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Chapter 1
Introduction and
General Information

The High-Performance TurbosPort 386, illustrated in Figure 1-1,
offers increased computing power while maintaining compatibility
with earlier PC’s. Some of the features of this computer are:

An Intel 80386 microprocessor operating at 12 or 6 Mhz
Optional support for the 80387 coprocessor

A 79-key keyboard with an integrated numeric keypad that can
emulate a 101-key advanced keyboard

2M of system memory

Optional memory expansion up to 3M

Internal hardware support for EMS memory

CGA video support

High-density 3.5-inch floppy disk drive and 40M hard disk drive
640 x 400 pixel black-on-white flat panel liquid crystal display
Fluorescent backlighting.

Figure 1-1. TurbosPort 386 Portable Computer
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Manual Description

This manual contains information on computer operation and
programming methods. It is a companion manual for the MS-DOS
Programmer’s Utility Pack (CB-3163-30). Refer to the Owner’s
Manual for this computer for explanations of commonly used
acronyms and terms.

This technical manual contains the following parts, plus an appen-
dix, and an index:

» Part | contains an introduction to the computer, including
information on installation, system configuration, operation, and
disassembly.

« Part Il describes system programming. This includes the Monitor
program and the software-based interrupts common to PC-
compatible computers.

» Part lll provides information on the base configuration and the
hardware used to implement that configuration. This includes a
discussion of each major programmable integrated circuit in the
computer. Part lll also includes a chapter on common problems
and how to resolve them.

» The Appendix contains the instruction sets for the CPU and
COprocessor.

Related Publications

Several available publications contain information related to the
topics discussed in this manual. This material may be helpful in
increasing your knowledge and understanding of this computer.

TurbosPort 386 Portable Computer Owner’s Manual (595-4063)
— This manual describes the installation and operation of the
computer from a user's point of view. It also includes a brief
discussion of the hardware, configuration, and maintenance.
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intel Introduction to the 80386 — This manual, published by the
Intel Corporation, provides an overview and introduction to the
80386 microprocessor. The Intel order number for this publication is
231252.

Intel Microsystems Component Handbook, Vol. 1 & 2 — These
manuals, published by Intel Corporation, provide information on the
architecture and programming of the 80287 and 80387 coproces-
sors. They also contain information relating to system support
circuitry and microprocessors. The Intel order number for this set is
230843-004.

Intel 80386 Programmer’s Reference Manual — This manual,
published by Intel Corporation, contains detailed information on the
architecture, instruction set, and programming procedures required
for the 80386 microprocessor. The Intel order number for this
manual is 230985-001.

Intel 80386 Hardware Reference Manual — This manual, pub-
lished by the Intel Corporation, contains detailed descriptions of the
architecture and operation of the 80386 microprocessor. Device
timing diagrams and pinouts are also included in this manual. The
Intel order number for this publication is 231732-001.

Lotus/Intel Expanded Memory Device Interface Specification —
This publication is available directly from Intel Corporation. This
specification details the software and hardware interface for EMS
memory systems. Intel Technical Support provides a toll free
number, 1-800-538-3373, that you may call to obtain this
specification.

Intel publications may be obtained by writing to the following
address:

Intel Literature Sales
P.O. Box 58130
Santa Clara, CA 95052-8130

Intel also provides a toll-free number (1-800-548-4725) for literature
requests.
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MS-DOS Programmer’s Utility Pack (CB-3163-30) — This
software package, produced by Microsoft and Zenith Data Systems,
contains information and software for writing and assembling
MS-DOS and native 8086, 8088, 80286, and 80386 assembly
language programs.

Recommended Environment

Most computers will operate over a wide range of environmental
conditions; temperature and humidity most affect the way a com-
puter operates. In general, always be aware of the published
specifications for the equipment you are trying to use. Unusual
applications may require you to contact the manufacturer for
information. The TurbosPort 386 is designed to meet working
conditions in the average business office, at home, or "on the road."
Use these guidelines to maintain a proper operating environment
for your computer:

+ Keep the computer away from sources of heat, including direct
sunlight.

* Keep the computer away from moisture sources that might
cause liquid to come into contact with the computer. Do not
allow drinks or other liquids in the work area.

» Place the computer in an area that allows free air flow around
the computer. Restricted ventilation around the computer can
result in overheating problems.

« Computers are extremely sensitive to dust and dirt particles.
Consider using protective covers whenever the computer is not
in operation.

» Computers and floppy disks are also sensitive to electromag-
netic radiation. The work area should be free of potential
sources of high electromagnetic emissions. Keep floppy disks at
least two feet from telephones and associated wiring.
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« Computers can be sensitive to mechanical shock and external
vibrations. Place the computer on a secure work surface that is
free from vibration. Always place dot-matrix and daisy wheel
printers on separate printer stands. These devices are vibration
sources and it is best to isolate them from the computer.

Memory Expansion

The basic computer comes with 2M of installed memory. The
maximum internal memory for the computer is 3M. Additional
expansion memory can be added by installing optional EMS
memory cards in an external expansion chassis.

Coprocessors

Coprocessors are integrated circuits that increase performance in a
specific area. An optional math coprocessor is available for this
computer: the 80387. Intel refers to this device as a "numeric
processor extension." This term, and the term "coprocessor" refer to
the same type of device in this manual. This device provides
increased performance on computation-intensive operations.

