














BIOS Power Management

Power Management

Power management features control the power consumption of many
system components. Almost every facet of power consumption is
monitored. When the system is idle for an end user-specified period of
time, the system automatically enters Power Down Mode. The end
user can also power down the system by pressing an externally-
mounted Power Down switch.

IDLE Mode

In IDLE Mode, the CPU receives a very low clock frequency and all
other clocks except the DRAM refresh are stopped. The clock can also
be stopped for a static CPU. Pressing the externally-mounted IDLE
switch brings the system out of IDLE Mode.

Power Management Interrupt

INT 77h is the Software Power Management Interrupt (SPMI) in the
AMIPMBIOS. The request to change the state of the machine to Power
Down Mode comes to the BIOS via OEM-specified sequence
microcode.

Microsoft Windows Support

AMIPMBIOS automatically supports True Suspend/Resume power
management features under Windows 3.0 and 3.1 in Real and
Protected Mode.

0S/2, Unix, and Xenix Support

All AMIPMBIOS power management features work under OS/2, Unix,
Xenix, DOS, and any other operating environment.

cont’d
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BIOS Power Management, Continued

Modes

The power management scheme is implemented in different levels.
Each level saves more power than the previous level and each level
can be accessed directly, or incrementally. These levels are:

Full On Mode This is full power mode. A system built on a power

IDLE Mode

SLEEP Mode

SUSPEND
Mode

management chipset initially powers on in this mode.
The LCD and hard disk drive are powered off in
inactive for a set length of time. The timeout values are
set via AMIBIOS Setup and AMIBCP. When
AMIPMBIOS determines that the system does not need
maximum power, it enters IDLE Mode.

is entered when the CPU has been idle for a specified
length of time. AMIPMBIOS automatically enters this
mode. AMIPMBIOS returns to FULL ON Mode when
additional power is required.

AMIPMBIOS determines if the system performance has
dropped to a level such that the system can function
efficiently in SLEEP mode. SLEEP Mode can only be
entered from IDLE Mode. The length of time that the
BIOS waits before entering SLEEP mode is set in
AMIBIOS Setup and AMIBCP.

uses the least amount of power necessary for the
system to function. SUSPEND mode is entered from
SLEEP Mode. The system can go from IDLE mode
directly to SUSPEND Mode via timers configured by
AMIBIOS Setup and AMIBCP. If an external switch is
pressed, the system can go to SUSPEND Mode from
any other mode. Pressing the switch again returns the
system to FULL ON Mode.
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Chapter 14

EISA Overview

EISA is an acronym for Extended Industry Standard Architecture.
EISA is a superset of the Industry Standard Architecture (ISA), based
on the original IBM AT specifications. The EISA specifications allow
32-bit memory addressing to be used by the microprocessor, DMA
devices, and bus mastering devices. EISA devices can also perform
either 16-bit or 32-bit data transfers.

EISA Features
The EISA specification has the following features:

. bus mastering, with an arbitration scheme to prioritize bus
access and use,

. 32-bit burst mode DMA and three additional DMA transfer
modes,

. sixteen additional data lines, allowing 32-bit data transfers,

. eight additional address lines, allowing up to 4 GB of address
space,
complete compatibility with XT and ISA standards, and
both level-triggered and edge-triggered interrupts.

EISA and ISA Differences

One of the most important differences between ISA and EISA is that
EISA system configuration is done through software, rather than the
hardware switches used by an ISA system.

1/0 ports, ROM addresses, IRQ lines, and DMA lines for EISA
motherboards and EISA adapter cards are configured via an EISA
Configuration Utility (ECU), where an ISA adapter card uses DIP
switches and jumpers.
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EISA Bus Specifications

32-Bit Expansion Slots

EISA computers have 32-bit expansion slots that are fully compatible
with 8-bit and 16-bit ISA expansion slots. EISA expansion slots have

188 pins. The upper 98 pins are exactly the same as the standard ISA
pinouts. The lower 90 pins are used for EISA bus signals.

Bus Transfer Rate

Data can flow on the EISA bus much faster than on the ISA Bus. Not
only does EISA provide a wider 32-bit bus, it also provides a
maximum 33 MBs bus transfer rate. An ISA bus can transfer data at a

maximum rate of only 8 MBs.

EISA systems can achieve higher throughput by using high-speed
burst transfers, which use only one clock cycle. Normal EISA (ISA-
compatible) transfers use two clock cycles.

EISA Bus and the ISA Bus

Specification EISA Bus ISA Bus
Data Lines 32 16
Address Lines 32 24
Bus Clock Rate about 8 MHz about 8 MHz
Bus Modes 8-, 16-, and 32-bit 8- and 16-bit
Burst Transfer Rate 33 MBs 8 MBs at 0 wait states
DMA 8, 16, and 32-bit DMA 8- and 16-bit DMA
Normal DMA 5.3 Mbs 1.2 - 1.6 Mbs
Transfer Rate
Maximum DMA 33 Mbs 4 Mbs
Transfer Rate
DMA Cycle Time 0.12 - 1.0 useconds 1.25 - 1.67 useconds
Adapter Card Pin 188 pins 98 pins
Count
Bus Master Multiple intelligent 8-, 16-, Limited bus mastering
and 32-bit bus masters
Configuring Adapter ECU Autoconfiguration. DIP DIP switch and jumper setting.
Cards switch and Jumper setting.
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32-bit Memory Addressing

Thirty-two memory address lines are available in EISA systems. EISA
systems use 80386 or 80486 processors that allow 32-bit memory
addressing. Up to 4 GB of physical RAM can be configured in an EISA
system.

An ISA adapter card used in an EISA system can address only up to
16 MB of memory because it uses 24-bit ISA memory addressing. EISA
devices can use all available system memory.

EISA Bus Masters

A bus master is a device that takes control of the bus during the data
transfers supervised by the bus master. The EISA specification permits
up to fifteen intelligent bus mastering devices. Although it is possible
to add bus mastering to an ISA system, it can only be done on a
limited scale and the bus master cannot be intelligent. With an EISA
bus master, the microprocessor does not have to monitor all data
transfers. An intelligent EISA bus mastering device uses a dedicated
1/0 processor and local memory to facilitate and manage data
transfers on the EISA bus.

Bus Master Arbitration

The memory refresh circuitry, DMA, and each EISA expansion slot in
an EISA system has a preassigned bus master priority level. Each
priority level has its own line to the central arbitration point.

EISA bus arbitration determines the latency of each device on the bus.
The EISA bus master then knows how much system response time to
allocate for all devices on the bus. Several I/O processors can run
concurrently on an EISA bus.

Arbitration Priority

Memory refresh and DMA have the highest priority. The assignment
of arbitration levels 1 - 15 to bus master expansion slots is defined by
the EISA motherboard manufacturer.

cont’'d
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Bus Masters, Continued

The following diagram illustrates the relationship between the
components involved in arbitration. Up to 15 bus masters are shown,
but current EISA chipsets support only up to 8 bus masters.
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Bus Masters, Continued

Common Clock Signal

EISA devices can synchronize data transfers to a common clock signal
generated and optimized by the EISA motherboard.

Type of Data Transfer Rate
Standard transfers two clock cycles
EISA burst transfers one clock cycle
Bus masters slave devices 1.5 clock cycles

Bus Master Components

An EISA bus master includes a dedicated I/O processor and local
memory. The I/O processor drives the address, data, and control
signals for intelligent peripherals, which become slave devices during
a bus cycle. Bus masters improve system performance by doing simple
tasks that would otherwise be the responsibility of the host processor.

EISA DMA

EISA DMA devices have seven channels, just like ISA, but DMA
transfer is much faster and supports 8-, 16-, and 32-bit data transfers.
cont’d
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EISA DMA, Continued

DMA Modes
DMA Mode Description
ISA-compatible DMA request and acknowledge cycles are performed during each

DMA transfer cycle.

Block Transfer 1. The peripheral device that requires service makes a
DMA request.

2. The DMA controller performs a DMA acknowledge
cycle and executes DMA transfer cycles continuously
until the DMA request is removed or the terminal count
is reached.

Devices that use ISA-compatible timing should not use this mode.

Demand Transfer 1. The peripheral device that requires service makes a
DMA request.

2. The DMA controller performs a DMA acknowledge
cycle.

3. Bus transfers continue until the terminal count register
value is reached.

Devices that use ISA-compatible timing should not use this mode.

Cascade 1. A bus mastering device that wants bus ownership asserts
a DMA request on the channel.

2. The DMA controller performs a DMA acknowledge
cycle.

3. Bus ownership is transferred to the bus-mastering
requester.

DMA channel 4 uses this mode to cascade DMA channels 0 — 3

Controller Block to the DMA Channels 4 — 7 Controller Block. A

DMA channel can be programmed in cascade mode for use with

external 16-bit bus masters.
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EISA DMA, Continued

EISA Data Transfer Cycles

Four cycle control sequences for transferring data between the DMA
device and memory are available. These cycles are:

EISA Cycle Execution Rate
Type
ISA- Executes one transfer in eight bus cycles. Two additional bus cycles are
compatible added for each wait state. ISA DMA devices can use this cycle to transfer
data to or from 8-, 16-, or 32-bit memory.

Type A Executes one transfer cycle in six bus cycles (longer if the transferred data
requires data size translation). Supports 8-, 16-, and 32-bit DMA devices.
Data size translation is performed automatically for transfers to mismatched
memory.

Type B Executes one transfer in four bus cycles (longer if the transferred data
requires data size translation). Supports 8-, 16-, and 32-bit DMA devices
and performs automatic data-size translation for transfers to mismatched
memory. Transfer time can be cut in half in some ISA devices by using this
type of transfer.

Type C Executes one transfer cycle in one bus cycle. Adds one cycle for each

(Burst DMA) | simultaneous transfer and each additional wait state. Supports 8-, 16-, and
32-bit DMA devices and performs automatic data-size translation for
transfers to mismatched memory.

Using Type A and B Faster than ISA-Compatible

Most ISA-compatible DMA devices can transfer data about 120% faster
by programming the EISA DMA controller to use Type A and B
transfers instead of ISA-compatible timing.

Benefits of Arbitration

Arbitration provides increased efficiency and performance. Arbitration
manages the time between the DMA device request and the grant
events. Arbitration does not decrease ISA compatibility. Existing
hardware and software can take advantage of arbitration without

modification.

cont’'d
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EISA DMA, Continued

EISA DMA Cycle Type Characteristics

DMA Cycle Type Size of Transfer Maximum Compatibility
Transfer Rate
(MBs)
ISA-Compatible 8-bit 1.0 All ISA
ISA-Compatible 16-bit 2.0 All ISA
Type A 8-bit 13 Mostly ISA
Type A 16-bit 26 Mostly ISA
Type A 32-bit 53 EISA Only
Type B 8-bit 2.0 Some ISA
Type B 16-bit 4.0 Some ISA
Type B 32-bit 8.0 EISA Only
Burst DMA (Type C) 8-bit 8.2 EISA only
Burst DMA (Type C) 16-bit 16.5 EISA Only
Burst DMA (Type C) 32-bit 33.0 EISA Only

Interrupt Handling Under EISA

The original PC and ISA buses use edge-triggered interrupts. Edge-
triggered interrupts are easy to implement but are also susceptible to
false triggering and cannot be shared with other interrupts. Edge-
triggered interrupts are signalled by the rising edge of the interrupt
signal wave form. Other than the line that the signal came from, there
is no way for the EISA system to distinguish between edge-triggered
interrupts. Therefore, edge-triggered interrupts cannot be shared.

EISA supports edge-triggered interrupts to maintain ISA compatibility,
but also provides level-triggered interrupts. Level-triggered interrupts
are less susceptible to noise and allow multiple peripherals to share
the same interrupt level. Level-triggered interrupts are signaled by a
continuous logic-level voltage, permitting interrupt sharing.
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EISA System Configuration

EISA permits automatic configuration of system resources and adapter
cards. EISA decreases the need for switches and jumpers. EISA
specifies a product identification code for EISA motherboards and
adapter cards. An EISA computer automatically compares the product
identifier for all EISA adapter cards with the product ID in EISA
Extended CMOS RAM, and configures the adapter card accordingly.

EISA Configuration Files

EISA adapter cards are shipped with a configuration file (CFG file).
EISA motherboards are shipped with both a CFG file and an ECU. The
ECU configures adapter cards with EISA .CFG files and stores the
configuration information in EISA Extended CMOS RAM. The ECU
minimizes conflicts or contention between EISA adapter cards by
controlling the assignment of all necessary system resources.

Configuration Characteristics
EISA configuration consists of:

an ECU for EISA motherboard and adapter card configuration,
CEG files for the EISA motherboard and adapter cards,

EISA Extended CMOS RAM to store configuration parameters,
a way to save and restore the configuration parameters,

BIOS routines to read from and write to CMOS RAM, and
automatic detection and initialization of adapter cards by the
BIOS during the Power-On Self Test (POST).

Adapter Cards and EISA Slot Numbers

Each ISA or EISA adapter card is installed in a motherboard expansion
slot. The slots are numbered from 1 to 15. The EISA motherboard is
always slot 0. Each EISA expansion slot has a unique I/O address
space of 1,024 bytes (1 KB). The BIOS uses the registers and
information written to EISA Extended CMOS RAM to initialize the
adapter cards in BIOS POST. If an ISA adapter card is in an expansion
slot, I/O space is limited to 00100h — 003FFh. The ECU can display the
proper switch and jumper settings for the ISA adapter card or device if
a CFG file is provided with the ISA adapter card or device.
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EISA Configuration Utility

The ECU reads and writes the system configuration parameters so that
a conflict-free environment can be established.

CFG Files

The ECU reads the CFG files provided by the EISA adapter card
manufacturer. The CFG file has the product ID and the product’s
system resource requirements and initialization information.

Configuration Data Stored in EISA Extended CMOS RAM

Initialization information is read by the ECU and stored in EISA
Extended CMOS RAM. A backup copy of EISA Extended CMOS RAM
configuration data is also stored on disk. The BIOS reads CMOS RAM
and executes the initialization instructions during POST.

EISA System Resources
EISA system resources include:

DMA channels,

memory,

interrupt request lines (IRQs), and
I/0 ports.

The ECU verifies that the resources requested by the EISA adapter
card are not already assigned to another device and then allocates
them. The allocation information is stored in EISA Extended CMOS
RAM and is accessed by the BIOS during POST.

EISA Configuration Overlay Files

Manufacturers may not be able to perform all initializations in the
framework of a CFG file. Features and resources may be specific to the
adapter card and may not be configurable by the ECU. For these
situations, the EISA specification permits CFG file extensions (overlay
files).
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EISA Product ID

I/0 port addresses 0zC80 — 0zC83h (z = the slot number) store the
EISA four-byte compressed product ID number. The I/O port
information differs for motherboards and adapter cards.

For an EISA motherboard

I/O Port Description

0C80h Bit 7 Reserved. Should be 0.
Bits 6-2 First letter of the manufacturer code.
Bits 1-0 First two bits of the second letter of the manufacturer code.

0C81h Bits 7-5 Remaining bits of the second letter of the manufacturer code.
Bits 40 Third letter of the manufacturer code.
0C82h Bits 7-0 Manufacturer’s product number.
0C83h Bits 7-0 Product revision number.
For an EISA Adapter Card
I/O Port Description
zC80h Bit 7 Reserved. Should be 0.

