AL I <><><CHFCKPOINT 30 <><><><>
015D BO BF MOV AL, SHUT_DOWN ; ADDR FOR SHUTDOWN BYTE
015F E6 70 ouT CMOS_PORT, AL :
0161 BO 02 MoV AL, 2 ; SECOND ENTRY INTO TABLE
0163 EB 00 JMP SHORT $+2 ; 10 DELAY
0165 E6 71 ouT CMOS_PORT+1, AL :
FEEEEE ENABLE PROTECTED MODE (73
0167 BC 0000 fov SP,POST_sS ; SET STACK FOR SYSINIT1 g
016A B8E Di MOV ss, H
016C BC 8000 MoV sp, POST sp H =
016F E8 0000 E CALL  SYSINIT1 ; GO ENABLE PROTECTED MODE g
0172 BO 31 Mov AL, 31H ; K>>I BLBILB B>
0174 E6 80 out MFG_PORT, AL $ <><><>CHECKPOIRT 31 <><><><> 1.}
; - SET TEMPORY STACK
0176 B8 0008 MoV AX, GDT_PTR ;
0179 8E CO MoV ES, AX :
0178 26: C7 06 005A 0000 MOV ES:SS_TEMP.BASE_LO_WORD, 0
0182 26: C6 06 005C 00 MoV BYTE PIR £5: (SSTTEMP. BASE_HI_BYTE),0
0188 BE 0058 MoV ,SS_TEMP
0188 B8E D6 MoV SS,SI
018D BC FFFD MOV SP,MAX_SEG_LEN-2
jmmmme DATA SEGMENT TO SYSTEM DATA AREA
0190 B8 0018 MoV AX, RSDA_PTR ; POINT TO DATA AREA
0193 8E D8 MoV DS, AX ;
0195 BO 80 MoV AL, PRTY_CHK ; SET CHECK PARITY
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0199 ;g 0040
019D E9 0347 R

7

0188 8B 1E 0013 R
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01C1 89 1E 0017 R

01C6 A8 CO
03
01CA E9 026E R

18!
01DF 39 06 0013 R
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5-54 Test2

ouT DMA_PAGE+6, AL
;======= PRINT 64 K BYTES OK

E20A: MOV AX,16%*4
PUSH AX
JMp PRT_SI1Z

j======== |S CMOS GOOD?

€20B: MOV AL, DIAG_STATUS
ouT CMOS_PORT, AL
JMP SHORT $+2
IN AL, CMOS_PORT+1
PUSH AX

MoV AL, M_SI1ZE_HI
ouT CMOS_PORT, AL
JMP SHORT $+2”
IN AL, CMOS_PORT+1
XCHG ~ AH, AL
MoV AL,M_SIZE_LO
ouT CMOS_PORT, AL
JMp SHORT $+2
IN AL,CMOS_PORT+1
MOV BX, MEMORY_S | ZE
ADD BX, AX
MOV WORD PTR KB_FLAG,BX
POP AX
TEST AL, OCOH
Jz E2080
NI E20C

E208B0:
MoV AL, M1_SIZE_HI
ouT CMOS_PORT, AL
JMP SHORT $+2
IN AL, CMOS_PORT+1
XCHG  AH,AL
MOV AL,M1_SIZE_LO
out CMOS_PORT, AL
Jnmp SHORT $+2
IN AL, CMOS_PORT+1
cMP MEMORY_S | ZE, AX
Jz E2081

SAVE WHICH CHECK TO USE

STARTING AMT. OF MEMORY OK
SAVE MEMORY OK SIZE
POST MESSAGE

DETERMINE THE CONDITION OF CMOS

10 DELAY
GET THE CMOS STATUS
SAVE CMOS STATUS

j======== GET THE MEMORY SIZE DETERMINED (PREPARE BX FOR BAD CMOS)

GET THE HIGH BYTE

10 DELAY

HIGH BYTE
SAVE HIGH BYTE
GET LOW BYTE

10 DELAY

LOW BYTE

PRE LOAD THE MEMORY SIZE
SET TOTAL MEMORY SIZE
SAVE THE TOTAL SIZE
RESTORE CMOS STATUS

CMOS OK?
GO IF YES
DEFAULT IF NOT

————— ~e=w GET THE BASE 0->640K MEMORY SIZE FROM CONFIG IN CMOS

GET THE HIGH BYTE

10 DELAY

HIGH BY’

SAVE HIGH BYTE
GET LOW BYTE

10 DELAY

LOW BYTE
1S MEMORY SIZE GREATER THAN CONFI1G?
GO IF EQUAL

H - SET MEMERY SIZE DETERMINE NOT EQUAL TO CONFIG

PUSH
MoV AL,DIAG STATUS
ouT CMOS_PORT, AL
JMP SHORT $+
IN AL, CMOS_PORT+1
OR AL.W_MEM_SIZE
XCHG AR
MOV 0!AG_STATUS
ouT CMOS_PORT, AL
XCHG AL, AH
JMP SHORT $+2
ouT CMOS_PORT+1, AL
POP
CMP MEMORY_S 1 ZE, AX

E20B1: JA E20C

BX, AX
CcMP Ax.513
JB NO_{
MoV AL, INFO STATUS
ouT CMOS_PORT , AL
JMp SHORT $+2
IN AL, CMOS_PORT+1
OR AL, MGLOK
XCHG AL, AH
MOV AL, INFO_STATUS
ouT CMOS_PORT, AL
XCHG AL, AH
Jmp SHORT $+2
ouT CMOS_PORT+1, AL

SAVE AX

ADDRESS THE STATUS BYTE
10 DELAY

GET THE STATUS

SET CMOS FLAG

SAVE AL

RESTORE AL
10 DELAY

RESTORE AX

IS MEMORY SIZE GREATER THAN CONFIG?
DEFAULT TO MEM SIZE DET

SET BASE MEMORY SIZE

CHECK IF E/\SE RAM LESS 512K

GO IF

SET 6HOK BASE RAM BIT

10 _DE

GET THE CURRENT STATUS

TURN ON 640K BIT IF NOT ALREADY ON
SAVE THE CURRENT DIAG STATUS

ADDR THE STATUS BYTE
RESTORE THE STATUS
10 DELAY

--------- CHECK MEMORY SIZE ABOVE 640K FROM CONFIG

NO_640:

MOV AL, M2_SIZE_HI ; GET THE HIGH BYTE

ouT CMOS_PORT, AL B

JMP SHORT $+2 ; 10 DELAY

IN AL, cmos PORT+1 ; HIGH BYTE

XCHG AH,AL 5 SAVE HIGH BYTE

MoV AL, M2_SIZE_LO ; GET LOW BYTE

out CMOS_PORT, AL ;

JMP SHORT $+2 ; 10 DELAY

IN AL, cmos PORT+1 ; LOW BYTE

CX, ; SAVE THE ABOVE 64OK RAM SIZE

jemmeme— ABOVE 6b0K SIZE FROM MEMORY S1ZE DETERMINE
j=====-= CX=CONFIG AX=MEMORY SIZE DETERMINE

MOV AL,M_SIZE_HI ; GET THE HIGH BYTE

ouT CMOS_PORT, AL ;

JIMP SHORT $+2° ; 10 DELAY

IN AL, CMOS_PORT+1 ; HIGH BYTE

XCHG AH, Al ; SAVE HIGH BYTE

MoV AL,M_SIZE_LO ; GET LOW BYTE

ouT CMOS_PORT, AL B

JMP SHORT $+2 ; 10 DELAY

AL,CMOS_PORT+1 ; LOW BYTE

H - WHICH 1S GREATER

cmp cx,Ax

MOV AL DIAG_STATUS
ouT CMOS_PORT, AL
Jmp SHORT $+2”
N AL, CMOS_PORT+1
OR AL, W_MEM_SIZE
XCHG AL, AH
MoV AL, DIAG_STATUS
ouT CMOS*PORT,AL
XCHG AL, Al
JMp SHOR $+2
ouT CMOS_PORT+1, AL
POP

SET_MEM1:

- AX=MEMORY SIZE DETERMINE CX—CONFIG (ABOVE 640) BX=SIZE (BELOW 640)
C

ONFIG EQUAL TO DETERMINED?

SET. EQUA
-------- ssr MEMERY STZ bETERMINE NOT EQUAL To coNFlG

ADDRESS THE STATUS BYTE
10
GET THE STATUS

SET CMOS FLAG
SAVE AL

RESTORE AL
10 DELAY

RESTORE AX



0262 38 C8 cup CX, AX ; 1S CONFIG GREATER THAN DETERMINED?
0264 77 02 JA SET_MEM i GO IF Y
0266 8B C8 MoV CX, AX USE MEMORY SIZE DETERMINE IF NOT
0268 SET_MEM
0268 03 D9 ADD BX, CX ; SET TOTAL MEMORY SIZE
026A 89 1L 0017 R MOV WORD PTR KB_FLAG, BX SAVE TOTAL SIZE FOR LATER TESTING
026E 20C
026E 83 EB U0 E200:  SUB BX, 16%4 ; 1ST 64K ALREADY DONE
0271 B1 06 oV CL,06H
0273 D3 EB SHR BX, CL ; DIVIDE BY 54
0275 53 PUSH  BX ; SAVE COUNT OF 64K BLOCKS
;-=-----"MODIFY DESCRIPTOR TABLES
0276 B8 0008 MOV AX,GDT_PTR ! MODIFY THE DESCRIPTER TABLE
0279 8E CO MOV ES, AX :
P "SET TEMP ES DESCRIPTOR 64K SEGMENT LIMIT
0278 26: C7 06 0048 FFFF MoV ES:ES_TEMP.SEG_LIMIT, MAX_SEG_LEN
---- CPLO, DATA ACCESS RIGHTS
0282 26: C6 06 00LD 93 MoV BYTE PTR ES:(ES_TEMP.DATA_ACC_RIGHTS),CPLO_DATA_ACCESS
jmmmmmme START WITH SEGMENT 010000 (SECOND 64K)
0288 26: C6 06 00LC 00 MOV BYTE PTR ES:(ES_TEMP, BASE_HI_BYTE),0
028E 26: C7 06 OOLA 0000 MOV ES: ES_TEMP.BASE_LO_WORD, 0
P -"SET TEMP DS DESCRIPTOR 64K SEGMENT LIMIT
0295 26: C7 06 0060 FFFF MoV ES:DS_TEMP.SEG_LIMIT, MAX_SEG_LEN
jemmm——- CPLO, DATA ACCESS RIGHTS
029C  26: C6 06 0U65 93 MoV BYTE PTR ES:(DS_TEMY A_ACC_RIGHTS), CPLO_DATA_ACCESS
mmmmme START WITH SEGMENT 010000
02A2 26: C6 06 0064 00 MoV BYTE PTR ES:(DS_TEMP.BASE_HI_BYTE),O
02A8 26: C7 06 0062 0000 MOV ES:DS_TEMP.BASE_LO_WORD, 0
jmmmmm—- TEMPORARY SEGMENT SAVE IN DMA PAGE REGISTER
02AF  2A CO su8
0281 EG 85 ouT DMA PAGEH—» AL ; HIGH BYTE OF LOW WORD OF SEGMENT
02B3 E6 86 out DMAZPAGE+S AL ! LOW BYTE OF LOW WORD OF SEGMENT
02B5 FE CO INC : SET HIGH BYTE OF SEGMENT WORD
0287 €6 84 ouT DMA7PAGE+3,AL ! HIGH BYTE OF SEGMENT
P POINT TO NEXT BLOCK OF 32K WORDS
0289 B8 0008 €21: MOV AX, GOT_PTR ; POINT TO START OF DESCR TABLE
02BC 8E D8 Moy DS,
02BE FE 06 0064 INC BYTE PTR DS: (DS_TEMP.BASE_HI_BYTE)
02C2 FE 06 004C INC BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE)
jmmmm——— CHECK FOR END OF 256K PLANAR RAM
02C6 80 3E 0064 Ou cup BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE),OuH
02C8 72 12 JB €210 ;TGO IF STILL BASE RAM
02CD 1E PUSH S ; SAVE THE CURRENT DATA SEGMENT
02CC B8 0018 MoV AX, RSDA_PTR ! POINT TO POST DATA SEGMENT
0201 8E MOV DS, A :
0203 A0 0012 R MOV AL, MFG_TST i GET THE JUMPER INFO
0206 1F POP DS } RESTO
02D7 A8 10 TEST AL, BASE_RAM : CHECR 1 SECOND 256K ON BASE PLANAR
0209 75 Ob INZ 0 1 GO IF YE
0208 BO 40 MOV AL TO_CHK ; SET 10 CHANNEL CHECK TEST
0200 E6 87 ouT DMA_PAGE+6, AL H
j==-===- CHECK END OF FIRST 516K OR 64OK (END OF BASE RAM)
020F B8O B3 E21_0: MOV AL, INFO_STATUS ; SCT GUOK BASC RAM BIT
02E1 E6 70 ouT CMOS_PORT, AL :
02E3 EB 00 Jmp SHORT $+2 ;10 DELAY
02E5 E4 71 IN AL, CHOS_PORT+1 i GET THE CURRENT STATUS
jmmmm——— CHECK FOR FND OF 512K PLANAR RAM
02E7 80 3E 0064 08 cup BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE),
02EC 72 08 JB €12_A ;TGO IF ST s Ram
-- SET USE TEST 10 CHECK
02EE 86 Ch XCHG AL, AH 5 SAVE AL
02F0  BO 40 MOV AL, 10_CHK :
02F2 E6 87 ouT OMA_ PAGE+5 AL :
02F4 86 Ch XCHG  AL,AH ; RESTORE AL
j====-=- CHECK FOR 640K BASE RAM (128K 10 CARD)
02F6 A8 80 E12_A: TEST  AL,M6UOK ; 1S 640K BASE INSTALLED?
02F8 74 OA Jz E12_B i GO IF NO
02FA 8 3L 0064 0A chp BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE),0AH
02FF 1 INZ NEXT1
0501 &8 08 90 N £12_C ; CONTINUE
0304 80 3E 0064 08 E12_8: CMP BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE),08H
0309 75 OA INZ NEXT1
P DO ADDITIONAL STORAGE ABOVE 1 MEG
030B CG 06 0064 10 E12_C: MOV BYTE PTR DS:(DS_TEMP.BASE_HI_BYTE), 10H
0310 CG 06 004C 10 MoV BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE), 10H
; - SAVE BASE_HI_BYTE IN DMA PAGE REGISTERS 3
0315 AO 0064 NEXT1: MOV ALLBYTE PTR DS: (DS_TEMP.BASE HI_BYTE)
0318 £6 84 ouT DMA_PAGE+3, A VE THE HIGH BYTE OF SEGMENT
H SPOR POSIBLE ERROR
jemmmee- CHECK FOR TOP OF RAM (FEO0OO) 16MEG
031A 80 3E OO4C FE cmp BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),OFEH ; TOP OF RAM?
031F 7 INZ NEXT ;7G0T IF NOT
0321 EB 66 90 JmMp KB_LOOP3 GO NEXT TEST

SET ES AND DS REGISTERS
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0324 B8 0060

0335 E8 0000

o
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033F 2B FF
AB

0342 05 0040
50
0346 51

50
0348 BB 000A
0348 B9 0005
2B FF

035A B9 0005

58
035E E8 0000 E
57

0362 E2 F9
0364 B9 0006
0367 BE 0000 E

036A

036A 2E: 8A 04
036D

036E E8 0000 E
0371 47

0372 E2 F6
0374 58

0375 3D 0040
0378 75 03
037A E9 01A0 R
0370

0370 59

037E

037F E2 03
0381 EB 06 90
0384

0384 50

0385

51
0386 E9 0289 R

0389 B8 0040

50
0380 B8 0018
0390 8E D8
0392 8B 1E 0017 R
0396 83 EB 40

B1 06

0398 D3 EB
039D 53

039€ B8 0008
8E

03A3 26: C6 06 0064 00
03A9 26: C7 06 0062 0000

03BA BO 33
E6 80
03BE 26: 80 06 0064 01

03D0 26: 80 3E 0064 0A
5 15

EB 09 90
03DB 26: 80 3E 0064 08
75 0A

5-56 Test2

NEXT: MOV AX,DS_TEMP

MOV DS,
MOV AX, ES_TEMP
MOV S, AX
MoV AL, 31H T T T o P
ouT MFG_PORT, AL <><><>CHECKPOINT 31 <>
MoV CX, 2000H*4 ; SET COUNT FOR 32K WORDS
CALL STGTST_CNT
Jz N1 ; CONTINUE IF OK
JMp E21A GO PRINT ERROR
N1: poP cX ; POP CX TO GET AX
PoOP AX ; RECOVER TESTED MEMORY

suB 01,01 ; POINT TO BEGINING OR_A BLOCK
STOSW ; WRITE THE CURRENT SIZE
! AT THE STARTING ADDRESS
ADD AX, 16%4
PUSH  AX ; SAVE TESTED MEMORY
PUSH  CX i SAVE LOOP COUNT
PRT_S1Z:
USH AX

! SET DECIMAL CONVERT
------- CONVERT AND SAVE
OF 5 NIBBLES XX,XXX KB

DI DI ; CRT BUFFER POSITION
DECIMAL_LOOP:
XOR DX, DX
Div DIVIDE BY 10
OR DL,30H ; MAKE INTO ASCil
PUSH SAVE

LOOI DECIMAL LooP
-------- DISPLAY LAST OK MEMORY
CX,5

gog
x

PRT_DEC_| LOOP'

AX
CALL PROT_PRT_HEX
INC DI ; POINT TO CRT BUFF
LOOP PRT_DEC_LOOP

: RECOVER A NUMBER

cX,
S1,0FFSET F3B PRINT ' KB OK'

AL,CS:[SI]

CALL PROT_PRT_HEX
INCREMENT BUFF PTR

z
3

LOOP KB_LOOP

POP ; RECOVER WORK REGS
cMP AX, 16*4 ; FIRST PASS?
JINZ KB_LOOP1 ; GO IF NOT
JMP 20B
KB_LOOP1:
POP cX ; RECOVER 64K BLOCK COUNT
POP AX ;
LooP KB_LOOP2 ; LOOP TILL ALL MEM, CHECKED
JMP KB_LOOP3 ; CONTINUE
KB_LOOP2:
AX ;
PUSH cX ; SAVE LOOP COUNT
JMP E21 ; LOOP TILL ALL MEM CHECKED

