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Preface

Audience

This manual provides reference material about the VAXmate workstation. It
covers all programmable components, the firmware, and several MS-DOS re-
lated environments. The material and its presentation are directed to expe-
rienced programmers or software designers.

Manual Organization

This manual is divided into four parts and appendixes:

e Chapter 1 provides an overview of the VAXmate workstation and optional
equipment.

e Chapters 2 through 13 introduce the VAXmate workstation
programmable hardware devices. Each chapter discusses a single hard-
ware programming task, such as video input/output (I/O), external inter-
rupt processing, or serial communications and includes the following
information:

- A brief device description

- A list of additional references

- A description of the programmable hardware registers
- A programming example

- A discussion of the example

The examples are written in the C programming language to reduce the
size of the examples and focus on the task rather than the detail required
by the language.

e Chapter 14 describes the power-up diagnostics and system startup.

e Chapter 15 describes the read-only memory basic input/output system
{(ROM BIOS).

* The appendixes contain additional information, including a bibliography of
other useful publications.
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Terminology

The following terms are used throughout this manual and are defined as
follows:

Term Definition

Industry-standard ~ The computer industry recognizes two open architectures
as industry standards, the IBM PC AT bus structure and
the Microsoft disk operating system (MS-DOS). Moreover,
supporting MS-DOS requires a defined set of ROM BIOS
services. The term industry-standard refers to compatibil-
ity with these architectures.

Reserved To avoid confusion and incompatibility, the use of certain
Available items such as memory space, I/O space, interrupt vectors,
Unassigned and ROM BIOS parameters or return values must be

clearly defined. These three categories define those items
that do not have a specific use.

Reserved In future hardware or software releases,
DIGITAL may define a specific use for this
item. Hardware or software applications
that use this item may not work with
future releases.

Available Hardware or software applications can use
this item. DIGITAL has defined the spe-
cific use of this item as available for
applications.

Unassigned  Hardware or software applications can use
this item. However, there remains some
risk that DIGITAL may define a specific
use for this item.
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Federal Communications Commission
Radio Frequency Interference

Class A Computing Devices

This equipment generates, uses, and may emit radio frequency energy. The
equipment has been tested and found to comply with the limits for a Class A
computing device pursuant to Sub-part J of Part 15 of FCC Rules, which are
designed to provide reasonable protection against such radio frequency interfer-
ence when operated in a commercial environment. Operation of this equipment
in a residential area may cause interference in which case the user at his own
expense may be required to take measures to correct the interference.

If this equipment does cause interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged
to try to correct the interference by one or more of the following methods:

* re-orient the receiving antenna
* relocate the computer with respect to the receiver

* move the computer away from the receiver

plug the computer into a different outlet so that computer and receiver
are on different branch circuits.

If necessary, the user should consult the dealer or an experienced radio

and television technician for additional suggestions. The user may find the
booklet, How to Identify and Resolve Radio/TV Interference Problems,
prepared by the Federal Communications Commission helpful. This booklet is
available from the U.S. Government Printing Office, Washington, DC 20402,
Stock No. 004-000-00398-5.

NOTE

Shielded cables are provided for use with this device. Should any
cables be replaced or added for any reason, these cables should
be the same as, or with higher shielding capabilities, than those
provided by Digital Equipment Corporation.
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Chapter 14
System Startup

Overview

During system startup, the ROM firmware on the processor board runs diag-
nostic tests, initializes the video, memory, disk controller, and firmware data.
Following diagnostic tests and initialization, the firmware tries to load the oper-
ating system from the diskette, hard disk, or network.

The ROM diagnostic tests isolate errors to a field-replaceable unit (processor
board, 1/0O board, keyboard, drives, or DIGITAL options). The diagnostic tests
have two modes, a 30-second powerup test and a 3-minute extended self-test.

Powerup Test

The powerup test automatically performs a brief check of the system hardware.
It performs a processor board test, a keyboard test, an input/output (1/0) board
test. a brief video check, and an internal I/O interface test. During the video
test, a solid line flashes at the top of the screen. The firmware checks the
presence of a diskette controller, a diskette drive, a hard disk controller, and a
hard disk drive. If found, they are also tested. The last tests performed are
on-board diagnostics for DIGITAL options, such as the modem board. Finally,
the firmware initializes the hardware and firmware data. Figures 14-1 through
14-4 show the powerup test sequence.
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EXTENDED
SELF-TEST
ICTRL/ALT/HONE]

RESET
CTRL/ALT/DEL

POWER ON

INITIALIZE
VIDED SYSTEM

DISPLAY
HORIZONTAL
BAR

LJ 1312

Figure 14-1 Test Sequence - Processor Board
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TURN
YES CPU_BOARD
—= LED OFF

EXTENDED YES
SELF-TEST
?

TURN
CPU_BOARD
LED ON

LJ-1313

Figure 14-1 Test Sequence - Processor Board (cont.)
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TURN
1/0_BOARD
LED ON
TEST
USING DIGITAL
DIGITAL YES VIDED
VIDED
? DISPLAY
VIDED PATTERNS

DISKETTE
DRIVE

TURN
170 BOARD
LED OFF

Ly 1314

Figure 14-2 Test Sequence - I/O Board
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NOTE: REQUIRES FORMATTED
DISKETTE

YES

ERROR
TESTING
DISKETTE
DRIVE

?

DISK
INST.;LLED

TURN
MODEM MODEM
INSTALLED YES BOARD
7 LED ON

NO

TURN

LED OFF

LJ-1315

Figure 14-3 Test Sequence - Options
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ERROR
DETECTED
BRIGHTEN ICON
DISPLAY
ERROR NUMBER
: o e T,
INITIALIZE NOT_IN EXTENDED !
HARDWARE SELF-TEST
DISPLAY
ves |CONFIGURATION
| SCREEN
NO
ENABLE
6 NETWORK
DATA LINK
KEY
PRESSED \_ YES
? 6
NO
¥

LJ-1316

Figure 14-4 Test Sequence - Initialization and Bootstrap
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DISABLE
NETWORK
DATA LINK

INITIALIZE
ROM BIOS
AND
DIGITAL
OPTIONS

ANY
ERRORS
DURING

TESTING

?

NO

DISPLAY
DIAGNOSTIC
ERROR
CODE

ENABLE
NETWORK
DATA LINK

READ
BOOT BLOCK
TO START
OPERATING
SYSTEM

LJ-1317

Figure 14-4 Test Sequence - Initialization and Bootstrap (cont.)
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During the powerup test, the firmware diagnostic draws a horizontal bar on the
screen. As tests complete, the firmware gradually shades in this bar. When the
diagnostic detects an error, the filled-in area of the bar changes shade and two
beeps sound. A failure value displays below the middle of the bar and remains
for 5 seconds. When the bar disappears, the error value moves to the middle of
the first line, where it remains until scrolled off the screen. Table 14-1 lists the
error codes.

Table 141 VAXmate Powerup and Self-Test Error Codes

Code FRU

00H-1FH CPU Board
20H-3FH I/0 Board

40H-4FH Diskette Drive A
50H-5FH Option Memory
60H-6FH Keyboard

T0H-7FH Hard Disk Controller
80H-8FH Hard Disk

90H-9FH Integral Modem
AQOH-FFH Reserved

Only a few test failures are severe enough to halt the system. These are in the
basic tests. If a severe failure occurs, the processor board LED stays on, and
two beeps sound.

The tests include:

Memory access

Data path validity
Addressing

ROM checksum
Stack and vector area
Refresh request
CMOS shutdown byte

When testing of a field-replaceable unit (FRU) completes, the firmware turns
off the LED on the FRU. The FRUs with LEDs include the processor board,
the I/O board, the memory option board (parity errors only), and the modem
option board.

NOTE

Depending on the type of failure, if the video initialization se-
quence fails, it is possible that the 1/0 board LED may remain
on.
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The processor board LED and the I/O board LED are visible through the top of
the VAXmate cover. The processor board LED is red color. The I/O board LED
is an amber color. The memory board option LED lights up only if the test
detects a parity error.

The powerup test checks only DIGITAL supported hardware. For example, the
test checks the DIGITAL modem option but does not check other vendor
modem boards, unless the vendor adds option ROMs with a powerup test that
conforms to a DIGITAL standard.

Initialization

After the powerup test completes, the firmware diagnostic performs an initiali-

zation sequence that consists of sizing the memory, initializing up to 15 Mbytes
of memory, and initializing the hardware. Then, the firmware diagnostic passes

control to the ROM BIOS, which initializes the firmware data, sets up all inter-
rupt vectors, and attempts to load the operating system from the diskette, the

hard disk (if installed), or the network.

Real Mode Versus Virtual Protected Mode

The processor can operate in two modes, real mode and virtual protected mode.
The coding of programs is distinctly different for these two modes. When oper-
ating in real mode (the powerup mode), the processor can access only the first
megabyte of physical memory. When operating in virtual protected mode, the
processor can access all 16 Mbytes of the physical address space. The powerup
test checks only the 640K system RAM and the DEC private RAM that reside
in the first megabyte of physical address space.

To prevent parity errors, the memory above the first megabyte, including the
2 Mbytes memory option board, is initialized during power up. The memory
above the first megabyte is tested in the extended self-test mode.
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Extended Self-Test

Holding down the Ctrl and Alt keys, then pressing the Home key on the nu-
meric keypad invokes the extended self-test. A bar goes across the screen and
fills in as each subtest completes. After about 3 minutes (or more, depending
on the options installed), a system configuration list displays on the screen.

In addition to more extensive tests, the extended self-test diagnostic performs
the same series of tests as the powerup test. The extended self-test diagnostic
handles errors in the same manner as the powerup diagnostics. Included in the
extended self-test are tests for protected memory and the 80287 math copro-
cessor option (if present).

Some video failures do not allow the failure value to be written to the screen. If
the monitor board fails, error reports are not displayed. When the tests com-
plete, the video display may be absent or distorted. If the system has a third-
party video card installed, the diagnostic bypasses all video tests.

After the video test, the self-test performs extensive internal loopback tests on
the printer, communications, and mouse serial ports. Loopback connectors are
not required. Following the serial port test, the firmware tests the real time
clock.

Then, the firmware tests the diskette controller and drive. A double-sided, high-
density formatted diskette is required for this test. (The test does not write on
the diskette.) The self-test also reads the hard disk (if present) and checks any
other DIGITAL options in the system.

To allow the system to recognize a newly installed option, execute the extended
self-test. When the extended self-test completes, the firmware diplays the
configuration list. If the newly installed option is one of those shown in Figure
14-5, the newly installed option should be displayed in the system configuration
list.

After the self-test completes its subtests, memory is sized and the hardware is
initialized. The firmware updates the CMOS configuration to the new system
configuration and displays the system configuration list on the screen.
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Configuration List

On completion of the self-test, the firmware diagnostic displays the system
configuration list on the screen. The user can check the amount of memory
available, the options installed, the keyboard version, battery backup (if avail-
able), the ROM date, and the Ethernet address. See Figure 14-5 for an exam-
ple of a typical configuration. Because the ROM diagnostics do not include
multinational translation tables, the configuration screen uses numeric values
and option codes. If an option is not present, the position for that option shows
a dashed line.

After checking the configuration list, the user presses any key to continue.
Then the firmware passes control to the ROM BIOS, which initializes the firm-
ware data and tries to load an operating system.

NOTE

If a third-party video board is installed, the configuration list
may not be displayed. Thus, there may be no indication that the
user must press a key to continue.

Configuration list

Explanation (does not appear on screen)

1024 Kb Standard memory

2048 Kb Optional memory

1 RX Diskette drive

1 RD Hard-disk drive option

Li Lithium battery

BA500 Expansion box

80287 Math coprocessor option
PC50X-MA Modem option
VSXXX-AA Mouse

LK250 01 Keyboard version number

27256 MO/DA/YR
08-00-2B-02-78-78

ROM and revision date
Ethernet address
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1024 Kb

80287

PCSOX-MA
VSXXX-AA

LK250 01

27256 MO/DA/YR
08-00-2B-02-78-78

STANDARD MEMORY
OPTIONAL MEMORY
DISKETTE DRIVE

HARD DISK DRIVE OPTION
LITHIUM BATTERY
EXPANSION BOX

MATH COPROCESSOR OPTION
MODEM OPTION

MOUSE

KEYBOARD VERSION NUMBER
ROM AND REVISION DATE
ETHERNET ADDRESS

L1031

Figure 14-5 VAXmate Configuration Screen

Soft Reset

A soft reset, performed by pressing the Ctrl/Alt/Del key sequence, goes directly
to the diagnostic initialization procedure. This initializes the hardware, sizes
memory without initializing it, gets the status words, and sets up the CMOS
RAM. (If the checksum is valid, the CMOS is not changed.) Then, the diag-
nostic passes control to the ROM BIOS initialization procedure. A soft reset
does not display the configuration screen. The ROM BIOS tries to load the
operating system from a diskette, from the hard disk (if present), or from the

network.
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Hard Reset

A hard reset, such as returning from virtual protected mode to real mode,
resets only the processor. The firmware determines the reason for the reset by
reading the shutdown byte, location OFH, in the CMOS RAM. For example:

Shutdown Byte Meaning

00H-03H Execute diagnostic tests.

04H CPU is retuning from CPU with operating system load
request (INT 19H).
05H Initialize the interrupt controller and begin execution at

the specified address.

The specified address is contained in two words,
0040:0067H for the instruction pointer and 0040:0069H
for the code segment. These are industry-standard reserved

locations.

09H CPU is returning from a block move shutdown (used only
by ROM BIOS INT 15H).

0AH Begin execution at the specified address. The specified ad-

dress is contained in two words, 0040:0067H for the
instruction pointer and 0040:0069H for the code segment.
These are industry-standard reserved locations.

The interrupt controller is not initialized.
0BH-FFH Execute diagnostic tests.

Examples of subprograms that can cause a hard reset are:

Memory sizing routine

Memory initialization routine

Reset processor test

Testing memory with physical addresses above 1 Mbyte
MDrive utility

Move block ROM BIOS call

Third-party software
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Hardware Jumper Configuration
The processor board has three jumpers to enable testing in one of three modes:
* Test hardware including diskette drive (factory configuration)

* Test hardware with no diskette drive
* Manufacturing mode (no diskette drive or keyboard)

Table 14-2 shows the jumper usage. Figure 14-6 shows the factory
configuration of the jumpers on the processor board. This configuration tests
the system with a diskette drive, a video monitor, and a keyboard.