Bits 6-2 First letter of the manufacturer code.
Bits 1-0 First two bits of the second letter of the manufacturer code.

zC81h Bits 7-5 Remaining bits of the second letter of the manufacturer code.
Bits 4-0 Third letter of the manufacturer code.

zC82h Bits 7-4 Second hex digit of the product number.
Bits 3-0 First hex digit of the product number.

zC83h Bits 74  Product revision level.

Bits 3-0 Third hex digit of the product number.
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CFG Filenames

CFG filenames must consist of an exclamation point, the product ID,
and the DOS file extension .CFG, as shown in the following sample.
!AMIB7B1.CFG is a sample CFG file. The following table identifies the
components of this CFG file name:

Code Description
! Identifies a CFG file.
AMI Manufacturer ID.
87 Product Number.
B1 Product Revision Level.
Duplicate File Names

The ECU renames CFG files when it finds duplicate CFG filenames.
The ECU changes the exclamation point in the filename to the number
of the duplicate. For example, if the ECU finds multiple CFG files for
AMISB7B1, the first CFG file is named !AMI87B1.CFG, the next
1AMIB7B1.CEG, the next 2AMI87B1.CFG, and so on.

EISA BIOS

The EISA BIOS works with the ECU to initialize the system. EISA
BIOS POST routines use the information stored in EISA Extended
CMOS RAM to initialize the system. EISA POST is described in more
detail on page 166.

The BIOS also accesses EISA Extended CMOS RAM. The EISA BIOS
provides software routines to read and write EISA configuration
information to and from EISA Extended CMOS RAM. These routines
can be called using a software INT instruction. There are two BIOS
INT 15h Function D8h routines used by the ECU to manipulate the
information in CMOS RAM. Detailed explanations of these routines
begin on page 279.
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Chapter 15

8042 Keyboard Controller BIOS

The 8042 Keyboard Controller BIOS provides ISA-compatible and
extended keyboard commands. It supports ISA (AT-compatible) and
PS/2-compatible keyboards, mouses, and pointing devices. The
keyboard controller in most ISA and EISA systems is an Intel 8042.
The 8042 is a single-chip microcomputer that supports an Intel 80286,
80386, or 80486 PC keyboard interface.

Programming the 8042

To program the 8042, you need an assembler. Avocet Systems, Inc.
makes an 8042/8742 Assembler. You cannot reprogram the keyboard
controller already in your computer.

Keyboard Controller BIOS Features

The Keyboard Controller AMIBIOS automatically detects the keyboard
type. It operates at 6 — 12 MHz and supports:

PS/2-type mouse devices, if hardware support is present,
83 or 84-key keyboards,

101 or 102-key enhanced keyboards, and

other enhanced and PS/2-type keyboards.

8042 and 8742

The 8042 is an EPROM and the 8742 is an EEPROM. In this book, 8042
refers to both the 8042 and the 8742, since the functionality of these
two devices is equivalent.
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Keyboard Controller Functions

The following figure graphically illustrates the function of the
keyboard controller in ISA and EISA systems:

Keyboard

Sends a
Keyboard Make/Break
Scan Code.

Keyboard Controller

Sends a
Make/Break
System Scan Code.

BIOS
Queries Shift/Toggle State Flags.

INT 09h Handles internal Function Requests.

Converts System Scan Code
to 16-Bit Character Code.

Sends to INT 16h.
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Keyboard Controller Functions, Continued

The following figure describes the functions performed by the
keyboard controller:

Keyboard

Controller W

Receives and Translates Serial Data

1. Receives serial data from keyboard.

2. Checks parity.

3. Translates the data to a system scan code, if necessary.
4. Places received and processed data in the data buffer.
5. Notifies the interrupt processor.

Executes System Commands Reports Errors

1. Executes commands via the controller
command buffer.

2. Places the result in the data buffer.

3. Interrupts the system microprocessor.

Transmits/Receives System Data

1. Places it in system buffer.
2. Interts a parity bit.
3. Sends it to the keyboard in serial format.

It also receives keyboard responses and reports
to the system microprocessor.

cont’d
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Keyboard Controller Functions, Continued

Keyboard Controller Receives Data from the Keyboard

The keyboard sends data in an 11-bit serial format to the keyboard

controller.
Step Performed by Action
1 the keyboard The data begins with a start bit (low level), followed

by 8 data bits (least significant data bit first), an odd
parity bit, and a stop bit (high level).

the keyboard

Data sent is synchronized with the keyboard clock.

the keyboard controller

On receiving a byte of data from the keyboard, the
keyboard controller places the data in its one-byte
receive-data buffer and disables the keyboard interface
until that data is picked up by the system
microprocessor. This avoids data overrun.

4 the microprocessor Reads the data from the keyboard controller receive-
data buffer.
5 the keyboard controller Error Processing

Parity Error

The controller requests that the keyboard resend the
data. If the error is repeated, the controller sets the
parity error bit in its status register.

Timeout Error
The keyboard controller sets the timeout bit in the
status register if all eleven bits are not received within

two milliseconds from the start of the transmission.

If either error occurs, FFh is placed in the input data
buffer.
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Keyboard Controller Functions, Continued

Possible Errors When Sending Data to the Keyboard

Data is sent to the keyboard in the same serial format as data received
from the keyboard.

If... then...
the time between request to send and start the transmit timeout error bit is set in the
of transmission is greater than 15 status register.
milliseconds,
the duration of transmission is greater than the transmit timeout error bit is set in the
2 milliseconds, status register.
the acknowledgement by the keyboard has the keyboard controller sets both the parity
a parity error (the keyboard must and transmit timeout error status bits.
acknowledge every transmission from the
controller),
the acknowledgement does not arrive within | both the receive and transmit timeout error
25 milliseconds, bits are set.
Other Error Results
. FEh is placed in the data buffer if any of these errors occur.
= There are no retries on errors that occur during transmissions

to the keyboard.

Keyboard Inhibit

The keyboard can sometimes be inhibited by shorting a jumper. See
the owner’s manual for your system for more information.

All transmissions from the system to the keyboard still occur when the
keyboard is inhibited. The keyboard controller tests all data received
from the keyboard. If this data is a response to a command sent to the
keyboard, it is placed in the data buffer. It is ignored otherwise.
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Keyboard Controller and System Interface

The system communicates with the keyboard controller through an
input buffer, an output buffer, and a status register.

System to Keyboard
Communication Method

Reads Writes

Keyboard status register

64h Not Applicable

Keyboard output buffer

60h Not Applicable

Keyboard input buffer

The keyboard controller interprets the data as a command
when the input data is written through I/O port 64h. If the
input data is written through 1/O port 60h, the data is
interpreted either as:

. a parameter attached to a keyboard command to
the controller, or

= an item of data to be transmitted to the keyboard.
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I/O Port 64h Keyboard Controller Status Register

Bit Description
7 Parity Error
0 No parity error.
1 The last byte received from the keyboard had a parity error. The
keyboard sends data with odd parity.
6 Timeout Error
0 No timeout error.
1 A data transmission from the keyboard to the keyboard controller was
not completed within the predefined time limit.
5 Auxiliary Output Buffer Full
0 Keyboard data.
1 Mouse data.

4 Inhibit Switch
This bit reflects the state of the keyboard inhibit switch. It is updated when the
controller writes to the output buffer.

0 Keyboard inhibited.
1 Keyboard not inhibited.
3 Command or Data

Used by the keyboard controller to determine whether the input buffer contains the

command or data.

0 The system writes to the input buffer through 1/0 port 60h.

1 The system writes to the input buffer through I/O port 64h.

2 System Flag

The keyboard controller can set this bit to 0 or 1 depending on the command from

the system. It is set to O after power on reset.

1 Input Buffer Full

0 The keyboard controller input buffer (60h or 64h) is empty.

1 The system has written to the input buffer. It is reset to 0 when the
controller reads the input buffer.

0 Output Buffer Full

0 The keyboard controller output buffer has no data.

1 The keyboard controller has written to the output buffer. The keyboard
controller returns to 0 when the system reads the output buffer (60h).
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Keyboard Controller I/O Ports

The 8042 keyboard controller has two 8-bit I/O ports, 60h and 64h.
One port is an input port and the other an output port. The following
table lists the bit definitions for the I/O ports:

I/O Port 60h or 64h Keyboard Input Port Definitions

Bit Description

7 Keyboard inhibit switch
0 Keyboard inhibited.
1 Keyboard not inhibited.

6 Display type switch
0 Primary display is CGA (Color Graphics Adapter).
1 Primary display is monochrome (MDA).

5 Manufacturing diagnostics.
0 The system BIOS performs diagnostics on the motherboard in an

infinite loop.

1 Any other function.

4 RAM on the Motherboard
0 256 KB RAM on motherboard.
1 512 KB or greater RAM on motherboard.

3 Unused in ISA and PS/2 systems, but can be configured for clock switching.

2 Unused in ISA and PS/2 systems, but can be configured for clock switching.

1 Unused in ISA systems. Used for mouse data in PS/2 systems.

0 Unused in ISA systems. Used for keyboard data in PS/2 systems.
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Keyboard Controller I/O Ports, Continued

I/O Port 64h Keyboard Output Port Definitions

Bit Description

7 Keyboard data (output). The data is being transferred.

6 Keyboard clock (output). The clock signal is used for data transfer.
5 Output buffer full interrupt to the system from the mouse
0 IRQ12 is not generated.
1 IRQ12 is generated.
4 Output buffer full interrupt to the system from the keyboard
0 IRQ1 is generated.
1 IRQ1 is not generated.
3 Unused in ISA systems. Used for mouse clock output in PS/2 systems.
2 Unused in ISA systems. Used for mouse data output in PS/2 systems.
1 Gate address 20 of system processor
0 The system processor address 20 is inhibited on the system bus.
Address 20 remains zero for any system processor bus cycle.
1 The system processor address 20 is allowed on the system bus.
0 Reset to the system processor
0 Reset the system microprocessor.
1 No reset. The software should set this bit to 1 and keep it set for the

system microprocessor to work.
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Commands to Keyboard Controller

System Commands to the 8042 Keyboard Controller are sent via I/O
port address 60h or 64h.

Command

ISA/EISA

MCA (PS/2)

00h-1Fh

Read 8042 RAM to 1/0 port 60h. The
address is specified in bits D5-DO0 of the
command.

These commands to the controller are used
exclusively with the AMIBIOS system
BIOS.

Read 8042 RAM to 1/0 Port 60h. The
address is specified in bits D5-DO of the
command.

These commands to the controller are used
exclusively with the AMIBIOS system
BIOS.

20h

Read Controller Command Byte. The 8042
places the command byte in the output
buffer, making it available in I/O port 60h.

Read Controller Command Byte. The 8042
places the command byte in the output
buffer, making it available in 1/0 port 60h.

20h-3Fh

Read 8042 RAM to 1/O port 60h. The
address is specified in bits D5-DO of the
command.

Read 8042 RAM to 1/0 port 60h. The
address is specified in bits D5-D0 of the
command.

40h-5Fh

Write Controller RAM. The next byte
from the system in I/O port 60h is stored
in 8042 RAM locations 20h-3Fh. These
commands simulate commands 60h-7Fh.

These commands to the controller are used
exclusively with the AMIBIOS system
BIOS.

Write Controller RAM. The next byte
from the system in 1/0 port 60h is stored
in 8042 RAM locations 20h-3Fh. These
commands simulate commands 60h-7Fh.

These commands to the controller are used
exclusively with the AMIBIOS system
BIOS.

60h

Write Controller Command Byte. The next
byte of data from the system in 1/O port
60h is used as the Controller Command
Byte (CCB).

Write Controller Command Byte. The next
byte of data from the system in 1/O port
60h is used as the Controller Command
Byte (CCB).
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Commands to Keyboard Controller, Continued

single byte of the controller version
number in standard ASCII format is placed
in 1/0 port 60h.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Command ISA/EISA MCA (PS/2)
60h The Controller Command Byte format is:
Bit 7 Reserved
Bit 6 IBM PC compatibility mode
1 The controller converts the scan code received to the PC-
compatible scan code. It also converts the two-byte break
sequence from the AT-compatible keyboard to the one-byte PC
break code format.
Bit 5 Reserved in ISA Systems. Should be 0 for proper operation.
in PS/2 Systems: Disable Mouse
1 Disable the mouse interface by driving the clock line low. Data
is not received.
Bit 4 Disable keyboard
1 Disables the keyboard interface by driving the clock line low.
Data is not received.
Bit 3 Inhibit override
1 Disables the keyboard inhibit function through the keyboard lock.
Bit 2 System Flag
The keyboard controller writes the value written in this bit to bit 2 of the
status register.
Bit 1 Not used in ISA systems. Should be zero.
In PS/2 systems:
1 The controller generates an interrupt to the system when it places
mouse data in the output buffer.
Bit 0 Used in both ISA and PS/2 systems.
1 The controller generates an interrupt to the system when it places
keyboard data in the output buffer.
60h-7Fh Write Controller RAM. The next byte Write Controller RAM. The next byte
from the system in 1/O port 60h is stored from the system in 1/O port 60h is stored
in 8042 RAM locations 20h-3Fh. in 8042 RAM locations 20h-3Fh.

ACh Output Copyright Message. A string of Output Copyright Message. A string of
standard ASCII characters that ends with a standard ASCII characters that ends with a
null (0) is placed in I/O port 60h. null (0) is placed in 1/O port 60h.

Alh Output Controller Version Number. A Output Controller Version Number. A

single byte of the controller version
number in standard ASCII format is
placed in 1/0 port 60h.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.
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Commands to Keyboard Controller, Continued

Command

ISA/EISA

MCA (PS/2)

A2h

Resets keyboard controller lines P22 and
P23 low. These lines can be used for
speed switching via the keyboard
controller.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

Not valid.

Sets keyboard controller lines P22 and P23
high. These lines can be used for speed
switching via the keyboard controller.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

Not valid.

Adh

Write Clock = Low. Resets an internal flag
that indicates that the system clock is Low.
0 indicates that the clock is Low.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Test password installed. Checks to see if a
new password has been installed. The
result is in 1/0 port 60h:

FAh Password installed.
Flh Password not installed.

Write Clock = High. Sets an internal flag
to indicate that the clock is High. 1
indicates that the clock is High.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Load Security. Initiates the password load
procedure. The data stream following the
command is the new password and is
terminated by a null (0). The password is
stored in scan code format.

A6h

Read Clock. Returns an internal flag to
indicate that the clock is Low or High. 1
indicates that the clock is High.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Enable security. Enables keyboard
controller security features. Valid only
when a new password is installed.
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Commands to Keyboard Controller, Continued

Command

ISA/EISA

MCA (PS/2)

A7h

Write Cache Bad. Resets an internal flag
to indicate that the cache is bad. 0
indicates that the cache is bad.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Disable Auxiliary Device. Disables the
clock line of the auxiliary device and sets
bit 5 of the CCB. All data transmissions to
or from the auxiliary device are blocked
by this command.

A8h

Write Cache Good. Sets an internal flag to
indicate that the cache is good. 1 indicates
that the cache is good.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Enable Auxiliary Device. Enables the
clock line to the auxiliary device and
clears bit 5 of the CCB (see the Command
60h description).