;======= CALCULATE NUMBER OF 64K BLOCKS
MoV AX, 64 ; START AT SECCAD 64K
PUSH  AX ! SAVE STARTING ADDR
MoV AX,RSDA_PTR ; GET THE MEMORY SIZE
MoV DS, AX :
MoV BX,WORD PTR KB_FLAG ; GET THE TOTAL MEMORY SIZE
i KB_FLAG USED AS TEMP STORAGE
suB BX, 64  START AT SECOND 64K BOUNDRY
MOV CL,06H ! DIVIDE BY 64K
SHR BX, CL H
PUSH  BX i SAVE LOOP COUNT

MoV AX, GDT_PTR
MoV ES,AX

MoV BYTE PTR ES:(DS_TEMP,BASE_HI_BYTE),0
MOV E£5:DS_TEMP. BASE_LO_WORD, 0

suB AL, AL

ouT DMA_PAGE+U, AL ; HIGH BYTE OF LOW WORD OF SEGMENT
ouT DMA_PAGE+5, AL ; LOW BYTE OF LOW WORD OF SEGMENT
MOV AL,O1H SET HIGH BYTE OF SEGMENT WORD
ouT OMA_PAGE+3, AL ; HIGH BYTE OF SEGMENT

jrmm——— POINT TO NEXT BLOCK OF 64K

E21_A:
MoV AL, 33H § €PL>CSLS BSOS CB S>>
ouT MFG PORT, AL ; <><><>CHECKPOINT 33 <><><><>
ADD BYTE PTR ES:(DS_TEMP. BASE HI_BYTE),01

jummm——— CHECK END OF FIRST 516K OR 640K (END OF BASE RAM)

Mov AL, INFO_STATUS ; SET 640K BASE RAM BIT
ouT CMOS_PORT, AL H

JMp SHORT $+2 ; 10 DELAY

IN AL, CMOS_PORT+1 ; GET THE CURRENT STATUS
TEST AL, M64OK ; CHECK FOR 6L4OK BASE RAM
Jz NEXT_A1 ; GO IF ONLY 512K

j======== CHECK FOR END OF 512K PLANAR RAM

cmp BYTE PTR ES: (DS_TEMP. BASE HI_BYTE), GAI
JNZ NE; TGOTIF STILL BASE RAM
JMP NEKT A
NEXT_A1:CMP BVTE PTR ES:(DS_TEMP. BASE HI_BYTE), 08H
JNZ NEX

-------- WRITE THE CURRENT SIZE FOR (ADDRESS LINE 23-17 TEST) USED LATER



jomm—— - DO ADDITIONAL STORAGE ABOVE 1 MEG

03E3 26: C6 06 0064 10 NEXT_A2:MOV BYTE PTR ES:(DS_TEMP.BASE_HI_BYTE), 10H
jmmmmmm— SET USE TEST 10 CHECK
03E9 BO 40 MoV AL, H
03EB  E6 87 ouT DMA PAGE+6 AL H
03ED 26: AC 0064 NEXT_A: MOV AL,BYTE PTR ES:(DS_TEMP.BASE_HI_BYTE)
H - DMA PAGE REGISTERS 3
03F1 E6 84 ouT DMA_PAGE+3, AL ; SAVE THE HIGH BYTE OF SEGMENT
; FOR POSIBLE ERROR
Hatdaditd CHECK FOR TOP Of RAM (FE0000) 16MEG
03F3 26: 80 3E 0064 FE cmp BYTE PTR ES:(DS_TEMP. BASE HI BYT[) OFEH ; TOP OF RAM?
03F9 75 03 JNZ NEXT_B GO
03FB EB 79 90 JMP KB_LOOP_3 ; GO NE)(T TEST

;-====-- SET DS REGISTER

03FE B8 0060 NEXT_B: MOV AX,DS_TEMP

0401 8E D8 MOV DS, AX

0403 2B FF SUB 01,DI ; POINT TO START OF BLOCK

0405 8B 05 MOV AX,DS:[DI] H GET THE VALUE OF THIS BLOCK

0407 88 DO MOV DX, AX H

0409 88 F7 MOV s1,D1 3 SET sn FOR POSSIBLE ERROR

0o40B 2B CO SuB AX, AX ; CLEAR RAM LOCATION

040D 89 05 MoV DS:[D1],AX :
j====--= ALLOW CRT TIME TO DISPLAY MSG

QuoF 2B C9 SuB CX,CX ;

ou11 E2 FE z2: Loop z2

os13 59 POP CX ; GET THE LOOP COUNT

oul4 58 POP AX ; RECOVER TESTED MEMORY

o415 50 PUSH AX ; SAVE TESTED MEMORY

o416 51 PUSH CX ; SAVE LOOP COUNT

oni7 3B c2 cMP AX, DX ; DOES THE BLOCK 1D MATCH

0419 8B C2 MOV AX, DX ; GET THE BLOCK ID FOR POSSIBLE ERROR

0u1B 75 60 JNZ E21A ; GO PRINT ERROR

o410 59 POP CX ; POP CX TO G!

OU1E 58 POP AX ; RECOVER TESTED MEMORV

041F 05 0040 ADD AX, 64 ; 64K INCREMENTS

ou22 5 PUSH AX ; SAVE TESTED MFMORY

o423 51 PUSH CX ; SAVE LOOP COUNT

ou24 50 PUSH AX H

0425 BB 000A MoV 8X,10 ; SET DECIMAL CONVERT
jmmm———— CONVERT AND SAVE

ou28 B9 0005 MoV CX,5 ;3 OF 5 NiBBLES XX,XXX KB

ou2B 2B FF sus DI,D1 ; CRT BUFFER PCSITION

o420 DEC_LOOP:

0420 33 D2 XOR DX, DX

O42F F7 F3 DIV BX ; DIVIDE BY 10

0431 80 CA 30 OR DL, 30H ; MAKE INTO ASCIt

ou3y 52 PUSH DX ; SAVE

0435 E2 F6 LOOP DEC_LOOP H
jemmm—m DISPLAY LAST OK MEMORY B

ou37 B9 0005 MoV CX,5 H

043A PRT_DEC: ;

Ou3A 58 AX ; RECOVER A NUMBER

0438 £8 0000 E CALL PROT_PRT_HEX

O43E 4 INC ; POINT TO CRT BUFF

Ou3F E2 F9 LoOP PRT_DEC

o441 B9 0006 MoV CX, 6

Ohhy  BE 0000 E MoV S1,0FFSET F3B 5 PRINT ' KB OK'

ouu7 KB_LOOP_1:

onb7  2E: 8A 04 MOV AL,CS:[SI]

OLUA 4 INC st

o44B  E8 0000 E CALL PROT_PRT_HEX

OUUE 47 INC ; INCREMENT BUFF PTR

ouyf E2 F6 LooP KB_LOOP_1

ou51 58 POP AX ; RECOVER WORK REGS

ou52 59 POP Cx ; RECOVER 64K BLOCK COUNT

ou53 58 POP AX 5

ous4  E2 1B LOOP KB_LOOP_2 ; LOOP TILL ALL MEM. CHECKED
j===--==- CHECK PARITY

0u56 E6 89 out DMA_PAGE+8, AL ; SAVE AX

0458 86 Ch XCHG AL, AH H

Ou5A E6 BA ouT DMA_PAGE+9, AL ;

ou5C  Eu4 61 IN AL, PORT_B CHECK FOR 10 OR PAR CHECK

045fF 24 CO AND AL, PARITY_ERR STRIP UNWANTED BITS

Qu60 86 C4 XCHG AL, AH SAVE ERROR

0u62 EL 87 IN AL,DMA_PAGENS CHECK FOR R/W OR 10 ERR

oub4 22 EO AND AH, AL :

0466 Eu4 8A IN AL, DMA_PAGE+9 RESTORE AX

0468 86 Cu XCHG AL, AH

O46A  E4 8Y IN AL, DMA_PAGE+8

ou6C 75 OF JNZ E21A GO IF PARITY ERROR

OuGE EB 06 90 JMp KB_LOOP_3 ; CONTINUE

o471 KB_LOOP_2:

o471 50 PUSH AX 5

our2 51 PUSH cx ; SAVE LOOP COUNT

0473 E9 03BA R Jmp E21_A ; CONTINUE TILL DONE
;====--- BACK TO REAL MODE

0476 KB LOOP_3:

0476 BO 34 MoV AL, 34H ;> LSLI>CC> LIS > LKS>C>L><>

o478 E6 80 ouT Mrc PORT, AL 3 <><><>CHECKPOINT 34 <><><><>

Ou7A E9 0000 E Jmp PROC_SHUTDOWN BACK TO REAL MODE

; NEXT TEST VIA JUMP TABLE (SHUT2)

;===== PRINT FAILING ADDRESS AND XOR'ED PATTERN IF DATA COMPARE ERROR

;-=--= USE DMA PAGE REGISTERS AS TEMPORY SAVE AREA FOR ERROR
H SET SHUTDOWN 3

047D E6 82 E21A: ouT DMA_PAGE+1,AL ; SAVE FAILING BIT PATTERN (LOW BYTE)
OL7F B8A Ch MoV L, AH 3 SAVE HIGH BYT

o481 EB 00 JMP SHORT $+2 ; 10 DELAY

ou83 E6 83 ouT DMA_PAGE+2, AL H

0u85 8B C6 MOV AX,S1 GET THE FAILING OFFSET

0487 E6 86 out DMA_PAGE+5, AL

0489 86 EO XCHG AH, AL H

0u8B EB 00 JMP SHORT $+2 5 10 DELAY

048D E6 85 ouT DMA_PAGE+4, AL H
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CLEAR 10 CH CHK OR R/W PAR CHK

048F 28 6 SuB si,s ; WRITE TO FAILING BLOCK
0491 AB STOSW H

ou92  E4 61 IN AL, PORT_B H

o494 0C 0C OR AL, RAM_PAR_OFF ; TOGGLE 10/PAR CHECK ENABLE
0496 EB 00 JMP SHORT S$+2 ; 10 DELAY

0498 E6 61 ouTt POR L AL H

QU9A 24 F3 AND AL, RAM_PAR_ON H

0oh9Cc  EB 00 JMpP SHORT $+2 ; 10 DELAY

OU9E  E6 61 ouT PORT_B, AL H

SET MEMORY SIZE

OhAO B8 0018 f1ov AX,RSDA_PTR SET THE DATA SEGMENT
QuA3 8E D8 MoV 0s,AX ; IN PROTECTED MODE

GET THE DIAG_STATUS FROM CMOS

OLAS  BO 8E MoV AL,DIAG STATUS 5
OUAT EG 70 ouT CMOS_PORT, AL H

0LA9  EB 00 JMP SHORT $+2 ; 10 DELAY

OuAB E4 71 IN AL, CMOS_PORT+1 H

O4AD 8A DB MOV BL, AL i SAVE THE STATUS BYTE
OuAF BO B3 MoV AL, INFO_STATUS H

ouBl E6 70 ouT CMOS_PORT, AL H

0483 EB 00 Jmp SHORT $+2 1 10 DELAY

ouBs  E4 71 IN AL, CMOS_PORT+1 H

0uB7 8A F8 MoV BH, AL ! SAVE THE STATUS BYTE

-------- GET THE LAST OF GOOD MEMORY

04B9 59 POP CX H
OuBA 58 POP AX ; GET THE LAST OF GOOD MEMORY
Ou4BB 8B C8 MoV CX, AX ; SAVE IT

e mm—— BELOW 512K?
0uBD 3D 0200 CMP AX,512 5 LAST (;OOD MEMORY BELOW 512K?
ouco 72 39 JB M3 ; GO IF

BELOW 6UOK?

ouc2 3D 0280 cmp AX, 640 ; LAST GOOD MEMORY BELOW 640K?
o4cs5 72 11 JB M1 ; GO IF YES
jEmm——— 640K UP ERROR
0uC7 F6 C7 80 TEST BH,M6LOK ; 1S BASE RAM 6UOK
OuCA 75 06 JNZ MO H
o4cc 20 0200 SuB AX,512 5 512K BASE RAM
OLCF  EB OF 90 JMpP M2 H
ou4D2 2D 0280 MO: SuB AX, 640 ; 6HOK BASE RAM
0o4DS EB 09 90 JMP M2 ;

_______ 512K TO 640K ERROR

ouD8  F6 C7 80 M1: TEST BH, M6LOK ; 1S BASE RAM 640K?
OWDB 75 1E JINZ M3 ;GO IF YE
04DD 2D 0200 SUB AX,512 ; STRIP BASE RAI % FROM 10 RAM
jmmmmme WRITE SIZE TO CMOS
OLEO 8B C8 M2: MoV CX, AX ; SAVE ADJUSTED MEMORY SIZE
O4E2 BO B1 MOV AL;M_SIZE_H| H
OLEL EG 70 ouT CMOS_PORT, AL :
OUE6  8A C5 MOV L,CH 3 GET THE HIGH BYTE MEMORY SIZE
O4E8 LB 00 JMP SHORT $+2 10 DELA
OUEA (6 71 our CMOS_PORT+1, AL P OWRITE s
OUEC BO BO MoV AL,M_SIZE_LO ; DO THE LOW BYTE
OUEE  EB 00 JMPp SHORT $+2 :
OufF0  E6 70 out CMOS_PORT, AL :
OnF2  8A C1 MoV .ot i GET THE LOW BYTE
OuFL  EB 00 JMP SHORT $+2 ; 10 DELA
OuF6 E6 71 ouT CMOS_PORT+1, AL P OWRITE "
OuF8 EB O4 90 Jmp Ml ; CONTINUE
et SET BASE MEMORY SIZE
OLFB A3 0013 R M3: MOV MEMORY_S 1 ZE, AX ; TO INDICATE HOW MUCH MEM WORKING
B - SET SHUTDOWN 3
O4FE BO 8F M MOV AL, SHUT_DOWN ; ADDR FOR SHUTDOWN RETURN
0500 E6 70 out CMOS_PORT, AL i
0502 BO 03 MOV AL,3 ; SET RETURN 3
0504 EB 00 Jmp SHORT $+2 ;10 DELAY
0506 E6 71 ouT CMOS_PORT+1, AL i
jmmmmm—- SHUTDOWN
0508 E9 0000 E Jmp PROC_SHUTDOWN ;
PAGE
jemmmeee ENTRY 3 FROM PROCESSOR SHUTDOWN

MEMORY ERROR REPORTING

DESCRIPTION FOR ERRORS 201(CMP ERROR or PARITY) H
or 202(ADDRESS LINE 0-15 ERROR) B

R/W MEMORY ERRORS WILL BE REPORTED AS FOLLOWS

AABBCC DDEE 201(or 202)

EE LOW BYTE OF XOR FAILING BIT PATTERN

DESCRIPTION FOR ERROR 202 (ADDRESS LINE 00~15)
A WORD OF FFFF IS WRITTEN AT THE FIRST WORD AND LAST WORD
OF EACH 64K BLOCK WITH ZEROS AT ALL OTHER LOCATIONS OF THE
BLOCK. A SCAN OF THE BLOCK IS MADE TO INSURE ADDRESS LINE
0-15 ARE FUNCTIONING.

DESCRH’TION FOR ERROR 203 (ADDRESS LINE 16-23)
AT THE LAST PASS OF THE STORAGE TEST, FOR EACH BLOCK OF
Gl-lK THE CURRENT STORAGE SIZE (1D) 1S WRITTEN AT THE FIRST H
WORD OF EACH BLOCK. IT IS USED TO DETERMINE ADDRESSING H
FAILURES.

AABBCC DDEE 203 :
SAME AS ABOVE EXCEPT FOR DDEE :
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OE

0000 E
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EXAMPL

DD=HIGH BYTE OF BLOCK ID
EE=LOW BYTE OF BLOCK ID

BLOCK 1D ADDRESS RANGE

0000 000000 =--> DOFFFF

0040 010000 =-~> OT1FFFF

//

0200 090000 --> Q9FFFF (512->576K)

100000 --> 10FFFF (1024->1088K

E (640K BASE RAM + 512K |0 RAM = 1152K TOTAL)
OTE: THE CORRECT BLOCK

bu
LAVED THE CORRECT BLOCK 1D.
LAST OK MEMORY

GENERAL DESCRIPTION FOR BLOCK 1D (DDEE WILL NOW CONTAINT THE 1D)

1F 640K BASE
) IF 512K BAS

ID FOR THIS FAILURE 1S 0280 HEX.
E TO AN ADDRESS FAILUE THE BLOCK ID+128K OVER-

640
10000 0300 202 <—- ERROR DUE TO ADDRESS FAILURE

DMA PAGE REGISTERS ARE USED AS TEMPORARY SAVE AREAS FOR SEGMENT

SHUT2:

INIT AND SET MFG ERROR

! DESCRIPTER VALUES. :
SHUT3: MOV AX, DATA ; SET REAL MODE DATA SEGMENT
MoV DS, AX H

MoV MFG_ERR_FLAG+1,0 ; CLEAR FLAG
OR MFG_ERR_FLAGH1, MEM_FAIL ;<><><><><><> <> <> <> <> <> <> <> <> <>
{<><> MEMORY FAILED<><><><><><>
MoV AL, 13 ; CARRAGE RETURN
CALL PRT_HEX
MOV AL, 70
CALL  PRT_HEX
IN AL, DMA_PAGE+3 ; GET THE HIGH BYTE OF 24 BIT ADDRESS
CALL  XPC_BYTE ; CONVERT AND PRINT CODE
i CHECKPOINT 00->FE
IN AL, DMA_PAGE+4 i GET THE MIDDLE BYTE OF 24 BIT ADDRESS
CALL  XPC_BYTE ;
IN AL, DMA_PAGE+5 i GET THE LOW BYTE OF 24 BIT ADDRESS
XPC_BYTE

AL,
CALL PRT_HEX

o
>
It
s

; SPACE TO MESSAGE

; GET HIGH BYTE FAIL|NG BIT PATTERN

IN AL, DMA PAGE+2

CALL XPC. ; CONVERT AND PRINT COI

IN AL, DMA PAGE'H ; GET LOW BYTE FAILING BIT PATTERN
CALL XPC BYTE ; CONVERT AND PRINT COD

FOR ADDRESS ERROR

IN AL, MFG_PORT ; GET THE CHECKPOINT

cMP L, 33H ; IS IT AN ADDRESS FAILURE?
MOV SI,0FFSET ADERR H PRELOAD ADDRESS ERROR 16->23
Jz ER H TF Y

MoV SI,0FFSET ADERR1 H PRELOAD ADDRESS ERROR 00->15
cmp AL, 32H ; GO

Jz ERR2

MoV S1,0FFSET E1 ; SETUP ADDRESS oF ERROR MSG
CALL E_MSG ; PRINT ERROR M:

ENTRY FROM SHUTDOWN

TEST.
DESCRI

20
ADDITIONAL PROTECTED (VIRTUAL MODE) TEST

PTION
THE PROCESSOR 1S PUT IN PROTECTED MODE AND
THE FOLLOWING FUNCTIONS ARE VERIFIED

1. VERIFY PROTECTED MODE
THE MACHINE STATUS 1S CHECK FOR VIRTUAL MOD

2. PROGRAMMED INTERRUPT TEST
AN PROGRAMMED INTERRUPT 32 IS 1SSUED AND
AND VERIFIED

3. EXCEPTION INT 13 TE:
A DESCRIPTOR SEGMENT LIMIT IS SET TO ZERO
AND A WRITE TO THAT SEGMENT 1S ATTEMPTED
AN EXCEPTION 13 IS EXPECTED AND VERIFIED

4. LDT/SDT LTR/STR TEST
LOAD LDT REGISTER AND VERIFY CORRECT
LOAD TASK REGISTER AND VERIFY CORRECT
THEY ARE VERIFIED VIA THE STORE INSTRUCTION

5. THE CONTROL FLAGS OF THE 286 FOR DIRECTION
ARE VERIFIED VIA THE STD AND CLD COMMANDS
IN PROTECTED MODE

6. BOUND INSTRUCTION TEST (EXC INT 5)
CREATE A SIGNED ARRAY INDEX WITHIN AND
OUTSIDE THE LIMITS. CHECK THAT NO EXC INT
IF WITHIN LIMIT AND THAT AN EXC INT 5
OCCURS {F OUTSIDE THE LIMITS.