Table 142 VAXmate Processor Board Jumpers

System/Mode w1 w2 w3
Factory configuration IN ouT IN
System without diskette drive IN ouT ouT
Manufacturing mode IN IN IN

1.1

Wiw2 w3

] '

[ JO

LJ-1319

Figure 146 VAXmate Processor Board Jumper Configuration
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Chapter 15
ROM BIOS

This chapter describes the interrupt services provided by the ROM BIOS.
Table 15-1 lists. by hexadecimal value, all ROM BIOS interrupts. Function ar-
guments, register use, and return values are described for each interrupt. Some
functions use the CPU CARRY flag or the CPU ZERO flag as return values.
Throughout this chapter, CF indicates the carry flag, and ZF indicates the zero

flag.

Table 15-1 ROM BIOS Interrupt Vectors

INT Usage Description Industry-
Standard
02H Hardware Nonmaskable interrupt Yes
05H Software Print screen function Yes
08H Hardware Timer interrupt service Yes
09H Hardware Keyboard interrupt service Yes
OBH Hardware Serial port #2 interrupt service (modem option) Yes
OCH Hardware Serial port #1 interrupt service (asynchronous) Yes
OEH Hardware Diskette interrupt service Yes
10H Software Video 1/O Yes
11H Software Return configuration Yes
12H Software Return memory size Yes
13H Software Diskette and Hard Disk I/O Yes
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Table 15-1 ROM BIOS Interrupt Vectors (cont.)

INT Usage Description Industry-
Standard
14H Software Asynchronous Communications I/O Yes
16H Software Cassette I/O (Multitasking hooks) Yes
16H Software Keyboard 1/O Yes
17H Software Printer output Yes
18H Software Invoke network boot/Maintenance Operations No
Protocol (MOP)
19H Software Bootstrap Yes
1AH Software Time of day Yes
1BH Software Keyboard BREAK Yes
1CH Software Timer tick vector Yes
1DH Pointer Video parameter table Yes
1EH Pointer Diskette parameter table Yes
1FH Pointer Graphic mode character table (character codes Yes
80H-FFH)

40H Software Interrupt 13H redirect when hard disk in use Yes
41H Pointer Parameter table for hard disk 0 Yes
46H Pointer Parameter table for hard disk 1 Yes
4AH Software Real-time clock alarm Yes
70H Hardware Real-time clock interrupt (IRQS8) Yes
71H Hardware Redirect to interrupt 0AH - Old IRQ2 (IRQ9) Yes
72H Hardware Ethernet controller (IRQ10) No
73H Hardware Serial printer port (IRQ11) No
74H Hardware Mouse port (IRQ12) No
75H Hardware 80287 error (IRQ13) Yes
76H Hardware Hard disk controller (IRQ14) Yes
77TH Hardware Available (IRQ15) Yes
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Interrupt 02H: Nonmaskable Interrupt

Hardware Interrupt - Industry-Standard

Interrupt 02H handles the nonmaskable interrupt (NMI). An NMI is generated
for either of two catastrophic events:

e Memory parity errors
e Input/output (I/0O) bus parity errors

Interrupt 02H has no arguments, preserves all registers, and returns no values.

To process these inputs to the NMI, the following conditions must exist:

e The nonmaskable interrupt is so named because the 80286 CPU has no
provisions for disabling the NMI. The VAXmate workstation provides for
disconnecting the inputs to the NMI input line using the NMI mask reg-
ister. The NMI mask register, a write only register, is accessed by writing
bit 7 at I/O address 0070H. When bit 7 is 0, NMI inputs are enabled.
This is the default condition after system startup. The 1/O address 0070H
is also used to access the real-time clock. For information about the
real-time clock, see Chapter 5.

e Memory parity checking must be enabled. It is controlled by bit 2 at I/O
address 0061H. When bit 2 is 0, memory parity checking is enabled. This
is the default condition after system startup.

Memory errors are confirmed by reading bit 7 of I/O address 0062H.
When bit 7 is set (1), a memory error has occurred. To clear the error
indication (bit 7), disable and reenable memory parity checking.

* /O bus checking must be enabled. It is controlled by bit 3 at I/O address
0061H. When bit 3 is 0, I/O bus checking is enabled. This is the default
condition after system startup.

I/0 bus errors are confirmed by reading bit 6 of I/0 address 0062H.
When bit 6 is set (1), an I/O bus error has occurred. To clear the error
indication (bit 6), disable and reenable I/O bus checking.
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Interrupt 05H: Print Screen

Software Interrupt - Industry-Standard

Interrupt 05H reproduces the ASCII characters, displayed on a video monitor,
by printing them on the LPT1 printer. Either program execution (INT 05H) or
keyboard interaction (pressing the Shift and Prt Sc keys) activates the printer.

Interrupt 05H has no arguments, preserves all registers, and returns no values.

In text mode (see Interrupt 10H), the character codes are sent to the printer.
In graphic mode (see Interrupt 10H), interrupt 05H interprets the pixel pattern
at each character location in the video display memory. If the interpretation
produces a valid character code, it is sent to the printer.

The ROM BIOS does not support interpretation of the pixel pattern in graphic
mode D2H (see Interrupt 10H).

NOTE

The user can execute the MS-DOS external command
GRAPHICS. This terminate-and-stay-resident program takes
over interrupt 05H. In graphic mode (including mode D2H), it
reproduces pixel graphics at the printer. In text mode, it calls
the ROM BIOS.

If the printer is not using the same character set as the display,
the printer incorrectly reproduces the screen.

The output to LPT1 can be redirected to other printers, includ-
ing a network printer.
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Interrupt 08H: Clock Tick

Hardware Interrupt - Industry-Standard with DIGITAL Extensions

Interrupt 08H provides the ROM BIOS with hardware-interrupt services for
the 8254-2 CLOCK1 output. CLOCK]1 interrupts 18.206482 times per second,
which is 1573040 times in a 24 hour period. At each CLOCK1 output, inter-
rupt 08H maintains several internal counters, and then provides an application
timing service by executing an INT 1CH instruction. Interrupt 08H has no ar-
guments, preserves all registers, and returns no values.

Do not take over interrupt 08H to acquire clock services. Using this interrupt
requires knowledge of the VAXmate workstation hardware, the ROM BIOS,
and the operating system. If an application requires clock services, use the in-
terrupt vector at 1CH (see Interrupt 1CH). Review functions 35H and 25H of
MS-DOS interrupt 21H for the proper method to get and set interrupt vectors.

Interrupt 09H: Keyboard

Hardware Interrupt - Industry-Standard with DIGITAL Extensions

Interrupt 09H provides the ROM BIOS with hardware-interrupt services for
the keyboard-interface controller. This interrupt service monitors the state of
the keyboard-interface controller, reads scan codes from the keyboard-interface
controller, and maintains the state of the keyboard LEDs. After reading a scan
code, the interrupt service may translate a scan code or a combination of scan
codes. Also, the interrupt service reacts to certain scan code combinations such
as Ctrl/Alt/Del.

Interrupt 09H has no arguments, preserves all registers, and returns no values.

Using this interrupt requires knowledge of the VAXmate hardware, the ROM
BIOS, and the operating system. The keyboard-interface controller is described
in Chapter 8. For information about the ROM BIOS keyboard input service,
see Interrupt 16H.
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Interrupt 0BH: COM2 / Modem

Hardware Interrupt - Industry-Standard with DIGITAL Extensions

Interrupt 0BH provides the ROM BIOS with hardware-interrupt services for
the optional integral modem or any asynchronous serial communications option
that is configured as COM2. This interrupt service monitors the state of the
serial communications protocol and line status. It also transmits and receives
characters as required.

Interrupt 0BH has no arguments, preserves all registers, and returns no
values.

Using this interrupt requires knowledge of the VAXmate hardware, the ROM
BIOS, and the operating system. For information about the 8250A serial com-
munications device, see Chapter 9. For more information about the ROM BIOS
asynchronous communications service, see Interrupt 14H.

The integral modem is an optional device for the VAXmate workstation. For
information about the integral modem, see the Modem User’s Guide.

Interrupt 0CH: COM]1 / Serial

Hardware Interrupt - Industry-Standard with DIGITAL Extensions

Interrupt OCH provides the ROM BIOS with hardware-interrupt services for
COM1 asynchronous serial communications port. This interrupt service moni-
tors the state of the serial communications protocol and the line status. It also
transmits and receives characters as required.

Interrupt OCH has no arguments, preserves all registers, and returns no
values.

Using this interrupt requires knowledge of the VAXmate hardware, the ROM
BIOS, and the operating system. For information about the 8250A serial com-
munications device, see Chapter 9. For information about the ROM BIOS
asynchronous communications service, see Interrupt 14H.
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Interrupt OEH: Floppy Disk

Hardware Interrupt - Industry-Standard

Interrupt OEH provides the ROM BIOS with hardware-interrupt services for
the diskette drive controller. This interrupt service provides a operation com-
plete indication from the diskette drive controller.

Interrupt OEH has no arguments, preserves all registers, and returns no
values.

Using this interrupt requires knowledge of the VAXmate hardware, the ROM
BIOS, and the operating system. For information about the diskette drive con-
troller, see Chapter 11. For more information about the ROM BIOS diskette
I/O service, see Interrupts 13H, 40H, and 1EH.
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Interrupt 10H: Video Input/Output

Software Interrupt - Industry-Standard with DIGITAL Extensions

Interrupt 10H provides access to several video management and display func-
tions. These functions support the VAXmate graphic video system, industry-
standard color graphic, and monochrome adapters.

NOTE

Although the VAXmate workstation supports color graphics, it
comes with a monochrome graphics monitor. Colors are
displayed as shades of gray or intensity levels.

Use of an industry-standard color graphic adapter or a mono-
chrome adapter requires an external monitor.

When using interrupt 10H functions, the following rules apply:

e In general, there are no validity tests performed on interrupt 10H argu-
ments. Invalid functions or function arguments can destroy data or cause
unpredictable results. The validity of arguments depends on the video
mode in effect at the time.

e The VAXmate graphic video system has a feature that reduces image
burning on the video monitor. When there has been no keyboard input
and no video output for 30 minutes, the video output is disabled.
Execution of any interrupt 10H function or pressing any key on the key-
board enables video output and initializes the screen-blanking counter to
30 minutes. Also, reading or writing the video RAM enables the video
output (but not the screen-blanking counter).

e All graphic text operations are based on an 8 x 8 character cell size.

e The video hardware can operate in a graphic mode of 800 x 252 x 4
colors, which emulates DIGITAL terminals. This video mode (D2H), has
the following limited ROM BIOS support:

- Function 00H: Set the video mode

- Function OFH: Return the video state

- Function D1H: Font RAM and color mapping support (Color mapping
only)

These are the only functions supported for video mode D2H. The display
of graphics or graphic text must be accomplished directly by the applica-
tion. For detailed information on direct programming of the VAXmate
graphic video system, see Chapter 7.

The value in the AH register specifies the desired function. Most functions re-
quire additional information in other registers. The function-specific register
usage is defined within the description of each function. Table 15-2 lists the
available functions.
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Table 15-2 Interrupt 10H: Video I/O Functions

Function Description DIGITAL
Extended
AH = 00H  Set video mode Yes
AH = 01H  Set cursor type No
AH = 02H Set cursor position No
AH = 03H Read cursor position No
AH = 04H  Read light-pen position No
AH = 05H Select display page No
AH = 06H  Scroll active page up No
AH = 07H  Scroll active page down No
AH = 08H Reqd character and attribute at current cursor No
position
AH = 09H Write character and attribute at current cursor No
position
AH = 0AH  Write character at current cursor position No
AH = 0BH Set color palette No
AH = 0CH  Write pixel No
AH = ODH Read pixel No
AH = 0EH  TTY write character No
AH = OFH  Read current video state Yes
AH = 10H Reserved No
AH = 11H  Reserved No
AH = 12H  Reserved No
AH = 13H  TTY write string No
AH = DOH Enable/disable 256 character graphic fonts Yes
AH = DIH Font RAM and color map support Yes

Chapter 15 - ROM BIOS Interrupt 10H

15-9



Function 00H: Set Video Mode
Industry-Standard with DIGITAL Extensions

Parameters

AH
AL

00H
One of the AL values listed in Table 15-3

(]

Returns

Nothing

Table 15-3 list the video modes supported by the ROM BIOS.

Table 15-3 Video Modes

AL Description

00H 40 X 25 monochrome text *

01H 40 X 25 color text *

02H 80 X 25 monochrome text *

03H 80 X 25 color text *

04H 320 X 200 X 4 color graphic

05H 320 X 200 monochrome graphic

06H 640 X 200 monochrome graphic

07H 80 X 25 monochrome (requires monochrome adapter)
DOH 640 X 400 X 2 color DIGITAL extended graphics
D1IH 640 X 400 X 4 color DIGITAL extended graphics
D2H 800 X 252 X 4 color DIGITAL extended graphics

* In modes 0 and 2, monochrome means lack of a color burst signal at the
composite video connector of an industry-standard color graphics adapter.
This is the opposite of modes 1 and 3, which do produce a color burst
signal at the composite video connector of an industry-standard color
graphics adapter.

For the VAXmate workstation, there is no difference between modes 0
and 1 or between modes 2 and 3.
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This function selects the video mode. Selecting a video mode configures the
video controller and clears the display.

Video mode 07H is only valid when an industry-standard monochrome adapter
is installed in an expansion slot. An industry-standard monochrome or color
graphics adapter installed in an expansion slot is recognized by the ROM BIOS
during the power-up sequence. On finding an industry-standard monochrome or
color graphic adapter, the ROM BIOS disables the VAXmate graphic video
system with the following consequences:

¢ If an industry-standard monochrome adapter is installed, video mode 07H
becomes the only valid video mode. Attempts to use any other mode are
forced to video mode 07H.

e If an industry-standard color graphic adapter is installed, video modes
07H, DOH, D1H, and D2H are not valid modes.

Changing between an industry-standard mode and a DIGITAL extended mode
resets the color map to values appropriate for the mode. See function D1H.
Changing from one industry-standard mode to another industry-standard mode
does not affect the color map. Also, changing from one DIGITAL extended
mode to another DIGITAL extended mode does not affect the color map.

For detailed information on direct programming of the VAXmate graphic video
system, see Chapter 7.

Chapter 15 - ROM BIOS Interrupt 10H 15- 11



Function 01H: Set Cursor Type
Industry-Standard

Parameters

AH = 01H
CH = The cursor start scan line
CL = The cursor end scan line

Returns

Nothing

Table 15-4 lists the allowed values for each of the ROM BIOS supported video
modes.

Table 154 Mode-Dependent Values for Set Cursor Type

Modes Reg Range Comments

00H, 01H, 02H, 03H Text mode
CH 00H-07H Cursor start scan line
CL 00H-07H Cursor end scan line

07H Monochrome text
CH 00H-ODH Cursor start scan line
CL 00H-ODH Cursor end scan line

05H, 06H, DOH, D1H, No cursor in graphic modes
D2H

CH Ignored

CL Ignored

This function selects, within the character cell, the size and placement of the
cursor. When this function executes, it checks the current video mode. If the
current video mode is one of the graphic modes, the initialization sequence is
ignored.