A%h

Read Cache Bad or Good. Returns an
internal flag to indicate that the cache is
bad or good. 0 indicates that the cache is
bad.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

Auxiliary device Interface Test. Checks
the clock and data lines of the auxiliary
device. The test result is placed in 1/0 port
60h:

00h Successful

01h Clock line stuck on Low.
02h Clock line stuck on High.
03h Data line stuck on Low.
04h Data line stuck on High.

Self Test. The keyboard controller runs an
internal diagnostics test. 55h is placed in
the output buffer if the test is successful.
FCh appears in the output buffer if the test
is not successful.

Self Test. The keyboard controller runs an
internal diagnostics test. 55h is placed in
the output buffer if the test is successful.
FCh appears in the output buffer if the test
is not successful.

Interface Test. Instructs the controller to test keyboard clock and data lines. The test result

placed in the output buffer is:

Result Description

00 No error detected.

01 Keyboard clock line stuck low.
02 Keyboard clock line stuck high.
03 Keyboard data line stuck low.
04 Keyboard data line stuck high.

Disable Keyboard. Disables the keyboard
clock line and sets Bit 4 in the CCB. Any
keyboard command enables the keyboard.

Disable Keyboard. Disables the keyboard
clock line and sets Bit 4 in the CCB. Any
keyboard command enables the keyboard.

Enable Keyboard. Enables the keyboard
clock line and clears Bit 4 in the CCB (see
Command 60h).

Enable Keyboard. Enables the keyboard
clock line and clears Bit 4 in the CCB
(see Command 60h).
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Commands to Keyboard Controller, Continued

Command ISA/EISA MCA (PS/2)

BOh Resets the keyboard controller P10 line Not valid.
low.
This command to the controller is used
exclusively with the AMIBIOS system
BIOS.
After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

Blh Resets the keyboard controller P11 line Not valid.
low.
This command to the controller is used
exclusively with the AMIBIOS system
BIOS.
After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

B2h Resets the keyboard controller P12 line Resets keyboard controller P12 line low.
low.

This command to the controller is used
This command to the controller is used exclusively with the AMIBIOS system
exclusively with the AMIBIOS system BIOS.
BIOS.
After executing this command, the

After executing this command, the keyboard controller sends one garbage
keyboard controller sends one garbage byte | byte to the system, indicating completion.
to the system, indicating completion. The The system must clear the garbage byte.
system must clear the garbage byte.

B3h Resets the keyboard controller P13 line Resets the keyboard controller P13 line
low. low.
This command to the controller is used This command to the controller is used
exclusively with the AMIBIOS system exclusively with the AMIBIOS system
BIOS. BIOS.
After executing this command, the After executing this command, the
keyboard controller sends one garbage byte | keyboard controller sends one garbage
to the system, indicating completion. The byte to the system, indicating completion.
system must clear the garbage byte. The system must clear the garbage byte.
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Commands to Keyboard Controller, Continued

Command ISA/EISA MCA (PS/2)

B4h Resets the keyboard controller P22 line Not valid.
low.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

B5h Resets the keyboard controller P23 line Not valid.
low.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

B8h Sets the keyboard controller P10 line high. Not valid.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

B%h Sets the keyboard controller P11 line high. Not valid.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.
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Commands to Keyboard Controller, Continued

Command ISA/EISA MCA (PS/2)

BAh Sets the keyboard controller P12 line high. | Sets the keyboard controller P12 line high.
This command to the controller is used This command to the controller is used
exclusively with the AMIBIOS system exclusively with the AMIBIOS system
BIOS. BIOS.

After executing this command, the After executing this command, the
keyboard controller sends one garbage byte | keyboard controller sends one garbage

to the system, indicating completion. The byte to the system, indicating completion.
system must clear the garbage byte. The system must clear the garbage byte.

BBh Sets the keyboard controller P13 line high. Sets the keyboard controller P13 line high.
This command to the controller is used This command to the controller is used
exclusively with the AMIBIOS system exclusively with the AMIBIOS system
BIOS. BIOS.

After executing this command, the After executing this command, the
keyboard controller sends one garbage byte | keyboard controller sends one garbage

to the system, indicating completion. The byte to the system, indicating completion.
system must clear the garbage byte, The system must clear the garbage byte.

BCh Sets the keyboard controller P22 line high. | Not valid.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

BDh Sets the keyboard controller P23 line high. Not valid.
This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

After executing this command, the
keyboard controller sends one garbage byte
to the system, indicating completion. The
system must clear the garbage byte.

COh Read Input Port. The keyboard controller Read Input Port. The keyboard controller
reads the input port and places the data in reads the input port and places the data in
the output buffer. the output buffer.

C2h Not valid. Poll Input Port High. Bits 7-4 of the Input
Port are placed in Bits 7-4 of 1/0 Port
64h.

C3h Not valid. Poll Input Port Low. Bits 3-0 of the Input
Port are placed in Bits 3-0 of 1/O Port
64h.
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Commands to Keyboard Controller, Continued

Command ISA/EISA MCA (PS/2)

C8h Unblock keyboard controller lines P22 and Not valid
P23. The system can make lines P22 and
P23 active low or active high via D1h
after this command executes. Issue this
command before issuing D1h.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

C%h Block keyboard controller lines P22 and Not valid
P23. The system cannot make lines P22
and P23 active low or active high via D1h
after this command executes. Issue this
command before issuing D1h.

This command to the controller is used
exclusively with the AMIBIOS system
BIOS.

CAh Read Mode. This command outputs Read Mode. This command outputs
information about the keyboard controller information about the keyboard controller
mode (ISA or PS/2) to 1/0 Port 60h Bit 0. mode (ISA or PS/2) to 1/0 Port 60h Bit 0.
0 ISA (AT) interface 0 ISA (AT) interface
1 PS/2 (MCA) interface 1 PS/2 (MCA) interface
This command to the controller is used This command to the controller is used
exclusively with the AMIBIOS system exclusively with the AMIBIOS system
BIOS. BIOS.

CBh Write Mode. Sets or resets the keyboard Write Mode. Sets or resets the keyboard
controller mode between AT (ISA) and controller mode between AT (ISA) and
PS/2. Before writing this mode, read the PS/2. Before writing this mode, read the
mode byte using command CAh. Then mode byte using command CAh. Then
modify only bit 0, leaving the other bits modify only bit 0, leaving the other bits
unchanged, and write the mode byte back. unchanged, and write the mode byte back.

DOh Read Output Port. Outputs the status of the | Read Output Port. Outputs the status of
keyboard controller output port (P2) to 1/O the keyboard controller output port (P2) to
Port 60h. The keyboard controller reads 1/0 Port 60h. The keyboard controller
the output port and places the data in the reads the output port and places the data
output buffer. in the output buffer.

Dih Write Output Port. The data byte that Write Output Port. The data byte that
follows this command is written to the follows this command is written to the
keyboard controller output port (P2). keyboard controller output port (P2).
Writes data via I/O port 60h to the output Writes data via 1/0 port 60h to the output
port. Make sure that output port bit 0 is port. Make sure that output port bit 0 is
not written as 0, because a 0 in bit 0 resets not written as 0, because a 0 in bit 0
the system processor. resets the system processor.

D2h Not valid. Write Keyboard Output Buffer. This
command sends the data byte that follows
the command in 1/O Port 60h straight to
the system as it is initiated by the device.

Chapter 15 8042 Keyboard Controller BIOS 447




Commands to Keyboard Controller, Continued

port of the keyboard controller may be
pulsed low for approximately 6 useconds.
Bits 3-0 of this command specify the
output port bits to be pulsed. The
corresponding bits in the command
indicate the bits to be pulsed.

0 Bit should be pulsed.
1 Bit should not be modified.

Note that bit 0 of the output port is
connected to the reset of the system
processor, so the processor can be reset by
pulsing this bit.

Command ISA/EISA MCA (PS/2)

D3h Not valid. Write Auxiliary Device Output Buffer.
The next data byte in 1/0 Port 60h from
the system is made available immediately
to the system as if it is initiated by an
auxiliary device.

D4h Not valid. Write Auxiliary Device. The next data
byte to 1/0 Port 60h is transmitted to an
auxiliary device.

EOh Read Test Inputs. This command makes Read Test Inputs. This command makes
the status of the Test inputs TO and T1 the status of the Test inputs TO and T1
available to the system at 1/O Port 60h. available to the system at 1/O Port 60h.
The TO status is in Bit 0 (0 is enabled). The TO status is in Bit 0 (0 is enabled).
The T1 status is in Bit 1 (0 is enabled). The T1 status is in Bit 1 (0 is enabled).

FOh-FFh Pulse Output Port. Bits 3-0 of the output Pulse Output Port. Bits 1-0 of the output

port of the keyboard controller may be
pulsed low for approximately 6 useconds.
Bits 1-0 of this command specify the
output port bits to be pulsed. The
corresponding bits in the command
indicate the bits to be pulsed.

0 Bit should be pulsed.
1 Bit should not be modified.

Note that bit 0 of the output port is
connected to the reset of the system
P , o the p can be reset by
pulsing this bit.
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Keyboard Controller/Keyboard Interface

The keyboard controller communicates with the keyboard over a clock
line (bit 6 of output port 5) and a data line (bit 7 of the output port).
CLOCK LINE (Bit 6 of Output Port 5)

v Keyboard
Controller

DATA LINE (Bit 7 of Output Port)

The keyboard controller reads the data line through test input T1 and
the clock line through test input T0. The keyboard supplies the clock
for all data transmission to and from the keyboard.

Data is made available after the rising edge of the clock and is
sampled on the falling edge as shown in the following pulse diagram:

Recelving Data from the Keyboard or Mouse

Cluck Stare o ' 2 3 4 5 6 7 P Stop

Stoj
Bit Do D1 bz D3 D4 DS D6 D7 P oop

Sending Data to the Keyboard or Mouse

Clock Start o 1 2 3 4 5 6 7 P Stwp 10

Stwp

M—Iﬂ Bie DO D1 D2 D3 D4 Ds D6 D7 P Bit ]
Disable First level
Clock & *ACK" from
Data for Keyboard
min. 60 us
cont'd
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Keyboard Controller/Keyboard Interface, Continued

Keyboard/Keyboard Controller Communication Protocol

Step

Performed by

Action

1

the keyboard

The keyboard first checks the clock line for a high level
when the keyboard wants to send data. The keyboard
controller can prevent the keyboard from sending data
by driving the clock line low through bit 6 of the output
port.

the keyboard

Sends the data if the clock and data lines are high
(enabled). Otherwise it stores data in its own buffer.

the keyboard

Checks the state of the clock line at an interval of 60
useconds, to sense whether the keyboard controller
intends to send data.

the keyboard
controller

The keyboard controller forces the clock and data line
low for more than 60 useconds and then releases the
clock line with the data line low when it wants to send
data.

the keyboard

The low data line is accepted by the keyboard as a start
bit (request to send) and the keyboard starts clocking the
data in. After the tenth bit, the keyboard forces the data
line low for one clock period (the stop bit) to inform the
keyboard controller that the keyboard has received the
data.
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Appendix A

AMIBIOS Error Messages

Beep Codes
Beeps Error message Explanation
1 Refresh Failure Bad memory refresh circuitry on the motherboard.
2 Parity Error Parity error in the first 64 KB block of memory.
3 Base 64 KB Memory Failure | Memory failure in first 64 KB.
4 Timer Not Operational Memory failure in the first 64 KB of memory or
Timer 1 on the motherboard is not functioning.
5 Processor error The CPU on the motherboard generated an error.
6 8042 — Gate A20 Failure The BIOS cannot switch to protected mode.
7 Processor Exception The CPU generated an exception interrupt.
Interrupt
8 Display Memory Read/Write | The system video adapter is either missing or its
Error memory is faulty. This is not a fatal error.
9 ROM Checksum Error The ROM checksum value does not match the
value encoded in the BIOS.
10 CMOS Shutdown Register The shutdown register for CMOS RAM failed.
Read/Write Error
11 Cache Error/ The external cache is faulty.
External Cache Bad

What to Do If the Computer Beeps

Beeps Action
1,2,0r3 Reseat the memory SIMMs or DIPs. If it still beeps, replace memory.
6 . Replace the keyboard fuse (if it has one), or
L] Attach a different keyboard, or
- Reseat the keyboard controller chip.
If it still beeps, replace the keyboard controller.
8 Replace the video adapter or the RAM on the video adapter.
9 Probably needs a new BIOS ROM chip.
11 Reseat the cache memory on the motherboard. If it still beeps, replace
the cache memory.
4,5,7,or 10 Replace the motherboard.
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AMIBIOS Displayed Error Messages

POST displayed error messages have the following format:

ERROR Message Line 1
ERROR Message Line 2
Press <F1> to RESUME

Press <F1> to RESUME is not displayed if Wait for <F1> If Any Error in
Advanced CMOS Setup has been Disabled.

RUN SETUP

can appear. Press F1 to run AMIBIOS Setup.

Error Message

Explanation

8042 Gate — A20 Error

Gate A20 on the keyboard controller (8042) is not working.

Address Line Short!

Error in the address decoding circuitry on the motherboard.

C: Drive Error

Hard disk drive C: does not respond. Run the Hard Disk Utility. Also,
check the C: hard disk type in Standard CMOS Setup.

C: Drive Failure

Hard disk drive C: does not respond. Replace the hard disk drive.

Cache Memory Bad, Do Not
Enable Cache!

Cache memory is defective. Replace it.

CH-2 Timer Error

ISA systems have two timers. There is an error in timer 2.

CMOS Battery State Low

CMOS RAM is powered by a battery. The battery power is low.
Replace the battery.

CMOS Checksum Failure

After CMOS RAM values are saved, a checksum value is generated for
error checking. The previous value is different from the current value.
Run AMIBIOS Setup.

CMOS System Options Not
Set

The values stored in CMOS RAM are either corrupt or nonexistent. Run
AMIBIOS Setup.

CMOS Display Type

The video type in CMOS RAM does not match the type detected by the

Mismatch BIOS. Run AMIBIOS Setup.
CMOS Memory Size The amount of memory on the motherboard is different than the amount
Mismatch in CMOS RAM. Run AMIBIOS Setup.

CMOS Time and Date Not
Set

Run Standard CMOS Setup to set the date and time.

D: Drive Error

Hard disk drive D: does not respond. Run the Hard Disk Utility. Also,
check the D: hard disk type in Standard CMOS Setup.

D: drive failure

Hard disk drive D: does not respond. Replace the hard disk.

Diskette Boot Failure

The boot disk in floppy drive A: cannot be used to boot the system. Use
another boot disk and follow the screen instructions.

Display Switch Not Proper

Some systems require a video switch to be set. Turn the system off, set
the switch properly, then power on.

DMA Error Error in the DMA controller.
DMA #1 Error Error in the first DMA channel.
DMA #2 Error Error in the second DMA channel.
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AMIBIOS Displayed Error Messages, Continued

Error Message

Explanation

FDD Controller Failure

The BIOS cannot communicate with the floppy controller. Check all
connections after the system is powered down.

HDD Controller Failure

The BIOS cannot communicate with the hard disk drive controller.
Check all connections after the system is powered down.

INTR #1 Error

Interrupt channel 1 failed POST.

INTR #2 Error

Interrupt channel 2 failed POST.

Invalid Boot Diskette

The BIOS can read the disk in floppy drive A:, but it cannot boot the
system with it. Use another boot disk.