7. PUSH ALL POP ALL TEST
SET ALL GENERAL PURPOSE REGS TO DIFFERENT
VALUES I1SSUE A PUSH ALL, CLEAR THE REGS
ISSUE A POP ALL AND VERJFY CORRECT.

8. CHECK THE VERR/VERW INSTRUCTIONS
THE ACCESS BYTE 1S SET TO READ ONLY THEN TO
A WRITE ONLY AND THE VERR/VERW INST ARE
VERIFIED.

9. CAUSE AN INTERRUPT 13 VIA A WRITE TO A
READ ONLY SEGMENT

0. VERIFY THE ARPL INSTRUCTION FUNCTIONS
SET THE RPL FIELD OF A SELECTOR AND
VERIFY THAT CURRENT SELECTOR RPL IS SET
CORRECTLY.

1. VERIFY THE LAR INSTRUCTION FUNCTIONS

2. VERIFY THE LSL INSTRUCTION FUNCTIONS

3. LOW MEG CHIP SELECT TEST

E

SHUTT:

SHUT7A:

JMP POSTT ; GO TEST THE 286

- FAILURE ENTRY FROM A SHUTDOWN

PROTECTED MODE

CALL  DDS ; ESTABLISH THE DATA SEGMENT
IN AL, MFG_PORT  CHECK FOR CHIP SELECT ERROR
cHp AL, 35H :

MOV SI,OFFSET CM4_D § PRINT ERROR 109

Jz ; GO IF NO

MOV SI,0FFSET VIR_ERR : PROTECTED MODE FAILED

OR MFG_ERR_FLAG#1, PRO_FAIL ; <><><><><><><><> <> <> <> <> <> <> <>

Test2 5-59

(7]
m
(x]
=
[=)
=
(3]




056F €8 0000 E
0572 €EB 09 90

0578 80 OE 0016 R 04

0588

0588 2A CO
0580 EC
058F L2
058F 2 FA
0591 BO 35
0593 E6 80

0595 F6 06 0012 R 20
03

059C E9 0651 R
059F 80 3E 0072 R 64
0.

A
3E 0072 R 1234
0586 80 3E 0072 R AA
i 10

AE
058F E8 0000

=3
oF
=3

5}

m m

o
o
o
)
m
@
o
IS
S
o
m

=3
>
o
°
m
@
=

S

=

s
mm

08
05E2 80 OE 0016 R 08
05€7 BE 0000 E

05F8 BO 38
05FD E6 80

05FF BO AE
0601 E8 0000 E

0606 E2 FE
0608 Eu 6U

060C 74 43

0GOE BO 39
0610 E6 80

0612 EU 60

0614 E8 0000 E
0617 EB 2D 90

4 o8
0638 80 OE 0016 R 10
0640 BE 0000 E
0646 BE 0000 E
0649 80 OE 0016 R 20

064E E8 0000 E

5-60 Test?2

SHUT7B:

MOV
CLR_LOOP:
suB

;<><> VIRTUAL MODE FAILED<><><>

CALL E_MSG 5

SHUTG ;
CALL E_MSG ;
OR MFG_ERR_FLAG+1, LMCS_FAIL;

;<><> LOW MEG CHIP SELECT

- PROTECTED MODE TEST PASSED ENTR

CALL 0DS ;
SUB AX, AX ;
MOV WORD PTR KB_FLAG, AX ;
MOV CX, OEH B

DX, DMA_PAGE+1 ;

AL, AL ;
ouT DX, AL ;
INC DX H
Loop CLR_LOOP ;

PRINT MSG
PRINT MSG

<> OIS L>L>L> <> <>
<><>

Y FROM A SHUTDOWN

PROTECTED MODE TEST PASSED
CLEAR KEYBOARD STATE FLAGS

CLEAR PAGE REGS

DESCR!

MoV AL, 35H H
out MFG_PORT, AL
TEST MFG_TST,LOOP_POST ;
INZ F7_A
JMP F7
F7_A: cMP BYTE PTR RESET_FLAG, 064H
INZ F7_8B
JMP F7 ;
F7_8B: MoV AL, 36H
ouT MFG_PORT, AL
oLl ;
cMP RESET_FLAG, 1234H H
Jz
CMP BVTE PTR RESET_FLAG, 0AAH
JZ G10 H
MOV AL, ENA_KBD 3
CALL ca0u2 H
MOV BH, 4 :
LOOP1: CALL 0BF_u2 H
JNZ G10 H
DEC BH ;
JINZ LoOP1 ;
G10: MOV AL,DIS_KBD ;
CALL c80u2 ;
IN AL, PORT_, H
MoV AL, KYBD_( CLK DATA B
CALL caou2 3
CALL OBF_u2 :
IN AL, PORT. H
TEST AL KYBD_ CLK ;
Jz
OR MFGVERRAFLAG\H,KYCLK__FAIL;
MOV S1,0FFSET F1_B
JMP
G1 CALL KBD_RESET
JCXZ Fé6 H
MoV AL,37H
ouT MFG_PORT, AL
CMP BL, 0AAH
JNE F6
jomm-- CHECK FOR STUCK KEYS
MOV AL, 38H
ouT MFG_PORT, AL
MOV AL, ENA_KBD 3
CALL C8042 ;
SUB CX,CX
F5: Loop F5 B
IN AL, STATUS_PORT H
TEST AL, OUT_BUF_FULL H
JE F7 ;
MoV AL, 39H B
ouT MFG PORT, AL
IN AL, PORT_A 5
CALL XPC_BYTE ;
JMP F6C ;
jmmm———- KEYBOARD ERROR TRY TO DFTFRMINE
F6: cLl B
MoV AL, INTR_FACE_CK :
ouT STATUS_PORT, AL ;
suB CX,CX H
MoV BH, 05 ;
F6A: N AL, STATUS_PORT B
TEST AL,OUT_BUF_FULL R
LOOPZ  F6A :
JUNZ F68 :
DEC BH 3
JNZ 6A 3
MoV SI,0FFSET F1_A :
JMP H
F6B: IN AL, PORT_A ;
CMP AL,[) ;
JzZ F6C ;
OR MFG_ERR_FLAG+1, KY_SYS_FAI
MoV S1,0FFSET F1_A :
JMP F6D ;
F6C: MoV S1,0FFSET F1 3
OR MFG_ERR_FLAG+1,KYBD_FAIL;
F6D: GALL E_MSG H

TEST.21

KEYBOARD TEST

PTION

R SET THE KEYBOARD AND CHECK THAT
ODE “AA' 1S RETURNED TO THE CPU.

CHECK FOR STUCK KEYS.

5 YE
; MANUFACUTRING RUN

P> I><> <>

;<><><>CHECKPOINT 35 <><><><>

MANUFACTURING BURN IN TEST MODE?
S - SKIP KEYBOARD TEST
IN MODE?

YES - SKIP KEYBOARD TEST
P> E> IO CICI> > <>
;<><><>CHECKPOINT 36 <><><><>

SOFT RESET?
; CHECK FOR AA ALREADY RECIEVED
CO IF YES

ENABLE KEYBOARD

TRY 4 TI

CHECK FOR OUTPUT BUFFER FULL
GO IF BUFFER FUL!

DISABLE KEYBOARD

FLUSH
GET THE CLOCK AND DATA LINES

WAIT FOR OUTPUT BUFFER FULL
GET THE RESULTS
KEYBOARD CLOCK MUST BE LOW

<>E>CSECCIC OIS
<><> KEYBOARD CLOCK HIGH<><><>
DISPLAY 30’4 ERROR

REPORT ERROI

I SSUE RESET TO KEYBRI

PRINT ERR MSG IF NO INTERRUPT

<> CICIIICILIC>CIC> >

><><>CHECKPOINT 37 <><><><>
SCAN CODE AS EXPECTED?
NO - DISPLAY ERROR MSG

<> CI PP C>CHC>
3 <><><>CHECKPOINT 38 <><><><>

ASSURE KYBOARD ENABLED
ISSUE THE COMMAND

DELAY FOR A WHILE
CHECK FOR STUCK KEYS
OUT BUFFER FULL?

YES - CONTINUE TESTING

R
3 <><><>CHECKPOINT 39 <><><><>

GET THE SCAN CODE

CONVERT AND PRINT

CONT INVE

IS WORKING

IF 8042 INTERFACE

COMMAND TO 8042

WAIT FOR OUTPUT BUFFER FULL
8042 FINISHED TEST?
GO CHECK RESULTS

TRY AGAIN
INDICATE PLANAR FAILURE

(REMOVE KEYBOARD TRY AGAIN)
GET THE RESULTS OF INTERFACE TEST
1S THE INTERFACF OK?

L; <> <> <> <> <> <> <> <> <> <> <><>
;<h<> KEYBOARD/SYSTEM<><><><><>
PLANAR FALURE

GO IF YES

GELI MSG ADDR

B e

;<><> KEYBOARD FAILED<><><><><>

PRINT MSG ON SCREEN

INITIALIZE 8042 TO HONOR KEY LOCK
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0000 E
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00FF
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FE
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80

02
03F7

06 0010 R O1
ur
06 0012 R 20
48

03F2
1c

c9
oc

jmmmmmee DEGAT

MoV
CALL

jmmmmmem SETUP

e SETUP

M
F7A1: MOVSW
INC

Hintiaini SET UP
ASSUME
S

jmmmmmmee ZERO

MOV
MOV
F7A2: MOV
ADD
LOOP

jmmm-- SETUP T

F9: ST

ASSUME
CALL

AL, 3AH <> PP CH I P LB > <>
MFG_PORT, AL 1 <><><>CHECKPOINT 3A <><><><>

AL, OFFH ; DISABLE INTERRUPTS

INTAOT, AL H

L, 60H ; WRITE 8042 RAM COMMAND

c8oy2 ; ISSUE THE COMMAND

AL, 45| ; SET SYSTEM FLAG - OUTBUF INT -
PORT A,AL ; SYSTEM FLAG - PC 1 COMPATABILITY

RESET INHIBIT OVER RIDE
E ADDRESS LINE 20

All, D|SABLE BIT20 ; SET COMMAND IN AH
GATE_A2 ; ISSUE THE COMMAND

HARDWARE INT VECTOR TABLE LVL 0-7

AX, AX ;

ES, AX

CX, 08 ; GET VECTOR CNT
cs ; SETUP DS SEG REG
DS

S1,0FFSET VECTOR_TABLE
D1,0FFSET INT_PTR

DI ; SKIP OVER SEGMENT

HARDWARE INT VECTOR TABLE LVL 8-15 (VECTORS START AT INT 50H)

AX, AX 5

ES, AX

CX,08 ; GET VECTOR CNT
cs SETUP DS SEG REG
DS

SI,0FFSET SLAVE_VECTOR_TABLE
DI,OFFSET SLAVE_INT_PTR

DI ; SKIP OVER SEGMENT

OTHER INTERRUPTS AS NECESSARY

DS:ABSO

AX, AX ; Ds=0

DS, AX

NMi PTR,OFFSET NMI_IN 5 NMI INTERRUPT

INTS_ PTR OFFSET PRINT SCREEN ; PRINT SCREE:

BASIC_ PTR*Z 0F600H ; SEGMENT FOR CASSETTE BASIC

RESERVED VECTORS

INT 60 THRU 67 FILL WITH ZERO
; CLEAR 14 WORDS

DI, 60Kl

CX, 14
WORD PTR DS:[DI],0
DI

» POINT TO NEXT LOCATION
F7A2 ;

IMFR 0 TO BLINK LED IF MANUFACTURING TEST MODE
DATA_AREA[MFCATST—DATA_base],LOOP_POST ; MFG. TEST MODE?
F9

INT_ADDR, OFFSET BLINK_INT ; SETUP TIMER INTR TO BLINK LED
AL,OFEH ; ENABLE TIMER INTERRUPT
lNTAﬂ1 AL

; ALLOW INTERRUPTS

DS:DATA
DS ; ESTABLISH DATA SEGMENT
H THE OPERATING SYSTEM

jmmmm———— ISSUE A RESET TO THE HARD FILE (F SOFT RESET

cmp RESET_FLAG, 1234H ; SOFT RESET?
INZ F9A ; CONTINUE IF NOT
MOV CX,0FFH H
MoV DX, 03F6H :
MOV AL, OlH I RESET
ouT DX, AL :

F9_A:  LOOP F9 A % HOLD RESET
suB ALTAL :
ouT DX, AL  REMOVE RESET

TEST.23

DESCRIPTION
CHECK

DISKETTE ATTACHMENT TEST

ATTACHED, VERIFY STATUS OF NE! AFTER A RESET. ISSUE

IF IPL DISKETTE DRIVE IS AITACHED TO SYSTEM. IF

SYSTEM INITIALIZATION THEN PASS CONTROL TO THE BOOT
LOADER PROGRAM.
F9A: MoV AL, 3CH 5 <> > > > L> > >
ouT MFG_PORT, AL ; <><><>CHECKPOINT 3C <><><><> an
MoV AL, 02H ; SET DATA RATE TO 250 K BITS / SEC 'x]
MOV DX 3F7H : -
ouT : —
TEST BYTE PTR EQUIP_FLAG,01H ~; DISKETTE PRESENT? o
Jz 15
TEST MFG_TST, LOOP_POST ; MFG JUMPER INSTALLED? =
Jz F15° ; GO IF
F10: 5 DISK*TESP o
IN AL, INTAO1
JMP SHORT S+2 ; 10 DELAY
AND AL, OBFH i ENABLE DISKETTE INTERRUPTS
out INTA01 AL
MOV AH, ; RESET NEC FDC
MoV DL,AH : SET FOR DRIVE 0
INT 134 ; VERIFY STATUS AFTER RESET
TEST  AH,OFFH ; STATUS OK?
INZ F13 ; NO - FDC FAILED
FREE] TURN DRIVE 0 MOTOR ON
MoV DX, 03F2H ; GET ADDR OF FDC CARD
MOV AL, 1CH i TURN MOTOR ON, EN DMA/INT
out 0X; AL } WRITE FDC CONTROL REG
SUB CX, CX
MoV DL, 12 ; WAIT 1 SECOND
F11: ; MOTOR_WAIT:
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Test 2

F13:

jmmmmn T

Fi:

B1_0K

F_OK:

LOOP F11

DEC oL

INZ F11

XOR DX, 0

MoV

MOV SEEK STATUS, DL
CALL SEE

Jc 13

Mov CH, 34

CALL SEEK

JNC Fiy

OR MFG_ERR_FLAG+1,DSK_FAIL
MoV SI,0FFSET F3
CALL E_MSG

URN DRIVE 0 MOTOR OFF
MOV AL, OCH

MoV DX, 03F2H

ouT DX, AL
SETUP KEYBOARD PARAMETERS

MOV INTR_FLAG, 00H

MoV S),0FFSET KB_BUFFER
MoV BUFFER_HEAD, S|

MOV BUFFER_TAIL, S!

MoV BUFFER_START, S|

ADD s1,32

Mov BUFFER_END, S|

- SET PRINTER TIMEOUT DEFAULT

MOV DI,OFFSET PRINT_TIM_OUT
PUSH Ds

POP ES

Mov AX, T414H

STOSW

STOSW

- SET 48232 DEFAULT
AX,0101H

= ENABLE TIMER INTERRUPTS

IN AL, INTAO1
AND AL, OFEH

JMP SHORT $+2
ouT INTAO1,AL

CHECK CMOS BATTERY/CHECKSUM

TEST MFG_TST, LOOP_POST
INZ B1_0K

JmMp F15C

MOV AL, DIAG_STATUS
ouT CMOS_PORT, AL

JMP SHORT $+2

IN AL, CMOS_PORT+1
AND AL, OEOH

Jz C_OK

TEST AL, 801

MOV SI,OFFSET CM1
Jz B2 0K

CALL E_MSG

JMP H_OKTA

MoV S1,0FFSET CM2
CALL E_MSG

JMP H_OK1A

Mov BL,03H

suB CX, CX

MoV AL,CLK_UP

ouT CMOS PORT AL
JMP SHORT $+2

IN AL, CMOS_PORT+1
TEST  AL,8

INZ G_OK

LoOP  E_OK

DEC BL

INZ D_OK

Mov S1,0FFSET CM3
CALL E_MSG

SET CMOS DIAG_STATUS 04 (CLOCK

MoV AL, DIAG_STATUS
out cuos PORT,AL
XCHG

JMP SHORT $+2

IN AL, CMOS_| PORT¢1
OR AL, cmos CLK_FAIL
XCHG

ouT CMOS_PORT,AL
XCHG AL,

Jup SHORT $+2

ouT CMOS_PORT+1, AL
Jup H_OK

- CHECK CLOCK UDATE

MoV CX, 600
MoV AL,CLK.
ouT CMOS_| PORT AL
JMP SHORT 3*2
IN AL, CMOS_PORT+1
EST AL, 80H
LOOPNZ |_OK
CXZ F_OK

AL, DIAG_STATUS
CMOS_PORT, AL

MEMORY SIZE DETERMINED =

WAIT FOR 1 SECOND
DECREMENT OUTTER LOOP

SELECT DRIVE 0
SELECT TRACK 1

RECALIBRATE DISKETTE
0 TO ERR SUBROUTINE IF ERR

SoLECT TRACK. 34

SEEK_TO TRACK 34

OK, TURN MOTOR OFF

DSK_ERR:

§ S>> CICII S LE>LILS S>>
;<><> DISKETTE FAILED<><><><><>
; GET ADDR OF MSG

; GO PRINT ERROR MSG

DRO_OFF:
TURN DRIVE O MOTOR OFF
FDC CTL ADDRESS

SET STRAY INTERRUPT FLAG = 00
SETUP KEYBOARD PARAMETERS

;DEFAULT BUFFER OF 32 BYTES

;SET DEFAULT PRINTER TIMEOUT

; DEFAULT=20

;RS232 DEFAULT=01

ENABLE TIMER AND KB
10 DELAY

INTS

MFG JUMPER?
GO IF NOT
BYPASS |F YES

10 DELAY

GO IF NOT

BATTERY BAD?

