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Preface

Programmer’s Guide to the AMIBIOS provides extensive technical
details about the operation of the BIOS for ISA and EISA systems,
specifically the Hi-Flex AMIBIOS. This book does not specifically
discuss the IBM BIOS in IBM PC, XT, AT, or PS/2 computers.

Organization

Chapter

Contents

Chapter 1 Introduction

Chapter 2 BIOS Features

Chapter 3 AMIBIOS Setup (Before 2/91)
Chapter 4 Hi-Flex AMIBIOS Setup

Information useful to the average user
of a computer with an AMIBIOS. It is
not technically difficult.

Chapter 5 Memory Map

Chapter 6 ROM BIOS Data Area
Chapter 7 ROM BIOS Data
Chapter 8 CMOS RAM

Chapter 9 1/O Ports

BIOS data, useful for programmers,
software engineers, and those who
work with computer architecture.

Chapter 10 POST
Chapter 11 Introduction to Interrupts
Chapter 12 BIOS Interrupts

The most important part of this book -
descriptions of how the BIOS software
interrupts work. This information is
valuable for engineers and
programmers.

Chapter 13 EISA Overview
Chapter 14 Keyboard BIOS

Provides advanced technical
information about newer BIOS
technology, of use to engineers and
developers.

Appendix A Error Messages and Beep Codes
Appendix B Upgrading the BIOS

Appendix C AMIBIOS History

Appendix D AMIBIOS ID Strings

Appendix E Old AMIBIOS Checkpoint Codes

The appendices contain general
reference information for using or
upgrading the BIOS in your computer
and historical data about AMIBIOS.

Some common acronyms and abbreviations are listed on pages 477 -

480.

x Programmer’s Guide to the AMIBIOS
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Chapter 1

Introduction

The architecture of the software in ISA (Industry Standard
Architecture) and EISA (Extended Industry Standard Architecture)
systems is layered. The innermost layer is the computer — the
hardware itself. The outer layer is the applications software with
which the user interfaces. Systems software lies between applications
software and hardware.

Systems software can consist of several elements: the BIOS, the
operating system kernel, the operating system shell, and additional
device drivers. Operating environments (Microsoft Windows) exist in a
layer between the operating system and applications software, as do
multitasking supervisors or DOS extenders like Desqview.

The BIOS (Basic Input Output System) is a collection of routines
between the hardware and the systems software. The BIOS consists of
diagnostic routines, device drivers, interrupt service routines, and
other code and data between the hardware and the systems software.

Applications
Software

DOS

BIOS

Hardware
Devices

Chapter 1 Introduction 1



Introducing the BIOS

The BIOS works in two directions: One part of the BIOS receives and
processes requests from programs to perform the standard BIOS I/0
services. The other side of the BIOS communicates with the hardware.
The mechanism for the requests from programs is called an interrupt,
discussed in detail beginning on page 171.

BIOS

DOS |«—

Sk

Interrupts are invoked by software programs. In an assembler
program, the INT mnemonic is followed by an interrupt number that
specifies the type of service and a function number that specifies the
exact service to be performed. For example:

MoV AH,00h ;specifies function 00h get character from keyboard
INT 16h ;requests INT 16h Keyboard Service
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Introducing the BIOS, Continued

BIOS and Hardware

The other side of the BIOS communicates with the hardware (video
display, disk drives, keyboard, serial and parallel ports, and so on) in
the language used by each device. The computer hardware in an
Industry Standard Architecture (ISA or IBM AT-compatible computer)
is an inert collection of intricately connected integrated circuits, wires,
fiberglass, peripheral I/O devices, and other electronic components.

The hardware side of the BIOS also handles any hardware device-
generated interrupts. For example, when a key is pressed on the
keyboard, a hardware interrupt (IRQ1) is generated. The BIOS INT 0%h
interrupt service routine is called to process the keystroke.

A computer can do nothing without software. A computer can't start
without software. Starting a computer and keeping it going is easier if
some of the software is permanently built into the system. It would be
most helpful if the permanent software was the software that deals
directly with the hardware — the BIOS.

ROM

Read-Only Memory devices (ROMs) can store software that is
permanently built into the system. ROMs store permanently recorded
code and data. This information can be modified or erased only by
special equipment. ROM devices, although slow compared to RAM
(Random Access Memory) devices, are a practical way of storing
information that does not change very often and that must be
protected from accidental erasure or tampering. In ISA and EISA
systems, the BIOS is called the ROM BIOS.

cont’d
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ROM, Continued

ROM Advantages

. ROM-based software is built into the system and does not
have to be loaded to memory from the disk drive (as DOS is
loaded). Since it is permanent, the ROM BIOS is the
foundation on which all other programs (including the
operating system) are built.