Keyboard Locked...Unlock

The keyboard is locked.

Keyboard Error

Timing problem with the keyboard. Set the Keyboard option in Standard
CMOS Setup to Not Installed to skip keyboard routines.

KB/Interface Error Error in the keyboard connector.

No ROM BASIC Cannot find a bootable sector on either A: or C:. The BIOS calls INT
18h which generates this message. Use a bootable disk.

Off Board Parity Error Parity error in memory on an adapter card. The format is:

OFF BOARD PARITY ERROR ADDR (HEX) = (XXXX)
XXXX is the hex address where the error occurred. Run AMIDiag
to find and correct memory problems.

On Board Parity Error

Parity error in motherboard memory. The message format is:

ON BOARD PARITY ERROR ADDR (HEX) = (XXXX)

XXXX is the hex address where the error occurred. Run AMIDiag
to find and correct memory problems.

Parity Error 22?7

Parity error in system memory, but the address of the error is
unknown. Run AMIDiag to find and correct memory problems.

EISA Error Messages

Explanation

EISA CMOS Checksum
Failure

The Checksum for EISA Extended CMOS RAM is incorrect.
Replace the battery for EISA Extended CMOS RAM.

EISA CMOS Inoperational

Read/Write error in EISA CMOS RAM. Replace the battery.

Expansion Board not ready at
SlotX, Y, Z

Cannot find the adapter card in Slot X, Y, or Z. Make sure the
adapter card is in the correct slot and is properly seated.

Fail-Safe Timer NMI
Inoperational

Devices that depend on the fail-safe NMI timer cannot operate
correctly.

ID information mismatch for
SlotX, Y, Z

The ID of the EISA adapter card in Slot X, Y, or Z does not
match the ID in EISA Extended CMOS RAM. Run the ECU.

Invalid Configuration
Information for Slot X, Y, Z

Configuration data for EISA adapter cards X, Y, or Z is not
correct. The adapter card cannot be configured. Run the ECU.

Software Port NMI
Inoperational

The software port NMI is not working. You can continue, but the
system can fail if an NMI occurs.
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ISA NMI Messages

ISA NMI Message

Explanation

Memory Parity Error
at xxxxx

Memory failed. If the memory location can be determined, it is

displayed as xxxxx. If not, the message is Memory Parity Error
22?2

1/0 Card Parity Error
at oo

An expansion card failed. If the address can be determined, it is

displayed as xxxxx. If not, the message is I/O Card Parity Error
22?2

DMA Bus Time-out

A device has driven the bus signal for more than 7.8 useconds.

EISA NMI Error Messages

EISA NMI Message : Explanation
BUS Timeout NMI at Slot n There was a Bus Timeout NMI at Slot n.
(E)nable (D)isable An adapter card generated an NMI. Type E to
Expansion Board? enable the adapter card or D to disable it.
Expansion Board Disabled The EISA adapter card in Slot n has been
at Slot n disabled.
Expansion Board NMI at Slot n An adapter card NMI was generated from Slot 7.

Fail-Safe Timer NMI

A fail-safe timer NMI has been generated.

Software Port NMI

A software port NMI has been generated.
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Appendix B

Upgrading the BIOS

Although American Megatrends does not sell upgrade BIOS, some
AMIBIOS distributors do. Call American Megatrends Sales at 404-263-
8181 for information about an upgrade AMIBIOS.

Ordering an Upgrade System BIOS
Have the following information when ordering an upgrade BIOS:

manufacturer and model number of your computer,
number of BIOS ROMs,

processor type and speed,

chipset part numbers,

date of BIOS,

BIOS Identification string, and

RAM configuration and speed.

Identifying BIOS ROMs

The BIOS ROM chips have the AMIBIOS label and a part number.
There are either one, two, or four BIOS ROMs.

Finding the Processor Type and Speed

The AMIBIOS System Configuration screen displays the processor
type. AMIDiag Version 4.0 or later also displays this information.

Finding the Chipset Part Numbers

Your computer probably uses an integrated chipset. This chipset
consists of 3 to 6 square flat chips with pins on all four sides. They can
be socketed but are probably mounted directly on the motherboard.
The manufacturer’s name (CHIPs, OPTi, Symphony, VLSI, Intel, TI,
ETEQ, and so on) and logo are printed on the chip as well as the part
number (such as 82C100, 62C200, 87C711).

cont’d
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Upgrading the BIOS, Continued

Finding the BIOS Date

AMIDiag Version 4.0 or later displays this information. But the
quickest method is to read the AMIBIOS System Configuration Screen
that appears at system boot. The BIOS date is 8 bytes located at
F:FFF5h in memory.

Finding the BIOS Identification String

The BIOS Reference or Identification String is displayed at the bottom
of the first AMIBIOS screen. If the system has a Hi-Flex AMIBIOS,
press INS during system power-on to display the two additional
reference strings.

See Appendix D, beginning on page 469, for additional information
about BIOS Identification Strings.

Why You Should Update the System BIOS

A system BIOS upgrade can offer additional support that might be
useful. See Appendix C for a list of AMIBIOS features for each release
of the AMIBIOS since 1986. Some of the potential benefits include:

= configure new higher-density drives,

L eliminate controller or device driver translation for MFM, RLL, or ESDI hard disk
drives with 1,024 or fewer cylinders via the user-definable hard disk drive types,
user-defined hard drives types for IDE and other nonstandard drives,

performance improvement,

use a PS/2-type mouse or keyboard,

use Advanced CMOS Setup and Advanced Chipset Setup options. The newer
AMIBIOS provide many more Setup options, permitting more control over more
system functions, and

L use the hard disk utilities that come with the AMIBIOS.

Upgrading the Keyboard BIOS

Only system BIOS upgrades are discussed in this book. Changing the
Keyboard Controller BIOS is not recommended. About the only reason
to replace the keyboard BIOS is if this chip or the BIOS on the chip is
faulty. In a few rare cases, the keyboard controller BIOS must be
replaced when a new system BIOS is installed.
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Upgrading the BIOS, Continued

What If the BIOS in My System is not an AMIBIOS?

In most cases, it does not matter. You can usually upgrade from a
Phoenix, Award, or other brand to a new AMIBIOS.

Potential Problems of Upgrading the BIOS

Do not try to perform a BIOS upgrade without consulting a dealer or
distributor. If you choose the wrong BIOS, it may not work and may
corrupt CMOS RAM to the point that the system can be unusable.

This is not a complete disaster. If CMOS RAM is bad, remove the
battery and leave the system alone for about 30 minutes. Make sure
you know the hard disk drive type before you do this.

Then replace the battery and turn the system on. CMOS RAM should
be blank, since it has been without power. You are now free to
configure the system from scratch. Enter the date, time, disk
configuration information, monitor type and other basic system
configuration, store it in CMOS RAM, and reboot.

Installing System BIOS ROM

The ROM BIOS chips are installed in 28-pin DIP sockets. One to four
BIOS chips may be present. The following table identifies the BIOS
ROMs.

If you have ... the ROM size is... the chip type is... and the number of

BIOS chips is...

an EISA System 27010 or 1 ROM chip or
128 KB 27512 2 ROM chips
27256 4 ROM chips

an ISA (AT- 64 KB 27512 or 1 ROM chip or

compatible) 27256 or 2 ROM chips or

System -
27128 4 ROM chips
cont’d
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Installing System BIOS ROM, Continued

Removing the Old BIOS ROMs

Use an IC remover or a screwdriver to gently remove the old BIOS
ROM chips. Do not use excessive force to remove the chips. Applying
excessive force can damage the motherboard.

Unpacking the New BIOS ROM Chips

Unpack the BIOS ROM chips. See the following table to identify BIOS
chip labels. Inspect chips for bent pins. Using pliers, gently straighten
any bent pins so that all pins are parallel and straight.

Install each ROM chip so that pin 1 of a ROM is inserted in pin 1 of
the corresponding socket, and all other pins on the ROM chip fit in the
pin sockets by number. Press each ROM firmly but gently into the
socket.

Steps to Upgrade the System BIOS

Step Action
1 Wear an antistatic wristband to properly ground yourself.
2 Turn the computer off and remove the cover.
3 Unpack the ROM BIOS chips on a grounded antistatic mat.
4 Check the size and number of the existing ROM BIOS chips. An ISA Hi-Flex

AMIBIOS is available in the following sets:

One 27512 ROM chip (64 KB)
Two 27256 ROM chips (32 KB each)
Four 27128 ROM chips (16 KB each)

Read the system documentation to verify that the set of Hi-Flex AMIBIOS you
received is the proper size and number for the motherboard.

5 Remove the old chips. Note which chips are ODD and EVEN (for a two-chipset)
or which chips are numbered 0, 1, 2, and 3 (for a four-chipset). The new chips
should directly replace the old chips (the EVEN chip from the new set should
replace the old EVEN chip and the new ODD chip replaces the old ODD chip).

6 Install the chips. Each ROM chip is notched and there is a corresponding notch
on the receiving ROM socket. Make sure that the chips are oriented such that
the notch on the chip matches the notch on the socket.

7 Replace the cover.
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Appendix C

AMIBIOS History

The major upgrades, features, and newly-supported devices are listed
for each BIOS release in this Appendix.

American Megatrends, Inc. has been selling AT-compatible system
BIOS since 1986. AMIBIOS has always included all standard IBM AT
BIOS features and has always been noted for its performance. This
appendix lists many of the additional features added by American
Megatrends since 1986.

If the Motherboard has Cache Memory

In general, older AMIBIOS (AMI BIOS and AMI BIOS Plus) for non-
American Megatrends motherboards with cache memory are
customized. Contact the motherboard manufacturer if you want to
upgrade the BIOS. An AMIBIOS on an American Megatrends
motherboard usually has a BIOS ID that begins with DAMI, DAMX, or
EDAML

AMI 286 and 386 BIOS — January 1987

1.44 MB 3%;" floppy disk drive support

Support for IDE hard disk drives

User-defined hard disk drive type 47

INT 15h Function 4Fh Keyboard Intercept Support
INT 15h Function COh PS/2 Mouse Support
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AMI 286 and 386 BIOS — 6/17/1988

Reference Number

The BIOS reference number appears on the bottom line of the screen
during startup, as follows:

Ref. TTTT-XXXX-042088-Kn

TTTT BIOS type

XXXX  customer number

042088 the BIOS release date

Kn the keyboard BIOS version number. If n is 0, it is not
an American Megatrends keyboard BIOS.

A new INT 13h function, AH = 19h Park Heads, has been added. DL
must contain the drive number (80h or 81h).

INT 13h Function AH = 08h Return Parameter — This function
returns the actual number of cylinders in the hard disk drive.
Previously, the highest number returned was 1,024.

Using Default Values for C&T NEAT- and 386 CHIPSet-based
systems — The C&T NEAT or C&T 386 chipset registers can be
programmed incorrectly. When this happens, the system can be
difficult to boot. By pressing INS at power-on or after a hard reset, the
end users can program the chipset registers with default values stored
in CMOS RAM, thereby booting the system. The end user then must
run Setup to optimize configuration values.

Enhanced IRMA 3270 Emulation support.
Improved 1.44 MB 3%;" drive compatibility.

Supports Toshiba ND-04DT-A 360 KB floppy.
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AMI 286 and 386 BIOS — 9/25/1988

INT 10h — Video I/0O functions execute approximately 25% faster.

Extended Setup for the BIOS for the NEAT 286 and C&T 386
Chipsets — EASY SETUP is now available for the BIOS for the C&T
NEAT and 386 chipsets. It configures DRAM wait states, clock speed,
and shadowing options.

Translates 80286 LOADALL — This feature is included only in the
AMI 386 BIOS. OS/2, RAMDRIVE, and certain other programs use the
80286 LOADALL instruction, which does not exist in the 80386
instruction set. The BIOS translates LOADALL to an 80386 format, but
needs an extra 100 bytes to do so. The BIOS can either use the BIOS
Stack Area from 0:300h-0:400h, or use the top 1 KB of user memory (at
639K). Typing 1 specifies that the BIOS should use the BIOS Stack
Area at 0:300h. Typing 2 specifies that the BIOS should use the top 1
KB of the DOS memory area.

0OS/2 can be booted from a 1.44 MB 3'%" floppy.

ESDI, SCSI and RLL hard disk drives - If one of these types of hard
drives is in a system, the BIOS Date should be 092588 or later.

AMI 286 and 386 BIOS — 12/15/1988

Configure Workstations — The end user can configure file servers or
diskless workstations by bypassing keyboard, video, and floppy error
messages.

No <F1> after Error Message — The end user does not have to press
<F1> after an error message.

Serial Ports — A maximum of four serial ports is supported. The
COM1 starting I/0O port is 3F8h, COM2 is 2F8h, COM3 is 3E8h, and
COM4 is 2E8h. The BIOS only supports data transfer and
programmability for COM1 and COM2.

cont’d
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AMI 286 and 386 BIOS — 12/15/1988, Continued

System Configuration — A new System Configuration Screen displays
number and type of drives installed, total RAM, math coprocessor
presence, amount of cache memory, and other system configuration
data.

1,024 Cylinders — The BIOS recognizes a maximum of 1,024 cylinders
on a hard disk drive. The BIOS has resolved DOS and SpeedStore
problems when using a drive with more than 1,024 cylinders.
Problems with a Western Digital WD1003V-MM2 hard drive controller
and a Miniscribe hard disk drive have been resolved.

82C302C Support — The 82C302C uses a 4 KB page size instead of the
2 KB page size used by the 82C302. This BIOS automatically detects
which chip is in the system and provides the appropriate support.

C&T 386 Soft Reset Bypass — In previous BIOS, BIOS default values
or user-configured Extended CMOS Setup values were programmed
into the chipset registers at cold boot and soft reset. Now they are set
only at cold boot.

C&T 386 Memory — The BIOS will now accept 256 KB RAM chips in
banks 0 and 1 and 1 MB RAM chips in banks 2 and 3. The BIOS
automatically assigns physical banks 2 and 3 as logical banks 0 and 1
and uses all available memory.

C&T 386 and NEAT Clock Switching — Clock switching via a
keyboard controller pin, programming the processor clock speed, or
programming the processor clock and bus speed are now supported. A
keyboard controller pin can also be used to switch the Turbo LED pin
on and off.

Additional NEAT Feature — The BIOS for the NEAT chipset now
supports the 80386SX processor and 80387SX math coprocessor.

82C212B Support for NEAT BIOS — The BIOS for the NEAT chipset
automatically detects the 82C212 or 82C212B and programs the chipset
registers accordingly. Extended CMOS Setup supports both chips.
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AMI 286 and 386 BIOS — 2/25/1989

64 MB of System Memory — Support for up to 64 MB has been
added (if the system hardware supports memory above 16 MB).

IDE — Support for Conner IDE interface drives has been added.

0S/2 — Support for 0S/2 in the scratch RAM area has been added.
You must use Type 47 for hard disk drives when using OS/2.

SCSI — Support for the Western Digital 8-Bit SCSI Controller has been
added.

AMI 286 and 386 BIOS — 3/25/1989 and 3/30/1989

New CMOS Setup Utility Features:

= full-screen editing,
. user-defined drive types for drives C: and D:, and
. bypass keyboard, floppy and video error reporting.

Diagnostics for 1.44 MB Floppy Drives — The BIOS Diagnostics
utility will now run on 1.44 MB floppy drives.