PRELOAD BATTERY MSG

GO |F BATTERY OK

PRINT BATTERY MS:

CONT INUE(BYPASS CLOCK ETC)

PRE LOAD CKSUM BAD
PRINT MSG
BYPASS CLOCK TEST-MEM SIZE

OUTER LOOP COUNT
INNER LOOP
GET THE CLOCK UPDATE BYTE

10 DELAY

CHECK FOR UPDATE IN PROGRESS
GO IF YES

TRY AGA

DEC OUTER LOOP

TRY AGAIN

PRINT MSG

ERROR)

SET CLOCK ERROR
SAVE STATUS ADDRESS
10 DI

GET THE CURRENT STATUS
SET NEW STATUS

10 DELAY

CONTINVE

LOOP COUN
CHECK FOR OPPOSITE STATE

10 DELAY

TRY AGAIN
PRINT ERROR IF TIMEOUT

CONFIG

GET THE STATUS BYTE

BAD BATTERY, CHK SUM, OR MIN CONFIG?

GET STATUS ADDR AND SAVE NEW STATUS



BE
E8

80

BL Of

T
BO

BF
E8

81

00
I3

06

0000 E
0000 E

3E 0015 R OC
000 E

0A

3E 0015 R 0D

0000 E
0000 €

06 008F R 01

3D
0000 E

0000 E
3E 0091 R 00
0E 0010 R 40O

3B
80
0000 E
0A
0000 E

AA5S5
06
0000 E
05 90
C2 0080
FA E000

H_OK1A: CHMP MFG_ERR_FLAG, OCH ; CHECK FOR MONO CRT ERROR
MoV S1,0FFSET E1_B ; PRELOAD MONO CRT ERROR
Jz H_OK18 ; GO IF YES
cup MFG_ERR_FLAG, ODH ; CHECK FOR COLOR CRT ERROR
JINZ J_OK ; CONTINUE IF NOT
MoV SI,0FFSET E1_C ; CRT ERROR MSG
H_OK1B: CALL MSG ;
jom———— ~- CHECK FOR COMBO HARD FILE/DISKETTE CARD
J_OK:
MoV BL,OFH ; OUTTER LOOP COUNT WAIT FOR BUSY OFF
SuB ,CX ;
MoV DX,01F7H ; HARD FILE STATUS PORT
J_OK1: IN AL, DX 5 GET_THE STATUS
TEST AL, 080H ; IS THE CONTROLLER BUSY?
Jz _OK; ; CONTINUE IF NOT
LooP JZOK1 5 TRY AGAIN
DEC BL ; DECREMENT OUTTER LOOP
JNZ J_OK1 ; TRY AGAIN IF NOT ZERO
AND AL, 0CH ; BITS 2 & 3 = 0 IF COMBO CARD
z J_OK3 3 GO IF
JMP F15C ; NO COMBO CARD
J_OK2: MoV DX, 1F4H ; VERIFY COMBO CARD
Moy AL,055H 5 WRITE TO THE CYL BYTE
ouT DX, AL ;
JMP SHORY $+2 ; 10 DELAY
IN , ; CHECK DATA WRITTEN = DATA READ
cmp AL, 055H H
JNZ F15C ; GO IF NOT
MoV AL, OAAH ; WRITE ANOTHER PATTERN
ouT X, A H
JMP SHORT $+2 ; 10 DELAY
IN AL, DX ;
cMp AL, OAAH ; 1S DATA PATTERN THE SAME?
JINZ F15C ; GO IF NOT
J_OK3: MoV HF_CNTRL, DUAL ; SET THE HF/FLOPPY SWITCH ON
jemmmm— INITIALIZE FLOPPY FOR DRIVE TYPE
MoV L, 30H 5 > > CFCICH I C><>
out MFG_PORT, AL ;<><><>CHECKPOINT 3D <><><><><>
CALL DSKETTE_SETUP 5 INITIALIZE FLOPPY
R CHECK FOR 2ND DISKETTE DRIVE
CALL 0DS ; INSURE DATA SEGMENT
cMp DSK_STATE+1,0 ;s THERE A DRIVE 2 ATTACHED?
JZ 1 L GO IF
OR BYTE PTR EQUIP_FLAG,4OH ; SET sscouo DRIVE INSTALLED
jemmmman INITIALIZE HARD FILE
F15C: MoV AL, 3EH > CICCI> >
out MFG_PORT, AL $<><><>CHECKPOINT 3E <><><><><>
MoV AL,DIAG_STATUS ; GET THE CMOS STATUS
ouT CMOS_PORT, AL ;
JMp SHORT $+2 ;
IN AL, CMOS_PORT+1 ;
TEST AL, O0COH ; BATTERY/CHECKSUM OK
JINZ ROM_SCAN1 ; BYPASS DISK SETUP IF NOT
MoV AL, HD_FILE_TYPE ; INSURE CMOS DEFINES THE TYPE OF HARD FILE
ouT CMOS_PORT, AL 3
JMP SHORT $+2 3
IN AL, CMOS_PORT+1 H
cmp AL, OH : INSURE TYPE IS DEFINED
Jz ROM_SCAN1 ; BYPASS DISK SETUP IF NOT
CALL DISK_SETUP INITIALIZE HARD FILE
; TEST.22 H
; CHECK FOR OPTIONAL ROM FROM C800->E000 IN 2K BLOCKS :
B (A VALID MODULE HAS 'S5AA' IN THE FIRST 2 LOCATIONS:
; LENGTH INDICATOR (LENGTH/512) IN THE 3RD LOCATION :
; AND TEST/INIT. CODE STARTING IN THE 4TH LOCATION) :
ROM_SCAN1:
STI ; ALLOW INTERRUPTS
MoV AL, I I
out MFG PORT AL ;<><><>CHECKPOINT 3B <><><><>
CALL ; SET REAL MODE DATA SEGMENT
MOV L ; LINE FEED ON CRT
CALL PRT_HEx H
ROM_SCAN:
jemmmme SET DMA MASK AND REQUEST REG!STERS
suB AL, AL B
out DMA18+2, AL ; SEND ZERO TO MASK REG
JMp SHORT $+2 H
ouTt DMA18+4, AL ; SEND ZERO TO REQ REG
DX, 0C8O0H ; SET BEGINNING ADDRESS
ROM_SCAN2:
DS, DX
SUB BX, BX ; SET BX=00!
MoV AX, [BX] 5 GET 18T woRD FROM MODULE
PUSH BX
POP B) ; BUS SETTLING
CcMP AX, 0AASS5H ; = TO ID WORD?
JNZ NEXT_ROM ; PROCEED TO KEXT ROM |F NOT
CALL ROM_CHECK ; GO CHECK OUT MODULE
JMP ARE_WE_DONE ; CHECK FOR END OF ROM SPACE
NEXT_ROM:
Al DX, 0080H ; POINT TO NEXT 2K ADDRESS
ARE_WE_DONE:
CMP DX, 0EQOOH ; AT EO000 YET?

JmMp SHORT $+2
IN AL, CMOS_PORT+1
TEST  AL,W_MEM_SIZE
Jz 0K

~-=---- MEMORY SIZE ERROR

MOV S1,0FFSET E1_A
CALL _MSG

-------- CHECK FOR CRT ERROR

10 DELAY

WAS THE CDNFIG‘MEM SIZE_DETERMINED?
GO IF

PRINT SIZE ERROR
DISPLAY ERROR
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08AA 7C E3 Ju ROM_SCAN2 ; GO CHECK ANOTHER ADD. IF NOT

ENDIF
R TEST FOR KEYBOARD LOCKED
08AC E8 0000 E CALL DDS ; SET DATA SEGMENT
O08AF E4 64 N AL, STATUS_PORT ; IS KEYBOARD UNLOCKED?
08B1 24 10 AND AL, KYBD_INH H
08B3 74 03 Jz KEY1
08B5 EB 0C 90 JMP KEY10 ; GO IF OFF
0888 KEY1:
0888 80 OE 0016 R 80 OR MFG_ERR_FLAG+1, KEY_FAIL ;<><><><><> <> <> <> <> <> <> <> <> <> <>
;<><> KEYBOARD 1S LOCKED <><><>
ELSE
08BD KEY9:
ASSUME  DS:DATA
08BN BE 0000 E Moy SI,0FFSET LOCK ; PRINT LOCKED MESSAGE (302)
08CO E8 0000 E CALL E_MSG H
08C3

08C3  BF 0000 E ; PRT_SRC_TBL
08C6 BE 0000 MoV sij0

08C9 F16: ; PRT_BASE:

08C9 2E: 8B 15 MOV DX,CS:[D1] : GET_PRINTER BASE ADDR

08CC  BO AA mov AL, OAAH ; WRITE DATA TO PORT A

08CE  EE out DX, AL

08CF EB 00 JMP SHORT $+2 ; 10 DELAY

08D1 1E PUSH DS ; BUS SETTLING

0802 EC IN AL, DX  READ PORT A

0803 1F PP DS

0804 3C AA cwp AL, 0AAH ; DATA PATTERN SAME

0806 75 06 JNE F17 ! NO - CHECK NEXT PRT CD
08D8 89 94 0008 R MOV PRINTER_BASE[S! ], DX ! YES - STORE PRT BASE ADDR
08DC U6 INC Si ; INCREMENT TO NEXT WORD
080D 46 INC si

08DE F17:

08DE 47 INC DI ; POINT TO NEXT BASE ADDR
08DF 47 INC DI

08EQ0 81 FF 0000 E CcMP D!,OFFSET F4E ; ALL POSSIBLE ADDRS CHECKED?
08E4 75 E3 JNE F16 i PRT_BASE

jemm---='SETUP RS232

0826 BB 0000 MOV BX, 0 ; POINTER TO RS232 TABLE
08E9 BA 03FA MoV DX, 3FAH i CHECK IF RS232 CD 1 ATTCH?
08EC EC IN AL, DX ; READ INTR iD REG
0BED A8 F8 TEST  AL,OF8H
08EF 75 08 INZ F18
08F1 C7 87 0000 R 03F8 MoV RS232_BASE[BX], 3F8H ; SETUP RS232 CD #1 ADDR
08F7 43 INC BX
08F8 43 INC BX
08F9 BA 02FA F18: MOV DX, 2FAH ; CHECK IF RS232 CD 2 ATTCH
08FC  EC t AL, DX : READ INTERRUPT ID REG
08FD A8 F8 TEST  AL,0F8H
08FF 75 08 INZ F19 ; BASE_END
0901 C7 87 0000 R 02F8 Moy RS232_BASE[BX), 2F8H ; SETUP RS232 CD #2
0907 43 INC BX
0908 43 INC BX

;----- SET UP EQUIP_FLAG TO INDICATE NUMBER OF PRINTERS AND RS232 CARDS
0909 £19: ; BASE_END:
0909 8B C6 MoV AX, S1 ; SI HAS 2% NUMBER OF RS232
090B Bl 03 MOV cL,3 ; SHIFT COUNT
090D D2 C8 ROR AL, CL : ROTATE RIGHT 3 POSITIONS
090F OA C3 OR AL, BL ; OR IN THE_PRINTER COUNT
0911 A2 0011 R MOV BYTE PTR EQUIP_FLAG+1,AL ; STORE AS SECOND BYTE

;===-=-="TEST FOR ANY ERRORS (BP NOT ZERO)

0914
CLEAR KEYBOARD STATE FLAGS
0914 2B CO suB AX, AX ; RESET ALL KEYBOARD STATE FLAGS
0916 A3 0017 R MoV WORD PTR KB_FLAG,AX
Hatalabblattd ENABLE KEYBOARD INTERRUPTS
0919 E4 21 N AL, INTAO1
0918 24 FD AND AL, OFDH ; ENABLE TIMER AND KB INTS
091D EB 00 Jmp SHORT $+2 ; 10 DELAY
091F E6 21 ouT INTAO1, AL
0921 C6 06 0015 R 00 MoV BYTE PTR MFG_ERR_FLAG,0 ; CLEAR MFG ERROR FLAG
0926 83 FD 00 cMp BP, 0000H ; CHECK FOR BP= NON-ZERO
; (ERROR HAPPENED)
0929 74 3D JE F15A_0 ; CONTINUE 1F NO ERROR
0928 80 3E 0072 R 64 CMP BYTE PTR RESET_FLAG,64H ; MFG RUN IN MODE?
0930 75 08 JNZ ERR_WAIT ; GO IF NOT
Fattainbiainid MFG RUN IN MODE -> SET ERROR FLAG
0932 C6 06 0015 R AA MoV BYTE PTR MFG_ERR_FLAG, 0AAH ; INDICATE ERROR
0937 EB 2F 90 JMP F15A_0 ; CONTINUE
093A ERR_WAIT:
093A BA 0002 Mov DX, 2 ; 2 SHORT BEEPS (ERROR)
093D E8 0000 E CALL ERR_BEEP
0940 Eu4 64 IN AL, STATUS_PORT ; CHECK IF RESUME MSG TO BE DISPLAYED
o942 24 10 AND AL, KYBD_INH H
094l BE 0000 E MoV S1,0FFSET F3D ; RESUME ERROR MSG
o947 75 09 JNZ ERR_WAIT2
0949 BE 0000 E Mov S1,0FFSET F3D1 ; ERROR MSG FOR KEYBOARD LOCKED
094C E8 0000 E CALL P_MSG ;
094F BE 0000 E 2% S1,0FFSET F3D ; RESUME MSG
0952 ERR_WAIT2:
0952 E8 0000 E CALL P_MSG
jmmmmm——— INIT PRINTER (ALT DISPLAY DEVICE)
0955 B4 01 MoV AH, 1 H
0957 2B D2 suB DX, DX ; FIRST PRINTER
0959 €D 17 INT 17H H
095B ERR_WAIT1:
0958 B0 3F MoV AL, 3FH ;OG> K>>I LIS > >> LS
095D E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT 3F <><><><><>
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095F 84 00 Mov AH, 00

0961 CD 16 INT ; WAIT FOR 'F1' KEY
0963 80 FC 3B cMP AH, 3BH
0966 75 F3 JNE ERR_WAITY
0968 F15A_0:
0968 F6 06 0012 R 20 TEST MFG_YST,LOOP_POST ; MFG BURN IN MODE
096D 75 03 JNZ F15A 5 GO IF NOT
096F E9 0000 E JMP START_ ; GO LOOP POST
0972 80 3E 0072 R 64 F15A: cMP BYTE PTR RESET_FLAG,64H ; MFG RUN IN?
0977 74 06 Jz F158 ; BYPASS BEEP IF YES
0979 BA 0001 MoV DX, 1 ; 1 SHORT BEEP (NO ERRORS)
097C E8 0000 E CALL ERR_BEEP
097F 2A EU F158B: Sus AH, AH ; CLEAR FLAGS
0981 AO 0049 R Mov AL, CRT_MODE
0984 CD 10 INT 10H ; CLEAR SCREEN
j======-- CLEAR DESCRIPTOR TABLES
0986 B9 O1F4 F20: MoV CX, 0500 ; CLEAR 1K
0989 BF DOAO MoV D!, SYS_IDT_LOC ; POINT ES TO START OF DESCRIPTORS
098C 2B CO sus AX, AX
098E 8E CO MOV ES,AX H
0990 26: 89 05 F20_A: MOV ES:[DI],AX ; CLEAR
0993 83 C7 02 ADD D1,2 ; POINT TO NEXT LOCATION
0996 E2 F8 Loop F20_A ; CONTINUE TILL DONE

0998 E8 0000 E CALL SET_TOD H
Habatied - SET SYSTEM STACK
0998 B8 -~-- R MOV AX, STACK 5 GET THE STACK SEGMENT
099E 8E DO MOV S, H
09A0 BC 0100 R MOV SP,OFFSET TOS H
jem———— ENABLE HARDWARE INTERRUPT IF MATH PROCESSOR (X287)

09A3 BO 40 MOV L, 40H ;€S> LIRSS L> S>>
09A5 E6 80 ouT MFG PORT, AL ;<><><>CHECKPO|NT 40 <>
09A7 Al 0067 R MOV A)( To_| ROM INIT ; TEMP STORAGE
09AA 50 PUSH
09AB 2B CO SuB ; CLEAR I10_ROM_INIT
09AD A3 0067 R MOV IO_ROM_lNIT,A)( ;
0980 DB E3 ESC 28,BX H
0982 33 CO XOR AX, AX H
09B4 D9 3E 0067 R ESC 15, 1O_ROM_INIT :

PUSHA ; TIME FOR 287 TO RESPOND
0988 60 + DB 060H

POPA H
09B9 61 + DB 061H
09BA 81 26 0067 R 1f3F AND IO_ROM_INIT,01F3FH ; CLEAR UNUSED 287 BITS
09C0 81 3E 0067 R 033F CMP 10_ROM_INIT,0033FH ; 18 THE 287 INSTA|
09C6 75 2u JNZ NO_287 ; GO IF MATH PROCESSUR 1S NOT INSTALLED
09C8 98 WAIT
09C9 DD 3E 0067 R ESC 02FH, 10_ROM_INIT ; STORE THE STATUS WORD

PUSHA ; TIME FOR 287 TO RESPOND
09CD 60 + DB 060H

POPA 5
09CE 61 + DB 061H
09CF F7 06 0067 R B8BF TEST 10_ROM_INIT,0B8BFH ; ALL BITS SHOULD BE OFF
0905 75 15 JNZ NO_287 ; GO IF NOT INSTALLED
09D7 Eb Al IN AL, INTBO1 ; GET THE SLAVE INT MASK
0909 24 DF AND AL, ODFH ; ENABLE 287 INTERRUPTS
09DB EB 00 JMP SHORT §+2 ; 10 DELAY
09DD E6 A1 ouT INTBO1,AL H

Hada bbbt - ENSURE THAT MASTER LEVEL 2 ENABLED

09DF E4 21 IN AL, INTAO1 GET THE CURRENT MASK

09E1 24 FB AND AL, OFBH H

09E3  EB 00 amp SHORT S+2 } 10 DELAY

09E5 E6 21 ouT INTAD H

09E7 80 OE 0010 R 02 OR BTE PIR Enuw FLAG,02H : SET 287 BIT ON

09EC NO_287:

09EC 58 poP AX ; RESTORE 10_ROM_INIT

09ED A3 0067 R MoV 10_ROM_INIT,AX H
E——— TEST FOR MFG RUN-IN TEST

09F0 80 3E 0072 R 64 cmp BYTE PTR RESET_FLAG,64H ; IS THE THE MFG RUN-IN TEST?