. ROM-based BIOS software is a standard that all programs for
ISA and EISA computers must adhere to, since it is part of the
computer architecture.

. As long as the interface between the operating system and the
BIOS is standardized, placing the BIOS in ROM allows the
hardware to evolve independently from the operating system.

If the BIOS code had been part of the operating system, the operating
system would have to be modified every time the hardware changed.
Every new peripheral device would require a new operating system
release. The BIOS acts as a buffer and permits easier configuration
when stored in ROM instead of in the operating system.

Operating System

The last part of the BIOS interface is the operating system, which calls
the BIOS directly. The BIOS in ISA and EISA computers supports MS-
DOS and PC-DOS. It does not directly support operating environments
such as Microsoft Windows, which does not directly call the BIOS.
Multitasking operating systems such as Unix do not need BIOS
services — they have their own device drivers. IBM OS/2 uses a
combination of a standard ISA BIOS, called the CBIOS, and a
multitasking BIOS, the ABIOS. Windows NT uses HAL, the Hardware
Abstraction Layer, which interfaces between the operating system and
the BIOS on ISA and EISA systems.
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Parts of the AMIBIOS

The four system ROM elements in a computer with an AMIBIOS are:

POST

BIOS Setup
Utility

Diagnostics
and Utility
Software

System BIOS

Executes at Power-On
and System Reset.

Executes only when you
press <Del> when

"Hit <DEL> to run SETUP"
is displayed.

Executes only when you
press <Del> when

"Hit <DEL> to run SETUP"
is displayed.

Always available as
interface between
hardware and software.

POST

The Power On Self Test (POST), described in detail beginning on page
155, consists of diagnostic and booting code that:

. executes a diagnostic and reliability test of the system, the
ROM programs, and system RAM,
. initializes the chips and the standard parts of the computer

system and places a record of the system configuration in
CMOS RAM and in low system memory,
sets up the interrupt vector table,

. detects optional equipment in the system, and

. boots the operating system.

cont’d
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Parts of the AMIBIOS, Continued

System BIOS

The system BIOS is a part of the code stored in ROM that is actively
used the entire time a computer is on. The ROM BIOS provides the
fundamental services needed for the proper operation of the system.

The BIOS controls the peripheral devices: the video display, keyboard,
disk drives, and serial and parallel ports through device service
routines.

Device service routines are the programs that actually perform all the
necessary steps when asked to read data from the hard disk drive.
They initialize, detect and correct errors, set error codes, and perform
all hardware-specific tasks associated with the activity they were asked
to perform. Interrupt service routines handle hardware interrupts.

In the broadest sense, the BIOS not only includes the routines that
control peripheral devices but also the routines that contain
information or perform tasks that are fundamental to all system
operations, such as tracking the time, keeping track of hardware device
status, and preventing system resource conflicts.

Hard Disk Utility or Diagnostics

You can choose Hard Disk Utility (newer AMIBIOS) or RUN
DIAGNOSTICS. The hard disk utilities in the AMIBIOS ROMs include
formatting, auto interleave, and media analysis. See page 91 for
additional information about the hard disk utilities. These diagnostics
have been removed from newer versions of the BIOS to make room for
the more complex functions that the BIOS must support. American
Megatrends manufactures a standalone diagnostic product —
AMIDiag, a utility program that tests all system functions and has
many other features.

The Diagnostics in the AMIBIOS ROMs include memory, hard disk,
floppy disk, video system, keyboard, and serial communications
analysis and performance tests. See page 23 for additional information
about ROM diagnostics.
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Parts of the AMIBIOS, Continued

BIOS Setup Utility

BIOS Setup stores system configuration data in CMOS RAM
(permanent, nonvolatile memory). The hard disk drive type, type of
floppy drives and monitor, and the day, date, and time can be set by
the AMIBIOS Setup utility, specifically through Standard CMOS Setup
in the Hi-Flex AMIBIOS. Newer versions of the AMIBIOS have
Advanced CMOS Setup and Advanced Chipset Setup to configure
more complex system characteristics, such as RAM and ROM wait
states, DMA Clock origination, and memory relocation. These
additional screens are described starting on page 49.