The VAXmate graphic video system character cell height is 16 scan lines, but
the allowable arguments are limited to the range 0-7. To maintain compatibil-

ity, the start value is multiplied by two, and the end value is multiplied by two
and incremented.

A start or end value greater than 7 (13 for the monochrome adapter) disables
the cursor. Also, an end value that is less than the start value disables the
cursor. That is, the cursor becomes invisible. Although the cursor is invisible,
subsequent commands that change the cursor position continue to be effective.
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Function 02H: Set Cursor Position
Industry-Standard

Parameters
AH = 02H
DH = The row position

DL = The column position
BH = The page number

Returns

Nothing

This function sets the logical cursor position for any display page. Because the
ROM BIOS maintains a logical cursor position for each display page, it is
possible to change the cursor position for a display page that is not active.
When the display page becomes active, the cursor is moved to the new posi-
tion. If the indicated display page is the active page, the cursor is moved to the
new position.

The unit of measurement is one character cell.

Graphic modes have the following limitations:
e The display page must be page zero.

* No cursor is displayed, but the cursor position is maintained.
e This function is not supported for graphic mode D2H.
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Function 03H: Read Cursor Position
Industry-Standard

Parameters

AH = 03H
BH = The page number

Returns

CH = The cursor start scan line
CL = The cursor end scan line
DH = The row position

DL = The column position

This function returns the cursor position of the indicated display page and the
current cursor type. It does not support video mode D2H.
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Function 04H: Read Light-Pen Position

Industry-Standard

Parameters

AH = 04H

Returns

AH = 00H No input or the switch is not closed

AH = 01H

The light pen read

BX = The pixel column (0-319 or 0-639)
CH = The pixel scan line (0-199)

DH = The row character position

DL = The column character position

This function returns the position of the light pen.

To read a light-pen position successfully, the following conditions must exist:

e A video adapter that supports light pens must be installed.
e The read switch on the light pen must be closed.
e The light pen must have detected an input signal.

NOTE

The VAXmate graphic video system does not support light pens.
When the VAXmate graphic video system is in use, the re-
turned AH register contains zero.
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Function 056H: Set Page Function
Industry-Standard

Parameters

AH = 05H
AL = The page number

Returns

Nothing

This function selects the active display page. The page is displayed and the
cursor is positioned according to the cursor position for that page.

Valid page numbers depend on the video mode in effect.

Mode Range

00H 00H through 07H
01H O0H through 07H
02H O00H through 03H

03H 00H through 03H

04H Function call ignored
05H Function call ignored
06H Function call ignored
07H Function call ignored

DOH Function call ignored
D1H Function call ignored
D2H Function call ignored
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Function 06H: Scroll Active Page Up
Function 07H: Scroll Active Page Down

Parameters

AH = 06H Scroll Up

AL = The number of rows (0 means blank the window)
BH = The attribute byte

CH = The row of upper-left corner of scroll window

CL = The column of upper-left corner of scroll window
DH = The row of lower-right corner of scroll window
DL = The column of lower-right corner of scroll window

AH = 07H Scroll Down

AL = The number of rows (0 means blank the window)
BH = The attribute byte

CH = The row of upper-left corner of scroll window

CL = The column of upper-left corner of scroll window
DH = The row of lower-right corner of scroll window
DL = The column of lower-right corner of scroll window

Returns

Nothing

These functions scroll data within a window on the screen. They work in text
and graphic modes, but do not support video mode D2H.

For these functions, the AL, CH, CL. DH, and DL register values always refer
to character positions. In graphic modes, the graphic data within a character
cell area is treated as a single unit. The AL, CH, and DH registers contain
character row values in the range 0 through 24. The CL and DL registers con-
tain character column values in the range 0 through 39 or 0 through 79.

The scroll area is a window or rectangular area defined by two diagonal points.
The two points are defined by the contents of the CX and DX registers. The
CX register (CH and CL) defines the upper-left corner of the window. The DX
register (DH and DL) defines the lower-right corner of the window.

The scroll up operation moves the rows one at a time so that row CH + 1
moves to row CH, row CH + 2 moves to row CH + 1, and so on. The scroll
down operation moves the rows one at a time so that row DH - 1 moves to row
DH. row DH - 2 moves to row DH - 1. and so on. When the last row is va-
cated. it is blanked. This process repeats until the specified number of rows are
scrolled. If the specified number of rows is greater than or equal to the vertical
size of the window, the entire window is cleared. Also, if the AL register equals
0, the entire window is cleared.
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The contents of the CL and DL registers determine the horizontal position and
width of the scrolled area. For example, if the CL register contains 20 and the
DL register contains 40, only those columns and the data between them is
scrolled.

When using this function, the key difference between text and graphic modes
is the way the attribute byte is applied. In text modes, a space character is
written to the data byte and the contents of the BH register are written to the
attribute byte. In graphic modes, the contents of the BH register are written
as graphic data one byte at a time. Thus, if the current graphic mode requires
two bits of information for each pixel, the BH register must contain data for
four pixels.

Only the active display page can be scrolled. Data scrolled out of the window is
lost. It does not go into the adjacent page.

The cursor position remains the same after scrolling as it was before scrolling.

This function is not supported for video mode D2H.
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Function 08H: Read Character and Attribute at Cursor
Position
Industry-Standard

Parameters

AH = 08H
BH = The page number (text modes only)

Returns

AL = The character
AH = The attribute (text modes only)

In text modes, this function returns the character and attribute at the cursor
location of the specified display page. A page other than the active display page
can be specified. The cursor location, character, and attribute are extracted
from the indicated display page data.

In graphic modes, there is only one page, so the page selection is ignored.
Because there is no attribute byte, only the character value is returned. This is
accomplished similarly to the interrupt 05H interpretation of graphic text. The
ROM BIOS attempts to interpret the pixel pattern in the character cell at the
current cursor location. The pixel pattern is matched with the bit patterns of
the characters used for graphic text. Interrupt 1FH (0000:007CH) contains a
pointer to the graphic text character set used in the comparison. If no match is
found, the function returns a character value of 0.

Normally, interrupt 1FH points to a table containing 128 entries in the range
80H-FFH. However, interrupt 10H function DOH provides an extended mode
where interrupt 1FH points to a table containing 256 entries in the range 00H-
FFH.

This function is not supported for video mode D2H.
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Function 09H: Write Character and Attribute at Cursor
Position

Industry-Standard

Parameters

AH = 09H

AL = The character

BH = The page number (text modes only)

BL = The attribute byte (text modes) or color (graphic modes)

If bit 7 is set (1), exclusive OR the current contents with the contents
of BL and store the result. Normally, the contents of BL are stored.

CX = Number of times to write character and attribute

Returns

Nothing

This function writes a character and attribute at the current cursor position.
The current cursor position is extracted from the page data of the page speci-
fied in register BH. The position of the cursor is not updated. That is, the
cursor remains as it was when the function was called. Register CX specifies
the number of times to repeat the operation. Each repetition advances the posi
tion one character location. A line wrap occurs at the end of a line. Counts that
exceed the page size continue into the adjacent display page (if one exists).

In graphic modes, the character code in AL is an index into a table of graphic
characters. If 256 character mode is not enabled, and the character code is less
than 80H, the information is retrieved from the ROM. If 256 character mode i
not enabled, and the character code is 80H or greater, the information is
retrieved from the table pointed to by interrupt vector 1FH. If 256 character
mode is enabled, interrupt vector 1FH points to the beginning of the entire 25
character table. For each pixel that is on in the pattern, the color selection in
register BL is shifted into position and written to display memory. The numbe;
of bits used from register BL is mode dependent. For example, a 4-color mode
uses the two least significant bits, and a 2-color mode uses the least significant
bit. If bit 7 of the BL register is set to 1, each display memory field is exclu-
sive ORed with the color field in register BL, and the result is written to
display memory.

This function is not supported for video mode D2H.
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Function 0AH: Write Character at Cursor Position
Industry-Standard

Parameters
AH 0AH
The character

The page number (text modes only)
The color (graphic modes only)

>
-
nnn

If bit 7 is set (1), exclusive OR the current contents with the contents
of BL and store the result. Normally the contents of BL are stored.

CX = Number of times to write character

Returns

Nothing

This function writes a character at the current cursor position. It is similar to
function 09H except that in text modes, a new attribute is not written. The
current cursor position is extracted from the page data of the page as specified
in register BH. The position of the cursor is not updated. That is, the cursor
remains as it was when the function was called. Register CX specifies the
number of times to repeat the operation. Each repetition advances the position
one character location. A line wrap occurs at the end of a line. Counts that
exceed the page size continue into the adjacent display page (if one exists).

In graphic modes, the character code in AL is an index into a table of graphic
characters. If 256 character mode is not enabled, and the character code is less
than 80H, the information is retrieved from the ROM. If 256 character mode is
not enabled, and the character code is 80H or greater, the information is
retrieved from the table pointed to by interrupt vector 1FH. If 256 character
mode is enabled, interrupt vector 1FH points to the beginning of the entire 256
character table. For each pixel that is on in the pattern, the color selection in
register BL is shifted into position and written to display memory. The number
of bits used from register BL is mode dependent. For example, a 4-color mode
uses the two least significant bits. If bit 7 of the BL register is set to 1, the
current bits of the specified pixel field are exclusive ORed with the appropriate
BL bits, and the results are written to the specified pixel field. Otherwise, the
appropriate BL bits replace the current bits of the specified pixel field.

This function is not supported for video mode D2H.
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Function 0BH: Set Color Palette
Industry-Standard

Parameters

AH = 0BH

BH = 00H  BL bits 4-0 control the background color and the palette in-
tensity bit

BH = 01H BL bit 0 selects the color palette

BL = The background color or palette, depending on contents of BH

Returns

Nothing

This function is not supported for video mode D2H.

If register BH equals 0, this function controls the palette intensity bit and,
depending on the current video mode, sets the background or border color. If
current video mode is 01H or 03H, it sets the border color (the VAXmate
border color is always black.) Otherwise, it sets the background color.

In either case, bits 4-0 of the BL register are interpreted as follows:

BL Bit Description

Intensity control of the palette colors
(I) Intensity control of the color

(R) Red contribution to the color

(G) Green contribution to the color
(B) Blue contribution to the color

S =N W

NOTE
The VAXmate graphic video system does not control the border
color. The border color is always black.

If register BH equals one, this function selects the color palette for graphic
video mode 04H.

Pixel Field Value Palette 0 Selected Palette 1 Selected
01H Green Cyan

02H Red Magenta

03H Yellow White
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Function 0CH: Write Pixel
Industry-Standard

Parameters

AH = 0CH
AL = The color value

If bit 7 is set (1). exclusive OR the current contents with the contents
of AL and store the result. Normally the contents of AL are stored.

CX = The pixel column number
DX = The pixel row number

Returns

Nothing

This function sets a pixel field, specified by registers CX and DX, to the color
specified in register AL. This function is ignored in text modes.

The bits used from register AL depend on the current graphic mode:

Graphic mode  Bits used Number of colors
04H 7 and 1-0 4

05H 7 and 0 Monochrome
06H 7 and 0 Monochrome
DOH 7 and 0 Monochrome
D1H 7 and 1-0 4

If bit 7 of the AL register is set to 1, the current bits of the specified pixel
field are exclusive ORed with the appropriate AL bits, and the results are writ-
ten to the specified pixel field. Otherwise, the appropriate AL bits replace the
current bits of the specified pixel field.

This function is not supported for video mode D2H.
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Function 0DH: Read Pixel

Industry-Standard

Parameters

AH = O0DH

CX = The pixel column number

DX = The pixel row number

Returns

AL = The color value of the pixel

This function returns the color of the pixel field specified by registers CX and

DX.

The valid bits returned in the AL register depend on the current graphic mode.

Graphic mode

Number of colors

04H
05H
06H
DOH
D1H

4
Monochrome
Monochrome
Monochrome
4

This function is not supported for video mode D2H.
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Function OEH: Write Character Using Terminal
Emulation
Industry-Standard

Parameters

OEH
The character
The foreground color (graphic mode only)

AH
AL
BL

Returns

Nothing

This function is sometimes known as Write TTY. It operates in text and
graphics modes and accesses only the active display page.

Prior to any other operations, the character in AL is tested for one of four
values:

e If the character is a carriage return (0DH), the cursor is moved to the
start of the current line.

e If the character is backspace (08H), the cursor is moved backward one
character position. If the cursor is at the beginning of the line, the char-
acter is ignored.

e If the character is a line feed (0AH), the cursor is moved to the same
column position on the next line. If the cursor is on the last line, the
screen is scrolled up one line. In this case, the cursor remains in the same
location.

e If the character is a bell character (07H), a bell sound (beep) is issued
from the speaker.

For all other values, the character is written to the current cursor position and

the cursor is advanced to the next position in the line. If the cursor was at the

last position on the line, it is positioned at the first location on the next line. If
the cursor was at the last position on the last line, the screen is scrolled up one
line, and the cursor is positioned at the start of an empty line.

In graphic modes, the character code in AL is an index into a table of graphic
characters. If 256 character mode is not enabled, and the character code is less
than 80H, the information is retrieved from the ROM. If 256 character mode is
not enabled, and the character code is 80H or greater, the information is
retrieved from the table pointed to by interrupt vector 1FH. If 256 character
mode is enabled, interrupt vector 1FH points to the beginning of the entire 256
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character table. For each pixel that is on in the pattern, the color selection in
register BL is shifted into position and written to display memory. The number
of bits used from register BL is mode dependent. For example, a 4-color mode
uses the two least significant bits. If bit 7 of the BL register is set to 1, the
current bits of the specified pixel field are exclusive ORed with the appropriate
BL bits, and the results are written to the specified pixel field. Otherwise, the
appropriate BL bits replace the current bits of the specified pixel field.

This function is not supported for video mode D2H.
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Function OFH: Read Current Video State
Industry-Standard

Parameters

AH = OFH

Returns

AL = The current video mode
AH = The number of columns
BH = The current page

This function returns the current state of the video system. In text and graphic
modes, the value in the AH register is the width of the screen in character

cells. The mode value returned in the AL register is defined as follows:

AL Description

00H 40 x 25 monochrome text

01H 40 x 25 color text

02H 80 x 25 monochrome text

03H 80 x 25 color text

04H 320 x 200 x 4 color graphic

05H 320 x 200 monochrome graphic

O6H 640 x 200 monochrome graphic

07H 80 x 25 monochrome (requires monochrome adapter)
DOH 640 x 400 x 2 color DIGITAL extended graphics
D1H 640 x 400 x 4 color DIGITAL extended graphics
D2H 800 x 252 x 4 color DIGITAL extended graphics
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Function 13H: TTY Write String
Industry-Standard

Parameters

AH = 13H

AL = 00H The string pointed to by ES:BP is a set of contiguous character
codes. The register BL contains the attribute that is applied as
each character is written to the display page. The CX register
specifies the number of characters to write. After the last char-
acter is written, the cursor is restored to the position it had
before this function was executed.