09F5 75 03 INZ END_287 1 6o IF NOT

09F7 EB 63 90 Imp SHUTA : BOOT LOAD IF YES
----- ---— UNMASK SLAVE HARDWARE INT 9 (LEVEL 71)

09FA END_287

09FA E4 Al N AL, INTBO1 ; GET THE CURRENT MASK

09FC 24 FD AND AL, OFDH H

09FE EB 00 JMP SHORT $+2 ! 10 DELAY

0A00 E6 Al out INTBO1, AL i SET NEW MASK %)
. m
: TEST FOR SYSTEM CODE AT SEGMENT E000:0 X
?FIRST WORD = AASSH =
i LAST BYTE = CHECKSUM
1 ENTRY POINT = FIRST BYTE + (=]
i 1F TEST 1S SUCCESSFUL A GALL 2AR TO THE ENTRY POINT IS EXCUTED 2

0A02 BO 41 ° ’ MOV AL, 41H 3> L> >SS S>> <> o

0AQ4 E6 80 ouT MFG_PORT, AL ;<><><>CHECKPOINT 41 <><><><><>

0A06  BO AD MoV AL, CMOS_END ; INSURE NMI OFF

0A08 E6 70 out CMOS_PORT, AL H
ENDIF

0AOA €6 06 0072 R 00 MoV BYTE PTR RESET_FLAG,0  ; CLEAR FLAG

0AOF B8 E000 MOV AX, 0E0D i SEGMENT OF SYSTEM CODE

0Ai2 8E CO MoV ES, AX H

0All 2B FF suB DI,D!

0A16 26: 8B 05 MOV AX, ES:(D1] ; CHECK FOR AA55

0A19 53 PUSH  BX ! BUS SETTLE

0A1A 5B POP BX

0A1B 3D AASS cmp AX, 0AASSH ;

0AIE 9 PUSHF ! SAVE FLAG!

OATF 26: 89 05 MoV ES:[DI],AX i CLEAR FOSSIBLE PARITY CHECK

0A22 EL4 61 IN AL, PORT B H

0A24  0OC OC OR AL, RAM_PAR_OFF ! TOGGLE 10/PAR CHECK ENABLE

Test2 5-65



0A58

0A6C

0AGE
0AGE

BO
€6

£l
EB

E6

c7
8C

BO
E6

FF

BO
E6

£l
£B

Lo

BO
E6

cD

1E

0067 R 0003
0069 R

0067 R

SHUTY:

ENDIT

ENDIF
POST2
CODE

5-66 Test2

10 DELAY

10 DELAY

RESTORE FLAGS
CONTINUE

SET SEGMENT TO TEST
STARTING OFFSET

RESTORE DATA SEGMENT
GO |F CHECKSUM NOT OK

ENABLE NMI

ENABLE PARITY
10 DELAY
ENABLC RAM PCK AND 10 CH

SET THE OFFSET
SET THE SEGMENT

;IO
; <><><>CHECKPOINT 42 <><><><>

; GO TO SYSIEM CODE
; VIA CALL

SHUTDOWN WITH BOOT REQUEST

ENABLE NMI

ENABLE PARITY
10 DELAY

L.
ENABLE RAM PCK AND 10 CH

3 DD >> LS
; <><><>CHECKPOINT 43 <><><><>

JMP SHORT $+2 H
out PORT_B, AL ;
AND AL, RAM_PAR_ON ;
JMP SHORT §+2 ;
ouT PORT_B,AL ;
POPF ;
JNZ SHUTY H
- CHECKSUM SYSTEM CODE
PUSH DS
PUSH £S ;
POP oS B
SUB BX, BX ;
CALL ROS_CHFCKSUM :
POP DS ;
IUNZ SHUT4 ;
-~ ENABLE NMI AND 10/PAR CHECKS
MoV AL, 2DH ;
ouT CMOS_PORT, AL B
IN AL, PORT_B H
JMp SHORT $+2 ;
AND AL, RAM_PAR_ON H
ouT PORT_B, AL
MoV DS: 10_ROM_INIT, 0003H
% DS: 10_ROM_SEG, E
1V AL, 42H
ouT MFG_PORT, AL
-- EXIT TO SYSTEM CODE
CALL DWORD PTR DS:10_ROM_INIT
ENABLE NMI INTERRUPTS + ENTRY FROM
MOV AL, 2DH B
ouT CMOS_PORT, AL ;
IN AL, PORT_B ;
JMP SHORT $+2 ;
AND AL, RAM_PAR_ON ;
ouT PORT_B, AL
MOV AL, 43H
ouT MFG_PORT, AL
INT 19H H
ENDP
ENDS
END

GO TO BOOT LOADER



0000

1E
53

BB
8E DI
E8

000

C7 06 0067 R 0003
8C 1E
FF 1E 0067 R

8
0066 R
OF

0020
0098 R

TITLE 09-26-83 TEST3 POST UTILITIES
LLIST

ROS CHECKSUM
BLINK
ROM_CHECK
XPC_B'

PROT_PRT_HEX

PUBLIC PROC_SHUTDOWN

INCLUDE SEGMENT.SRC
CODE SEGMENT BYTE PUBLIC

EXTRN

ROM_ERR: NEAR

ROS CHECKSUM SUBROUT INE H

ASSUME CS:CODE, DS:ABSO
ST3:
ROS_CHECKSUM

PROC NEAR ; NEXT_ROS_MODULE
SUB CX,CX ; NUMBER OF BYTES TO ADD IS 64K
ROS_CHECKSUM_CNT: ; ENTRY FOR OPTIONAL ROS TEST
XOR AL, AL
c26:
ADD AL, DS: [BX]
INC B ; POINT TO NEXT BYTE
LOOP c26 ; ADD ALL BYTES IN ROS MODULE
OR AL, AL 5 SuM = 0?
RET
ROS_CHECKSUM ENDP
3 BLINK LED PROCEDURE FOR MFG RUN=-IN TESTS
IF LED IS ON, TURN IT OFF. 1F OFF, TURN ON.
ASSUME  DS:DATA
BLINK_ INT PROC NEAR
TI
PUSH AX ; SAVE AX REG_CONTENTS
IN AL, MFG_PORT ; READ CURRENT VAL OF MFG_PORT
MoV AH, AL
NOT AL ; FLIP ALL BITS
AND AL, 010000008 ; 1SOLATE CONTROL BIT
AND AH, 101111118 ; MASK OUT OF ORIGINAL VAL
OR AL, AH 5 OR NEW CONTROL BIT IN
ouT MFG_PORT, AL
MoV AL, EO!I
ouT INTA0O, AL
POP AX ; RESTORE AX REG
IRE
BLINK_INT ENDP
; THIS ROUTINE CHECKSUMS OPTIONAL ROM MODULES AND
; IF CHECKSUM 1S OK, CALLS INIT/TEST CODE IN MODULE
ROM_CHECK PROC NEAR
MoV AX, DA ; POINT ES TO DATA AREA
MoV ES, AX ;
SUB AH, AH ; ZERO OUT AH
MoV AL, [BX+2] 5 GET LENGTH INDICATOR
MoV CL,09H ; MULTIPLY BY 512
SHL AX, CL ;
MoV CX, AX 5 SET COUNT
PUSH CX 5 SAVE COUNT
MoV CX, 4 ; ADJUST
SHR AX, CL 3
ADD D)(,A)( 5 SET POINTER TO NEXT MODULE
POP ; RETRIVE COUNT
CALL ROS CHECKSUM CNT ; DO CHECKSUM
J7 ROM_CHECI H
CALL ROM_ERR ; POST CHECKSUM ERROR
MP ROM_CHECK_END ; AND EXIT

J
ROM_CHECK_1:
PUSH

SAVE POINTER

LOAD OFFSET

LOAD SEGMENT

CALL INIT./TEST ROUTINE

; RETURN TO CALLER

RTED.

MOV ES 10_ROM_INIT, 0003H
MOV ES: 10_ROM_SEG, DS
CALL DWORD PR ES: T0_ROM_INIT
POP [
ROM_CHECK_END:
ROM_CHECK ENDP
H CONVERT AND PRINT ASCII CODE
: AL MUST CONTAIN NUMBER TO BE CONVE
i AX AND BX DESTROYED.
XPC_BYTE PROC  NEAR
PUS| AX H
MOV cL,u B
SHR AL, CL ;
CALL  XLAT_PR H
POP AX ;
AND AL, OFH ;
XLAT_PR PROC NEAR :
ADD AL,090H H
DAA H
ADC AL, O4OH B
DAA :
PRT_HEX PROC NEAR
MOV AH, 14 H
MOV BH,0
INT 10H B
ET

R
PRT_HEX ENDP
XLAT_PR ENDP
. BYTE ENDP

SAVE FOR LOW NIBBLE DISPLAY

DO THE HIGH NIBBLC DISPLAY

RECOVER THE NIBBLE

1SOLATE TO LOW NIBBLE

FALL INTO LOW NIBBLE CONVERSION
CONVERT 00-0F TO ASCI| CHARACTER

ADD FIRST CONVERSION FACTOR

ADJUST FOR NUMERIC AND ALPHA RANGE

ADD CONVERSION AND ADJUST LOW NIBBLE

ADJUST HIGH NIBBLE TO ASCH! RANGE

DISPLAY CHARACTER IN AL

G NOILI3S

CALL VIDEO_IO

PUT CHARACTER TO THE CRT FOR TEST.11
PROTECTED MODE

IN

AL=ASCI| CHARTER DI=CRT BUFFER POSITION

b

ROT_PRT_HEX PROC NEAR
PUSH DS ;
PUSH BX ;
jmmmm———— B/W VIDEO CARD
MOV BX,C_BWCRT_PTR 5
MOV 0S, BX :
CALL PROT_PRT H

SAVE CURRENT SEGMENT REGS

SET DS TO BW CRT BUFFER
GO PRINT CHARACTER
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0028
DB
0082 E8 0098 R

0085 BB 0030

008A E8 0098 R
008D BB 0038

0B
0092 E8 0098 R

0099 D1 C7
0098 88 05

009F BO FE
00A1 E6 64

5-68 Test3

MoV
MoV
CALL

————————— COMPATIBLE COLOR

BX, C_CCRT_PTR
DS, BX
PROT_PRT

;=====-=-= ENHANCED COLOR

RET
PROT_PRT_HEX

PROC_SHUTDOWN
MOV

ouT
PROC_S: HLT
JM

P

PROC_SHUTDOWN

CoDE ENDS
END

BX, E_CCRT_PTR
DS, BX

PROT_PRT
BX, E_CCRT_PTR2

DS, BX
PROT_PRT

8X

DS

DI

DI, 1
DS:([DI],AL

DI

ENDP

PROC

AL, SHUT_CMD
STATUS_PORT, AL

PROC_S
ENDP

SET DS TO COMPATIBLE COLOR RAM

ENHANCED COLOR

ENHANCED COLOR PTR HI 6U4K

SAVE DISPLACEMENT
MULT *2

WRITE TO CRT BUFFER
RESTORE DISPLACEMENT

SHUTDOWN COMMAND

INSURE HALT



TITLE 10/05/83 TESTY POST UTILITIES
LLIST

PUBLIC POSTYH

PUBLIC E_MSG
PUBLIC KBD_RESET
PUBLIC BCEP
PUBLIC ERR_BEEP
PUBLIC E_MSG
PUBLIC DDS

PUBLIC P_MSG
PUBLIC PRT_SEG

PUBLIC DUMMV RETURN_1
PUBLIC

PUBLIC |m_287

PUBLIC RE_DIRECT

C  INCLUDE SEGMENT.SRC
0000 C CODE SEGMENT BYTE PUBLIC
C

EXTRN PRT_HEX:NEAR
EXTRN XPC_BYTE:NEAR
EXTRN XMIT_80u2:NEAR
EXTRN OBF_L42:NEAR
ASSUME CS:CODE, DS:ABSO

0000
; THIS SUBROUTINE WILL PRINT A MESSAGE ON THE DISPLAY
 ENTRY REQUIREMENTS
; = OFFSET(ADDRESS) or MESSAGE BUFFER
: cx = MESSAGE BYTE COU
H MAXIMUM MESSAGE lENGTH IS 36 CHARACTERS
0000 E_MSG  PROC  NEAR
0000 8B EE MOV BP,S| ; SET BP NON-ZERO TO FLAG ERR
0002 E8 0019 R CALL P_MSG i PRINT MESSAGE
0005 1E PUSH DS
ASSUME  DS:DATA
0006 E8 00AA R CALL  DDS
0009 A0 0010 R MOV AL,BYTE PTR FQUIP_FLAG ; LOOP/HALT ON ERROR
000C 24 01 AND AL, 0TH ; SWITCH ON?
000E 75 07 JNZ NOT_ON i NO - RETURN
0010 MFG_HALT:
0010 FA cLI ; YES - HALT SYSTEM
0011 A0 0015 R MOV AL, MFG_ERR_FLAG ; RECOVER ERROR INDICATOR
0014 E£6 80 out MFG_PORT, AL i SET_INTO MFG PORT
0016 Fu HLT i HALT SYS
0017 NOT_ON:
0017 1F POP DS 5 WRITE_MSG:
0018 C3 RET
0019 E_MSG  ENDP
0019 P_MSG  PROC  NEAR
0019 2E: 8A OU GT2A: MOV AL, CS:[S1] ; PUT CHAR IN
001C 46 INC S1 ; POINT TO NEXT CHAR
001D 50 PUSH AX ; SAVE PRINT CHAR
001E E8 0000 E CALL PRT_HEX : CALL VIDEO,
0021 58 POP AX : RECOVER PRINT CHAR
0022 3C 0A cmp AL, 10 ; WAS IT LINE FE
0024 75 F3 JNE G12A ; NO,KEEP PRINTING STRING
0026 C3 RET
0027 P_MSG  ENDP
i INITIAL RELIABILITY TEST -- SUBROUTINES
ASSUME  CS:CODE, DS:DATA
SUBROUTINES FOR POWCR ON DIAGNOSTICS
; THIS PROCEDURE WILL ISSUE ONE LONG TONE (3 SECS) AND ONE OR
: MORE SHORT TONES (1 SEC) TO INDICATE A FAILURE ON THE PLANAR
: ARD, A BAD RAM MODULE, OR A PROBLEM WITH THE CRT.
! ENTRY PARAMETFRS:
; DH = NUMBER OF LONG TONES TO BEEP
H OL = NUMBER OF SHORT TONES TO BEEP.
0027 ERR_BEEP PROC NEAR
0027 9C PUSHF ; SAVE FLAGS
0028 FA cLl : DISABLE SYSTEM INTERRUPTS
0029 1E PUSH DS ; SAVE DS REG CONTENTS
002A E8 00AA R CALL  DDS
002D O0A F6 OR DH, DH ; ANY LONG ONES TO BEEP
002F 74 14 Jz ; NO, DO THE SHORT ONES
0031 G1: i LONG_BEEP
0031 B3 06 MoV BL, 6 ; COUNTER FOR BEEPS
0033 E8 0057 R CALL  BEEP ; DO THE BEEP
0036 E2 FE G2: LooP G2 : DELAY BETWEEN BEEPS
0038 FE CE DEC DH ; ANY MORE TO DO
003A 75 INZ G1 : T
003C 80 3: 0012 R 01 cHp MFG_TST, 1 ; MFG TEST MODE?
0041 75 0; JNE ; YES - CONTINUE BEEPING SPEAKER
0043 EB ca JmMp MFG_HALT ; STOP BLINKING LED
0045 G3: ; SHORT_BEEP:
0045 1 MOV BL,1 i} COUNTER FOR A SHORT BEEP
0047 E8 0057 R CALL  BEEP ; DO THE SOUND
004A E2 FE Gu: LOOP G4 : DELAY BETWEEN BEEPS
004G  FE CA DEC oL ; DONE WITH suoms
O0UE 75 F5 INZ G3 ; DO SOME MORE %)
0050 E2 FE G5: LOOP G5 : LONG DELAY BEFORE RETURN m
0052 E2 FE G6: LOOP  G6
0054 1F POP 0s ; RESTORE ORIG CONTENTS OF DS i x]
0055 9D POPF  RESTORE FLAGS TO ORIG SETTINGS -
0056 C3 RET ; RETURN TO CALLER -
0057 ERR_BEEP ENDP (=]
; ROUTINE TO SOUND BEEPER =
(1,}
0057 BEEP PROC  NEAR
0057 BO BG MOV AL, 101101108 ; SEL TIM 2,LSB,MSB,BINARY
0059 E6 43 ouT TIMER+3, AL ; WRITE THE TIMER MODE REG
0058 EB 00 Jmp SHORT $+2 ;10 DELAY
005D B8 0533 MoV AX,533H ; DIVISOR FOR 896 HZ
0060 E6 42 ouT TIMER+2, AL ; WRITE TIMER 2 CNT - LSB
0062 EB 00 JmMP SHORT stz i 10 DELAY
0064 B8A Cl MOV AL, A
0066 E6 42 ouT TIMER+2,AI ; WRITE TIMER 2 CNT - MS
0068 EL 61 IN AL, PORT_B  GET CURRENT SETTING OF PoRT
006A 8A EO MOV AH; AL § SAVE THAT SETTING
006C EB 00 JMP SHORT $+2 ; 10 DEL
006E 0OC 03 OR ; TURN SPEAKER ON
0070 E6 61 ouT PORT_8, AL
0072 2B C9 SuB X, ; SET CNT TO WAIT 500 MS
0074 E2 FE GT: Loop  G7 ; DELAY BEFORE TURNING OFF
0076 FE GB DEC 8L ; DELAY CNT EXPIRED?
0078 75 FA JINZ G7 ; NO - CONTINUE BEEPING SPK
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007A  8A
007E C3