Types of BIOS

The types of BIOS in ISA and EISA computers include:

. the system BIOS,

. the video BIOS,

L] optional adaptor ROM BIOS, and
. the keyboard controller BIOS.
System BIOS

To recapitulate what we have said about the system BIOS, it consists
of diagnostic routines, device drivers, interrupt and device service
routines, and other code that acts as an interface between the system
hardware and the operating system. The system BIOS tests the system
components, loads (bootstraps) the operating system, and remains
active for requests by the operating system to activate device drivers
that service the keyboard, video display, hard drive, floppy drives, real
time clock, parallel ports, serial ports, and other components. The
system BIOS is a translator. The BIOS takes the instructions from the
operating system and translates these commands to the exact
instructions that the hardware understands. The BIOS is also the first
level of protection and system security. The BIOS maintains data about
various system components. The BIOS recognizes when a component
is unable to perform and reports it to the operating system.

cont’d
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Types of BIOS, Continued

System BIOS Size and Location

The system ROM BIOS code is 64 KB at FOO00h — FFFFFh in ISA
systems. In EISA systems, it is 128 KB at E0000h — FFFFFh.

Video BIOS

All ISA and EISA systems that use EGA, VGA, or XGA video adapters
have video BIOS. The system BIOS has a video service (INT 10h), but
it only handles the most basic MDA (Monochrome Display Adapter)
and CGA (Color Graphics Adapter) video functions. The video modes
defined in other video standards must be translated by a video BIOS,
usually installed on the video adapter card. The video BIOS is best
discussed in the context of the EGA, VGA, or XGA specifications. They
all require a separate BIOS. A comprehensive discussion of the video
BIOS is beyond the scope of this book.

Keyboard Controller BIOS

Every ISA and EISA system must also have a keyboard controller BIOS
to translate the signals from the keyboard into codes that the BIOS and
the system can understand. The keyboard controller BIOS is discussed
in detail beginning on page 431.

Adaptor ROM BIOS

Many adapter cards have code in ROM. For example, ESDI hard disk
drive controllers have a ROM that assists in translating this interface to
code that the computer can understand and vice versa.

Adaptor ROM resides between C8000h and EFFFFh. This area also can
be copied to RAM (in a process called shadowing) via AMIBIOS
Advanced CMOS Setup to speed operation of devices that have
adaptor ROMs, provided that the motherboard or chipset used in the
system supports adaptor ROM shadowing.

8 Programmer’s Guide to the AMIBIOS



Chapter 2

AMIBIOS Features

The two types of BIOS features in the BIOS are: standard features, and
BIOS Setup-dependent features.

Standard BIOS Features

AMIBIOS Setup features are accessed by pressing DEL when

Hit <DEL> if you want to run SETUP (0r DIAGS in older BIOS)

ECP and EPP Support

The 08/08/93 and later AMIBIOS support ECP (Extended Capabilities
Port) and EPP (Enhanced Parallel Port) in the INT 17h Parallel Port
Service if the appropriate hardware is present in the computer and the
appropriate I/O support is provided in the BIOS.

Flash EPROM Support

The 08/08/93 and later AMIBIOS provide additional INT 16h
functions to support the American Megatrends Flash Utility.

IDE Block Transfer Mode Support

The 08/08/93 and later AMIBIOS support transfer of multiple sectors
to and from an IDE drive. An AMIBIOS Setup option enables this
feature. An AMIBIOS Setup option specifies the maximum number of
sectors that can be transferred at a time.

PS/2 Keyboard Error Detection

The 08/08/93 core AMIBIOS and any later AMIBIOS displays a
keyboard error if a PS/2 mouse is inserted in a PS/2 keyboard port.
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Standard BIOS Features, Continued

IDE Standby Mode Support

The 08/08/93 and later AMIBIOS support IDE Standby mode, which
spins down the IDE hard disk drive after a prespecified period of hard
disk inactivity expires. IDE Standby mode is not supported by some
IDE drives. The timeout period is specified in AMIBIOS Setup.

Green PC Support

The 08/08/93 and later AMIBIOS provide Green PC functions when
used in a system with the American Megatrends MegaKey keyboard
controller. Green PC features include:

keyboard clock speed setting,

selecting hot keys, and

setting device timeout power down parameters (1 - 255
minutes) for up to five peripheral devices.

AMIBIOS Setup options permit the end user to control the timeout
values for each individual power-controlled peripheral device. The
Green PC functions cannot be used with the AutoKeyLock feature.

AutoKeyLock

The 08/08/93 and later AMIBIOS support AutoKeyLock. AutoKeyLock
can only be used in desktop systems with an AMIBIOS desktop BIOS
that also has an American Megatrends MegaKey keyboard controller.
An AMIBIOS Setup option sets the AutoKeyLock timeout period.
When the AutoKeyLock and Password features are enabled and no
system activity occurs for the specified time period, the system locks
and the end user must enter the correct password to use the computer.
AutoKeyLock cannot be used with the Green PC functions.