Diagnostics for User-Defined Hard Drives — The BIOS Diagnostics
utility will now support any user-defined hard disk drive.

NEAT and C&T 386 Chipset BIOS — Previous BIOS products forced
the system to 1 DRAM wait state if only 1 bank of memory was used.
The BIOS now allows 0 wait states if selected by the end user in
Extended CMOS Setup.

AMI 386 Mark Il AT/XT BIOS — 4/25/1989

Automatic CMOS Memory Size Adjustment — In previous versions
of this BIOS, the end user had to execute Setup twice when setting the
Shadow RAM and 256KB Relocation options.

No System Configuration Screen — The BIOS System Configuration
screen is no longer displayed.
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AMI 286 and 386 BIOS — 4/30/1989

User-defined Drive Type 47 implemented in CMOS Setup.

AMI 286 and 386 BIOS — 9/15/1989

INT 15h — Function 87h now returns error codes via I/O port 80h.

POST — The keyboard timeout period in POST has been enlarged to
accommodate some keyboards with a slow response time.

Seek — The timeout values for hard disk Seek have been enlarged to
accommodate some slow hard disk drives.

Floppy Test — Previous BIOS products did not test the floppy disk
drives if no floppy drives were configured in CMOS RAM. If floppy
drives are part of the system, they are now tested.

AMI 286 and 386 BIOS — 12/15/1989

Western Digital 8-bit SCSI Controller support was added. A problem
with some Western Digital 8-bit hard drive controllers that conflicted
with the BIOS when accessing the BIOS data area was corrected.

AMI BIOS — 4/9/1990

IDE hard drive support has been fixed. To use an IDE drive in your
system, the BIOS Date should be 040990 or later.

PS/2-compatible mouse support has been added.

INT 1%h Bootstrap Loader has been modified to support the IBM
Token Ring Network Card.

Floppy controller reset was added during bootup to work with DR
DOS.

Up to 4 GB of RAM is recognized with some chipsets.
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AMI BIOS — 10/15/1990

Hard drive type 47 will now work under Novell.
The POST memory test performs faster.

INT 15h Block Memory Move now performs faster.

AMI BIOS for Headland HT12 Chipset — 11/15/1990

Shadowing — Older versions of the BIOS for the HT12 chipset may
have had problems configuring shadowing under these conditions:

. the motherboard has 1 MB,
. the user selects remapping and no shadowing, and
. then disables remapping and enables shadowing.

This release fixes the above problem.

Error Message — This release also eliminates the CMOS Memory Size
Mismatch error message when the end user toggles the shadowing and
remapping options.

AMI BIOS for HT12 Chipset — 10/15/1990

Shadowing — The previous version of this BIOS had trouble with
shadowing when SIMM Bank1 had 256 KB RAM and BANK2 had 1
MB RAM for a total of 2.4 MB of motherboard system RAM. ROM
Diagnostics may not work with this configuration either. This is a
hardware problem, but American Megatrends implemented a BIOS
solution.

AMI BIOS — 2/2/1991

The AMI BIOS now runs OS/2 in CGA mode.

New BIOS Setup screens — Advanced CMOS Setup and Advanced
CHIPSET Setup have been added to BIOS Setup.

INT 15h Function C2h PS/2 Mouse Support was added.
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Hi-Flex AMIBIOS Release — 3/15/1991

Turbo Switch 8042 Pins — The following 8042 keyboard controller
pins can be used for Turbo Switch Input Pins: 27, 28, 29, 30, 31, and
33. Pins 23 and 24 cannot be used as Turbo Switch Input Pins. Pins 23,
24, 27, 28, 29, and 30 can be used for clock switching.

Turbo Switch Option has been added to Advanced CHIPSET Setup. It
can be Enabled or Disabled. If the Turbo Switch option is Present and
Enabled and the Turbo Switch is Low at Power-On, the CPU speed is
set low. Otherwise, the speed is set in Standard CMOS Setup.

Three BIOS ID Strings — The last two (of three) BIOS Identification
Strings do not appear on the screen. Press INS during POST to display
these strings.

Timer Channel 1 — The Timer Channel 1 test for refresh has been
removed, which corrects a problem on some 33 MHz 486 systems.

The BIOS now recognizes up to 4 GB of RAM without customization.

AMIBIOS 4/4/1991, 5/5/1991, 7/7/1991, and 9/6/1991

No major features added.
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AMIBIOS 12/12/1991

Peripheral Setup and Power Management Setup added.
BIOS Size — The run-time BIOS size is only 32 KB.

Serial Ports — Baud rates up to and including 19,200 bps are now
supported.

Setup Option — The Daylight Saving option has been removed from
Standard CMOS Setup.

INT 15h — Function AH = Clh Get Extended Data has been added.

Processor — The BIOS automatically detects the following processor
types: Intel 80486DX, 80486DX2, 804865X, 80386DX, and 803865X.

8042 Pin — Pin 32 of the keyboard controller can be used to remove
the password checking facility. If pin 32 of the keyboard controller is
connected to GND, the password is set as uninstalled. Please note that
a null password is not a valid password.

Password — The password option in Advanced CMOS Setup has only
two settings: Setup or Always. Please note that Bit 7 of CMOS register
34h is available for use.
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AMIBIOS 06/06/1992 and 11/11/1992

New Features

2.88 MB 3%" floppy drive support has been added in the BIOS.

INT 16h has these new functions:

- Function FOh Set CPU Speed

- Function F1h Read CPU Speed

- Function F4h Subfunction 00h Read Cache Controller Status
- Function F4h Subfunction 01h Enable Cache Controller

- Function F4h Subfunction 02h Disable Cache Controller

Boot Sector Write Protection — This Advanced CMOS Setup
option warns the end user any time a program attempts to
format or write to the boot sector on the hard disk drive.

Auto Detect Hard Disk Drive — this AMIBIOS Setup main menu
option detects hard drive parameters for IDE, SCSI, and other
non-MFM drives.

AMIBIOS now automatically detects AMD386DXL, Cyrix
Cx486SLC and Cx486DLC, IBM 486SLC,and Intel 80486DX,
80486DX2, 80486DX3, 80486SX, 80386DX, 80386SX, and
Overdrive™ processors.
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Appendix D

AMIBIOS Identification Strings

The BIOS Identification strings contain characters in a prearranged
sequence that identify BIOS characteristics and features.

In a Hi-Flex AMIBIOS, there are up to three BIOS Identification strings
that can be displayed.

Only Identification String 1 appears automatically at the bottom of the
screen during boot-up. The end user must press INs while the BIOS
boot screen is being displayed to force BIOS Identification Strings 2
and 3 appear.

The three BIOS Identification strings are described on the following
pages.
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Identification String Line 1

The BIOS identification string appears on the bottom of the screen
during BIOS POST. The bytes of Identification String 1 are numbered
as follows:

12 47 9-14 17-24 26-31 33-40 q2
Byte Description
1 Processor Type
0 8086 or 8088
2 80286
3 80386
4 80486
2 Size of BIOS
0 64 KB BIOS
1 128 KB BIOS
4-5 Major Version Number
6-7 Minor Version Number
9-15 Reference Number
17 Halt on Post Error. Set to 1 if On.
18 Initialize CMOS in every boot. Set to 1 if On.
19 Block pins 22 and 23 of the keyboard controller. Set to 1 if On.
20 Mouse support in BIOS and keyboard controller. Set to 1 if On.
21 Wait for F1 if error found. Set to 1 if On.
22 Display Floppy error during POST. Set to 1 if On.
23 Display Video error during POST. Set to 1 if On.
24 Display Keyboard error during POST. Set to 1 if On.
26-27 BIOS Date. Month (1-12).
28-29 BIOS Date. Date (1-31).
30-31 BIOS Date. Year (0-99).
33-40 Chipset Identification. BIOS Name.
42 Keyboard controller version number.
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Identification String Line 2

XXX-X -XXXX -XX -XX -XXXX -XX -XX -XXX
123 5 7-10 12-13 15-16 18-21 23-24 26-27 29-31
Byte Description
12 Pin number for clock switching through keyboard controller.
3 Indicates High signal on pin switches clock to High(H) or Low (L).
5 Clock switching through chipset registers
0 No clock switching through chipset registers.
1 Clock switching through chipset registers.
7-10 Port address to switch clock high through special port.

12-13 Data value to switch clock high through special port.

15-16 Mask value to switch clock high through special port.

18-21 Port Address to switch clock low through special port.

23-24 Data value to switch clock low through special port.

26-27 Mask value to switch clock low through special port.

29-31 Turbo Switch Input Pin information (Pin number for Turbo Switch Input Pin).
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Identification String Line 3:

XXX -X -XXXX -XX -XX -XXXX -XX —-XX=XX -XX
1-3 5 7-10 12-13 15-16 18-21 23-24 26-27 29-30
3 33
Byte Description
1-2 Keyboard Controller Pin number for cache control. Pin number for Cache
Control.
3 Keyboard Controller Pin number for cache control. Indicates whether High
signal on the pin enables (H) or disable (L) cache.
5 1 The High signal is used on the Keyboard Controller pin.
7-10 Cache Control through Chipset Registers:
0 Cache control off
1 Cache Control on

12-13 Port Address to enable cache through special port.

15-16 Data value to enable cache through special port.

18-21 Mask value to enable cache through special port.

23-24 Port Address to disable cache through special port.

26-27 Data value to disable cache through special port.

29-30 Mask value to disable cache through special port.

31 Reset memory controller Pin number for Resetting the 82335 Memory
controller.
33 BIOS Modified Flag

This byte is incremented each time the BIOS is modified. It is incremented
from 1 to 9, then from A to Z, and then reset to 1. If this byte is a 0, then the
BIOS has not yet been modified.

AMI BIOS and AMI BIOS Plus Identification Strings

AMI BIOS and AMI BIOS Plus were sold from 1986 through 1990. The
general format of the BIOS Reference string in this type of AMI BIOS:

Ref. TTTT-XXXX-042088-Kn

TTTT BIOS type

XXXX customer number

042088 the BIOS release date

Kn the keyboard BIOS version number. If n is 0, it is not
an American Megatrends Keyboard Controller BIOS.
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Appendix E

Old AMI BIOS POST Checkpoint

Codes

The following table lists the BIOS POST checkpoint codes for
American Megatrends BIOS with a BIOS date before 4/9/90.

Code Description

01h The NMI is Disabled. The 80286 register test is about to start.

02h The 80286 register test is done.

03h The ROM checksum is OK.

04h 8259 Programmable Interrupt Controller initialization completed successfully.
05h The CMOS pending interrupt is disabled.

06h The video has been disabled and the system timer counter test has completed.
07h The test of channel 2 of the 8253 Programmable Interval Timer has completed.
08h The delta count test of channel 2 of the 8253 Programmable Interval Timer is over.
0%h The delta count test of channel 1 of the 8253 Programmable Interval Timer is

done.
0Ah The delta count test of channel 0 of the 8253 Programmable Interval Timer is
done.

0Bh The parity status has been cleared.

0Ch The memory refresh and system timer tests have completed.

0Dh The memory refresh link toggling test has completed.

OEh The refresh period On/Off 50% test has completed.

10h Confirmed refresh is On. About to start 64 KB base memory test.

11h The address line test passed.

12h The 64 KB base memory test completed successfully.

13h The interrupt vectors have been initialized.

14h The 8042 keyboard controller test passed.

15h The CMOS RAM read and write tests passed.

16h The CMOS RAM checksum and battery tests passed.

17h Monochrome mode has been set.

18h Color mode has been set.

1%h Searching for optional video ROM.

1Ah The optional video ROM control test has passed.
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Old BIOS Checkpoint Codes, Continued

Code Description

1Bh The display memory read/write test passed.

1Ch The display memory read/write test for an alternate display passed.
1Dh The video retrace test passed.

1Eh The global equipment byte has been set for video.

1Fh The mode set call for Monochrome and Color test passed.

20h The video test passed.

21h The video display test passed.

22h The power-on message display test passed.

30h The virtual mode memory test is about to begin.

31h The virtual mode memory test has started.

32h The processor is in virtual mode.

33h The memory address line test is in progress.

34h The memory address line test is in progress.

35h POST has calculated the amount of memory below 1 MB.

36h The memory size computation routine has completed.

37h The memory test is in progress.

38h All memory below 1 MB has been initialized.

39h All memory above 1 MB has been initialized.

3Ah The memory size has been displayed.

3Bh The test on memory below 1 MB will be done next.

3Ch The memory test on all memory below 1 MB completed successfully.
3Dh The memory test on all memory above 1 MB completed successfully.
3Eh Entering real mode next via the Shutdown byte.

3Fh Shutdown was successful. Now in real mode.

40h Disabling the Gate A20 address line next.

41h The Gate A20 line has been successfully disabled.

42h The DMA controller test will be done next.

4Eh The address line test passed.

4Fh The processor is in real mode after Shutdown.

50h The DMA page register test completed successfully.

51h The first DMA Controller base register test is about to start.

52h The first DMA Controller channel test has completed. Beginning the channel test

on the second DMA Controller.

53h The second DMA Controller base register test is about to start.
54h Beginning test of the F/F latch from the first DMA controller.

55h The F/F latch test passed for both DMA controllers.

56h The programming of both DMA controllers has completed.
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Old BIOS Checkpoint Codes, Continued

Code Description

57h Initialization of the 8259 Programmable Interrupt Controller has completed.

58h The 8259 Programmable Interrupt Controller mask register test completed
successfully.

5% The 8259 Programmable Interrupt Controller mask register test completed
successfully. Now checking the slave interrupt controller mask register.

SAh Starting the timer and keyboard interrupt level tests.

5Bh The timer interrupt test completed successfully.

5Ch Testing the keyboard interrupt next.

5Dh An error occurred — the timer/keyboard interrupt is not at the proper level.

SEh The 8259 Programmable Interrupt Controller had an error.

SFh The 8259 Programmable Interrupt Controller test completed successfully.

70h The keyboard test is starting.

71h The keyboard BAT test completed successfully.

72h The keyboard test completed successfully.

73h The keyboard global data initialization completed successfully.

74h Configuring the floppy drives next.

75h The floppy drive configuration completed successfully.

76h Hard disk drive configuration is about to start.

77h Hard disk drive configuration completed successfully.

7%h Initializing the timer data area next.

7Ah Verifying CMOS RAM battery power next.

7Bh The CMOS RAM battery power has been verified.

7Dh Analyzing the diagnostic test results for memory next.

7Eh The CMOS RAM memory size update test passed.

7Fh Testing the optional ROM at C000:0h next.

80h The keyboard has been sensed to enable BIOS Setup.

81h The optional ROM at CO00:0H test passed.

82h The printer global data initialization has completed.

83h The RS-232C global data initialization has completed.

84h The 80287 math coprocessor test has completed successfully.

85h Displaying the soft error message next.

86h Passing control to the adaptor ROM at E00:0h next.

87h The E000:0h adaptor ROM test passed.