00FF 50
0102 E6
0104 BO
0108 E6

010A 58
0108 CD
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FO
20
20

02

0 FF
0000 E
3 23

0068 R 00

006B R 02

0068 R

MoV

R
BEEP ENDP

AL, AH
PORT_B, AL

; RECOVER VALUE OF PORT
; RETURN TO CALLER

SCAN CODE . AAT
SCAN CODE “65'

TH1S PROCEDURE WILL SEND A SOFTWARE RESET TO THE KEYBOARD.
SHOULD BE RETURNED TO THE CPU.
IS DEFINED FOR MANUFACTURING TEST

P

BO_RESET
MoV

PROC NEAR
AL,OFFH

SET KEYBOARD RESET COMMAND
OMMAND

CALL  XMIT_8042 ; GO ISSUE THE C
Joxz - G13 i GO IF ERROR
cmp AL, KB_ACK ;
JINZ 613
MOV AL, OFDH ; ENABLE KEYBOARD INTERRUPTS
ouT INTAOT, AL I WRITE 8259 IMR
MOV INTR_FLAG, 0 ; RESET INTERRUPT INDICATOR
STI ; ENABLE INTERRUPTS
MoV 8L, 10 ; TRY FOR LOO MSEC
SUB ; SETUP INTERRUPT TIMEOUT CNT
G11: TEST INTR FLAG, 02H ; DID A KEYBOARD INTR OCCUR?
JNZ ; YES - READ SCAN_CODE RETURNED
LooP e ; NO - LOOP TILL TIMEOUT
DEC BL ;
JINZ G11 i TRY AGAIN
Gi2: IN AL, PORT_A ; READ KEYBOARD SCAN CODE
MOV L AL : SAVE SCAN CODE JUST READ
G13: RET ; RETURN TO CALLER
KBD_RESET ENDP
DDS PROC  NEAR
PUSH
MOV Ax DATA
MOV DS, AX
POP AX
RET
oDS ENDP
: TEMPORARY INTERRUPT SERVICE ROUTINE :
H . ROUTINE IS ALSO LEFT IN PLACE AFTER THE :
3 POHER ou DIAGNOSTICS TO SERVICE UNUSED :
: INTERRUPT VECTORS. LOCATION 'INTR_FLAG' WILL :
: CONTAIN EITHER: 1. LEVEL OF HARDWARE INT. THAT @
: CAUSED 0ODE T BE EX :
i YFF' FOR NON- HARDHARE INTERUPTS THAT WAS :
: EXECUTED ACCIDENTLY. :
b11 ROC  NEAR
ASSUME  DS:DATA
PUSH DS
PUSH DX
PUSH  AX ; SAVE REG AX CONTENTS
PUSH  BX 7
CALL  DDS ; SET DATA SEGMENT
MOV AL, 0BH ; READ IN-SERVICE REG
ouT INTAQO, AL 5 (FIND OUT WHAT LEVEL BEING
Jmp SHORT $+2 ;10 DELAY
NOP SERVICED)
N AL, INTAOO ; GET LEVEL
MOV H, Al ; SAVE IT
OR AL, AH ; 007 (NO HARDWARE ISR ACTIVE)
JINZ W INT
MoV AH,
JMP SHoRT SET INTR_FLAG ; SET FLAG TO FF IF NON-HDWARE
HW_INT:
MOV AL, 0BH
ouT INTBOO, AL READ IN-SERVICE REG INT CHIP 2
JMP SHORT $+2 10 DELAY
IN AL, INTBOO ; CHECK THE SECOND INT CHIP
MoV L AL SAVE IT
OR BH, BH ;
Jz NOT_SEC ; CONTINUE IF NOT
IN AL, TNTBO1 GET SECOND INT MASK
OR , MASK OFF LVL BEING SERVICED
JMP SHORT $+2 10 DELAY
ouT INTBO1, AL
MoV AL, EOI SEND EOI TO SECOND CHIP
JMP SHORT $+2 10 DELAY
out INTBOO, AL
NOT_SEC: IN AL, INTAO1 GET MASK VALUE
JM SHORT $+2 | Y
OR AL, AH MASK OFF LVL BEING SERVICED
out INTAOT, AL
JMp SHORT $+2 ; 10 DELAY
MOV AL, EO1
ouT INTA0O, AL
SET_INTR_FLAG:
[ INTR_FLAG, AH ; SET FLAG
POP BX
POP AX ; RESTORE REG AX CONTENTS
POP DX
0| 0s

POP

DUMMY_RETURN_1:
IRET

D11 ENDP

--HARDWARE INT 13 (LEVEL 75H)

; NEED IRET FOR VECTOR TABLE

SERVICE X287 INTERRUPTS

THIS ROUTINE FIELDS X287 INTERRUPTS AND CONTROL

; IS PASSED TO THE NMI

INTERRUPT HANDLER FOR
COMPATABILITY.
INT_287 PROC NEAR
PUSH AX 3 SAVE AX
XOR L, AL H
out X287,AL ; REMOVE THE INT REQUEST
MOV AL, EQI ; ENABLE THE INTERRUPT
ouT INTBOO, AL THE S|
ouT INTA0O, AL THE MASTER
POP AX 5 RESTORE AX
INT 2 ; GIVE CONTROL TO NMI



0100
010E

CF

8A
€8
8A
E8
BO
£8
BO
E8
c3

20
AO

0A

Ccé6
0000
c2
0000

0000
20
0000

INT_287

IRET
ENDP

~HARDWAKRE INT
REDIRECT SLAVE

; RETURN

9 (LEVEL 71H)
INTERRUPT 9 TO INTERRUPT LEVEL 2 :

THIS ROUTINE FIELDS LEVEL 9 INTERRUPTS AND H

CONTROL IS PASSED TO MASTER INTERRUPT LEVEL 2
RE_DIRECT PROC NEAR

PUSH 3 SAVE AX

MoV AL, EOI

ouT INTBOO, AL ; EOl TO SLAVE INT CONTROLLER

POP AX : RESTORE AX

INT 0AH ; GIVE CONTROL TO HARDWARE LEVEL 2

IRET ; RETURN
RE_DIRECT ENDP
B PRINT A SEGMET VALUE TO LOOK LIKE A 21 BIT ADDRESS :
: DX MUST CONTAIN SEGMENT VALUE TO BE PRINTED :
PRT_SEG PROC NEAR

MOV AL, DH ;GET MSB

CALL  XPC_BYTE :

MOV AL, DL ;LSB

CALL  XPC_BYTE

MOV AL, Yo' ; PRINT A '0 '

CALL PRT_HEX :

MOV N ; SPACE

CALL PRT_HEX ;

RET :

ENDP

PRT_SEG
CODE £l

w
m
(]
=
o
2
(2]
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TITLE 12/16/83 TESTS EXCEPTION INTERRUPT HANDLER
.LIST

PUBLIC POSTS

PUBLIC EXC_00

PUBLIC EXC_01

PUBLIC EXC_02

PUBLIC EXC_03

PUBLIC EXC_Ol

PUBLIC EXC_05

PUBLIC EXC_06

PUBLIC EXC_O7

PUBLIC EXCZ08

PUBLIC EXC_09

PUBLIC EXC_10

PUBLIC EXC_11

PUBLIC

PUBLIC
PUBLIC
PUBLIC

PUBLIC

PUBLIC
PUBLIC
PUBLIC
PUBLIC
PUBLIC
PUBLIC
PUBLIC

C INCLUDE SEGMENT.SRC
0000 C CODE SEGMENT BYTE PUBLIC
c

EXCEPTION INTERRUPT ROUTINE H

ASSUME CS:CODE, DS:ABSO

0000 POSTS5:

0000 EXC_00:

0000 BO 90 MOV AL, 90H 5 <><><>SET CHECKPOINT<><><><>

0002 E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED
0005 EXC_01:

0005 BO 91 MOV AL, 9TH 5<><><>SET CHECKPO|NT<><><><>

0007 E9 00D7 R JMp TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED
000A EXC_02:

000A BO 92 Mov AL, 92H 3 <><><>SET CHECKPOINT<><><><>

000C E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED
000F EXC_03:

000F BO 93 Mov AL, 93H 3 <><><>SET CHECKPOINT<><><><>

0011 E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED
0014 EXC_0u:

0014 BO 94 MoV AL, 9UH 3 <><><>SET CHECKPOINT<><><><>

0016 E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED
0019 EXC_05:

0019 06 PUSH ES

001A B8 0048 MOV AX, ES_TEMP ; LOAD ES REGISTER

001D 8E CO MoV ES, AX H

;======= FIX BOUND PARAMETERS

001F 2B FF SuB DI,D1 5 POINT BEGINING OF THE BLOCK

0021 26: C7 05 0000 MoV WORD PTR ES:[DI],0 ; SET FIRST WORD TO ZERO

0026 26: C7 45 02 TFFF MOV WORD PTR ES:[DI+2],07FFFH ; SET SECOND TO O7FFFH

002Cc 07 POP ES

0020 BO 95 MoV AL, 95H 3 <><><>SET CHECKPO|INT<><><><>

002F E9 00D7 R Jmp TEST_EXC 5 GO TEST IF EXCEPTION WAS EXPECTED

0032 EXC_06:

0032 BO 96 MoV AL, 96H ;<><><>SET CHECKPOINT<><><><>

0034 E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

0037 EXC_07:

0037 BO 97 MOV AL, 97H ;<><><>SET CHECKPOINT<><><><>

0039 E9 00D7 R JmMp TEST_EXC 3 GO TEST IF EXCEPTION WAS EXPECTED

003C EXC_08:

003C BO 98 MOV AL, 98H 3 <><><>SET CHECKPOINT<><><><>

003E E9 0007 R JMP TEST_EXC ; GO TEST 1F EXCEPTION WAS EXPECTED

0041 EXC_09: [7¢]
0041 BO 99 MoV AL, 99H 5 <><><>SET CHECKPOINT<><><><> m
0043 E9 00D7 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED (o]
0046 EXC_10: -
0046 B0 9A MoV AL, 9AH ;<><><>SET CHECKPOINT<><><><> —
ngg E9 00D7 R xc JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED [
of XC_11:

0048 BO 98B MoV AL, 9BH ;<><><>SET CHECKPOINT<><><><> =
004D E9 0007 R JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

0050 EXC_12: o
0050 BO 9C Mov AL, 9CH ;<><><>SET CHECKPOINT<><><><>

0052 E9 0007 R Jmp TEST_EXC 5 GO TEST IF EXCEPTION WAS EXPECTED

0055 EXC_13:

0055 BO 90 MoV AL, 90H 5 <><><>SET CHECKPOINT<><><><>

0057 EB 7E 90 JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

005A EXC_14:

005A B0 9E MoV AL, 9EH ;<><><>SET CHECKPOINT<><><><>

005C EB 79 90 JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

005F EXC_15:

005F BO 9F Mov AL, 9FH 3 <><><>SET CHECKPOINT<><><><>

0061 EB 74 90 JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

0064 EXC_16:

0064 BO A0 MoV AL, OAOH 3 <><><>SET CHECKPOINT<><><><>

0066 EB 6F 90 JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

0069 EXC_17:

0069 BO Al MoV AL, OATH ;<><><>SET CHECKPOINT<><><><>

006B EB 6A 90 JMP TEST_EXC ; GO TEST IF EXCEPTION WAS EXPECTED

006E EXC_18:

006E BO A2 MoV AL, OA2H 3 <><><>SET CHECKPOINT<><><><>
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0070 EB 65
0073

0073 BO A2
0075 EB 60
0078

0078 BO A3
007A EB 5B
007D

007D BO

Al
007F EB 56

0082 BO AS
0084 EB 51

0087 BO A6
0089 EB uC

AT
47
0091 BO A8

42
0096 BO A9

30
0098 BO AA

009D EB 38

00AQ BO AB
00A2 EB 33

00A5 BO AC
00A7 EB 2E

00AA  BO AD
00AC EB 29

00AF BO AE
0081 EB 24

00B4 BO AF
1F

00BB EB 1A

B1
00CO0 EB 15
00C3 BO B2
00C5 EB 10
B3
00CA EB 0B

00CD BO B4
00CF EB 06

00D2 BO BS
00D4 EB 01

0007 E6 80
o008 77 22

90

90

90

90

90

90

90

90

90

90

90

90

90

90

0
00DF B8 0008

00E4 C7 06 0048 FFFF
00EA C6 06 004D 93
o048

0119 B8 0100
F
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EXC_19:
EXC_20:
EXC_21:

EXC_22:

EXC_23:
EXC_24:
EXC_25:
EXC_26:
EXC_27:
EXC_28:
EXC_29:
EXC_30:

EXC_31:

sys_32:

SYS_33:

SYS_34:

SYs_35:

SYS_36:

SsYS 37:

SYS_38:

JMP

JMP

MoV
JMP

MOV
JMP

MoV
JMP

MoV
JMP

MOV
JMP

Mov
JMP
Mov
JMP

Mov
JMP

Mov
JMP

MoV
JMP

MoV
JMP

MoV
JMp

Mov
JMP

TEST_EXC:
ouT

TEST_EXCO:
XCHG

IN
cmp

Jz
TEST_EXC1:
IN

cMp
JB

IRET
TEST_EXC2:
XCHG

ouTt
HLT

JMp
TEST_EXC3:
sug

CODE

TEST_EXC

AL, 0A2H
TEST_EXC

AL, OA3H
TEST_EXC

AL, 0ALH
TEST_EXC

AL, OASH
TEST_EXC

AL, OAGH
TEST_EXC

AL, 0ATH
TEST_EXC

AL, OA8H
TEST_EXC

AL, OA9H
TEST_EXC

AL, OAAH
TEST_EXC

AL, OABH
TEST_EXC

AL, OACH
TEST_EXC

AL, OADH
TEST_EXC

AL, OAEH
TEST_EXC
AL, OAFH

TEST_EXC

AL, 0BOH
TEST_EXC

AL, 0B1H
TEST_EXC

AL, OB2H
TEST_EXC

AL, 0B3H
TEST_EXC

AL, OBUH
TEST_EXC

AL, 0BSH
TEST_EXC

MFG_PORT, AL
AL, OAEH
TEST_EXCO
oS
AX
AX,GDT_PTR
S, AX
DS:ES_TEMP.SEG_LIMIT,MAX

BYTE PTR DS:(ES_TEMP.DAT,
AX, ES_TEMP

CX, SYS_ROM_CS
TEST_EXCO
DX

AH, AL
AL, OMA_PAGE+0AH
AL,

TEST_EXC3

AL, MFG_PORT

AL, 038
TEST_EXC2

AH, AL
MFG_PORT, AL
TEST_EXC2

AL, AL
DMA_PAGE+0AH, AL
AX,0100R

; GO TEST IF EXCEPTION WAS EXPECTED

3 <><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST 1F EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF EXCEPTION WAS EXPECTED

3 <><><>SET CHECKPOINT<><><><>
; GO TEST IF INTERRUPT WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF INTERRUPT WAS EXPECTED

;<€><><>SET CHECKPOINT<><><><>
; GO TEST IF INTERRUPT WAS EXPECTED

3 <><><>SET CHECKPOINT<><><><>
; GO TEST IF INTERRUPT WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
GO TEST IF INTERRUPT WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
GO TEST IF INTERRUPT WAS EXPECTED

;<><><>SET CHECKPOINT<><><><>
; GO TEST IF INTERRUPT WAS EXPECTED

OUTPUT THE CHECKPOINT
CHECK FOR EXCEPTION
GO IF A SYSTEM INT

SAVE THE CURRENT DATA SEGMENT

" SEG_LEN
A ACC_RIGHTS),CPLO_DATA_ACCESS

RESTORE REGS

; CHECK I|F CODE SEG SECOND ON STACK

CONTINUE |F ERROR CODE
PUT SEGMENT BACK ON STACK

SAVE THE CHECKPOINT

WAS THE EXCEPTION EXPECTED?
GO IF YES

CHECK THE CURRENT CHKPT
HALT 1F CHKPT BELOW 3BH

OUTPUT THE CURRENT CHECKPOINT
<><><> CKPT 90 THRU B5 <><><>

INSURE SYSTEM HALT

CLEAR DMA PAGE

USED FOR BOUND INSTR EXPECTED INT5
RETURN



TITLE 01/03/84 TEST6 POWER ON SELF TEST
ST

PUBL IC STGTST_CNT
PUBLIC ROM_ERR
PUBLIC BOOT_STRAP_1
PUBLIC XMIT_8042
PUBLIC POSTE

PUBLIC HS

9 DE SEGMENT
0000 c CDDE SEGMENT BVTE PUBLIC
c

EXTRN E_I MSG‘N
EXTRN KBD_ RESET NEAR
EXTRN XPC_BYTE:NEAR
EXTRN F1:NEAR
EXTRN VECTOR_ TABLE NEAR
EXTRN NMI_INT:
EXTRN PRINT_SCREEN_] NEAR
EXTRN BLINK_iINT:NEAR
EXTRN PRT_HEX: NEAR
EXTRN F3B:NEAR
EXTRN PRT_SEG:NEAR
EXTRN XPC_BYTE:NEAR
EXTRN E1:NEAR
EXTRN ROM_CHECK: NEAR
EXTRN ROS_CHECKSUM: NEAR
EXTRN SEE :NEAR
EXTRN F3:
EXTRN ERR_| BEEP NEAR
EXTRN P_MSG: NEAI
EXTRN START 1: NEAR

AR

EAR
EXTRN DlSK BAS[ NEAR
EXTRN F3D:NEA
EXTRN PROC_SHUTDOHN NEAR
EXTRN SYSINIT1:NEAR
EXTRN PROT_PRT_HEX:NEAR
EXTRN DISK_10:NEAR
EXTRN HD_ INT: NEAR
EXTRN C8042: NEAR
EXTRN BOOT_INVA: NEAR

PAGE
ASSUME  CS:CODE
ASSUME  DS:DATA
0000 POST6 PROC NEAR

THIS SUBROUTINE PERFORMS A READ/WRITE STORAGE TEST ON A BLOCK :

ENTRY REQUIREM[NTS :
ADDRESS OF STORAGE SEGMENT BEING TESTED
DS = ADDRESS OF STORAGE SEGMENT BEING TESTED
WORD COUNT OF STORAGE BLOCK TO BE TESTED
EXIT PARAMETERS'
ZERO FLAG = O |F STORAGE ERROR (DATA COMPARE OR PARITY
CHECK) AL=0 DENOTES A PARITY CHECK. ELSE AL=XOR'ED
BIT PATTERN OF THE EXPECTED DATA PATTERN VS THE ACTUAL
DATA READ.
AX,BX,CX,DX,DIl, AND SI ARE ALL DESTROYED.