AL = 01H This subfunction is similar to AL = 0 except that the cursor is
positioned after the last character in the string.

AL = 02H The string pointed to by ES:BP is a set of contiguous byte
pairs. Each byte pair contains a character code and an attribute.
The first byte of the string is the character; the second is the
attribute. The BL register is ignored. The CX register specifies
the number of characters to write, not the length of the string.
After the last character is written, the cursor is restored to the
position it had before this function was executed.

AL = 03H This subfunction is similar to AL = 2 except that the cursor is
positioned after the last character in the string.

BH = Display the page to write

BL = The attribute (AL = 0 or AL = 1)

CX = The number of characters to write

DH = The row position of the first character
DL = The column position of the first character

ES:BP = The pointer to the start of the string to write

Returns

Nothing

This function writes a string of characters to the specified display page. It op-
erates in text and graphics modes.
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Prior to writing each character, it is tested for one of four values:

NOTE
Even though another page is designated in register BH, the fol-
lowing operations occur on the current display page.

e If the character is a carriage return (0DH), the cursor is moved to the
start of the current line.

e If the character is backspace (08H), the cursor is moved backward one
character position. If the cursor is at the beginning of the line, the char-
acter is ignored.

e If the character is a line feed (0AH), the cursor is moved to the same
column position on the next line. If the cursor is on the last line, the
screen is scrolled up one line. In this case, the cursor remains in the same
location.

e If the character is a bell character (07H), a bell sound (beep) is issued
from the speaker.

For all other values, the character is written to the current cursor position, and
the cursor is advanced to the next position in the line. If the cursor was at the
last position on the line, it is positioned at the first location on the next line. If
the cursor was at the last position on the last line, the screen is scrolled up one
line, and the cursor is positioned at the start of an empty line.

In graphic modes. the character code in AL is an index into a table of graphic
characters. If 256 character mode is not enabled, and the character code is less
than 80H. the information is retrieved from the ROM. If 256 character mode is
not enabled. and the character code is 80H or greater, the information is
retrieved from the table pointed to by interrupt vector 1FH. If 256 character
mode is enabled, interrupt vector 1FH points to the beginning of the entire 256
character table. For each pixel that is on in the pattern, the color selection is
shifted into position and written to display memory. The number of bits used is
mode dependent. For example, a 4-color mode uses the two least significant
bits. If bit 7 of the color selection is set to 1, the current bits of the specified
pixel field are exclusive ORed with the color selection bits, and the results are
written to the specified pixel field. Otherwise, the appropriate BL bits replace
the current bits of the specified pixel field.

This function is not supported for video mode D2H.
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Function DOH: Enable/Disable 256 Character Graphic
Font

DIGITAL Extension

Parameters
AH = DOH
AL = 00H Interrupt 1FH (0000:007CH) points to 128 graphic mode

characters in the range 80H through FFH.

AL = 01H-FFH Interrupt 1FH (0000:007CH) points to 256 graphic mode
characters in the range 00H through FFH.

Returns

Nothing

Function DOH extends user-defined font tables. On power-up, the ROM BIOS
accesses the ROM for character codes 00H through 7FH. The character codes
80H through FFH are accessed through interrupt 1FH (0000:007CH).

This function is not supported for video mode D2H.
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Function D1H: Font RAM and Color Map Support
DIGITAL Extension

This function provides access to the extended hardware capabilities of the
VAXmate graphic video system. Using this function, the font RAM or the color
map can be read, written, or restored to the default condition.

Font RAM Functions

Parameters

AH = D1H

AL = 00H The font RAM functions

CX =  The number of character descriptions to transfer (0001H to
0100H)

DL =  The first character to transfer (00H to FFH)

ES:BX = The pointer to the data buffer (at least CX * 16 bytes in size)

DH = O00H Restore the defaults (ES:BX is ignored)

DH = 01H Copy the data at ES:BX to the font RAM

DH = 02H Copy the font RAM to the buffer at ES:BX

Returns

Nothing

In text modes only, the font RAM acts as a character generator ROM. This
subfunction can restore the font RAM to default conditions. It can also read or
write one or more sequential character descriptions in the font RAM.

This function is not available in graphic modes.

Each character description contains 16 bytes of data. Each byte of data repre-
sents a scan line in the character cell. The first byte of the character descrip-
tion is the top scan line (scan line 0) in the character cell. Within each byte,
the most significant bit is the leftmost pixel. The character descriptions are
arranged in order of increasing character code value. Reading 256 character
descriptions from the font RAM requires a 4096 byte buffer.
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Color Map Functions

Parameters

AH = DI1H

AL = 01H The color map functions

CX =  The number of entries to transfer (01H to 10H)

DL =  The map address of the entry to transfer (00H to OFH)
ES:BX = The pointer to the data buffer (at least CX words in size)
DH = O00H Restore the defaults (ES:BX is ignored)

DH = O0lH Copy the data at ES:BX to the color map

DH = 02H Copy the color map to the buffer at ES:BX
Returns

Nothing

This subfunction can read or write one or more sequential values in the color
map. Any of the 16 IRGB inputs can be mapped to any of the 16 outputs. The
default condition is gray-scale outputs at power-up. The color map is a synonym
for the video look-up table (VLT). For more information on the VLT, see
Chapter 7.

The color map is arranged as 16 words of IRGB output data. Only the least
significant 4 bits of data are output. When the video controller accesses video
memory, the attributes or graphic data are used as an offset into the color
map. The contents of that location in the color map are sent to the video
output circuit. To calculate the offset accessed by any IRGB value, use the fol-
lowing bit values:

Bit value Attribute

0 I (Intensity)
1 B (Blue)

2 G (Green)
3 R (Red)

Thus, an attribute of intensified red (IRGB = COH) accesses location 09H of
the 16 locations in the color map.
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On power-up or system reset and when changing from a DIGITAL extended
4-color video mode (D1H or D2H) to an industry-standard video mode, the color
map is initialized to the values in Table 15-5. The color map defined in Table
15-5 supports video modes 00H, 01H, 02H, 03H, 04H, 05H, 06H and DOH.
When changing from any of these modes to video mode D1H or D2H, the color

map is initialized to the values defined in Table 15-6.

Table 15-5 Default Color Map

Offset Contents Color Intensity
R GBI R GBI

0000 0000 Black 0
0001 0001 Gray 1
0010 0010 Blue 2
0 011 0011 Light blue 3
0100 0100 Green 4
0101 0101 Light green 5
0110 0110 Cyan 6
0111 1110 White 14
1000 1000 Red 8
1001 1001 Light red 9
1010 1010 Magenta 10
1011 1011 Light magenta 11
1100 1100 Brown 12
1101 1101 Yellow 13
1110 0111 Light cyan 7
1111 1111 Intense white 15
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Table 15-6 Color Map for Video Modes D1H and D2H

Offset

R

G

L]

Contents
RGBI

Color

Intensity

bk ek ok ok ok ek ek e QOO OO OO

HEEEOOQOOMMRMEMMOOOCO

- OOHHOORROORHOO | W

HFOMOHORORORORORO

(= ]
-0 0O
=OOO
HOOO

Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used
Not Used

Black

Red

Green
Light cyan

30O
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Interrupt 11H: Read Configuration

Software Interrupt - Industry-Standard

Parameters

None

Returns

AX = Configuration data

15-14

13
12

11-9

This two bit field equals the number of parallel printer ports in
the system.

00 = Zero parallel printer ports
01 = One parallel printer port
10 = Two parallel printer ports
11 = Three parallel printer ports

Unused
Game adapter

0 = Game adapter not installed
1 = Game adapter installed

This three-bit field equals the number of asynchronous serial
ports in the system. The VAXmate workstation has an integral
serial port (COM1) and reserves COM2 for the optional inte-
gral modem. The serial printer port is not included in this
count. The maximum number supported is four.

000 = There are zero serial ports
001 = There is one serial port
010 = There are two serial ports

011 = There are three serial ports
100 = There are four serial ports
Unused

This two-bit field equals the number of diskette drives in the
system minus one. This field is only valid when bit 0 equals 1.

00 = 1 diskette drive
01 = 2 diskette drives
10 3 diskette drives
11 4 diskette drives

i
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Returns (Interrupt 11H: Read Configuration - cont.)

5-4 Initial video mode (see Interrupt 10H)

00 = Unused

01 = 40 X 25 (Color Graphics Adapter)
10 = 80 X 25 (Color Graphics Adapter)
11 = 80 X 25 (Monochrome Adapter)

3-2 Unused
80287

0 = 80287 not installed
1 80287 installed

0 Diskette drive

0 = No diskette drives installed (bits 7-6 are invalid)
1 At least 1 diskette drive installed (bits 7-6 are valid)

n

This function returns the system configuration information. If the expansion
box and battery are present and the CMOS RAM has not lost power, the
configuration data is extracted from the CMOS RAM. Otherwise, the
configuration data is extracted from the power-up initialization data.

Additional configuration data is available through function DOH of interrupt
15H. This configuration data is specific to the VAXmate workstation.
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Interrupt 12H: Return Memory Size

Software Interrupt - Industry-Standard

Parameters

None

Returns

AX = Memory size measured in 1K blocks

This interrupt returns the memory size as the number of contiguous 1K (1024)
memory blocks. Only the low address memory (0000:0000H to 000B:FFFFH) is
measured by this function. The VAXmate workstation always returns 640.
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Interrupt 13H: Disk Input/Output (I/O)

Software Interrupt - Industry-Standard with DIGITAL Extensions

This interrupt provides a generalized disk I/O service for diskettes and hard
disks. If a hard disk is not installed, interrupt 13H points to the diskette func-
tions. If a hard disk is installed, interrupt 13H points to the hard disk func-
tions, and interrupt 40H points to the diskette functions.

Bit 7 of the drive number distinguishes diskette and hard disk function
requests. If bit 7 is set (1), the request is for a hard disk function. Thus, hard
disks are assigned drive numbers equal to or greater than 80H. When a hard
disk is installed, interrupt 13H compares the drive number to 80H. Requests
with drive numbers less than 80H are revectored to interrupt 40H.

This revectoring information is provided only for clarity. Always use interrupt
13H for both diskette and hard disk functions.

NOTE

Most operating systems intercept and sometimes modify inter-
rupt 13H requests. When developing or testing software, this
fact is important. For example, several interrupt 13H functions
warn against exceeding a physical page boundary during disk
I/0. By translating a single 1/O request into many small sized
I/0 requests, some operating systems eliminate page boundary
problems.
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The following is a list of the interrupt 13H hard disk functions:

Function Description DIGITAL
Number Extended
00H Initialize Entire Disk Subsystem No
01H Return Status Code Of Last I/O Request No
02H Read One Or More Disk Sectors No
03H Write One Or More Disk Sectors No
04H Verify One Or More Disk Sectors No
05H Format A Track No
08H Return Current Drive Parameters No
09H Initialize Drive Characteristics No
0AH Read Long No
OBH Write Long No
0CH Seek To Specific Cylinder No
ODH Hard Disk Reset No
10H Test Drive Ready No
11H Recalibrate Drive No
14H Execute Controller Internal Diagnostics No
15H Return Drive Type No
DOH Read Long 256 Byte Sector Yes

The following is a list of the interrupt 13H diskette functions:

Function Description DIGITAL
Number Extended
00H Initialize Diskette Subsystem No
01H Return Status Code Of Last I/0 Request No
02H Read One Or More Track Sectors No
03H Write One Or More Track Sectors No
04H Verify One Or More Track Sectors No
05H Format Track No
15H Return Drive Type No
16H Return Change Line Status No
17H Set Drive And Media Type For Format No
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Hard Disk Functions

The value in the AH register indicates the desired hard disk function. All hard
disk functions require a drive number in the DL register. Because hard disk
drive numbers start at 80H, hard disk 0 is 80H, and hard disk 1 is 81H.

Functions requiring a cylinder number expect a 10-bit value in the range of

0 to 1023. The low-order eight bits of the cylinder number are passed in the
CH register. The two high-order bits of the cylinder number are passed in the
two high-order bits of the CL register. At times, bits 4-0 of the the CL register
contain a sector number. Some functions require a cylinder and sector number.

Except for the flags register, all registers not mentioned in the function
description are preserved.

Hard Disk Errors
If CF is set (1), an error occurred, and the AH register contains the error code.
Table 15-7 lists the hard disk error codes.

Table 15-7 Hard Disk Error Codes

Error Description

Code

FFH Sense operation failed (not implemented)
EOH Status error (error register = 0)
CCH Write fault on selected drive
BBH Undefined error occurred

AAH Drive not ready

80H Hardware failed to respond

40H Seek operation failed

20H Disk controller failed

11H ECC corrected data error

The ECC algorithm corrected a recoverable error. The data is prob-
ably valid, however the calling program must make that decision.

10H ECC for data incorrect
0BH Bad track flag detected (not implemented)
0AH Bad sector flag detected

09H Data extends too far (past 64K page boundary)
07H Drive parameter activity failed

05H Reset failed

04H Sector not found

02H Address mark not found

01H Illegal I/O request (bad command)
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Hard Disk Parameter Tables

A hard disk parameter table defines the physical characteristics of a hard disk.
The values in the table are used by the hard disk driver to initialize the hard
disk controller. Table 15-8 describes the contents of a hard disk parameter
table.

Table 15-8 Hard Disk Parameter Table Description

Offset Size Description

00H 1 Word Maximum number of cylinders on hard disk drive

02H 1 Byte  Maximum number of heads on hard disk drive
03H 1 Word Not used
05H 1 Word Cylinder number to start using write precompensation
07H 1 Byte Not used
08H 1 Byte  Control byte sent to controller
If bit 7 or bit 6 is set (1), disable retries
If bit 3 is set (1), the hard disk has more than eight heads
09H 3 Bytes Not used
OCH 1 Word Landing zone
OEH 1 Byte Number of sectors per track
OFH 1 Byte Reserved for future use

The hard disk parameter tables are located in DIGITAL private RAM. During
the power-up sequence, the disk type is extracted from CMOS RAM. If the
disk type is unknown, the table contains all zeros. If the disk type is one of the
14 industry-standard types, the table is initialized from the hard disk data in
the ROM BIOS. If the disk type is the DIGITAL extended type OFH, the
ROM BIOS expects the boot block to contain the parameters. The ROM BIOS
initializes the table with data extracted from the boot block. (As part of its
initialization process, the FDISK utility writes the parameters in the boot
block.)