00h Control has been passed to the INT 19h Bootstrap Loader.
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Acronyms and Abbreviations

ACK

ACR
ALE
ANSI
ARLL

ARB

ASCII
ASIC
ASR
AT

BAT
BCD
BIOS
bps
CAS
CCB
CGA
CLK
CMOS
coM1
COM2
CcOoM3
COM4
CRC
CSB
CTS
DAC
DCC
DIN
DIP
DMA
DPL

Acknowledge (Keyboard command and serial
communications signal)

Hard Disk Drive Adapter Controller Register
Address Latch Enable (x86 processor signal)
American National Standards Institute

Advanced Run Length Limited (method of encoding
hard disk data)

Access Rights Byte (part of 1286, i386, and i486
instruction)

American Standard Code for Information Interchange
Application-Specific Integrated Circuit

Hard Disk Adapter Status Register

Advanced Technology

Binary

Basic Assurance Test (keyboard diagnostic)
Binary-coded decimal

Basic Input Output System

Bits per second

Column Address Strobe (RAM signal)

Command Control Block (disk drive data structure)
Color Graphics Adapter

Clock signal (line) on a microprocessor
Complementary Metal Oxide Semiconductor

Serial Communications Port 1

Serial Communications Port 2

Serial Communications Port 3

Serial Communications Port 4

Cyclic Redundancy Check

Command Specify Block (disk drive data structure)
Clear To Send (serial communications signal)
Digital to analog converter

Display combination code

Deutsche Industrie Normal

Dual Inline Package

Direct Memory Access

Descriptor Privilege Level (part of x86 instructions)

cont’d
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Acronyms and Abbreviations, Continued

DSR
DSR
DTR

EA
EBCDIC
ECC
EGA
EIA
EISA
EOI
EPL
EEPROM

EPROM
ESDI
ETB
FCB

GB
GDT
GDTR
h
ICW
IDE

IDT
INT
I/0
IRQ
IRET
ISA
ISR
ISR
KB
KBs
Kb
Kbs
LDT
LDTR

Data Set Ready (serial communications signal)
Device Service Routine

Data Terminal Ready (serial communications signal)
Effective Address

Extended Binary-Coded Decimal Interchange
Error Checking and Correction

Enhanced Graphics Adapter

Electronic Industries Association

Extended Industry Standard Architecture

End of Interrupt

Extended Privilege Level

Electronically Erasable Programmable Read-Only
Memory

Erasable Programmable Read-Only Memory
Enhanced Small Device Interface

End of Transmission Block

Format Control Block (data structure for disk
information)

Gigabytes

Global Descriptor Table

Global Descriptor Table Register

Hexadecimal

Interrupt Control Word

Intelligent Device Electronics (method of accessing
hard disk drives)

Interrupt Descriptor Table

Software interrupt

Input/Output

Interrupt Request Line

Return from an Interrupt

Industry Standard Architecture (AT-compatible)
Interrupt Service Return

Interrupt Status Register

Kilobytes (1,024 bytes)

Kilobytes per second

Kilobits (1,024 bits)

Kilobits per second

Local Descriptor Table

Local Descriptor Table Register
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Acronyms and Abbreviations, Continued

LED Light-Emitting Diode

LID Logical ID

LPT1 Parallel Printer Port 1, DOS reserved word

LPT2 Parallel Printer Port 2, DOS reserved word

LPT3 Parallel Printer Port 3, DOS reserved word

LSB Least Significant Bit (or Byte)

LSI Large Scale Integration

LUN Logical Unit Number (SCSI device identifier)

MB Megabytes (1,048,576 or 2% bytes)

MBs Megabytes per second

Mb Megabits (1,048,576 bits)

Mbs Megabits per second

MCGA Modified Color Graphics Adapter (video standard
used only in low-end PS/2® models)

MDA Monochrome Display Adapter

MFM Modified Frequency Modulation (a method of
encoding hard disk data)

MGA An obsolete Graphics Adapter (IBM PCJr only)

MH:z Megahertz

MMU Memory Management Unit

MSB Most Significant Byte (or Bit)

MTBF Mean Time Between Failure

MTTR Mean Time To Repair

NCB Network Control Block (data structure for networked
disk drives)

NMI Nonmaskable Interrupt

OCwW Operation Control Word (Programmable Interrupt
Controller)

OEM Original Equipment Manufacturer

0S/2 Operating System /2

PC Personal Computer

PCB Printed Circuit Board

PCLK Peripheral Clock

PEL Picture Element (pixel)

PGA Professional Graphics Array

PIC Programmable Interrupt Controller

PIO Programmed Input/Output

cont’d
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Acronyms and Abbreviations, Continued

PIT
POR
POST
RAM
RAS
RGB
RI
RLL

ROM
RS232C
RTC
RTS
SCSI
SDLC
SIMM
SIP
SMD
SMT
SSB
TB
TID
TSS
TTL
UART
VGA
VLSI
XMS
XT

Programmable Interval Timer

Power-On Reset

Power-On Self Test

Random Access Memory

Row Address Strobe (RAM signal)
Red-Green-Blue

Ring Indicator (serial communications signal)
Run Length Limited (method of encoding hard disk
data)

Read-Only Memory

Industry standard serial controller interface
Real Time Clock

Request To Send (serial communications signal)
Small Computer Systems Interface
Synchronous Data Link Communications

Single Inline Memory Module

Single Inline Package

Surface Mount Device

Surface Mount Technology

Sense Summary Block (data structure for hard disks)
Terabytes

Target ID (SCSI device identifier)

Task State Segment (part of x86 instructions)
Transistor-To-Transistor Logic

Universal Asynchronous Receiver/Transmitter
Video Graphics Array

Very Large Scale Integration

Extended Memory Specification

Extended Technology

480 Programmer’s Guide to the AMIBIOS



Additional Reading

The following books and articles are recommended for additional
information about BIOS and related subjects:

Boston, Michael and Narushoff, Paul. System BIOS for IBM PC/XT/AT
Computers and Compatibles, Phoenix Technical Reference Series.
Reading, MA: Addison-Wesley Publishing Company. 1989.

Brown, Ralf, and Kyle, Jim, PC Interrupts. Reading, MA: Addison-
Wesley Publishing Company. 1991.

Cohen, Howard N. and John Hanel. “A Timing-Independent BIOS."
Byte IBM Special Edition, Fall 1987, pp. 219-222.

Duncan, Ray. Advanced MS-DOS Programming. Redmond, WA:
Microsoft Press, 1989.

Duncan, Ray. IBM ROM BIOS. Redmond, WA: Microsoft Press, 1988.

Extended Industry Standard Architecture Technical Reference. New York,
NY: BCPR Services. 1989.

Glass, L. Brett. “Inside EISA." Byte, November 1989, pp 417-425.

Intel Corporation. i486 Programmer’s Reference Manual. Santa Clara, CA:
Intel Corporation. 1989.

Intel Corporation, Microsoft Corporation. Advanced Power Management
(APM) Interface Specification. 1993

Intel Corporation. ExCa Card Services Specification. Hillsboro, OR: 1993
Intel Corporation. PCI BIOS Specification. Hillsboro, OR: 1993

Kliewer, Bradley Dyck. EGA/VGA Programmer’s Reference Guide. New
York, NY, McGraw-Hill Book Company, 1988.
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Additional Reading, Continued

Norton, Peter and Wilton, Richard. The New Peter Norton Programmer’s
Guide to the IBM PC and PS/2. Redmond WA: Microsoft Press, 1988.

PCMCIA. PC Card Standard. Personal Computer Memory Card
International Association, 1992

PCMCIA. Socket Services Interface Specification. Personal Computer
Memory Card International Association, 1992.

Schulman, Andrew, et al. Undocumented DOS. Reading, MA: Addison-
Wesley Publishing Company, 1991.

SCSI Specification X3T9.2. ANSI Committee, 1991.

Shiell, Jon. “IBM PC Family BIOS Comparison." Byte IBM Special
Edition, Fall 1987, pp. 173-180.

Small Computer System Interface (SCSI) Specification. ANSI X3.131-1991.
White, George. “A Bus Tour." Byte, September 1989, pp. 296-302.

Wilton, Richard. Programmer’s Guide to PC and PS/2 Video Systems.
Redmond, WA: Microsoft Press, 1987.
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Index

-INPACK signal 354
<SysReq> 188
16 Bit DMA Wait States 56
16-Bit DMA Active Clock 55
16-bit 1/0 Wait States 56
2.88 MB 34" Floppy Drive Support 12
24 or 12 Hour Mode 124
24-hour flag 105
256 KB Memory Relocate 22
27010, 27128, 27256, 27512 457
384 KB Memory Relocation 56
486 Cache Burst Cycle 61
8 Bit DMA Wait States 56
8-Bit DMA Active Clock 55
8-bit /0 Wait States 56
80386DX, SX 12
8042 187, 431
8042 - Gate A20 Failure 451
8042 Functions 433
8042/Keyboard Interface 449, 450
80486 12, 17, 54, 467, 468
80x87 52
82C206 Access Wait State 57
8742 431
ABIOS 4
Above 1 MB Memory Test 16, 50
Acknowledge Interrupt 385
Adapter mode register 105
Adapter Shadow RAM Cacheable 57
Adaptor ROM

Address 105

BIOS 8

Shadowing 15
Additional AT Cycle Wait State 57
Address Line Short! 452
Address mark not found 104
ADS Synchronized Internally 57
Advanced Chipset Setup 55
Advanced CMOS Setup 49
Advanced Power Management 11
Advanced ROM Diagnostics 23
AH Register 178
AL Register 178
Alarm Interrupt 124

Flag 124
Allocation, Non-Cached Area 57
AMI Power Management BIOS 413
AMIDiag 6
APM 11, 414
Arbitration

in EISA systems 425

Architecture
for ISA systems 1
Arithmetic Overflow Interrupt 180
AT Bus 16 Bit Command Delay 58
AT Bus 32 Bit Command Delay 58
AT Bus 32 Bit Wait States 59
AT Bus 8 Bit Command Delay 58
AT Bus 8 Bit Wait States 59
AT Bus Address Hold Time 59
AT Bus Clock Source 58
AT Bus 1/0 Command Delay 59
AT Clock Frequency Select 59
AT Cycle Between 1/0 Cycles 60
ATCLK Stretch 60
Auto Interleave 24, 25, 91, 95
Auto Manager 84
Auto-Configuration 58
Autodetect Hard Disk 38, 43
AutoKeyLock 10
AUTOSYNC 70
AX Register 178
Back to Back I/0 60
Bad Tracks
Force 28
Base 64 KB Memory Failure 451
Base Memory 128
Basic Input Output System 1
Baud Rate Initialization Table 120
BCLK Stretch 60
Beep Codes 167
BIOS 1
A standardized interface 4
Adaptor ROM 8
Advantages 4
Beep Codes 167
Boot process 101
Checkpoint codes for POST 159
Configuration Summary Screen 169
Data area 101, 109
Date 456, 470
Device Service Routine 174
Diagnostics 5, 15
EGA 8
Errors 167
Fatal error messages 167
Features 9
Finding the BIOS Date 456
Finding the chipset type 455
Finding the processor speed 455
Hard Disk Utilities 15, 23, 91
History 459
Identification strings 168, 456, 469
Identifying the ROM 455
Independent features 9
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Index, Continued

BIOS, cont’d
Installing 457, 458
Interface 2
Keyboard Controller 8
Length 130
Non-Fatal Error Messages 452
Password support 89
Reference Number 460
Reference string 168
Register conventions 178
Removing old BIOS ROMs 458
Revision level 119, 269
SCSI 169
Setup utility 7, 35
Shadow Segments 61
Shadowing 14
Stack area 181
Standard features 9
System 6, 7
System BIOS location 8
Types of 7
Upgrading 455
VGA 8
Video 8
Block keyboard controller lines P22 and P23 447
Blue Lightning 12
Boot Sector Virus Protection 54
Boot sequence 52, 129
Boot speed 52, 129
Boot Up Speed 18
Bootstrap Loader 321
Bootstrap Loader Interrupt 180
Break Key 105
Break Point 180
Breakpoint 184
Bus Master
Components 423
Multiple 421
Bus timeout NMI 183
BX Register 178
Bytes per Sector 112
C: Drive Error 452
C: Drive Failure 452
C&T 386 chipset 462
C&T 82C710, 82C711, 82C721 12
Cache Burst Read Cycle 61
Cache Burst Wait State 61
Cache Controller
Enable or Disable 318
Status 317
Cache Early Write Enable 61
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Cache Memory 11, 54, 129
Automatically detects size 12
Diagnostics 130
External 17
Internal 17

Cache Memory Bad, Do Not Enable Cache! 452

Cache Read Cycle 61

Cache Read Wait State 62

Cache Write Wait State 62

Cacheable RAM Address Range 62

Cacheable Region 61

Card Services 11, 326, 395

CAS Delay 62

CAS Precharge 62

CAS Pulse Width 63

CAS Read Delay 63

CBIOS 4

CCB 440, 443

Century Byte 130

CF Register 178

CFG files 279, 427
Duplicate 282
File naming conventions 430
with duplicate names 430

CH-2 Timer Error 452

Check Test Cylinder 24, 27

Checkpoint Codes 159, 160, 166
EISA 166
ISA 160

Clear EISA Configuration CMOS RAM 290

Clock line 449

CMOS Battery State Low 452

CMOS Checksum 129, 131

CMOS Checksum Failure 452

CMOS Display Type Mismatch 452

CMOS Memory Size Mismatch 452

CMOS RAM 121
Accessing 121
Advanced CMOS Setup Options 126
Checksum error 125
Configuration mismatch 125
EISA Extended 122
Information Flag 130
Map 123
Memory size mismatch 125
Organization 122

CMOS Setup 19, 20
Exiting 20
Key Usage 20

CMOS Shutdown Register Read/Write Error 451

CMOS System Options Not Set 452

CMOS Time & Date Not Set 452

Color Table 132



Index, Continued

Command Delay, 16-Bit Cycle 63
Command Delay, 8-Bit Cycle 63
Compatibility
ROM 110
Computer
hardware 1
Concurrent Refresh 63
Configuration
Data 122
Problem 37
Configuration Summary Screen 169
Control Byte 115, 209
Controller Command Byte 441
Conventional Memory
Moving data to extended memory 264
Coprocessor 102
Emulation 185
Coprocessor Not Available 185
Coupled Refresh Mode 64
CPU
Type 84
CPU Address Pipeline Mode 64
CPU Time-Slice Priority 64
CRC failed on disk read 104
CRD Generation 64
CS 178
Ctrl Break 408
Cursor 104
CX Register 178
Cycle Early Start 64
Cyrix 12
D: Drive Error 452
D: drive failure 452
Data bits 434
Data line 449
Data transmission rate 228
Data Transmission Rate Initialization Table 120
Date and Time Mode 124
Daylight Savings Time 124
Decoupled Refresh 64
Default values loaded. Press any key to continue
37, 42
DEL Key 17
Deleting a password 11
Desqview 1
Device ID Number 283
Device Service Routine 174
DI Register 178

Diagnostics 15
Auto Interleave 25
Check Test Cylinder 27
Diskette Change Line Test 32
Drive Speed Test 29
Floppy disk 28
Floppy Format Test 29
Force Bad Tracks 28
Keyboard 32
Media Analysis 25
Miscellaneous 34
Performance Test 26
Printer Adapter Test 34
Random Read/Write Test, Floppy 30
Read/Verify Test 27
Scan/ASCII Code Test 32
Seek Test 26
Sequential Read/Write Test 31
Serial Communication Adapter Test 34
Utility 6
Video 33
Disable Keyboard 443
Disk Change Line Test 32
Diskette Boot Failure 452
Display Memory Read/Write Emor 451
Display Switch Not Proper 452
Divide by Zero 180, 182
Divisor Latch 225
DMA 55
Boundary Error 104
EISA 423
Fast Sample 65
Overrun Error 104
DMA #1 Error 452
DMA #2 Error 452
DMA CAS Timing Delay 65
DMA Clock 65
DMA Error 452
DMAMEMR Assertion Delay 65
DRAM
RAS Precharge T-Cycles 65
State Machine Select 65
Drive
Current 66
Door was opened 104
Types 115
DS Register 178
DX Register 178
Early READY Enable 66
ECC burst length 209
ECP 9
ECU 419, 428
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EEPROM 431