0000 STGTST_CNT PROC NEAR
0000 8B D9 MoV BX, CX ; SAVE WORD COUNT OF BLOCK TO TEST
0002 E4 61 IN AL, PORT_B

0004  EB 00 JMP SHORT $+2 ; 10 DELAY

0006 0C 0C OR RAM_PAR_OFF ; TOGGLE PARITY CHECK LATCHES
0008 E6 61 out PORT_B, AL

000A EB 00 JMP SHORT $+2 ; 10 DELAY

000C 24 F3 AND AL, RAM_PAR_ON :

000E E6 61 ouT PORT_B, AL

= sasmee= == ROLL A BIT THROUGH THE FIRST WORD

WRITE THE INIT DATA PATTERN
ROLL 16 BIT POSITION

DX, 0001H

El
AT THE FIRST ODD LOCATIOM
WRITE A BYTE OF

0016 2B FF 1,01 ; START AT BEGINING OF BLOCK
0018 2B F6 s1,s81 3 INITIALIZE DESTINATION POINTER
001A 8B C2 AX, DX ; GET THE PATTERN
001C  AB ; STORE DATA PATTERN
001D 2B F6 s1,81 ; START AT BEGINNING
001F AD ; GET THE FIRST WRITTEN
0020 33 c2 AX, DX ; INSURE DATA AS EXPECTED
0022 74 03 1 >
0024 E9 00C5 R c13 ; EXIT IF NOT
0027 D1 E2 DX, 1 ; SHIFT BIT TO NEXT BIT POSITION
0029 E2 EB c ; LOOP TILL DONE

CAS LINES FOR HIGH BYTE LOW BYTE
0028 2B FF DI,DI ; START AT BEGINING OF BLOCK
002D 2B F6 S1,s1 ; INITIALIZE DESTINATION POINTER
002F 2B CO AX, AX ; WRITE O
0031 BA FFOO DX, 0FFOOH H
0034  AB ; STORE DATA PATTERN

1,1
BYTE PTR [DI],0FFH

(7]
m
(¢}
=
o
=
o

0038 28 DI,D!
003D 8B 05 AX,WORD PTR [D1] ; GET THE DATA
003F 33 C2 AX, DX i CHECK THE FIRST WRITTEN
0041 74 0 c1’s
0043 E9 00C5 R c13 3 EXIT IF NOT
0046 2B FF c1.8:  suB 01,01 3 START AT BEGINING OF BLOCK
0048 2B CO suB AX AX POWRIT
O04A BA OOFF MoV DX, 000FFH :
00uD  AB STOSW i STORE DATA PATTERN
OO4E 2B FF suB 01,01 i AT THE FIRST EVEN LOCATION
0050 C6 05 FF MOV BYTE PTR [D1],0FFH i WRITE A BYTE OF FF
0053 2B FF SUB DI,D! i BUS S|
0055 8B 05 MoV AX,WORD PTR [DI] i GET THE
0057 33 C2 XOR AX, DX  CHECK THE iRt WRITTEN
0059 75 6A INZ c13 : EXIT IF NOT
jmmmmmm- TEMP SAVE FOR AX (PUSH NOT ALLOWED)
005B  EG 89 out DMA_PAGE+8, AL ; SAVE AX
005D 86 Cit XCHG  AL,AH :
005F EB 00 Jmp SHORT $+2 H .
0061 E6 8A out DMA_PAGE+9, AL :
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0063 Eu 61
0065 24 CO
0067 86 Ch
0069 Eu 87
006B 22 EO
006D EL 8A
006F 86 Cu
0071 E4 89
0073 75 50
0075 BA AA5S
0078 2B FF
007A 2B F6
007C 8B CB
007E 8B C2
0080 F3/ AB
0082 8B CB
008h 2B F6
0086 AD
0087 33 C2
0089 75 3A
0088 E2 F9
008D E6 89
008F 86 Cu
0091 EB 00
0093 E6 8A
0095 E4 61
0097 24 CO
0099 86 Cu
009B E4 87
009D 22 EO
009F EL 8A
00A1 86 Cu
00A3 E4 89
00A5 75 1E
00A7 23 D2
00A9 74 1A
00AB 81 FA 55AA
O0AF 74 OF
0081 81 FA 0101
00B5 7 F
00B7 BA 55AA
00BA EB BC
00BC 28 D2
00BE EB B8
00CO BA 0101
00C3 EB B3
00C5

00Cc5 C3

00C6 2B FF
00C8 8B CB
00CA D1 E9
00CC B8 5555
00CF AB

00D0 B8 AAAA
00D3 AB

00Dy E2 F6
00D6 2B F6
00D8 8B CB
Q0DA D1 E9
00DC Al

000D 35 5555
00E0 7 3
00E2 AD

00E3 35 AAAA
00E6 7 D
00E8 E2 F2
O0EA E6 89
00EC 86 Cu
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Test 6

~ CHECK

IN
AND

10 OR BASE RAM

AL, PORT_B
AL, PARITY_ERR

CHECK FOR 10/PAR CHECK
STRIP UNWANTED BITS

XCHG AL, AH SAVE ERROR
IN AL, DMA_PAGE+6 CHECK FOR R/W OR 10 ERR
AND H, AL

RESTORE AX

IN AL, DMA_PAGE+9 ; GET AH
XCHG AL, AH :

N AL, DMA_PAGE+8 i} GET AL

~ PARITY ERROR EXIT
INZ €13 ; 60 IF YES
Moy DX, 0AASS5H i WRITE THE INIT DATA PATTERN
SUB Di,DI i START AT BEGINING OF BLOCK
sus si,s] ! INITIALIZE DESTINATION POINTER
MoV X, BX { SETUP BYTE COUNT FOR LOOP
MoV AX, DX ! GET THE PATTERN

REP STOSW : STORE 64K BYTES (32K WORDS)
MoV CX, BX : SET COUNT

sUB s1,sl ! START AT BEGINNING

LODSW ; GET THE FIRST WRITTEN
XOR AX, DX ; INSURE DATA AS EXPECTED
INZ c1} ; EXIT IF NOT

LooP  C6 ; LOOP TiLL DONE

TEMP SAVE FOR AX (PUSH NOT ALLOWED)

ouT

A

L

DMA_PAGE+8, AL
Al

H ;
SHORT $+2 5

SAVE AX

OMA_PAGE+9, AL

10 OR BASE RAM

AL, PORT_
AL, PAR I TY_ERR

AL, AH

AL, DMA_PAGE+6
H

AH, AL

AL, DMA_PAGE+9

AL, AH

AL,DMA_PAGE+8

CHECK FOR 10/PAR CHECK
STRIP UNWANTED BITS
SAVE ERROR

CHECK FOR R/W OR 10 ERR

B

GET AH

GET AL

~ PARITY ERROR EXIT

JNZ

Ci13

; GO IF YES

CHECK FOR END OF 64K BLOCK

AND DX, DX ; ENDING ZERO PATTERN WRITTEN TO STG ?

Jz cih ! YES - RETURN TO CALLER WITH AL=0
SETUP NEXT PATTERN

CMP DX, 055AAH ; CHECK IF LAST PATTERN =55AA

Jz P 6o IF

cHp DX,0101H 1 LAST PATTERN 01017

JzZ ; GO IF YES

Mov DX, 055AAH ; WRITE 55AA TO STORAGE

JMP c3 ;

- LAST PATTERN

suB
JMp

DX, DX
c3

= 0000
WRITE 0000 TO STORAGE

- INSURE PARITY BITS ARE NOT STUCK ON

MoV
Jmp

JNZ
LooP

DX,0101H ; WRITE 0101 TO STORAGE
C3

01,01 POINT TO START OF BLOCK

CX,BX GET THE BLOCK COUNT

cX,1 DIVID

AX,01010101010101018 FIRST CHECKER PATTERN
WRITE IT

AX,10101010101010108 SECOND CHECKER PATTERN
WRITE IT

c11
sI,s
CX, BX
cx;1

AX,01010101010101018
c13

AX,10101010101010108
C13

ci2

DO IT FOR CX COUNT
POINT TO START OF BLOCK
GET THE BLOCK COUNT
DIVIDE BY 2

GET THE DATA

CHECK CORRECT

EXIT IF NOT

GET NEXT DATA

GO |F NOT CORRECT
CONTINUE TILL DONE

TEMP SAVE FOR AX (PUSH NOT ALLOWED)
DMA_PAGE+8, AL ; SAVE AX

ouT
XCHG

AL, AH



0000

BC
8E
BC

E8

B8
8E

8E
26:

262

0000
D4
8000

0000 E

0008

07 06 005A 0000
C6 06 005C 00

BE 0058
8E D6

TITLE 12

DESCRI

/28/83 TEST7 EXCEPTION INTERRUPT TEST

TEST.20

ADDITIONAL PROTECTED (VIRTUAL MODE) TEST H
PTI1ON H
THE PROCESSOR IS PUT IN PROTECTED MODE AND :
THE FOLLOWING FUNCTIONS ARE VERIFIED

1. VERIFY PROTECTED MOLE
THE MACHINE STATUS IS CHECK FOR VIRTUAL MODE
2. PROGRAMMED INTERRUPT TEST H
AN PROGRAMMED INTERRUPT 32 IS 1SSUED AND

TEST H
A DESCRIPTOR SEGMENT LIMIT IS SET TO ZERO
AND A WRITE TO THAT SEGMENT 1S ATTEMPTED
AN EXCEPTION 13 1S EXPECTED AND VERIFIED

4. LDT/SDT LTR/STR TEST H
{OAD LDT REGISTER AND VERIFY CORRECT :
LOAD TASK REGISTCR AND VERIFY CORRECT H
THEY ARE VERIFIED VIA THE STORE INSTRUCTION

5. THE CONTROL FLAGS OF THE 286 FOR DIRECTION H
ARE VERIFIED VIA THE STD AND CLD COMMANDS :
IN PROTECTED MODE

6. BOUND INSTRUCTION TEST (EXC H
CREATE A SIGNED ARRAY INDEX WITHIN AND :
OUTSIDE THE LIMITS. CHECK THAT NO EXC INT H
IF WITHIN LIMIT AND THAT AN EXC INT 5 H

IF OUTSIDE TNE LIMITS, H

INT 13

INT 5)

SET ALL GENERAL PURPOSE REGS TO DIFFERENT H
VALUES ISSUE A PUSH ALL, CLEAR THE REGS
ISSUE A POP ALL AND VER|FY CORRECT.
8. CHECK THE VERR/VERW INSTRUCTIONS
THE ACCESS BYTE IS SET TO READ ONLY TIlEN T0
A WRITE ONLY AND THE VERR/VERW INST AR
VERIFIED,
9. CAUSE AN INTERRUPT 13°'VIA A WRITE TO A
READ ONLY SEGMENT
0. VERIFY THE ARPL
SET THE RPL FIEL
VERIFY THAT CURRENT SELECTOR RPL
CORRECTLY. :
1. VERIFY THE LAR INSTRUCTION FUNCTIONS H
2. VERIFY THE LSL INSTRUCTION FUNCTIONS :
3. LOW MEG CHIP SELECT TEST :

INSTRUCTION FUNCT IONS
D OF A SELECTOR AND
1S SET

LLIST
PUBLIC
INCLUDE

POST7
SEGMENT. SRC

CODE SEGMENT BYTE PUBLIC

EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN
EXTRN

E£_MSG: NEAR
XPC_BYTE:NEAR
F1:NEAR

VECTOR_ TABLE:

PRT SEG:NEAR
XPC_BVTE NEAR
E1:NEAR

F3:NEAR
ERR_BEEP:NEAR
P_MSG: NEAR
START_1:NEAR

Fli: NEAR

FUEINEAR

F3AIN

DISK_| BASE NEAR
F3D:NEAR

F3D1:NEAR
PROC_SHUTDOWN: NEAR
SYSINIT1:NFAR
PROT_PRT_ HEX: NEAR

ROM_ERR: NEAR
DDSTNEAR
CM1:NEAR
CM2: NEAR
CM3: NEAR
LOCK:NEAR
DISK-SETUP:NEAR
ADERR: NEAR
ADERR1 : NEAR
CS:CODE, DS:DATA

SET DATA SEGMENT
;<> E> LTI LC>L><>
; <><><>CHECKPOINT FO <><><><>

CALL DDS
AL, OFOH
MFG_PORT, AL

SET SHUTDOWN RETURN 7

Mov AL, SHUT_DOWN ; ADDR FOR SHUTDOWN BYTE

ourt CMOS_PORT, AL >

MoV AL, 7 ; SET r_RRDR EXIT (DOUBLE EXECPTION?)
JMP SHORT $+2 ; 10 DELAY

ouTt CMOS_PORT+1,AL H

MoV SP,POST_SS ; SET STACK FOR SYSINIT1
MOV Ss, H

MOV SP, POST_SP ;

CALL SYSINITY ; GO ENABLE PROTECTED MODE

SET TEMPORY STACK

MoV AX,GDT_PTR H

MOV ES.AX H

MOV DS, A

MoV ES: ss TEMP. BASE_LO_WORD, 0

MoV BYTE PIR ES: (SS_TEMP.BASE_HI_BYTE),0
MoV ,SS_TEMP

Mov SS,SI
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0035 BC FFFD

; GET THE MACHINE STATUS WORD

0038 OF +
0039 + 770000
0039 D1 EO +
003B + 770001 TE
0039 + ORG OFFSET CS:?70000
0039 01 + DB 1H
0038 + ORG OFFSET CS:?70001
003B A9 0001 TEST AX, VIRTUAL ENABLE ; ARE WE IN PROTECTED MODE
003E JNZ 7
0040 E9 O2EA R JMP ERROR EXIT ; ERROR IF NOT
0043 BO F1 T7_1: MoV AL,OF1H R i b et el
0045 E6 80 out MFG_PORT, AL ; <><><>CHECKPOINT F1 <><><><>
INTERRUPT TEST (PROGRAMMED INTERRUPT 32)
0047 BO AF Moy AL, OAFH ; SET EXCEPTION FLAG
0049 E6 8B ouT DMA_PAGE+0AH, AL H FOR INT 10
0048 €D 20 INT 32 ; [INTERRUPT
oouDp 2B C9 SUB CX,CX ; WAIT FOR INT
O04F EL 8B LOOPT: IN AL, DMA_PAGE+0AH ;
0051 22 Co AND AL, AL ; DID THE INTERRUPT OCCUR?
0053 EO FA LOOPNZ  LOOP1 H
0055 74 03 Jz T7_2
0057 E9 O2EA R JMP ERROR_EXIT 5 MISSING INTERRUPT
jemm————— CAUSE AN EXCEPTION INTERRUPT (GENERAL PROTECTION INT 13D)
005A BO F2 T7_2: MOV AL, 0F2H 5 PS> LSLILOCILICILCILSI>C><>
005C E6 80 ouT MFG_PORT, AL ; <><><>CHECKPOINT F2 <><><><>
005E BO 90 MOV AL, 9DH 5 SET INT 13 FLAG
0060 E6 8B ouT DMA_PAGE+OAH, AL ; FOR THE INT HANDLER
jommm——— MODIFY DESCRIPTOR TABLES
jmm————— ,SET TEMP ES DESCRIPTOR TO SEGMENT LIMIT
0062 C7 06 0048 0000 Mov DS:ES_TEMP.SEG_LIMIT,0 ; SET SEGMENT TO O
Haddunintell CPLO, DATA ACCESS RIGHTS
0068 C6 06 004D 93 MoV BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS),CPLO_DATA_ACCESS
006D C6 06 004C 01 MoV BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),01 ; DO ALL TESTS ON 2ND 64K
0072 C7 06 004A 0000 MoV WORD PTR DS:(ES_TEMP.BASE_LO_WORD),0
;=====-=== SET ES REGISTER
0078 B8 0048 MoV AX, ES_TEMP ; LOAD ES
0078 8E CO MoV ES,AX H
jmmmm———— CAUSE AN EXCEPTION 13 INTERRUPT
0070 2B FF suB Di,DI ;
007F 26: 8B 05 MoV AX,ES:[DI] ; THIS SHOULD CAUSE AND EXCEPTION
0082 2B C9 SuB ; WAIT FOR INT
0084 E4 8B LooP2: IN AL DMA PAGE+0AH H
0086 22 CO D ; DID THE INTERRUPT OCCUR?
0088 EO FA LOOPNZ LOOPZ H
008A 74 Jz T7_. ; CONTINUE IF INTERRUPT
008C  E9 OZEA R JMP ERROR_EXIT 5 MISSING INTERRUPT
008F T7_3:
; VERIFY 286 LDT/SDT LTR/STR
H INSTRUCT | Ol
; DESCRIPTION
H LOAD LDT REGISTERS WITH A DESCRIPTOR
H VERIFY CORRECT
pmmm——— ~ WRITE TO 286 LDT REGISTER
008F BO F3 MOV AL,O0F3H PR R R e R R e
0091 E6 80 ouT MFG PORT, AL ; <><><>CHECKPOINT F3 <><><><>
0093 BF 0078 MoV L, POST_| (DTR
LLOT Dl ; REGISTER FROM THIS AREA
0096 OF + DB 00FH
0097 + 7720002 LABEL BYTE
0097 8B D7 + MoV DX, DI
0099 + 770003 LABEL BYTE
0097 + ORG QFFSET CS:?770002
0097 00 + nR
0099 + ORG OFFSET CS:770003
jmm————— READ AND VERIFY 286 LDT SELECTOR
0099 2B CO SuB AX,A)( ; CLEAR AX
SLDT ; GET THE LDT SELECTOR
009B OF + OFH
009C + 770004 LABEL BYTE
009C 03 CO + ADD AX, AX
009E + 720005 LABEL BYTE
009C + ORG OFFSET CS:?70004
009C 00 + DB 000!
009E + ORG OFFSET €S:2?70005
009E 25 OO0F8 AND AX,0F8H ; STRIP TI/RPL
00A1 3D 0078 cmp AX, POST_LDTR ; CORRECT SELECTOR?
00A4 75 18 JNZ ERROR ; GO IF NOT
jmmm————— WRITE TO 286 TR
00A6 BF 0068 MoV DI, POST_TR
LTR D1 ; REGISTER FROM THIS AREA
00A9 OF + bB 00FH
00AA + 27?0006 LABEL BYTE
00AA 8B DF + BX,DI
00AC + 2?0007 LABEL BYTE
00AA + ORG OFFSET CS:?770006
00AA 00 + DB 000H
00AC + ORG OFFSET CS:770007
-------- VERIFY 286 TR REGISTERS
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28 CO

OF
88 C8

00
25 0078

3D 0068
75 08

8
A9 0200
E9 02EA R

o
b

A9 0400

3
E9 02EA R
C

8

A9 0LOO
03

E9 02EA R

BO F4

B8 0048
8E CO

FF
26: C7 05 0000
26: C7 45 02 TFFF
B0 95

88
B8 1000

26

8B 05

B8 FF
26: C7 05 3FFO
B8 1000

E4 8B
3C 00

T4
E9 OZEA R
BO 95
88
FF
26: C7 05 0000

26: C7 45 02 OFFF
B8 1000

8B 05

A+

+

A+

+

At

+

At

suB AX, AX 3
STR AX ;
0B OOFH
770008 LABEL  BYTE
MOV ox. A
720009 LABEL  BYT
ORG orrsn €S:220008
08 000H
ORG OFFSET CS:7?0009
AND AX,0F8H
cMp AX, POST_TR 3
INZ ERROR
jmmmmmmme TEST 286 CONTROL FLAGS
STD ;
PUSHF ;
POP AX ;
TEST AX, 0200H 5
Jz T7 ;
ERROR:  JMP ERROR_EXIT ;
T7_4:
TEST ax, ouoon 5
INZ ;
Jmp ERROR EXIT H
T7.5:  CLD H
PUSHF H
POP AX ;
TEST AX, O4O0OH H
7 ;
ERROR_EXIT B

GET THE TR REG

CORRECT SELECTOR?