Keyboard Speed Switching

You can increase processor speeds at any time by pressing <Ctrl>
<Alt> <+>. Processor speed can be decreased by pressing <Ctrl> <Alt>
<-> (except in 80486-based systems). An OEM can modify these
keychords. The above keychords are the defaults.
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Standard BIOS Features, Continued

Enable Cache Memory

Both external and internal (if the CPU is an 80486) cache memory can
be enabled by pressing <Ctrl> <Alt> <Shift> <+> or disabled by
pressing <Ctrl> <Alt> <Shift> <->. These keychords are the defaults.

Password Deletion

Should you forget the system password and not be able to use the
computer, AMIBIOS implements a circumvention in the system
hardware design that does not require removal and reinstallation of
the CMOS RAM power supply.

Advanced Power Management (APM)

AMIBIOS supports the Intel/Microsoft INT 15h Advanced Power
Management BIOS functions.

System Memory Detect

AMIBIOS automatically detects all system memory, the type of
processor, and. onboard/ offboard floppy, IDE, serial, and parallel
controllers. AMIBIOS automatically configures onboard controllers to
prevent conflicts.

Detects IDE Hard Drive Parameters

If Autodetect Hard Disk Drive is selected on the AMIBIOS Setup main
menu, AMIBIOS detects and reports all IDE drive parameters.

Local Bus Support

AMIBIOS supports the VESA VL-Bus and Intel PCI local bus
standards. AMIBIOS supports all PCI-specific BIOS calls.

Socket Services and Card Services

AMIBIOS supports the INT 1Ah Socket Services and Card Services
functions.
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Standard BIOS Features, Continued

2.88 MB 3'2" Floppy Drive Support

AMIBIOS supports 2.88 MB 32" floppy drives, configured in
STANDARD CMOS SETUP.

Automatically Detects Processor Type and Speed

AMIBIOS can detect the Intel 386SX, 386DX, 386SL, 486SL, 486SX,
486DX, 486DX2, Pentium, and all other Intel CPUs, IBM Blue
Lightning, 386SLC, and 486SLC2, Cyrix Cx486SLC, Cx486DLC, Cx486S,
Cx486SLC2, Cx486DLC2, Cx48652, single-clock Cx486DX, double-clock
Cx486DX, and the Texas Instruments Potomac.

AMIBIOS also can detect all other 386- and 486-compatible CPUs and
executes BIOS code accordingly. AMIBIOS also automatically detects
the Cyrix Cx487S math coprocessor when used in conjunction with the
Cyrix 486S or 48652 CPU in a system.

Automatically Detects Memory Size

AMIBIOS reports system and cache memory on the initial AMIBIOS
screen and the AMIBIOS System Configuration Screen that appears
after POST completes. In systems with more than 1 MB, AMIBIOS
reports 384 KB less RAM than it finds because it accounts for the
address space between 640K and 1024K that is unavailable to DOS.

Peripheral Controller Support

AMIBIOS supports the Intel® 82341, VLSI 82C106 and 82C107, C&T
82C710, 82C711, and 82C721, National Semiconductor PC87310,
PC87311, and PC87312, SMC FCD637C651, FCD637C661, and
FCD637C665 Peripheral Controllers.

Parallel and Serial Port Support

AMIBIOS supports up to four serial ports and four parallel ports. The
fourth parallel port is not supported if PS/2 mouse support is enabled.
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Standard BIOS Features, Continued

Memory Test Tick Sound

The 08/08/93 and later AMIBIOS allow you to press ESC or DEL to
disable the ticking sound and bypass the memory test

Configures Nonstandard Systems

You can configure systems that are missing a keyboard, monitor, or
disk drive through AMIBIOS SETUP. Select Not Installed as the setting
for the missing device in Standard CMOS Setup. All missing device
error messages are suppressed, permitting normal boot.

Supports Hardware-Specific Features

Many ISA systems have paged memory, memory interleaving, EMS,
and power management features. The AMIBIOS in your computer may
have special BIOS Setup options to configure these features.