EGA 8

EGA Default video driver 180

EISA 419
Adapter Card Compressed ID 152, 429
Adapter Card I/O Ports 152
and 32-bit addressing 421
Bus specifications 420
Bus version 285, 292
CFG files 427
CFG Overlay Files 428
CFG Overlay files, revision levels 286, 293
Clock cycles 420
CMOS Checksum 453
Common clock 423
Compressed ID 285, 291
Configuration 427
Configuration Data Table 291
Configuration functions 279
Configuration Information 122, 282
Configuration Utility 419, 428
Data transfer rate 420
Device ID Number 283
Device Number 280
Device Type and Subtype 287, 294
Devices 279
Devices and slots 279
DMA 420, 423
DMA and arbitration 425
DMA channel timing 288, 296
DMA channels 288, 296
DMA transfer size 288, 296
Embedded devices 280
ENABLE 286, 292
Error messages 453
Extended CMOS RAM 279, 427, 428
Fail-Safe Timer 278
Hardware interrupt configuration 288, 295
1/0 Port information 288, 296
1/0 Port Initialization 289, 297
Information 279
Interrupt handling 426
IOCHKERR 286, 292
Memory configuration 287, 295
Motherboard ID 429
NMI 454
Overview 419
Product ID 429
Product Number 285, 292
Product Revision Number 285, 292
Slot Function Information 286, 293
Slot Information 286, 292
Slot numbers and adapter cards 427
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EISA, cont’d
Support 237
Synchronous data transfer protocol 421
System BIOS 430
System configuration 427
System resources 428
Virtual devices 280
EISA BCLK 66
EM 185
Embedded Devices 280
EMS
& Relocation Wait State 66
Base Address Pages 0-3 67
Interrupt 181
Page Reg 1/0 Address (hex) 67
Page Register Map 67
Page Registers 67
Emulation Bit 185
Enable Cache Controller 318
Enable Keyboard 443
EPP 9
EPROM 431
Equipment
Byte 128
List 102
Equipment List Service 180
Error Codes 394
Error Messages 451
Errors
BIOS 167
ES Register 178
ESDI
bard disk controller 8
ExCA Card Service 395
Expansion Board NMI 454
Ext. Parity Error Input 68
Extended BIOS Data Area 102, 269
Extended CMOS RAM 428
Extended DMA Memory Read 68
Extended 1/0 Decode 68
Extended Keyboard Flags Byte 303
Extended Keyboard LED Flag 107
Extended Memory 100, 128, 129
Size of 265
Extended Parallel Port 9
Fl key 17
Fail-safe timer NMI 183, 454
Fast BUS CLK Divider 68
Fast Decode Enable 68
Fast Gate A20 16, 53, 129
Fast 1/0 Speed Option 69
Fast Reset Control 69
FDD Controller Failure 453



Index, Continued

Feature Information Byte 119, 269
File servers 13
First Serial Port Address 69, 88
Fixed Disk Drive
Controller 74
FLAG bits 178
Flash EPROM 9
Floppy Controller 74
Interrupt 180
Floppy Disk Base Table 180
Floppy Disk Drive 128
Bytes per Sector 112
Calibration Status 103
Change Line Test 32
Controller status bytes 104
Default Settings 114
Diagnostics 28
Fill Byte for Formatting 113
Format Test 29
Gap Length 113
Head Settle Time 113
Head Unload Time 111, 112
Motor Start Time 113
Motor status 103
Motor timeout 103
Motor Wait Timer 112
Number of 102
Parameters 111
Random Read/Write Test 30
Sectors Per Track 112
Sequential Read/Write Test 31
Speed Test 29
Status 104
Step Rate 111
Type in CMOS RAM 126
Floppy Disk Drives
Number of 201
Floppy Disk Parameter Table 409
Floppy Disk Service 180, 215
Error codes 216
Floppy Drive 48
Floppy Drive Seek 129
Floppy Drive Seek at Boot 18, 52
Floppy IRQ Active State 88
Force Bad Tracks 24, 28
Formatting the Hard Disk 24
GA20 Line After System Boot 69
Gap Length 113
Gate A20 16, 53, 129
Get Access Offsets 392
Get Adapter 346
Get Adapter Count 341

Get EDC 379
Get Page 360, 361
Get Socket 367-369
Get SS Info 342
Get Status 373, 374
Get Vendor Info 384
Get Window 356, 357
Green PC 10
Halt Cycle to Set Clock 124
Handheld computers 413
Hard Disk C: Parameter Table 180
Hard Disk Controller Interrupt 181
Hard Disk D: Parameter Table 181
Hard Disk Diagnostics 24
Hard Disk Drive 103
Auto Interleave 25
Autodetect 38
Capacity 118
CMOS Configuration data 127
Control Byte 115, 209
Controller 74, 104
Data transmission speed 106
Diagnostics 24
Drive Types 115, 116
ECC burst length 209
Force Bad Tracks 28
Formatting 24
interleave factor 25
Landing Zone 115, 209
Media Analysis 25
Number of 106
Number of Cylinders 115, 209
Number of heads 115, 209
Parameter Table 115, 118
Performance Test 26
Read/Verify Test 27
Sectors per track 115, 209
Seek Test 26
Selecting a drive type 116
Sentinel 84
Status of last operation 105
User-definable drive types 116
User-Defined 128
Write precompensation cylinder 115, 209
Hard disk drive controller
Diagnostic test 214
Hard Disk Format 91
Hard Disk Idle Timeout 81
Hard Disk Interleave 24
Hard Disk Parameter Table 115
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Hard Disk Service 180, 202
Coding Conventions 204
Error Codes 203
Hard Disk Type 47 RAM Area 16, 51
Hard Disk Utilities 23, 91
Error messages 97
When to use 92
Hardware
and the BIOS 3
1/0 Port Addresses 135
HDD Controller Failure 453
Head
Load Time 112
Settle Time 113
Unload Time 111
Hidden Refresh 69
Hit <DEL> if you want to run Setup 17, 50, 126
Hot Key Power Down 82
1/0 Controller Support 12
1/0 Cycle Delay 57
1/0 Port
Accessing 133
Identified by 133
ISA vs EISA 135
1/O port 64h 436
1/0 Port 70h 183
1/0 Port 80h 159, 167
1/0 Ports
ISA and EISA differences 135
1/0 Recovery Select 60
1/0 Recovery Time 60
IDE
Controller 74
IDE Block Transfer Mode 9
IDE Standby Mode 10
Identification Strings 469
Illegal function requested 104
Information Flag 130
Inhibit override 441
Inquire Adapter 343
Inquire EDC 377
Inquire Socket 364
Installing
ROM chips 457, 458
INT 00h Divide by Zero 180, 182
INT 01h Single Stepping 180, 182
INT 02k 176
INT 02h Nonmaskable Interrupt 180, 183
INT 03h Breakpoint 180, 184
INT 04h Overflow Error 180, 184
INT 05h Print Screen 180, 184, 188
INT 06h Invalid Op Code 180, 185
INT 07h Coprocessor Not Available 180, 185
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INT 08h 408
INT 08h Timer Interrupt 180, 186
INT 09h Keyboard Interrupt 180, 187
INT 0Ah 180, 189
INT 0Bh 180, 189
INT 0Ch 180, 189
INT ODh 180, 189
INT OEh 180, 189
INT OFh 180, 189
INT 10h Video Service 180, 190
Function 00h Set Video Mode 191
Function 01h Set Cursor Type 192
Function 02h Set Cursor Position 192
Function 03h Return Cursor Position 193
Function 04h Return Light Pen Position 193
Function 05h Set Current Video Page 194
Function 06h Scroll Text Upward 194
Function 07h Scroll Text Downward 195
Function 08h Return Character or Attribute
195
Function 09h Write Character or Attribute 196
Function 0Ah Write Character 196
Function 0Bh Subfunction 00h Set Palette 197
Function 0Bh Subfunction 01h Set Color
Palette 197
Function OCh Write Graphic Pixel 198
Function ODh Read Graphic Pixel 198
Function OEh Write Character 199
Function OFh Return Video Display Mode 199
Write Character String 200
INT 11h Equipment List Service 180, 201
INT 12h Return Memory Size Service 180, 201
INT 13h Floppy Disk Service 180, 215
Coding Conventions 217
Error Codes 216
Function 00h Reset Floppy Disk Drive 217
Function 01h Return Drive Status 218
Function 02h Read Disk Sectors 218
Function 03h Write Disk Sectors 219
Function 04h Verify Disk Sectors 219
Function 05h Format Disk Track 220
Function 08h Return Disk Parameters 221
Function 15h Return Drive Type 222
Function 16h Disk Media Change Status 222
Function 17h Set Floppy Disk Type 223
Function 18h Set Floppy Disk Type before
Format 223
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INT 13h Hard Disk Service 180, 202
Error Codes 203
Function 00h Reset Disk Drive 204
Function 01h Return Disk Drive Status 205
Function 02h Read Disk Sectors 205
Function 03h Write Disk Sectors 206
Function 04h Verify Disk Sectors 206
Function 05h Format Disk Track 207
Function 06h Format Track and Mark Lead
Sectors 207
Function 07h Format Disk Starting at Specified
Cylinder 208
Function 08h Return Disk Parameters 208
Function 09h Initialize Hard Disk Controller
209
Function 0Ah Read Disk Sectors and Error
Correction Codes 210
Function 0Bh Write Disk Sectors and Error
Correction Codes 211
Function 0Ch Seek Hard Disk Cylinder 212
Function 0Dh Reset Hard Disk Controller 212
Function 10h Test Unit Ready 213
Function 11h Recalibrate Hard Disk 213
Function 14h Perform Internal Controller
Diagnostic 214
Function 15h Return Drive Type 214
INT 14h Serial Communications Service 180, 224
Function 00h Initialize Serial Port 228
Function 01h Send Character to Serial Port
230
Function 02h Receive Character from Serial
Port 231
Function 03h Return Serial Port Status 232
Function 04b Extended Initialize Serial Port
233
Function 05h Extended Serial Port Control
Subfunction AL = 00h 235
Function 05h Extended Serial Port Control
Subfunction AL = 01h 236
INT 15h System Services 180,237
Function COh Return System Configuration
Parameters 119
Function C2h Subfunction 06h Mouse Status or
Set Scaling Factor 275
Function 4Fh 188, 269
Function 4Fh PS/2 Keyboard Intercept 239
Function 53h Subfunction AL = 00h APM
Installation Check 240, 242, 243
Function 53h Subfunction AL = 01h APM
Real Mode Interface Connect 241
Function 53h Subfunction AL = 03h APM
Protected Mode 16-Bit Int 244

INT 15h Systems Services, cont’d

Function 53h Subfunction AL = 04h APM
Interface Disconnect 246

Function 53h Subfunction AL = 05h CPU Idle
247

Function 53h Subfunction AL = 06h CPU
Busy 248

Function 53h Subfunction AL = 07h Set Power
State 249

Function 53h Subfunction AL = 08h Enable
Power Management 251

Function 53h Subfunction AL = 09h Restore
APM BIOS Power-On Def 252

Function 53h Subfunction AL = 0Ah Get
Power Status 253

Function 53h Subfunction AL = 0Bh Get PM
Event 254

Function 53h Subfunction AL = OCh Get
Power State 255

Function 53h Subfunction AL = ODbh Enable
Device Power Management 256

Function 53h Subfunction AL = 80h BH =
OEM-Defined Function Cod 258

Function 53h Subfunction AL = 80h
OEM-Defined APM Functions 257

Function 80b Device Open 261

Function 81h Device Close 261

Function 82h Process Termination 261

Function 83h Event Wait 262

Function 84h Joystick Support 262

Function 85h 188

Function 85h SysReq Key Handler 263

Function 86h Wait Function 263

Function 87h Move Extended Memory Block
264

Function 88h Return Size of Extended Memory
265

Function 89h Switch to Protected Mode 265

Function 90h Device Busy Loop 267

Function 91h Interrupt Complete 268

Function COh Return Configuration Parameter
268

Function C1h Return Address of Extended
BIOS Data Area 269

Function C2h PS/2 Mouse Support 270

Function C2h Subfunction 00h Enable Mouse
270

Function C2h Subfunction 01h Reset Mouse
271

Function C2h Subfunction 02h Set Sample
Rate 272

Index 489



Index, Continued

INT 15h Systems Services, cont’d
Function C2h Subfunction 03h Set Resolution
273
Function C2h Subfunction 04h Return Mouse
Type 273
Function C2h Subfunction 05h Initialize Mouse
Interface 274
Function C2h Subfunction 07h Set Mouse
Handler Address 277
Function C3h Fail-Safe Timer Control 278
Function D8h EISA Features 279
Function D8h Subfunction 00h (80h) Read Slot
Configuration Info 280
Function D8h Subfunction 01h (81h) Read
Function Configuration 284
Function D8h Subfunction 02h (82h) Clear
EISA CMOS RAM 290
Function D8h Subfunction 03h (83h) Write to
EISA CMOS RAM 291
Function D8h Subfunction 04h (84h) Read Slot
Device Compressed 298
Joystick Support 237
Power Management Error Codes 259
PS/2 Support 237
System Information 237
Tape Cassette Services 237
INT 16h Keyboard Service 180, 299
Function 00h Read Character 299
Function 01h Return Keyboard Status 300
Function 02h Return Keyboard Flags 300
Function 03h Set Typematic Rate Parameters
301
Function 05h Push Character and Scan Code to
Buffer 302
Function 10h Enhanced Keyboard Read
Character 302
Function 11h Enhanced Keyboard Return
Status 302
Function 12h Return Enhanced Keyboard Flags
303
Function FOh Set CPU Speed 316
Function F1h Read CPU Speed 316
Function F4h Disable Cache Controller 318
Function F4h Enable Cache Controller 304,
305, 318
Function F4h Read Cache Controller Status
317
INT 17h Parallel Printer Service 180, 319
Function 00h Write Character 319
Function 01h Initialize Parallel Port 320
Function 02h Read Parallel Port Status 320
INT 18h ROM BASIC 180, 321
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INT 19h Bootstrap Loader 155, 180, 321

INT 1Ah Real Time Clock Service 180, 323
Counter 105
Function 00h Return Clock Tick Count 336
Function 01h Set Clock Tick Count 337
Function 02h Return Current Time 337
Function 03h Set Current Time 338
Function 04h Return Current Date 338
Function 05h Set Current Date 339
Function 06h Set Alarm 339
Function 07h Reset Alarm 339