The interrupt vectors for interrupt 41H and 46H point to the hard disk para-
meter tables for hard disk 0 and hard disk 1. respectively. If hard disk 1 does
not exist, the interrupt vector for interrupt 46H is reserved and undefined.
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Function 00H: Initialize Entire Disk Subsystem
Industry-Standard

Parameters

AH = 00H
DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function resets the diskette and hard disk controllers to their initial
power-up state. The hard disk controller is initialized to the values in the hard
disk parameter tables. Because all drives are marked as reset, the next drive
specific I/O request recalibrates that drive.

To initialize only the hard disk controller, use hard disk function 0DH. To in-
itialize only the diskette controller, use diskette function 00H.
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Function 01H: Return Status Code of Last I/O Request
Industry-Standard

Parameters

01H
The drive number (80H or 81H)

DL
Returns
AH =0

AL = The error code of the previous operation

This function returns, in the AL register, the error code of the last function
call. If AL returns a 0, no previous error condition existed. Because calls to
this function do not generate error conditions, successive calls return 0.

The AH register always returns 0.
For the hard disk error codes, see Table 15-7.
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Function 02H: Read One or More Disk Sectors
Industry-Standard

Parameters

AH = 02H

AL = The number of sectors to read

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

ES:BX = The buffer address

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function reads the indicated number of sectors and stores the data start-
ing at the buffer address in ES:BX. Attempts to store data past a physical
page boundary return an error. This can occur when the data size exceeds

10000H or when the BX offset plus the data size exceed 10000H.

To calculate the required buffer size, multiply the contents of the AL register

by 512.
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Function 03H: Write One Or More Disk Sectors
Industry-Standard

Parameters

AH = 03H

AL = The number of sectors to write

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

ES:BX = The buffer address

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function writes the indicated number of sectors of data starting at the
buffer address in ES:BX. Attempts to read data past a physical page boundary
return an error. This can occur when the data size exceeds 10000H or when

the BX offset plus the data size exceed 10000H.

To calculate the number of sectors in a buffer, divide the buffer size by 512. If

the division produces a remainder, increment the sector count.
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Function 04H: Verify One or More Disk Sectors
Industry-Standard

Parameters

AH = 04H

AL = The number of sectors to verify

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function verifies the indicated number of sectors. The data is not com-
pared against data in memory. It is only verified for internal consistency. Thus,
the verify command only checks for Error Correction Code (ECC) errors.

15- 46  Chapter 15 - ROM BIOS Interrupt 13H



Function 05H: Format a Track
Industry-Standard

Parameters

AH = 05H

AL = The number of sectors per track

CH = The cylinder number (lower 8 bits)

CL = Bits 9-8 of cylinder number

DH = The head number

DL = The drive number (80H or 81H)
ES:BX = The sector interleave table address

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function formats the indicated track. It formats only the sectors described
in the sector interleave table. The data field of the formatted sectors is in-
itialized to zeros. Before formatting the track, the ROM BIOS initializes the
controller to the values found in the hard disk parameter table.

ES:BX points to the sector interleave table, which contains an entry for each
sector on the track. A table entry requires two bytes of data. Therefore, the
expected buffer size is two times the number of sectors per track. The follow-
ing list describes a single table entry:

Offset Name Description
00H The sector status 00H = good sector
80H = bad sector
01H The sector number A sector number in the range of 1 to 17
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Function 08H: Return Current Drive Parameters
Industry-Standard

Parameters

AH = 08H
DL = The drive number (80H or 81H)

Returns
CF = 0 Indicates a successful operation
DL = The number of consecutive acknowledging drives
DH = The maximum usable head number for the requested drive
CH = Lower 8 bits of the maximum usable cylinder number for
the requested drive
CL = The maximum usable sector number for the requested drive

and two high bits of the cylinder number

CF =1 Indicates an error condition
AH = The error code

This function returns the number of consecutive, acknowledging, hard disk
drives. For example, if the DL register contains 02H, hard disks 0 (80H) and 1
(81H) are present and respond to the controller.

If the function returns with CF set (1), only the AH register is valid and con-
tains the error code.

The data returned in the DH, CH, and CL registers is only meaningful for the
drive specified by the calling parameter in the DL register.

NOTE

If an invalid drive type has been specified for the selected drive
or the selected drive is unformatted, this function can return in-
valid data. For the selected drive, check the parameter table. If
the parameter table contains all zeros, the returned data is inva-
lid. The interrupt vector at interrupt 41H points to the drive 0
parameter table. The interrupt vector at 46H points to the drive
1 parameter table.
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Function 09H: Initialize Drive Characteristics
Industry-Standard

Parameters

AH
DL

09H
The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function initializes the hard disk controller to the values in the appropriate
hard disk parameter table. For drive 80H, the parameter table pointed to by
interrupt 41H is used. For drive 81H, the parameter table pointed to by inter-
rupt 46H is used.

Chapter 15 - ROM BIOS Interrupt 13H 15- 49



Function 0AH: Read Long
Industry-Standard

Parameters

AH = 0AH

AL = The number of sectors to read

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

ES:BX = The buffer address

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function is similar to function 02H, except that each sector of data is
terminated by a 4-byte ECC field. This function reads the indicated number of
sectors and stores the data starting at the buffer address in ES:BX. Attempts
to store data past a physical page boundary return an error. This can occur
when the data size exceeds 10000H or when the BX offset plus the data size
exceed 10000H.

To calculate the required buffer size, multiply the contents of the AL register
by 516. 1f the division produces a remainder, increment the sector count.
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Function 0BH: Write Long
Industry-Standard

Parameters

AH = 0BH

AL = The number of sectors to write

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

ES:BX = The buffer address

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function is similar to function 03H, except that each sector of data is
terminated by a 4-byte ECC field. This function writes the indicated number of
sectors of data starting at the buffer address in ES:BX. Attempts to read data
past a physical page boundary return an error. This can occur when the data
size exceeds 10000H or when the BX offset plus the data size exceed 10000H.

To calculate the number of sectors in a buffer, divide the buffer size by 516.
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Function OCH: Seek to Specific Cylinder
Industry-Standard

Parameters

AH = 0CH

CH = The cylinder number (lower 8 bits)
CL = Bits 9-8 of cylinder number

DH = The head number

DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function positions the head of the selected drive. Illegal cylinder numbers
produce an error, but no head movement occurs.

Before each invocation of this function, the target drive must be tested to de-
termine if the drive is ready to accept another I/O command (see Interrupt
13H, Function 10H).
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Function 0DH: Hard Disk Reset
Industry-Standard

Parameters

AH = O0DH
DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function resets the hard disk controller to its initial power-up state. The

hard disk controller is initialized to the values in the hard disk parameter

tables. The diskette controller is not affected. Only the hard disk controller is

reset.
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Function 10H: Test Drive Ready
Industry-Standard

Parameters

AH = 10H
DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

If this function does not return an error code, the hard disk is ready to accept
I/0 requests. For the hard disk error codes, see Table 15-7.
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Function 11H: Recalibrate Drive
Industry-Standard

Parameters

H

AH =11
The drive number (80H or 81H)

DL

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function moves the head of the selected hard disk to the home position
(cylinder zero).
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Function 14H: Execute Controller Internal Diagnostics
Industry-Standard

Parameters

4H

AH =1
The drive number (80H or 81H)

DL

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function performs a diagnostic test of the hard disk controller card cir-
cuitry. Any errors are reflected in the returned error code.

During testing, this function destroys the initialization state of the controller.
On completion, the controller state is undefined. Use one of the hard disk func-
tions (00H, 09H, or ODH) to initialize the controller to a normal mode

of operation.
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Function 15H: Return Drive Type
Industry-Standard

Parameters

AH = 15H
DL = The drive number (80H or 81H)

Returns

CF = 0 Indicates a successful operation
AH = 00H The drive is not present
AH = 03H The hard disk is present
CX = The number of 512 byte sectors (high-order
16-bits)

DX = The number of 512 byte sectors (low-order
16-bits

CF = 1 Indicates an error condition
AH = The error code

This function returns the drive type of the indicated hard disk. If the returned
AH register contains 03H, the CX and DX register pair contains the number
of 512 byte sectors on the disk. The CX register is the high word of the pair.
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Function DOH: Read Long 256 Byte Sector
DIGITAL Extension

Parameters

AH = DOH

AL = The number of sectors to read

CH = The cylinder number (lower 8 bits)

CL = The starting sector number (and bits 9-8 of cylinder)
DH = The head number

DL = The drive number (80H or 81H)

ES:BX = The buffer address

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function is similar to function 0AH, except that the sector size is 256
bytes instead of 512. Each sector of data is terminated by a 4-byte ECC field.
This function reads the indicated number of sectors and stores the data start-
ing at the buffer address in ES:BX. Attempts to store data past a physical
page boundary return an error. This can occur when the data size exceeds
10000H or when the BX offset plus the data size exceed 10000H.

To calculate the required buffer size, multiply 260 by the contents of the AL

register.
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Diskette Functions

The value in the AH register indicates the desired diskette function. All
diskette functions require a drive number in the DL register. The diskette drive
numbers are 00H and 01H.

With the exception of the flags register, all registers not mentioned in the
function description are preserved.

Diskette Errors
If CF is set (1), an error occurred, and the AH register contains the error code.
Table 15-9 lists the diskette error codes.

Table 15-9 Diskette Error Codes

Error Description

Code

AOH Combination of 80H and 20H error codes
80H Hardware failed to respond

40H Seek operation failed

20H Disk controller failed

10H CRC incorrect for data

09H Direct Memory Access (DMA) overflowed 64K page boundary
08H DMA controller failed to respond

06H Disk change line true

04H Sector not found

03H Diskette write protected

02H Sector address mark not found

01H Illegal I/O request (bad command)

Diskette Parameter Tables

A diskette parameter table defines the physical characteristics of a diskette.
The values in the table are used by the diskette driver to initialize the diskette
controller. Table 15-10 describes the contents of a diskette parameter table.
Each parameter in Table 15-10 is one byte long.
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Table 15-10 Diskette Parameter Table Description

Offset Bits Description

00H 7-4 Step rate
Each increase in the value of bits 7-4 decreases the step
rate by 1 ms, so that zero equals 16 ms, one equals 15
ms, two equals 14 ms, and so on.

3-0 Head unload time

Each increase in the value of bits 3-0 increases the head
unload time by 16 ms, so that zero equals 16 ms, one
equals 32 ms, two equals 48 ms, and so on.

01H 7-1 Head load time
Each increase in the value of bits 7-1 increases the head
load time by 2 ms, so that zero equals 2 ms, one equals 4
ms, two equals 6 ms, and so on.

0 Direct Memory Access (DMA) selection

0 = Do not use DMA mode
1 = Use DMA mode

02H 7-0 Clock ticks until the motor is turned off

O3H 7-0 Sector size
Each increase in value doubles the sector size, so that
zero equals 128 bytes, one equals 256 bytes, two equals
512 bytes and so on. The default value is two (512 bytes).

04H 7-0 Sectors per track (8, 9, 10, or 15)

05H 7-0 Sector gap length (1BH)

06H 7-0 Data length (FFH)

07H 7-0 Format gap length (54H)

08H 7-0 Format fill byte (F6H)

09H 7-0 Head settle time in milliseconds
If this value is less than 17 ms, the ROM BIOS uses 17
ms.

OAH 7-0 Motor start-up time in .125 second increments

The interrupt vector for interrupt 1EH points to the diskette parameter table.
If a diskette drive does not exist, the interrupt vector for interrupt 1EH is
reserved and undefined.
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Function 00H: Initialize Diskette Subsystem
Industry-Standard

Parameters

AH = 00H
DL = The drive number (00H or 01H)

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition
AH = The error code

This function resets the diskette controller to its initial power-up state. the
diskette controller is initialized to the values in the diskette parameter table.
Because the diskette drive is marked as reset, the next diskette I/O request
recalibrates that drive.

After hard disk function 00H resets the hard disk controller, it calls this func-
tion to reset the diskette controller.
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Function 01H: Return Status Code of Last I/0 Request
Industry-Standard

Parameters

AH = 01H
DL = The drive number (00H or 01H)

Returns

AH =0
AL = The error code of the previous operation

This function returns, in the AL register, the error code of the last function
call. If AL returns a 0, no previous error condition existed. Because calls to
this function do not generate error conditions, successive calls return 0.

The AH register always returns 0.

For the diskette error codes, see Table 15-9.
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Function 02H: Read One or More Track Sectors
Industry-Standard

Parameters

AH = 02H

AL = The number of sectors to read
CH = The track number

CL = The starting sector number

DH = The head number

DL = The drive number (00H or 01H)
ES:BX = The buffer address

Returns

AL = 00H

CF = 0 Indicates a successful operation

CF = 1 Indicates an error condition
AH = The error code

This function reads the indicated number of sectors and stores the data start-
ing at the buffer address in ES:BX. Requests to read more sectors than remain
on the track return an error. Attempts to store data past a physical page
boundary return an error. This can occur when the BX offset plus the data size
exceed 10000H.

To calculate the required buffer size, multiply the contents of the AL register
by 512.

The AL register always returns 00H.
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Function 03H: Write One or More Track Sectors
Industry-Standard

Parameters

AH = 03H

AL = The number of sectors to write
CH = The track number

CL = The starting sector number

DH = The head number

DL = The drive number (00H or 01H)
ES:BX = The buffer address

Returns

AL = 00H

CF = 0 Indicates a successful operation

CF =1 Indicates an error condition
AH = The error code

This function writes the indicated number of sectors starting at the buffer ad-
dress in ES:BX. Requests to write more sectors than remain on the track
return an error. Attempts to read data past a physical page boundary return an
error. This can occur when the data size exceeds 10000H or when the BX
offset plus the data size exceed 10000H.

To calculate the number of sectors in a buffer, divide the buffer size by 512. If
the division produces a remainder, increment the sector count.
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Function 04H: Verify One or More Track Sectors

Industry-Standard

Parameters

AH = 04H

AL = The number of sectors to verify
CH = The track number

CL = The starting sector number

DH = The head number

DL = The drive number (00H or 01H)
ES:BX = The buffer address

Returns

AL = 00H

CF = 0 Indicates a successful operation

CF = 1 Indicates an error condition
AH = The error code

This function verifies the indicated number of sectors. The data is not com-
pared against data in memory. It is only verified for internal consistency. Thus,
the verify command only checks for Cyclical Redundancy Check (CRC) errors.