Supports Extended BIOS Services

AMIBIOS includes INT 14h Function 04h Extended Initialize and
Function 05h Extended Serial Port Control, a PS/2-compatible BIOS
feature (see page 233). INT 15h Functions are: C1h and C2h (see page
269) for PS/2-type mouse support, INT 15h Function C3h Fail-Safe
Timer Enable, which makes sure a program does not turn off
interrupts for too long (see page 278), INT 15H APM functions, and
the EISA AMIBIOS supports INT 15h Function D8h, EISA
Configuration (see page 279). INT 16h support includes several useful
functions that no other BIOS has (see page 316): Function FOh Set CPU
Speed, Function F1h Read CPU Speed, Function F4h, Subfunction 00h
Read Cache Controller, Subfunction 01h Enable Cache Controller, and
Subfunction 02h Disable Cache Controller. INT 1Ah support includes
Card Services, Socket Services, and PCI BIOS functions. Both the ISA
and EISA AMIBIOS support the use of hardware interrupt IRQ12 for
the mouse, described on page 410.
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Standard BIOS Features, Continued

Provides Shadowing

Shadowing copies the BIOS from ROM to RAM to improve system
performance. In a system with no shadow option, the ROM BIOS is
executed from relatively slow ROM (150 - 250 ns). The BIOS executes
much faster when the ROM BIOS is copied to RAM (60 - 100 ns) and
the system is instructed to access the BIOS from RAM. In most cases,
system BIOS shadowing should never be turned off.

System BIOS ROM Shadowing

The system BIOS resides in the 64 KB address space between F0000h
and FFFFFh in ISA systems (and in the 128 KB space between E0000h
and FFFFFh in EISA systems). The system BIOS shadow feature is
often automatically enabled by the AMIBIOS. If not, it is an option on
Standard CMOS Setup or Advanced CMOS Setup screens that should
always be enabled to enhance BIOS performance.

High Memory

A00Ch
16 KB
Increments
Video BIOS
16 KB
Adaptor Increments
ROM
(C800h-EFFF}#) |
64 KB
Increments
System
BIOS -
ROM RAM
120-250ns 60-100ns

In shadowing, the BIOS code is copied
from slow ROM to faster RAM.
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Standard BIOS Features, Continued

Adaptor ROM Shadowing

The area between C8000h and EFFFFh in ISA systems (and C8000h —
DFFFFh in EISA systems) is available for use by other ROM devices.
Often, the hard disk drive controller ROM is stored here. Many
network cards also use this space. AMIBIOS allows this area to be
shadowed from ROM to RAM to speed access to the code in this area.

EGA and VGA RAM Shadowing

Video ROM shadowing can often speed execution in two ways:
running the video BIOS from 16-bit instead of 8-bit memory, and
running the video BIOS from fast RAM instead of relatively slow
ROM. The memory space from C0000h — C7FFFh is reserved for video
ROM. Often, only the EGA BIOS (C0000h — C3FFFh), accessed through
an 8-bit bus, is located in this area. The relatively slow execution of
this device driver from ROM makes the video I/O slow. AMIBIOS
allows you to map this space to system RAM, where it executes about
twice as fast.

Video ROM shadowing copies the video ROM from C0000h — C7FFFh
to RAM. Memory from C0000h — DFFFFh can be accessed on the 16-bit

expansion slot. Any 8-bit I/O memory in that space is automatically
disabled.

Provides Diagnostics

Older AMIBIOS included hardware diagnostic routines. All recent
AMIBIOS include only hard disk drive utilities. See page 19 for more
information about these programs.

Provides Hard Disk Utilities

The Hi-Flex AMIBIOS, available since early 1991, provides several hard
disk utilities, including format, auto interleave, and media analysis. See
page 91 for additional information about these utilities.
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AMIBIOS Setup Features

The following AMIBIOS Setup utility features are available only in the
Hi-Flex AMIBIOS (available since early 1991) with Advanced CMOS
Setup:

Type of Feature Setup Options

Memory Features = Above 1 MB Memory Test
Executes the POST memory routines on the RAM above
1 MB (if present on the system). If disabled, the BIOS
checks only the first 1 MB of RAM.

= Memory Test Tick Sound

Turns the ticking sound on or off.

= Memory Parity Error Check
Enables or disables parity error checking for all system
RAM.

- Hard Disk Type 47 RAM Area

Specifies the type 47 data storage area — 0:300h in

lower system RAM or in the top 1 KB of memory,
starting at address 639K or 511K (depending on the
amount of base memory). Type 47 data is stored in
shadow RAM if shadowing is enabled.

= Fast Gate A20 Option

Fast Gate A20 is a hardware circuit that enables Gate
A20 faster. The BIOS controls access to this circuitry.
Address Gate A20 in the Intel x86 architecture controls
access to memory addresses above 1 MB by enabling or
disabling access to processor address line 20.

Some programs both enter protected mode and use the
CMOS RAM Shutdown byte to return to real mode
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