SET DIRECTION FLAG FOR DECREMENT

GET THE FLAGS

INTERRUPT FLAG SHOULO BE OFF

CONTINUE IF
GO IF NOT

CHECK DIRECTION FLAG

GO IF NOT SET
CLEAR DIRECTION FLAG

INSURE DIRECTION FLAG IS RESET

GO 1F NOT

LR
DESCRIPTION
CR

IFY 286 BOUND INSTRUCT ION

FATE A SIGNED ARRAY INDEX WITH!

N AND

J > > OO ILCIC> >
<><><>CHECK?O INT F4 <><><><>

LOAD ES REGISTER

POINT BEGINING OF THE BLOCK
SET FIRST WORD TO ZERO

; SET SECOND 7O O7FFFH
SET INTERRUPT 5 FLAG

SET AX HITHHI BOUNDS
USE THE

WAIT FOR POSSIBLE INTERRUPT

GET THE RESULTS

DID AN INTERRUPT OCCUR?
CONTINUE IF NOT

GO IF YES

5

POINT BEGINING OF THE BLOCK
SET FIRST WORD TO O3FFOH

SLCT AX OUT OF BOUNDS
USE THE ES REG

WAIT FOR POSSIBLE INTERRUPT

GET THE RESULTS
DID AN INTERRUPT OCCUR?

CONTINUE IF INTERRUPT
CO IF NO INTERRUPT

SET FLAG FOR INTERRUPT

POINT BEGINING OF THE BLOCK
SET FIRST WORD TO O

; SET SECOND TO OFFFH

SET AX OUT OF BOUNDS

USE THE ES REG

WAIT FOR POSSIBLE INTERRUPT

GET THE RESULTS
DID AN INTERRUPT OCCUR?
TRY AGAIN

OUTSIDE THE LIMITS (EXPECT INT 5)
MOV AL, OFLH
out MFG_PORT, AL
MOV AX, ES_TEMP ;
MoV ES, AX H
jmmmm——— CHECK BOUND FUNCTIONS CORRECTLY
SUB Di,DI
MOV WORD PTR ES:[DI],0
MoV WORD PTR ES:[DI+2],07FFFH
MoV AL, 09 H
out DMA_ PAGE+0AH AL :
MoV AX, 1000H ;
SEGOV  ES H
DB 6H
BOUND  AX,[D1] 3
270008  LABEL YTE
MOV AX,[DI]
72000C  LABEL
ORG DFFSET €$:770008
0B 062H
ORG OFFSET €S:72000C
SUB CX, CX ;
LOOPA:  LOOP L0OPA :
N AL, DMA_PAGE+0AH :
cmp AL, 0 3
INZ 171 ;
Jmp ERROR_EXIT H
-~~~ CHECK LOW BOUND WORD CAUSES INT
SUB 01,01 B
MoV WORD PTR ES:[DI],03FFOH ;
MOV AX, 1000H B
SEGOV
DB 026H
BOUND  AX, [D! ] H
77000E  LABEL
MOV Ax (m]
27000F  LABEL
ORG OFFSET CS:2?2000E
0B 062
ORG OFFSET CS:?2000F
us CX,CX 5
LOOPB: :
IN AL, DMA_PAGE+OAH :
CMP " H
LOOPNZ  LOOPB :
9z T7.8 ;
JMP ERROR_CXIT :
jmmmmmmee CHECK HIGH BOUND WORD CAUSES INT S
T7_8: MoV AL, 95H 5
ouT DMA_PAGE+0AH, AL H
SUB 01,01 3
MOV WORD PTR ES:[DI],0 3
MOV WORD PTR ES:[DI+2],0FFFH
MoV AX, 1000H H
SEGOV  ES H
DB 026H
BOUND  AX, [DI] ;
270011 LABEL  BYTE
MO! AX, [DI]
770012 LABCL  BYTE
ORI OFFSET €S:770011
DB 062H
ORG OFFSET €S:770012
SuB €X, CX 5
LOOPC: B
IN AL, DMA_PAGE+0AH :
cup AL, OH B
LOOPNZ  LOOPC :
Jz 179 H
JMP ERROR_EXIT ;

GO 1F NO INTERRUPT

DESCRIPTION

VERIFY PUSH ALL AND POP ALL

INSTRUCTIONS:
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01CF
0101

0103
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E9

3E
OF
8B

00

5

cé6
B8

8E Ci

3E
OF
8B

00

74
88
3E
OF
8B

00

75

BO
E6

28

F5
80
0001
D8

02EA R

F6

80

06 0048 FFFF
06 004C 00
06 004A FOOO

0048
co

E8

06 004D 91
0048
0

CD
0048

90
8B

F6

+

PR R

+

PR

+

PR R

SET REGISTERS TO A KNOWN VALUE AND

; PUSH ALL. RESET THE REGISTERS POPALL H
H AND VERIFY H
T17_9:
MOV OFSH §€>L>>>>LLSLI> > <>
ouTt MFG PORT AL 3 <><><>CHECKPOINT F5 <><><><>
MoV AX, ; SET AX=1
MoV BX, AX ; SET BX=2
INC H
MoV CX,BX ; SET CX=3
INC <X :
MOV DX, CX ;
INC DX ; SET DX=4
MOV DI, DX ;
INC oI ; SET DI=5
MOV si1,01 ;
INC S| ; SET SI=6
PUSH BP ; SAVE THE BP REGISTER
MoV BP,S| ; SET BP=7
INC BP H
PUSHA ; ISSUE THE PUSH ALL COMMAND
o8B 060H
sus AX, AX ; CLEAR ALL REGS
MoV BX, AX H
MOV CX, AX :
MoV DX, AX :
MoV DI, AX :
MOV S1,AX ;
MoV BP,AX H
POPA ; GET THE REGISTERS BACK
o8 061H
CMP BP,07 ; BP SHOULD BE 7
poP ; RESTORE BP
JINZ ERROR_EXIT1 ;3 GO IF NOT
cMP AX,01 ; AX SHOULD BE 1
JNZ ERROR_EXIT1 ; GO IF NOT
CcMP BX, 02 ; BX SHOULD BE 2
JNZ ERROR_EXIT1 ; GO IF NOT
CMP CX,03 ; CX SHOULD BE 3
JNZ ERROR_EXIT1 ; GO IF NOT
CMP DX, 04 ; DX SHOULD BE 4
JNZ ERROR_EXIT1 ; GO IF NOT
cMp DI1,05 ; DI SHOULD BE 5
JNZ ERROR_EXIT1 ; GO IF NO
CMP s, 5 S1 SHOULD BE 6
JNZ ERROR_EXIT1 ; GO IF NOT
JMP T7_10
H ERROR EXIT
ERROR_EXIT1:
JMP ERROR_EXIT
H VERIFY ACCESS RIGHTS FUNCTION CORRECTLY :
; DESCRIPTIOI H
H SET ACCESS RIGHTS OF DESCRIPTER TO H
H READ ONLY. VERIFY THE VERW/VERR INSTR :
H ACCESS A READ ONLY WITH A WRITE AND H
H VERIFY AN EXCEPTION INT 13
T7_10: MOV AL,OF6H ; PP > CF LIPS I S>>
ouT MFG_PORT, AL ;<><><>CHECKPOINT F6 <><><><>
MoV DS:ES_ TEMP, SEG_LIMIT,MAX_SEG_LEN ; SET SEGMENT TO OFFFFH
Mov BYTE PTR DS:(ES_TEMP.BASE_HI_BYTE),0 ;SET THE ADDRESS
MoV DS:ES_TEMP.BASE_LO_WORD, 0FO000H
MoV AX, ES_TEMP ; LOAD ES REGIST
MoV ES, AX ; THIS SEGMENT SHOULD BE WRITEABLE
Hatatdatetaid INSURE ACCESS RIGHTS MAY BE WRITTEN
SEGOV Ds ; SET SEGMENT OVERIDE TO START OF TABLE
o8 03EH
VERW AX ; CHECK THE ACCESS RIGHTS OF ES_TEMP
0B O0FH
2770014 LABEL BYTE
MoV BP, AX
27?0015 LABEL BY
ORG OFFSET €S:??20014
D8
ORG OFFSET €S:?70015
JNZ ERROR_EXIT1 ; ERROR IF SEGMENT CAN NOT WRITE
; - SET ACCESS RIGHTS TO READ ONLY
MoV BYTE PTR DS:(ES_TEMP,DATA_ACC_RIGHTS),91H
MOV AX, ES_TEMP ; LOAD ES REGISTER
MoV ES, AX i
SEGOV Ds ; SET SEGMENT OVERIDE TO START OF TABLE
0B o3en
VERW AX ; CHECK THE ACCESS RIGHTS OF ES_TEMP
DB OO0FH
2770017 LABEL BYTE
BP, AX
270018 LABEL BYTE
ORG OFFSET €S:2??0017
DB 000H
ORG OFFSET €S:270018
Jz ERROR_EXIT1 ; ERROR IF SEGMENT 1S WRITEABLE
Mov AX, ES_TEMP ; INSURE THAT SEGMENT |S READABLE
SEGOV B
DB O3EH
VERR H
B OO0FH
?7001A  LABEL BYTE
SP, AX
770018  LABEL BYTE
ORG OFFSET CS:?7001A
DB 000H
ORG OFFSET CS:?7001B
JNZ ERROR_EXIT1 ; GO IF SEGMENT NOT READABLE
jemem——- CAUSE AN EXCEPTION 13 INTERRUPT
Mov AL, 09DH ; SET EXCEPTION FLAG
ouT DMA_PAGE+0AH, AL B FOR INT 13
suB s1,si ;



0105 26: C6 O4 00 Mov BYTE PTR ES:[S1],00 ; WRITE A BYTE THAT SHOULD
CAUSE AN EXCEPTION

0109 2B C9 SuB CX,CX : WAIT FOR INT
01DB  E4 8B LOOPD: N AL,DMA_PAGE+0AH H
010D 22 CO AND AL, AL ; DID THE INTERRUPT OCCUR?
01DF EO FA LOOPNZ LOOPD H
01E1 75 BO JNZ ERROR_EXIT1 ; MISSING INTERRUPT
jEmm———— - RESTORE THE ACCESS RIGHTS BYTE
O1E3 C6 06 004D 93 Mov BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS), CPLO_DATA_ACCESS
; VERIFY ADJUST RPL FIELD OF SELECTOR H
; INSTRUCTION (ARPL) FUNCTIONS H
; DESCRIPTION H
H SET THE RPL _FIELD OF A SELECTOR H
B AND VERIFY THAT THE ZERO FLAG IS SET :
H CORRECTLY AND THAT THE SELECTOR RPL H
H FIELD 1S SET CORRECTLY H
01E8 BO F7 MOV §K>L>L>C>C> > L> LSS <> > L>L> <>
O1EA E6 80 out MFG PORT AL ; <><><>CHECKPOINT F7 <><><><>
01EC B8 0048 MoV AX,ES_ TEMP ; PUT A SELECTOR IN AX
O1EF BB 0060 Mov BX,DS_TEMP ; PUT A SELECTOR IN BX
01F2 0D 0003 OR AX,03H ; MAKE ACCESS OF AX < BX
jmeem——aa NOTE BX = FIRST OPERAND AX = SECOND OPERAND
ARPL AX, BX ; ISSUE THE RPL COMMAND
01F5 + 77001C  LABEL BYTE ; NOTE: SOURCE / TARGET REGS ARE REVERSED
01F5 8B C3 + Mov AX, BX H DUE TO OPCODE BIT 1
O1F7 + 770010 LABEL BYTE
01F5 + ORG OFFSET €5:77001C
01F5 63 + DB 063H
01F7 + ORG OFFSET CS:?7001D
O1F7 75 9A JNZ ERROR_EXIT1 3 GO IF RPL WAS NOT CHANGED
01F9 80 E3 03 AND BL,03H 5 STRiIP UNWANIED BITS
01FC 80 FB 03 cMpP BL,03H ; AS EXPECT!
01FF 75 92 JNZ ERROR_EXIT1 ; GO IF NO T
;======== CHECK THAT ACCESS RIGHTS DO NOT CHANGE
0201 BB 0060 MoV BX,DS_TEMP ; PUT A SELECTOR IN BX
0204 B8 0048 MOV AX, ES TEMP 5 PUT A SELECTOR IN AX
0207 80 CB 03 OR BL,0 ; MAKE ACCESS OF BX < AX
e NOTE BX = FIRST OPERAND AX = SECOND OPERAND
ARPL AX, BX ; ISSUE THE RPL COMMAND
020A + 77001E LABEL BYTE ; NOTE: SOURCE / TARGET REGS ARE REVERSED
020A 8B C3 + AX, BX H DUE TO OPCODE BIT 1
020C + ?7001F LABEL BYTE
020A + ORG OFFSET CS:7?001E
020A 63 + 0B 063H
020C + ORG OFFSET CS:?7001F
020C 74 85 Jz ERROR_EXIT1 ; GO IF RPL WAS NOT CHANGED
020E 80 E3 03 AND BL,03H ; STRIP UNWANTED BIT:
0211 80 FB 03 CMP BL,03H H AS EXPEC
0214 75 2F JNZ ERROR_EX1T2 3 IF NOT
H VERIFY LOAD SEGMENT LIMIT (LSL)
H AND LOAD ACCESS RIGHTS (LAR) INSTR
0216 BO F8 MOV AL, OF8H ; <O C>C>C>LEILI S>> <>
0218 E6 80 ouT MFG_PORT, AL *<><><>CHECKPOINT F8 <><><><>
H - SET THE DESCRIPTOR TO LEVEL 3
021A C6 06 004D F3 MOV BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS), CPL3_DATA_ACCESS
021F BB 0048 MOV BX, ES_TEMP
0222 28 CO sus AX, AX ; CLEAR AX
Hattetd ==~ GET THE CURRENT DESCRIPTOR"S ACCESS RIGHTS
LAR ; ISSUE THE LAR COMMAND
0224 OF + DB
0225 + 270020 LABEL
0225 8B C3 +
0227 + 770021 LABEL
0225 + ORG
0225 02 + D8
0227 + ORG
jemmmm—— =~ INSURE THE DESCRIPTOR WAS VISABLE
0227 75 1C JNZ ERROR_EX1T2 ; GO IF LAR WAS NOT CHANGED
;=======- THE DISCRIPTOR"S ACCESS RIGHTS MUST BE 3
0229 80 FC F3 cmp AH, CPL3 DATA ACCESS ; AS EXPECTED? r‘i‘,
022¢c 75 17 JNZ ERROR EXIT. ; GO IF NOT o
jommm—— "CHECK THE LSL (LOAD SEGMENT LIMITS) -
’ o
022E BO F9 MoV 3 P> > >SS > =
0230 E6 80 ouT MFG PORT AL 3 <><><>CHECKPOINT F9 <><><><>
0232 C7 06 0048 AAAA MoV DS:ES_ TEMP. SEG_LIMIT, OAAAAH ; SET SEGMENT LIMIT TO OAAAAH [1,]
0238 C6 06 00uD 93 Mov BYTE PTR DS:(ES_TEMP.DATA_ACC_RIGHTS),CPLO_DATA_ACCESS
023D 88 0048 MoV AX, ES_TEMP ; LOAD ES REGISTER
LsSL BX, AX ; GET THE DESCRIPTOR SEGMENT LIMIT
0240 OF + DB 00FH
0241 + 220022 LABEL BYTE
0241 8B D8 + MoV BX, AX
0243 + 770023 LABEL BYTE
o241 + ORG OFFSET C€$:770022
0241 03 + bB 003
0243 + ORG OFFSET €s:?70023
0243 74 03 Jz RO7 ; GO IF OK
0245 ERROR_EX!T2:
0245 E9 O02EA R Jmp ERROR_EXIT ; GO IF NOT SUCCESSFUL

Test7 5