Requests to verify more sectors than remain on the track return errors.
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Function 05H: Format a Track

Industry-Standard

Parameters

AH = 05H

AL = The number of sectors to format
CH = The track number

DH = The head number

DL = The drive number (00H or 01H)
ES:BX = The track identification table address

Returns

CF
CF

0 Indicates a successful operation
1 Indicates an error condition
AH = The error code

i

This function formats the indicated track. It formats only the sectors described
in the track identification table. The data field of the formatted sectors is in-
itialized to the diskette parameter table value, sector fill. Before formatting the
track, the ROM BIOS initializes the diskette controller to the values found in
the diskette parameter table.

ES:BX points to the track identification table, which contains an entry for each
sector on the track. A table entry requires four bytes of data. Therefore, the
expected buffer size is four times the number of sectors per track. The follow-
ing list describes a single table entry.

Offset Name Description

00H Track 0 to 39 for 48 tracks per inch (TPI)
0 to 79 for 96 TPI

01H Head 0 = the back side of diskette

1 = the label side of diskette
02H Sector number 1 to 8 for 48 TPI

1 to 9 for 48 TPI

1 to 15 for 96 TPI (high capacity)

03H Sector size Each increase in value doubles the sector size. so
that 0 equals 128 bytes, 1 equals 256 bytes, 2
equals 512 bytes, and so on. The default value is
two (512 bytes).
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Function 15H: Return Drive Type
Industry-Standard

Parameters

H

AH = 15
= The drive number (00H or 01H)

DL

Returns

CF = 0 Indicates a successful operation
AH = 00H The drive is not present
AH = 02H  An RX33 drive with status change line

CF =1 An error condition
AH = The error code

This function returns the drive type of the indicated diskette drive.

Chapter 15 - ROM BIOS Interrupt 13H  15- 67



Function 16H: Return Change Line Status
Industry-Standard

Parameters

AH = 16H
DL = The drive number (00H or 01H)

Returns
CF =0 AH = 00H The media has not changed
CF =1 AH = 06H The media could have changed

This function returns, for the indicated drive, the state of the diskette change
line. A changed status indicates that the media may have been changed since
the last I/O request to that drive. The change flag is set only after the media is
changed and the drive door is closed. If the door is open or no media is
present, a timeout error occurs.
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Function 17H: Set Drive and Media Type for Format
Industry-Standard with DIGITAL Extensions

Parameters

AH = 17H

AL = 02H There is 48 tracks per inch (TPI) media in the RX33 drive

AL = 03H There is 96 TPI high-capacity media in the RX33 drive

AL = 04H There is 96 TPI low-capacity media in the RX33 drive (DIGI-
TAL extension)

DL = The drive number (0OH or 01H)

Returns

CF = 0 Indicates a successful operation
CF = 1 Indicates an error condition
AH = The error code

This function sets the diskette media and the drive type. It is called before
function 05H to override an existing diskette format or to define the format for
a blank diskette.
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Interrupt 14H: Asynchronous

Communications
Software Interrupt - Industry-Standard with DIGITAL Extensions

This interrupt provides an industry-standard software interface to the
asynchronous communications ports. It also supports extended functionality:

Buffered transmit

Buffered receive

Receive notification

Flow control

Line signal notification

Modem signal control

Modem change notification

Break conditions

Error handling (timeout or continuous loop)
Additional baud rates

In accordance with industry-standard practice, the ROM BIOS code supports
four serial ports, and the ROM BIOS data area maintains four base addresses.
However, due to the limited number of interrupt controller inputs, some por-
tions of extended function DOH are limited to ports 00H and 01H.

During power-up, the ROM BIOS looks for serial ports at 1/O addresses 03F8H
and 02F8H. The serial port at 03F8H is the integral serial port and is assigned
to port O0H. If a serial port is found at I/O address 02F8H, it is assigned to
port 01H. Normally, this is the optional integral modem.

The serial printer port is treated as a special case. It is assigned to serial port
FFH and can be accessed like other serial ports. This information is provided

for consistency only. Use interrupt 17H, the parallel printer output, for normal
printer output. The ROM BIOS redirects parallel port 00H to serial port FFH.
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The following is a list of the available functions:

AH Description Digital Extended
00H Initialize the asynchronous port No
01H Send a character No
02H Receive a character No
03H Return asynchronous port status No
DOH Extended mode Yes
D1H Break control Yes
D2H Modem control Yes
D3H Retry On Timeout Error Yes
D4H  Baud rate select Yes

All registers not specified in the function register usage are preserved.
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Function 00H: Initialize Asynchronous Port
Industry-Standard

Parameters

AH = 00H
AL = Initialization byte

Bits 7-5 Baud rate
000 = 110
001 = 150
010 = 300
011 = 600
100 = 1200
101 = 2400
110 = 4800
111 = 9600

Bits 4-3  Parity
00 = None
01 = Odd
10 None
11 Even

Bit 2 Stop bits
0=1
1=2

Bits 1-0 Data bits
00 =5
01 =6
10 =17
11 8

DX = The port number (00H to 03H and FFH)

Returns

AH = The data status as defined in function 03H

This function initializes the specified port. The value returned in the AL regis-
ter is interpreted the same as the value returned by function 03H.
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Function 01H: Transmit Character
Industry-Standard

Parameters

AH = 01H
AL = Character to transmit
DX = The port number (00H to 03H and FFH)

Returns

AH = Data status as defined in function 03H

This function attempts to transmit a character to the specified port.
Unless modem signal bypass is set (see Interrupt 14H, Function D2H), the fol-
lowing modem signals are required to complete a transmission:

VAXmate Workstation External Device

to External Device to VAXmate Workstation
Data Terminal Ready (DTR) Data Set Ready (DSR)
Request To Send (RTS) Clear To Send (CTS)

Buffer Mode Enabled

If buffered mode is enabled, continuous retry is disabled, and bit 7 is set in the
returned AH register, then the transmit buffer was full and the character was
not placed in the buffer.

The XON/XOFF characters defined in the communications control block (see
Interrupt 14H, Function DOH) are transmitted independently and before all
other characters in the buffer.

For more information on buffered mode, see function DOH.
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Function 02H: Receive Character
Industry-Standard

Parameters

AH = 02H
DX = The port number (00H to 03H and FFH)

Returns

AL = Received character
AH = Data status as defined in function 03H

The function attempts to receive data from the specified port. Unless modem
signal bypass is set (see Interrupt 14H, Function D2H), the following modem
signals are required to complete a transmission.

VAXmate Workstation External Device

Data Terminal Ready (DTR) Data Set Ready (DSR)

Buffer Mode Enabled
If bit 7 is set in the returned AH register, the receive buffer is empty.

If bit 1 is set in the returned AH register, the receive buffer overflowed. The
character stored in the buffer is the overflow character, as specified in the com-
munications control block (CCB).

For more information on buffered mode, see function DOH.
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Function 03H: Return Asynchronous Port Status
Industry-Standard

Parameters

AH = 03H
DX = The port number (00H to 03H and FFH)

Returns

AH = The data status (set bits indicate condition)

Bit 7 - Timeout error

Bit 6 - 8250 transmit shift register empty (all data has been
transmitted)

Bit 5 - 8250 transmit holding register empty (ready to accept
another character for transmission)

Bit 4 - Break detect

Bit 3 - Framing error

Bit 2 - Parity error

Bit 1 - Overrun error

Bit O - 8250 receive buffer full (received character available)

AL = The modem status (set bits indicate condition)

Bit 7 - Carrier detect

Bit 6 - Ring indicate

Bit 5 - Data set ready

Bit 4 - Clear to send

Bit 3 - Delta carrier detect *
Bit 2 - Ring trailing edge

Bit 1 - Delta data set ready *
Bit 0 - Delta clear to send *

* If a delta bit is set, it indicates that between that last status request and
this status request, the state of the indicated input has changed.

This function retrieves the current data and modem status of the specified
port.
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Buffer Mode Enabled

If the receive buffer is empty, the status returned is the current data and
modem status. Otherwise, the data status reflects the status of the next char-
acter to be extracted from the buffer, and the modem status is the current
modem status.

For more information on buffered mode, see function DOH.
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Function DOH: Extended Mode
DIGITAL Extension

Parameters

AH = DOH

AL = FFH Enable function
AL = 00H Disable function

DX = The port number (00H to 01H and FFH)
ES:BX = The address of CCB (ignored when AL = 00H)

Returns

AL = 00H Indicates a successful operation

AL = 01H Indicates a nonexistent device

AL = 02H Indicates that the first four CCB entries are 0 (enable only)
AL = 03H Indicates that the buffer size is less than 4 (enable only)

This function is an extension to the industry-standard asynchronous communi-
cations functions. The following features are available:

¢ Notification on data status interrupt
* Notification on modem status interrupt
* Flow control
* Buffered communications
- Notification on receive interrupt (requires receive buffering)
- Notification on transmit interrupt (requires transmit buffering)

ES:BX points to the communication control block (CCB), which specifies the
desired environment. Each port is allowed only one CCB. The CCB is assigned
to the port indicated in the DX register. The communications control block is
defined in Table 15-11.

While a CCB is enabled, the first four entries cannot be modified. Within
reason, the remaining entries in the CCB and buffer structures can be modified
dynamically.

The CCB and the CCB-buffer structure must reside in the same memory
segment.
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Table 15-11 Communications Control Block (CCB) Description

Offset

Name

Size

Description

00H

04H

08H

0AH

0CH

0DH

16- 78

Line Vector Double

Modem
Vector

Rxbuff

Txbuff

Xflag

Status

Chapter 15

word

Double
word

Word

Word

Byte

Byte

This is the address (segment:offset) of the
received-data status interrupt service rou-
tine. This interrupt occurs on an overrun,
parity, framing, or break error condition. A
value of 0000:0000H disables this notifica-
tion. While the CCB is enabled, this value
must not be changed.

This is the address (segment:offset) of the
modem status interrupt service routine. This
interrupt occurs whenever clear-to-send,
data-set-ready, ring-indicator, or received-
line-signal-detector changes state. A value of
0000:0000H disables this notification. While
the CCB is enabled, this value must not be
changed.

This is the offset of the receive-buffer struc-
ture. Table 15-12 describes the receive-buffer
structures. A value of 0000H disables re-
ceive buffering for the indicated port. While
the CCB is enabled, this value must not be
changed.

This is the offset of the transmit-buffer
structure. Table 15-12 describes the
transmit-buffer structures. A value of 0000H
disables transmit buffering for the indicated
port. While the CCB is enabled, this value
must not be changed.

This byte selects the XON/XOFF flow con-
trol option. It can be changed at any time
without restriction. A value of FFH enables
flow control. A value of 00H disables flow
control. Flow control is only available when
the buffered mode is active. Flow control
should be disabled for 8-bit binary data
transfers.

This byte contains the current flow control
state. If the high order nibble equals 00H,
transmissions are disabled. If the high order
nibble equals FOH, transmissions are
enabled. The low-order nibble contains inter-
nal state information and must be
preserved.
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Table 15-11 Communications Control Block (CCB) Description (cont.)

Offset

Name

Size

Description

OEH

OFH

10H

11H

13H

15H

Overflow

Xonchr

Xoffchr

Xonpt

Xoffpt

CntlMask

Byte

Byte

Byte

Word

Word

Byte

This byte contains the character code that
represents an overflow condition. Under an
overflow (buffer full) condition, this value is
written over the last character in the buffer.
Because a new overflow character can be
written over an old overflow character, this
value should not be changed while the CCB
is enabled.

This byte contains the character code used
for XON in the flow control operation.
Because the external device must cooperate
in the change, this value should not be
changed while the CCB is enabled.

This byte contains the character code used
for XOFF in the flow control operation.
Because the external device must cooperate
in the change, this value should not be
changed while the CCB is enabled.

This value defines the number of characters
left in the receive buffer when XON is sent
(low-water mark). This value should be
changed only when the receive buffer is
empty. However, it can be changed any time
if synchronization of flow control is
protected.

This value defines the number of characters
in the receive buffer when XOFF is sent
(high water mark). This value should be
changed only when the receive buffer is
empty. However, it can be changed any time
if synchronization of flow control is
protected.

If the value of this byte is nonzero, the re-
ceived characters are ANDed with it. The
AND operation takes place before the char-
acter is tested as a flow control character.
This value can be changed at any time.
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Each CCB can have two buffer structures associated with it, one for receive
and one for transmit. The buffer structures contain pointers, counters, and
status information. The maximum size of any buffer is 64 Kbytes. Table 15-12
describes the CCB buffer structure.

Table 15-12 CCB Buffer Structure Description

Offset Name Size Description
00H Vector Double This is the address (segment:offset) of the re-
word ceive or transmit interrupt service routine. A

value of 0000:0000H disables this option. It
can be changed at any time.

04H Head Double  This is a pointer (segment:offset) to the next
word empty position in the buffer. The segment of
the head pointer must be common to the tail,

start, and end pointers.

08H Tail Word This is a pointer (offset only) to the next
available character in the buffer. It assumes
the same segment as the head pointer.

0AH Start Word This is a pointer (offset only) to the begin-
ning of the buffer. It assumes the same seg-
ment as the head pointer.

0CH End Word This is a pointer (offset only) to the end of
the buffer. It assumes the same segment as
the head pointer.

OEH Count Word This is the number of characters in the
buffer.

Buffering Enabled

Receive and transmit buffering is enabled or disabled by the contents of the
CCB receive-buffer/transmit-buffer structure pointers. A nonzero pointer indi-
cates a valid pointer to a structure, and the desire for buffering.

Function DOH does not initialize buffer pointers or counters. It only updates
them. This allows a CCB to be enabled (AL = FFH) or disabled (AL = 00H)
dynamically. Therefore, before a CCB is enabled for the first time, all buffer
pointers must be initialized, and all counters must be zeroed.

The ROM BIOS expects the receive buffer and the transmit buffer to occupy
distinct and separate locations.

When buffering is enabled, functions 00H, 01H, 02H, and 03H continue to op-
erate in the same manner. However, some operations have minor side-effects
on buffered ports:
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* Transmit Buffering Enabled

Function 01H buffers characters until they are transmitted. If continuous
retry is disabled, a timeout error indicates a full buffer instead of a
timeout.

The XON and XOFF characters are handled independently and before
any buffered characters.

* Receive Buffering Enabled

Function 02H extracts characters from a buffer. If continuous retry is
disabled, a timeout error indicates an empty buffer instead of a timeout.

The data status returned by functions 00H, 01H, 02H, and 03H depends
on the state of the receive buffer. If the receive buffer is empty, the re-
turned data status is the current data status. Otherwise, the returned
data status is associated with the next character to be extracted from the
buffer and reflects the status when the character was placed in the buffer.
The modem status is always the current modem status.

Notification Enabled
Due to the limited number of interrupt controller inputs, only ports 00H, 01H,
and FFH can use notification.