INT 1Bh <Ctrl> <Break> 180, 188, 408

INT 1Ch Periodic Timer Interrupt 180, 408

INT 1Ch Timer Tick 186

INT 1Dh Video Parameter Table 180, 408

INT 1Eh Floppy Disk Parameter Table 180, 409

INT 1Fh Video Graphics Characters 180, 409

INT 40h 180, 204, 217

INT 41h 180

INT 42h 180

INT 43h 180

INT 44h 181

INT 46h 181

INT 4Ah User Alarm Interrupt 181

INT 5Ch NetBIOS 181

INT 67h EMS 181

INT 70h Real Time Clock Interrupt (IRQ8) 410

INT 70h Real Time Clock Interrupt (IRQ8) 181

INT 71h 410

INT 74h PS/2 Mouse Interrupt (IRQ12) 181, 410

INT 75h Math Coprocessor Interrupt (IRQ13)

411
INT 75h Math Coprocessor Interrupt (IRQ13) 181
INT 76h Hard Disk Drive Interrupt (IRQ14) 181,
411

INT 77h Power Down Interrupt (IRQ15) 181, 411

INT 7Ah Novell NetWare APl 181

Intel 82341 12

Interface test 443

Interleave factor 25, 95, 208

Interleave Type 70

Internal MUX Clock Source 70

Internal/External Cache 70

Interrupt Enable Register 225

Interrupt Flag 175
POST 102

Interrupt ID Register 225

Interrupt Request Line 173

Interrupt Service Routine 171

Interrupt Vector Table 175
Initializing 176
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Interrupts
Adding 177
Device Service Routine 174
Edge-triggered 426
Handling 172
Hardware 173
Interrupt Service Routine 171
Level-triggered 426
Numbers 174
Processor 173
Replacing 177
Replacing an interrupt routine 177
Software 171, 174, 179
System 179
Types 172
Unexpected 176
Using 171
Vectors 175
INTO instruction 184
INTR #1 #2 Error 453
Intra-Applications Communication Area 108
Invalid Boot Diskette 453
Invalid Op Code 185
IOCHKERR 152
IOCHKRST 152
IOR/IOW Wait States 70
IP 178
IRET instruction 175, 408
Replaces INTO instruction 184
IRQ 173
Active State 86
Flag 124
IRQO 186
IRQ1 187
IRQ2 189
IRQ3 189
IRQ4 189
IRQS 189
IRQ6 189
IRQ7 189
IRQ8 339, 410
IRQ9 410
IRQ12 410
IRQ13 411
IRQ14 411
IRQ15 411, 417
ISA
Bus rate 420
Configuration data 122
Joystick support 237, 262
KB/Interface Error 453
KBCLK Select 70

Keyboard 128
Buffer 103
Control Flags 188
Diagnostics 32
Flags 303
Hardware Communication Protocol 450
Intercept 269
Interface with Keyboard Controller 449
Preventing data transfer 450
Reset Control 71
Scan/ASCII Code Test 32
Sentinel 84
Service 299
Status Byte 102
Status, extended 107
Test input 449
Typematic Data 127
Keyboard BIOS
Features 431
Speed 431
Keyboard buffer 302
Pointer 103
Starting and ending addresses 106
Keyboard Controller 16, 187
BIOS 8, 431
Error Processing 434
Functions 432
1/O Ports 438
Interface with keyboard 449, 450
Status Register 437
System Interface 436

Keyboard Controller Output Buffer Full Interrupt

180

Keyboard Error 453
Keyboard Frequency Select 70
Keyboard Is Locked...Unlock It 453
Keyboard Service 180, 299
Keyboard Speed Switching 10
Keyboard Transmission

Parity Error 434

Timeout Error 434
Keystroke

Testing for 188
Landing Zone 115, 209
Laptop computers 413
Late -RAS Mode 71
LCD

Power Down Timeout 81
LCD Sentinel 84
Light Pen 193
Line Control Register 226
Line Status Register 227

Index
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Local Bus 11

Local Bus Ready 71

Local Memory Access, Block 1 71
Local READY Delay 72

Low Battery Power Warning 82
Low CPU Clock Speed 72

Low power condition 82
Manual Suspend Timeout 82
Manual TRANCE Mode 83
Manufacturing Test Port 167
Mark Bad Tracks 95

Math coprocessor 102, 128, 201

Math Coprocessor Exception Interrupt (IRQ13)

181, 411
MC146818 123
Media Analysis 24, 25, 91, 96
and SCSI drives 25
Memory
Conventional 128
Extended 128, 130
Extended memory size 265
map 99

Moving data from conventional to extended

memory 264

Memory addr. delay from RAS 72
Memory Detect 11
Memory Parity Error Check 16, 50, 126
Memory Read Wait State 72
Memory Size 102

Automatically detects 12

Detection 12
Memory Size Service 180
Memory Test Tick Sound 13, 16, 50, 126
Memory Write Wait State 72
Microsoft Windows Support 417
Middle BIOS (Below 16 MB) 73
Miscellaneous Diagnostics 34
Model Byte 119, 269
Modem

Internal 201
Modem Control Register 226
Modem Status Register 227
Monitor 22, 48

Video Diagnostics 33
Monitor Type 128
Monochrome Table 132
Motor Start Time 113
Motor Wait Time 112
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Mouse
Data Package Size 271, 274
Data Packet Size 274
Enable 270
Get mouse type 273
Handler Address 277
Initialize 274
PS/2-type 431
Reset PS/2-type 271
Resolution 271, 273, 274
Sample Rate 271, 272, 274
Scaling 271, 274
Set Mouse Handler Address 277
Set Resolution 273
Set Sample Rate 272
Set Scaling Factor 275
Support for PS/2-type 237
Support option 17, 50
Type 273
Mouse IRQ Active State 88
Mouse Port Address 88
Multiple ALE Enable 73
Multitasking
Services of INT 15h 237
Nap Mode Timeout 83
National Semiconductor PC87310, 311 12
NEAT Chipset 462
NetBIOS 181
Network File Servers 13
NMI 156, 174, 180
Disabling 183
Error messages 454
Expansion board 454
Fail-safe timer 454
How generated 183
Software port 454
Source indicator 183
NMI Power Failure Warning 74
No ROM BASIC 453
NO ROM BASIC SYSTEM HALTED 321
Non-Cacheable Block Base 73
Non-Cacheable Block Size 73
Non-Cacheable Bound. End 74
Non-Cacheable Bound. Start 74
Non-Cacheable Boundary > IM 73
Nonmaskable Interrupt 176, 180, 183
Notebook computers 413
Novell NetWare API Interrupt 181
Num Lock 17, 52
Numeric Processor 18, 52
Numeric/Weitek Processor(s) 52
Off Board Parity Error 453
Off State 416
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On Board Floppy Controller 74
On Board Floppy Drive 85
On Board IDE Controller 74
On Board IDE Drive 86
On Board Parity Error 453
Operating System 4
082 417
Overflow Error 184
Page Mode 74
Parallel adapters
Number of 102
Parallel IRQ Active State 88
Parallel Port
Addresses 74, 101
Mode 86
Number of 201
Test 34
Status 106
Parallel Printer Interrupt 180
Parallel Printer Service 180
Parity bit 434
Parity Error 451
Password 131
Changing the BIOS 89
default 89
Password Check Option 18, 53
Password Deletion 11
Pause EDC 382
PCI 11
Performance Test 24, 26
Periodic Interrupt 124, 408
Flag 124
POST 5, 101, 155
Checkpoint codes 159
Diagnostics 156
EISA Checkpoint Codes 166
Error handling 167
Functions 156
Memory Test 168
Starting 155
POST Write 75
Power Down Interrupt 411
Power Management 417
Error Codes 259
Interrupt 417
Options 81
Setup 81
Power Management BIOS 413
Power Management BIOS Interrupt 181
Power On Self Test 5, 155
Print Screen Interrupt 180, 184
Printer Adapter Test 34

Processor
Type and speed 455
Processor error 451
Processor Exception Interrupt Error 451
Programming Option 75, 87
Protected address mode 265
Protected Mode
Services 237
PS/2 Keyboard Error Detection 9
PS/2 Mouse 201, 410
Enabling support for 126
Support for 17, 237, 270
Pulse Output Port 448
Random Read/Write Test 30
RAS
Precharge Time 75
to CAS Delay 76
RAS* Timeout Counter 75
Rate selection 123
RC Emulation 76
Read Cache Bad or Good 443
Read Cache Controller Status 317
Read Clock 442
Read CPU Speed 316
Read EDC 383
Read Input Port 446
Read Mode 447
Read Output Port 447
Read Test Inputs 448
Read-Only Memory 3
Read/Verify Test 24, 27
Ready State 415
Real mode 265
Real Time Clock 107, 123
24 or 12 Hour Mode 124
Alarm Interrupt 124
CMOS RAM Checksum error 125
CMOS RAM Configuration Mismatch 125
Date and Time Mode 124
Daylight Savings Time 124
Diagnostic Status 125
INT 1Ah Services 323
Interrupt 181, 410
IRQ Flag 124
Periodic Interrupt 124
Rate selection 123
Square Wave 124
Status Register A 123
Status Register B 124
Status Register C 124
Status Register D 124
Time status indicator 125

Index
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Real Time Clock, cont’d Set Page 362, 363
Update-Ended Interrupt 124 Set Resolution for PS/2 Mouse 273
Real Time Clock Service 180 Set Sample Rate for PS/2 Mouse 272
Counter 105 Set Scaling Factor for PS/2 Mouse 275
Receiver Buffer Register 225 Set Socket 370-372
Refresh Failure 451 Set Window 358
Relax Mode Timeout 83 Setup 35
Relocated 256 KB Cacheable 76 Above 1 MB Memory Test 50
Remap Memory 76 Advanced CMOS Setup 49
Reset Card 376 ) Auto Configuration 42
Reset Flag 188 Boot Sector Virus Protection 18
Resume EDC 382 External Cache Memory 17, 54
ROM 3 Fast Gate A20 53
Advantages of 4 Features 16
Compatibility Table 110 Floppy Drive Seek At Boot 52
Extensions 169 Floppy Drives 48
Shadowing 54 Internal Cache Memory 17, 54
ROM Basic Interrupt 180, 321 Key Usage 40
ROM Checksum Error 451 Keyboard 48
ROM Diagnostics 19 Memory Parity Error Checking 50
Floppy Disk Diagnostics 28 Memory Test Tick Sound 50
Hard Disk 24 Monitor 48
Hard Disk Format 24 Mouse Support Option 50
Miscellaneous Diagnostics 34 Numeric Processor 52
Printer Adapter Test 34 Numeric/Weitek Processor(s) 52
Serial Communication Adapter Test 34 Password Check Option 18, 53
Video 33 Peripheral 85
Scaling Factor 271, 274 Power Management 81
Scan/ASCII Code Test 32 Running 39
SCSI 93 Screen colors 131
SCSI BIOS 169 Standard CMOS Setup 45
Second Serial Port Address 77 System Boot Up Num Lock 52
Sector not found 104 System Boot Up Sequence 52
Sectors Per Track 112, 115, 209 Turbo Switch Function 53
Seek 18, 113 Typematic Rate Delay and Typematic Rate 49
Seek Test 24, 26 Utility 7
Self Test 443 Video or Adaptor ROM Shadow 54
Serial adapters Shadowing 14, 130, 131
Number of 102 Video ROM 15
Serial Communications Adapter Test 34 Shutdown
Serial Communications Service 180 Byte 125
Serial IRQ Active State 88 Status 125
Serial Port: Shutdown Register 157
Data Transmission Rates 120 SI Register 178
Interrupt 180 Single ALE Enable 77
Location in BIOS data area 101 Single Step 180
Number of 201 Single Stepping 182
Setting the baud rate 120 Sleep Mode
Status 106 Timeout 82
Serial/Parallel Port Sentinel 84 Slow BUS CLK Divider 77
Set Adapter 347, 348 Slow Memory Refresh Divider 78
Set CPU Speed 316 Slow Refresh 77
Set EDC 380 SMC FCD637C651 12
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SMC FCD637C661 12
Socket Services 11, 324
Socket Services Function Summary 340
Soft reset flag 105
Software port NMI 453, 454
Software Power Down 83
SP Register 178
Square Wave 124
SS Register 178
Staggered Refresh 78
Standard CMOS Setup 45
Standby State 415
Start bit 434
Start EDC 381
State Transitions 416
Status Register A 123
Status Register B 124
Status Register C 124
Status Register D 124
Step Rate 111
Stop bit 434
Stop EDC 383
Submodel Byte 119, 269
Suspend Timeout 82
Suspended State 416
System BIOS 6, 7
System Boot Control 321
System Boot UP CPU Speed 52
System Boot Up Num Lock 17, 52
System Boot Up Sequence 18, 52, 129
System Boot Up Speed 18, 129
System Configuration
Data 119
System Configuration Parameters 268
System Flag 441
System Shadow RAM Cacheable 78
System Timer 180
Systems software 1
T1 449
Test Memory above 1 MB 126
Texas Instruments Potomac 12
Time status indicator 125
Time-out bit 434
Timer
24-hour flag 105
Interrupt 186
Overflow Flag 186
Timer Not Operational 451
TRANCE Mode Timeout 83
Transmitter Holding Register 225
Turbo Memory Settings 79
Turbo Switch Function 18, 53, 129

Turn Num Lock Off at boot 126
Typematic Rate 17, 127
Typematic Rate and Delay 49
Typematic Rate Delay 17, 127
Typematic Rate Programming 17
Unblock keyboard controller lines P22 and P23
447

Unexpected Interrupt Handler 176
Unix 417
Unknown media type 104
Update in progress 123
Update Interrupt Flag 124
Update-Ended Interrupt 124
Upgrading

the system BIOS 455
User Alarm Interrupt 181
User Timer Tick Service 180
User wait flag address 107
User-Defined Hard Disk 126
Vendor-Specific 393
VGA 8
Video

6845 CRTC index register 153

BIOS 8

BIOS Shadow 22

Current Page size 104

cursor position 104

Diagnostics 33

Flags 107

Graphics Characters 409

Height of characters 106

1/0 Ports 153

Mode 191, 201

Number of text columns per line 104

Page 194

Page address 104

Page number 104

palette color 105

Parameters 119

RAM 106

Video Page Cursor position 104
Video BIOS Area Cacheable 79
Video Control Parameter Table 180
Video Diagnostics 33
Video display 128

Adapter mode registers 105

Current cursor position 104

Current page 104

1/0 port 104
Video Graphics Characters 180
Video Graphics Table 180

Index
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Video Mode 104, 191
Current number of text columns 104
Initial 102
Video Parameter Table 408
Video Service 180, 190
Setting palette with EGA/VGA 197
Video Shadow RAM Cacheable 80
Virtual Devices 280
Virus Protection 18, 54
VL-Bus 11
VLSI 82C106 12
VLSI 82C107 12
Wait active flag 107
Wait count 107
Wait for <F1> if Any Error 17, 51, 126, 168
Wait routines 237
Weitek 18, 129
Workstations 13
Write Cache Bad 443
Write Cache Good 443
Write Clock = High 442
Write Clock = Low 442
Write Mode 447
Write Output Port 447
Write precompensation cylinder 115
Write protect error 104
Xenix 417
XGA 8
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BIOS calls, the Programmer's Guide to the AMIBIOS is the
most comprehensive source of information on BIOS software
available anywhere. This book not only describes all standard
ISA and EISA system BIOS functions, it also includes complete
documentation of the new PCMCIA Socket Services,
Advanced Power Management (APM), and Peripheral
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