When a CCB is enabled (AL = FFH). the ROM BIOS examines the LineVector
and ModemVector pointers. On finding a nonzero pointer, the ROM BIOS
enables the associated interrupt for the indicated port. The ROM BIOS then
examines the receive-buffer/transmit-buffer structure pointers. On finding a
nonzero buffer structure pointer, it is used to examine the Vector pointer. If it
is nonzero, the associated receive or transmit interrupt is enabled. The inter-
rupts remain enabled until the CCB is disabled (AL = 00H). The application
must disable the CCB before exiting. Otherwise, the ROM BIOS assumes that
it still owns the CCB and buffer locations. On the next interrupt, it uses them
with undefined results.

All service routines are accessed using far calls. They must return to the ROM
BIOS by a far return.

At the time of the call, CPU interrupts are disabled and the interrupt control-
ler is waiting for an end-of-interrupt instruction. After the notified service rou-
tine returns control to the ROM BIOS, the interrupt controller is restored, and -
any additional asynchronous port interrupts are serviced. After all

asynchronous interrupts are serviced, the CPU interrupt state is restored by an
IRET instruction. To maintain a minimum system interrupt latency, keep the
service routine as short as possible. Otherwise, handling high baud rates can
create problems, such as missing a timer interrupt.
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The service routines are called as follows:

Receive Notification Enabled

When the service routine is called, ZF is clear, the current data and
modem status are in the AX register (see function 03H), and interrupts
are disabled. The service routine returns ZF to indicate the action the
ROM BIOS should take. If ZF is set (1), the ROM BIOS ignores the data
and modem status in the AX register. If ZF is clear (0), the ROM BIOS
stores the data and modem status in the AX register.

Transmit Notification Enabled

When the service routine is called, the AL register contains the current
data status (same as AH in function 03H), and interrupts are disabled.
This service routine is called when the transmit buffer is empty.

Received Data Status Notification Enabled

When the service routine is called, the AL register contains the current
data status (same as AH in function 03H), and interrupts are disabled.
This service routine is called when an overrun, parity, framing, or break
interrupt error condition occurs.

Modem Status Notification Enabled

When the service routine is called, the AL register contains the current
modem status (same as AL in function 03H), and interrupts are disabled.
This service routine is called when a clear-to-send (CTS), data-set-ready
(DSR), ring-indicator (RI), or received-line-signal-detector (RLSD) changes
state.
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Error Codes Returned
When enabling a CCB (AL = FFH), function DOH can return one of the follow-
ing status codes in the AL register:

AL Meaning

00H A successful operation

01H A nonexistent port was specified in the DX register

02H No operation was specified (first 4 entries in CCB contain 0)

03H There was an invalid buffer description. (The end pointer must be at

least four more than the start pointer.)

When disabling a CCB (AL = 00H), function DOH can return one of the follow-
ing status codes in the AL register:

AL Meaning
00H A successful operation
01H There was a nonexistent port specified in the DX register
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Function D1H: Send Break
DIGITAL Extension

Parameters

AH = D1H
DX = The port number (00H to 03H and FFH)

AL = FFH Set the break condition
AL = 00H Clear the break condition

Returns

AH = The data status as defined in function 03H
AL = The modem status as defined in function 03H

This function sets or clears the break condition. When AL equals FFH, the
transmit data line is forced to the space state (break condition is set). When
AL equals 00H, the transmit data line is returned to the mark state (break
condition is cleared).
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Function D2H: Set Modem Control
DIGITAL Extension

Parameters

AH = D2H

DX = The port number (00H to 03H)

AL = FFH Set the modem signal bypass
AL = FOH Clear the modem signal bypass
AL = OFH Read the modem control register

AL = 00H to 07H Write modem control register

Bit 0 Data Terminal Ready (DTR)
0 = DTR is low at the external connector
1 = DTR is high at the external connector

Bit 1  Request to Send (RTS)
0 = RTS is low at the external connector
1 = RTS is high at the external connector

peed Select (SS)
= SS is low at the external connector
= SS is high at the external connector

Bit2 S
0
1

Returns

AL = The contents of the modem control register

This function reads or writes the modem control register and sets or clears the
modem signal bypass feature.

The modem signal bypass feature disables or enables ROM BIOS servicing of
modem line state changes. If the modem signal bypass is cleared (AL = FOH),
the ROM BIOS services the modem signals. If the modem signal bypass is set
(AL = FFH), the ROM BIOS does not service the modem signals. When
modem signal bypass is enabled, the modem signals are ignored and the serial
port operates in a data-leads-only mode.

Because it provides a different means of handling modem line state changes,
the modem signal bypass feature is not applicable when buffered communica-
tion is enabled. For further information on buffered communication, see func-

tion DOH.
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Function D3H: Retry on Timeout Error
DIGITAL Extension

Parameters
AH = D3H
AL = 01H Return the current retry map in AL and CL

AL = O00H, 02H-FFH  Write AL and CL (bits 1-0) to the retry map
CL (bits 1-0) = Port FFH retry map

Returns

AL = The current retry map (return map AL = 01H)
CL = The current retry map for port FFH

This function controls the ROM BIOS support of asynchronous port timeout
errors. Each port is individually controlled by reading the current map and
changing only the desired control bits. If the AL register equals 01H, the cur-
rent retry map is returned in the AL register. Otherwise, the contents of the
AL register are written to the retry map. Initially, all ports are set to return
timeout errors. The retry map bit assignments are defined as follows.

Reg Port Bits Usage
AL 03H 7-6 00 = return the timeout errors
11 = loop on the timeout errors
02H 5-4 00 = return the timeout errors
11 = loop on the timeout errors
01H 3-2 00 = return the timeout errors
11 = loop on the timeout errors
00H 1-0 00 = return the timeout errors
11 = loop on the timeout errors
CL FFH 7-2 Unused
1-0 00 = return the timeout errors

01 = loop on timeout errors
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Function D4H: Set Baud Rate
DIGITAL Extension

Parameters

AH = D4H
DX = The port number (00H to 03H)

AL = FFH Return the current baud rate in AL
AL = 00H-FEH  Any value other than FFH sets the baud rate

Returns
AL = The current baud rate selection
Bits 7-5 Standard group Extended group
000 = 110 50
001 = 150 75
010 = 300 134.5
011 = 600 1800
100 = 1200 2000
101 = 2400 3600
110 = 4800 7200
111 = 9600 19200
Bit 4 Baud rate group select

0 = Select the baud rate from the standard group
1 = Select the baud rate from the extended group

Bit 3-1 Not Used

Bit 0 Split baud rate
0 = The baud rate is not split (Port 0 only)
1 = The baud rates are split (Port 0 only)

This function sets or reads the baud rate and selects split baud rates.
Compared to function 00H, it provides an expanded set of baud rates.
Excluding the split baud rate selection, this function is compatible with
industry-standard serial port adapters.

Split baud rates are only supported on DIGITAL serial ports that have a split
baud rate capability. When the baud rates are split, the receive baud rate is
fixed at 1200 baud, and the transmit baud rate is set to the currently selected
value. The VAXmate workstation integral COM1 port supports split baud rates.
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Interrupt 15H: Cassette Input/Output

Software Interrupt - Industry-Standard with DIGITAL Extensions

This function provides support for multitasking and other functions associated
with the 80286 CPU in virtual memory mode. Because there is no cassette
hardware, the original cassette I/O functions respond as errors. An extended
function returns a DIGITAL-specific configuration word in the BX register.

Any AH values not defined in the following list of Interrupt 15H functions

return the error condition AH equals 86H and CF set (1).

AH Function Name DIGITAL
Extended

00H-7TFH Returns error condition (AH = 86H, CF = 1) No

80H Open Device No

81H Close Device No

82H Termination No

83H Set Wait Interval No

84H Joystick Support (not supported) No

85H Service System Request Key No

86H Wait No

87H Move a Block of Memory No

88H Memory size above 1Mb No

89H Begin Virtual Mode No

90H Device is Busy No

91H Interrupt Completion Handler No

DOH Return DIGITAL Configuration Word Yes
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Function 80H: Open Device

Industry-Standard

Parameters

AH = 80H

Returns

AH = Undefined
CF =0

This function is just a hook. It only returns the indicated values.

Function 81H: Close Device

Industry-Standard

Parameters

AH = 81H

Returns

AH = Undefined
CF=0

This function is just a hook. It only returns the indicated values.
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Function 82H: Termination
Industry-Standard

Parameters

AH = 82H

Returns

AH = Undefined
CF =0

This function is just a hook. It only returns the indicated values.

Function 83H: Set a Wait Interval
Industry-Standard

Parameters

AH = 83H

CX = High 16-bits (number of microseconds delay time) *
DX = Low 16-bits (number of microseconds delay time) *
ES:BX = The pointer to caller-supplied flag byte

*  Although this parameter is measured in microseconds, the minimum
resolution is 976 us. Requested values are rounded up to the next 976-us
increment.

Returns

CF =1 The error condition
CF = 0 Interval timer started (application should monitor bit 7 of the caller-
supplied flag byte)

This function does not wait until the time interval has elapsed before returning.
It returns to the caller immediately. After the specified time interval has
elapsed, this function sets bit 7 of a caller-supplied flag byte. The time interval
is a 32-bit value measured in microseconds.

If an attempt is made to start a second interval before the first interval is
completed, an error condition is returned (CF = 1). This function is mutually
exclusive of function 86H.
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Function 84H: Joystick Support
Not Supported

Parameters

AH = 84H

Returns

CF = 1 Indicates an error (always returns CF = 1)

NOTE
This function always returns an error (CF = 1). The VAXmate
workstation does not support joysticks.

Function 85H: Service System Request Key
Industry-Standard

Parameters

AH = 85H

Returns

AH = Undefined
CF=0

This function is just a hook. It only returns the indicated values.
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Function 86H: Wait (No Return to User)
Industry-Standard

Parameters

AH = 86H
CX = High 16-bits (number of microseconds delay time) *
DX = Low 16-bits (number of microseconds delay time) *

*  Although this parameter is measured in microseconds, the minimum
resolution is 976 us. Requested values are rounded up to the next 976-us
increment.

Returns

CF = 0 Indicates a successful operation
CF =1 Indicates an error condition

This function waits until the specified interval has elapsed before control is re-
turned. The time interval is a 32-bit value measured in microseconds.

This function is mutually exclusive of function 83H. If attempted while function
83H is active, it returns an error (CF = 1).
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Function 87H: Move a Block of Memory
Industry-Standard

Parameters

AH = 87H
CX = The number of 16-bit words to move (8000H maximum)
ES:SI = The pointer to a table of caller-supplied GDT descriptors

Returns

AH = 00H Indicates a successful operation

AH = 01H Indicates a RAM parity error (error cleared)
AH = 02H Indicates an exception interrupt error

AH = 03H Indicates an address line 20 gating failure

This function moves a block of memory to or from the address space above
1 Mbyte. The completion status is returned in the AH register and is also
stored in the real-time clock’s CMOS RAM at offset 3CH. Table 15-13
describes the caller-supplied table of descriptors.
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Table 15-13 Function 87H Descriptor Table

Offset

Size

Contents

O00H
08H

10H

18H

20H

28H

8 bytes
8 bytes

8 bytes

8 bytes

8 bytes

8 bytes

All 0
GDT Descriptor

These values are loaded into the GDTR with the LGDT
instruction. The ROM BIOS supplies this descriptor. It is
the 24-bit equivalent of the entry-time contents of ES:SI.
Thus, this structure becomes the GDT.

Data Segment Descriptor

After entering virtual protected mode, these values are
loaded into the DS register. The descriptor is supplied by
the caller. This descriptor points to the source data block.
The data block must begin at offset 0 in this segment.

Extra Segment Descriptor

After entering virtual protected mode, these values are
loaded into the ES register. The descriptor is supplied by
the caller. This descriptor points to the destination of the
data block. The destination must begin at offset 0 in this
segment.

Code Segment Descriptor

This is the code segment descriptor for the ROM BIOS
code. The ROM BIOS supplies this descriptor.

Stack Segment Descriptor

This is the stack segment descriptor for the ROM BIOS
code. This descriptor is filled in by the ROM BIOS. The
ROM BIOS uses the caller stack segment and stack
pointer. The caller is responsible for providing a minimum
of 258 bytes of stack space.
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Function 88H: Return Memory Size Above One
Megabyte
Industry-Standard

Parameters

AH = 88H

Returns

AX = Starting from address 100000H, the number of contiguous 1 Kbyte
blocks

This function returns the amount of contiguous memory above 1 Mbyte as de-
termined during powerup.
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Function 89H: Begin Virtual Mode
Industry-Standard

Parameters

AH = 89H

BH = The offset of interrupt level 1 in interrupt descriptor table (IRQ0-7)
BL = The offset of interrupt level 2 in interrupt descriptor table (IRQ8-15)
ES:SI = The pointer to a table of caller-supplied descriptors

Returns

AH = 00H Indicates a successful operation
AH = FFH Indicates an address line 20 gating failure

This function provides a method of entering the virtual protected mode of the
80286 CPU. Table 15-14 describes the caller-supplied table of descriptors. The
caller must initialize all required tables. Within those tables are new locations
for all 16 hardware interrupt vectors (15 plus the unused IRQ2). Control is re-
turned to the caller at the instruction following the Interrupt 15H instruction
that invoked this function. At that time, one of two conditions exists as
follows:

e The CPU is in virtual protected mode, all interrupts are disabled, and
the registers are initialized according to the descriptor tables. The AH
register contains 00H.

The master (BH) and slave (BL) peripheral interrupt controllers are pro-
grammed according to the descriptor tables pointed to by the BH and
BL registers. Both peripheral-interrupt-controller mask registers contain
FFH. That is, all interrupt inputs are disabled. The peripheral interrupt
controllers are initialized to the following states:

- Cascade mode is enabled

- Slave identification equals 02H

- Slave interrupts on IRQ2

- Vector interval equals 8

- Edge-triggered mode is enabled

- 8086 mode is enabled

- Normal EOI mode is enabled

- Nonbuffered and not special-fully-nested modes are established

- Interrupt descriptors pointed to by BH and BL are loaded into the
respective ICW2 registers
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e The CPU is in real mode and the registers are unchanged (except AH).
The interrupt structure is the same as it was before the function was
invoked. The AH register contains FFH, which indicates a failure in
gating address line 20. The calling routine must be prepared to recover
from this error condition.

Table 15-14 Function 89H Descriptor Table

Offset Size Contents

00H 8 bytes All 0
08H 8 bytes  GDT Descriptor

This caller-supplied descriptor is loaded into the GDTR
with a LGDT instruction.

10H 8 bytes  IDT Descriptor

This caller-supplied descriptor is loaded into the IDTR
with a LIDT instruction

18H 8 bytes  Data Segment Descriptor

This caller-supplied descriptor is loaded into the DS
register.

20H 8 bytes Extra Segment Descriptor

This caller-supplied descriptor is loaded into the ES
register.

28H 8 bytes  Stack Segment Descriptor

This caller-supplied descriptor is loaded into the SS
register.

30H 8 bytes Code Segment Descriptor

This caller-supplied descriptor is for the code that receives
control at the successful conclusion of this function.

38H 8 bytes  Code Segment Descriptor

This descriptor is supplied by the ROM BIOS and is used
by the ROM BIOS while it operates in virtual protected
mode.
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Function 90H: Device Is Busy
Industry-Standard

Parameters

AH = 90H

Returns

AH = Undefined
CF =0

This function is just a hook. It only returns the indicated values.

Function 91H: Interrupt Completion Handler
Industry-Standard

Parameters

AH = 91H

Returns

AH = Undefined
CF=0

This function is just a hook. It only returns the indicated values.
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Function DOH: Return DIGITAL Configuration Word
DIGITAL Extension

Parameters

AH = DOH

Returns

AH = 86H
CF =1
BX = The DIGITAL configuration word

This function returns the DIGITAL-unique hardware configuration information
in the BX register. The BX register has the following bit definitions:

Bit Description

15 Unused

14 Modem option or COM2 present

13-10 Hard disk type
0000 = There is no hard disk
0001 = The hard disk is an RDxx type drive
0010-1110 = Reserved
1111 = Unknown

9 Hard disk controller present
0 = No hard disk controller
1 = Hard disk controller present

8 Expansion box
0 = No expansion box (no battery)
1 = Expansion box present (implies battery present)

7-5 Video type
000 = An industry-standard monochrome adapter
001 = An industry-standard color graphic adapter
010 = The VAXmate graphic video system
011-111 = Reserved
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Bit Description (DIGITAL Configuration Word - cont.)

4 LK250 keyboard
0 = LK250 keyboard not present
1 = LK250 keyboard present

3-2 Diskette drive type (drive 1)

00 = Not present
= RX31 (48-tpi drive)
10 = RX33 (96-tpi high capacity drive)

11 Reserved
1-0 Diskette drive type (drive 0)
00 = Not present

01 = RX31 (48-tpi drive)
10 = RX33 (96-tpi high capacity drive)
= Reserved
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Interrupt 16H: Keyboard Input

Software Interrupt - Industry-Standard with DIGITAL Extensions

This interrupt provides an interface to the LK250 keyboard. In addition to the
industry-standard functions, it provides the following enhanced capabilities:

Interrupt 16H supports the following functions:

Increase the size of the keyboard buffer

Determine the number of characters in the keyboard buffer
Real-time key notification
Custom key mapping
Selective disabling of various key conversion processes

Function  Description DIGITAL Extended
00H Keyboard Input No
01H Keyboard Status No
02H Keyboard State No
DOH Key Notification Yes
DiH Character Count Yes
D2H Keyboard Buffer Yes
D3H Extended Codes And Functions Yes
D4H Request Keyboard ID Yes
D5H Send To Keyboard Yes
D6H Keyboard Table Pointers Yes
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Table of Returned Scan Codes

Table 15-15 lists the scan codes returned for various conditions. The columns
are marked as follows:

The column marked “Key Pos” refers to the key positions shown in
Figure 15-1.

The column marked “D” indicates the scan code when a key is
pressed.

The column marked “R” indicates the scan code when a key is
released.

The columns marked "A” indicate the ASCII key value.

The columns marked ”S” indicate the scan code.

The symbol — indicates an invalid code that is ignored in the conversion

process.

A *1 after an entry indicates that it is only available when DIGITAL extended
codes are in effect and combination keys are disabled.

A *2 after an entry indicates that it is only available when DIGITAL extended
codes are in effect and NumLock, Insert, and Scrl Lock are disabled.

A *3 after an entry indicates that it is only available when DIGITAL extended
codes are in effect.

A *4 after an entry indicates that it is only available when Compose key pass
through is in effect.
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Figure 15-1: LK250 Keyboard Layout
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Table 15-15 Keyboard Scan Codes Returned by the ROM BIOS

Key Scan Alt Lock Ctrl Normal Num Shift
Pos Code Lock
DR AS AS AS AS AS AS

E20 01 81 - == iB 01 iB 01 iB 01 iB 01 iB 01
EO1 02 82 00 78 31 02 == - 31 02 31 02 21 02
EO2 03 83 00 79 32 03 00 03 32 03 32 03 40 03
EO3 04 84 00 7A 33 04 - == 33 04 33 04 23 04
EO4 05 85 00 7B 34 05 -- == 34 056 34 05 24 05
EO5 06 86 00 7C 35 06 - - 35 06 35 06 25 06
EO6 07 87 00 7D 36 07 iE 07 36 07 36 07 5E 07
EO7 08 88 00 7E 37 08 -- -- 37 08 37 08 26 08
EO8 09 89 00 7F 38 09 == == 38 09 38 09 2A 09
EO9 OA 8A 00 80 39 OA -- -- 39 0A 39 0A 28 OA
E10 OB 8B 00 81 30 OB -— - 30 OB 30 OB 29 OB
Ei11 0C 8C 00 82 2D 0oC iF OC 2D OC 2D OC 5F 0C
E12 OD 8D 00 83 3D oD -— - 3D OD 3D OD 2B OD
E13 OE 8E -- -- 08 OE 7F OE 08 OE 08 OE 08 OE
DOO OF 8F - - 09 OF - == 09 OF 09 OF 00 OF
D01 10 90 00 10 51 10 i1 10 71 10 71 10 51 10
po2 11 91 00 11 57 11 17 11 77 11 77 11 57 11
D03 12 92 00 12 45 12 05 12 65 12 65 12 45 12
D04 13 93 00 13 52 13 12 13 72 13 72 13 52 13
DO5 14 94 00 14 54 14 14 14 74 14 74 14 54 14
D06 15 95 00 15 59 15 19 15 79 15 79 15 59 15
DO7 16 96 00 16 55 16 15 16 76 16 75 16 66 16
po8 17 97 00 17 49 17 09 17 69 17 69 17 49 17
D09 18 98 00 18 4F 18 OF 18 6F 18 6F 18 4F 18
D10 19 99 00 19 50 19 10 19 70 19 70 19 50 19
D11 1A 9A - == 5B 1A 1B 1A 5B 1A 5B 1A 7B 1A
D12 1B 9B - - 5D 1B iD 1B 5D 1B 5D 1B 7D 1B
C13 1C 9C - -- oD 1C OA 1C oD 1C oD 1C oD 1C
c99 1D 9D -- == -- - -- -- -—- -- bl -—- -
CoO1 1E 9E 00 1E 41 1E 01 1E 61 1E 61 1E 41 1E
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Table 15-15 Keyboard Scan Codes Returned by the ROM BIOS (cont.)

Key Scan Alt Lock Ctrl Normal Num Shift
Pos Code Lock
DR AS AS AS AS AS AS

Cco02 1F 9F 00 1F 53 IF 13 IF 73 1F 73 1F 63 IF
CO03 20 AO 00 20 44 20 04 20 64 20 64 20 44 20
C04 21 A1l 00 21 46 21 06 21 66 21 66 21 46 21
CO5 22 A2 00 22 a7 22 07 22 67 22 67 22 47 22
C06 23 A3 00 23 48 23 08 23 68 23 68 23 48 23
CO7 24 A4 00 24 4A 24 OA 24 6A 24 6A 24 4A 24
C08 25 A5 00 25 4B 25 OB 25 6B 25 6B 25 4B 25
CO9 26 A6 00 26 4C 26 0oC 26 6C 26 6C 26 4C 26
C10 27 A7 - - 3B 27 -— == 3B 27 3B 27 3A 27
Ci1 28 A8 -— -- 27 28 -- -- 27 28 27 28 22 28
BOO 29 A9 - == 60 29 -- == 60 29 60 29 7E 29
B99 2A AA -—- -- -- -- -—- - -- -- -- - -- --
Ci2 2B AB -—— - 5C 2B iC 2B 5C 2B 5C 2B 7C 2B
BO1 2C AC 00 2C 5A 2C 1A 2C TA 2C TA 2C 6A 2C
BO2 2D AD 00 2D 68 2D 18 2D 78 2D 78 2D 58 2D
BO3 2E AE 00 2E 43 2E 03 2E 63 2E 63 2E 43 2E
BO4 2F AF 00 2F 56 2F 16 2F 76 2F 76 2F 56 2F
BO5 30 BO 00 30 42 30 02 30 62 30 62 30 42 30
B0O6 31 B1 00 31 4E 31 OE 31 6E 31 6E 31 4E 31
BO7 32 B2 00 32 4D 32 oD 32 6D 32 6D 32 4D 32
B0O8 33 B3 - == 2C 33 -- -- 2C 33 2C 33 3C 33
BO9 34 B4 -- == 2E 34 -— -- 2E 34 2E 34 3E 34
B10 35 BS - == 2F 35 -- == 2F 35 2F 35 3F 35
Bi1 36 B6 -- -- -— == -- -- -—- -- -- -- - -
E23 37 B7 -— -- 2A 37 00 72 2A 37 2A 37 2A 37 *1
A99 38 B8 -- -- -- - -- -- -- -- -—- -- - ==
AO1 39 B9 20 39 20 39 20 39 20 39 20 39 20 39
CO0 3ABA -- -- -— -- -—- - -—- - -- - - ==
G99 3B BB 00 68 00 3B 00 5E 00 3B 00 3B 00 54
GO0 3C BC 00 69 00 3C 00 5F 00 3C 00 3C 00 55
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Table 15-15 Keyboard Scan Codes Returned by the ROM BIOS (cont.)

Key Scan Alt Lock Ctrl Normal Num Shift
Pos Code Lock

DR AS AS AS AS AS AS
GO1 3D BD 00 6A 00 3D 00 60 00 3D 00 3D 00 56
GO2 3E BE 00 6B 00 3E 00 61 00 3E 00 3E 00 57
GO3 J3F BF 00 6C 00 3F 00 62 00 3F 00 3F 00 58
GO5 40 CO 00 6D 00 40 00 63 00 40 00 40 00 59
GO6 41 C1 00 6E 00 41 00 64 00 41 00 41 00 6A
GO7 42 C2 00 6F 00 42 00 65 00 42 00 42 00 5B
GO8 43 C3 00 70 00 43 00 66 00 43 00 43 00 5C
GO9 44 C4 00 71 00 44 00 67 00 44 00 44 00 5D
E21 45 C5 - == 00 45 *2 -- -- 00 45 *2 -- -- 00 45 %2
E22 46 C6 - - 00 46 *2 -- -- 00 46 *2 -- -- 00 46 *2
D20 47 C7 -- -- 00 47 00 77 00 47 37 47 37 a7
D21 48 C8 - - 00 48 - - 00 48 38 48 38 48
D22 49 C9 -- == 00 49 00 84 00 49 39 49 39 49
D23 4A CA -- - 2D 4A -- = 2D 4A 2D 4A 2D 4A
C20 4B CB -— == 00 4B 00 73 00 4B 34 4B 34 4B
C21 4C cCC - == 00 4C *3 -- -- 00 4C *3 35 4C 35 4C
C22 4D CD -- -- 00 4D 00 74 00 4D 36 4D 36 4D
C23 4E CE - == 2B 4E -— == 2B 4E 2B 4E 2B 4E
B20 4F CF -— == 00 4F 00 75 00 4F 31 4F 31 4F
B21 50 DO - - 00 50 -- -- 00 50 32 50 32 50
B22 651 D1 -= - 00 51 00 76 00 51 33 51 33 b1
A20 52 D2 -— == 00 52 -- -- 00 52 30 52 30 52
A22 53 D3 -— - 00 53 -— == 00 53 2E 53 2E 53
G23 54 D4 -— == 00 98 00 BO 00 98 00 98 00 A4
E16 55 D5 - - 00 85 - == 00 85 00 85 00 85
E17 56 D6 -- -- 00 86 00 C3 00 86 00 86 00 86
Ei18 57 D7 - -- 00 87 00 C1 00 87 00 87 00 87
D16 58 D8 -—- -- 00 88 - -- 00 88 00 88 00 88
D17 69 D9 - == 00 89 00 C4 00 89 00 89 00 89
Di8 5A DA - == 00 8A 00 C2 00 8A 00 8A 00 8A
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Table 15-15 Keyboard Scan Codes Returned by the ROM BIOS (cont.)

Key Scan Alt Lock Ctrl Normal Num Shift
Pos Code Lock
DR AS AS AS AS AS AS

C17 5B DB - == 00 8B - == 00 8B 00 8B 00 8B
Bi6 5C DC - == 00 8C 00 BF 00 8C 00 8C 00 8C
B18 6D DD -- -- 00 8D 00 CO 00 8D 00 8D 00 8D
Bi7 SEDE -- -- 00 8E -- -- 00 8E 00 8E 00 8E
Gi1 SF DF 00 B3 00 8F 00 A7 00 8F 00 8F 00 9B
Gi2 60 EO 00 B4 00 90 00 A8 00 90 00 90 00 9C
Gi13 61 E1 00 BS 00 91 00 A9 00 91 00 91 00 9D
Gi14 62 E2 00 B6 00 92 00 AA 00 92 00 92 00 9E
G165 63 E3 00 B7 00 93 00 AB 00 93 00 93 00 9F
G16 64 E4 00 B8 00 94 00 AC 00 94 00 94 00 A0
G20 65 E5 00 B9 00 95 00 AD 00 95 00 95 00 A1
G21 66 E6 00 BA 00 96 00 AE 00 96 00 96 00 A2
G22 67 E7 00 BB 00 97 00 AF 00 97 00 97 00 A3
EO0O 68 E8 00 BD *4 00 BD *4 00 BD *4 00 BD *4 00 BD *4 00 BD *4
A23 69 E9 00 BE OD 9A OA B2 oD 9A 00 9A 00 A6

Combination Keys

When detected by the ROM BIOS, certain key combinations invoke special
functions. Detection of these key combinations occurs after key stroke notifica-
tion (see function DOH) and before key buffering notification (see function
DOH). If detected and acted upon (see function D3H), these key combinations
are not stored in the keyboard buffer.

System Reset
The ROM BIOS recognizes the key combination Ctrl/Alt/Del as a system reset.
When detected, interrupt 19H (Bootstrap) is executed.

System Request Key (Sys Req)
The ROM BIOS recognizes the key combination Alt/F20 as the system request
key. When detected, interrupt 15H function 85H is executed.

The F29 key is also the Sys Req key, and sends the Sys Req key scan code.
However, the system request function is executed only for the Alt/F20 key
combination.
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Extended Self-test
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>