Video Options

The basic computer provides direct support for CGA video opera-
tion. This enhanced level video system provides screen resolution
of 640 x 400 pixels double scan (640 x 200) with up to eight gray
scales selectable from eight palettes. By attaching an external
RGBI color monitor to the video connector, 16 colors from a palette
of 64 are available. Other video options are available by installing
optional video cards in the external expansion chassis.
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Mass Storage

The term "mass storage" refers to any means of storing large
amounts of data. The basic computer provides one 3.5-inch
microfloppy disk drive with a formatted capacity of 1.4M on high-
density disks or 720K on double-density disks and one 3.5-inch
hard disk drive with a formatted capacity of 40M.

Specifications
CPU
Processor: 80386, CMOS technology.
Type: 32-bit internal/external.
Clock speed: 12 MHz or 6 MHz, keyboard and
program selectable.
Memory: 2M dynamic RAM, expandable to 3M.
Hardware support for EMS memory.
Display: Fluorescent backlit, black-on-white,
liquid crystal display. Text mode: 80 x
25 characters; 640 x 400 pixels.
Graphics mode: double scan 640 x
200 pixels. PC-compatible in normal
text and graphics modes.
Sound: Miniature transducer.
Input/output
Serial port: Asynchronous serial RS-232C port

(AT- style DB-9 connector). One start
bit; 7- or 8-bit word length; one or two
stop bits; selectable baud rates of 110,
150, 300, 600, 1200, 2400, 4800, or
9600 baud; RD, CTS, DSR, CD
signals recognized; TD, RTS, DTR
control signals generated; half- or
full-duplex operation.
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Parallel port: Centronics-type parallel output port
(DB-25 connector).

Video: RGB (color) video with intensity
signals from a single 15-pin connector.

Disk drives: 3.5-inch double-sided, high-density
microfloppy disk drive, 1.4M formatted
capacity per drive, 135 tpi, nine
sectors per track. Write-protection
recognized.

3.5-inch hard disk drive, 40M capacity.

Keyboard: 79 keys. 101-key keyboard com-
patibility maintained by using multiple
keys to duplicate keypad and special
function key operation. Duplicate CTRL,
ALT, and SHIFT keys, 4-key cursor
control pad. CAPS LOCK, SCROLL LOCK,
PAD LOCK, and NUM LOCK keys use
status LEDs.

Power requirements
AC adapter/charger: Input: 95 to 132 VAC, 48 to 64 Hz.
Output: 25 to 29 VDC, 30 watts
continuous, 500 mVpp maximum

ripple.

Battery power: 24 V (2.2 AHr) removable battery pack
with overcharge and short circuit
protection. Battery life is 1000 charge/
discharge cycles.
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Environment
Operating:

Storage:

Dimensions:

Weight:

60° -85° F (16" - 30° C) at 20% - 80%
relative humidity (non-condensing).

—-40° - +125° F (—-40° - +451° C) at 20%
- 80% relative humidity
(non-condensing).

13.25" wide x 14.81" deep x 4.75" high
(33.66 cm x 37.62 cm x 12.07 cm) with
display closed.

14.98 Ibs. (6.74 kg) without battery,
17.34 Ibs (7.80 kg) with battery.
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Installation

This chapter discusses connecting the computer to peripherals and
power in preparation for use. A flat-blade screwdriver is the only tool
required.

Operating Environment

« The room temperature should be between 60° and 85° F (16° to
30°C).

« The relative humidity should be between 20% and 80%
(non-condensing).

« Locate the computer away from heat sources such as radiators
and heaters. Allow six inches of unobstructed space at the back
and sides of the computer to prevent overheating.

« Choose a location where lights or windows will not cause
reflections on the LCD.

« When using your computer with the AC adapter, be sure you use
a properly rated and easily accessible power source.

Unpacking and Setting Up

1. Carefully unpack the computer and keyboard and place them
on the work surface. The operating system documentation and
disks are packed on top of the computer.

2. Allow six inches of open space around the back and sides of
your computer.
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3. Locate the computer power cord and AC adapter. Plug the
appropriate end of the' cord into the connector on the AC
adapter and then connect the adapter to the computer, as
shown in Figure 2-1.

AC ADAPTER

Figure 2-1. AC Adapter Connection

Connecting Peripherals

If you want to connect any peripherals (such as an external monitor,
printer or modem) to your computer, connect them now. Figure 2-2
shows the back panel of your computer.
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Figure 2-2. The Back Panel

Your computer can display information on the built-in LCD or on an
RGBI color monitor. Video signals are available at the 15-pin D-type
video connector. Table 2-1 provides the pin definitions for the video
connector.

Table 2-1. Video Connector Pinout

PIN SIGNAL PIN SIGNAL
1 Red 9 Not connected
2 Green 10 Ground
3 Blue 11 Reserved
4 Reserved 12 Intesity
5 Ground 13 Horizontal sync
6 Reserved 14 Vertical sync
7 Reserved 15 Reserved
8 Reserved

5 1

| |
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Your computer is equipped with a serial port and a parallel port. The
serial port connector is a 9-pin D-type configured as an RS-232C
communications port. The parallel port connector is a 25-pin D-type
configured as a Centronics-type printer port. Table 2-2 provides
pinout information for the serial port and Table 2-3 provides pinout
information for the parallel port.

Table 2-2. Serial Connector Pinout

PIN SIGNAL PIN SIGNAL

1 Carrier detect 6 Data set ready
2 Receive data 7 Request to send
3 Transmit data 8 Clear to send

4 Data terminal ready 9 Ring indicator

5 Ground

@ ooooo ) @

Table 2-3. Parallel Connector Pinout

PIN SIGNAL PIN SIGNAL

1 Strobe 10 Acknowledge
2 Data bit 0 11 Busy

3 Data bit 1 12 Page end

4 Data bit 2 13 Select

5 Data bit 3 14 Auto feed

6 Data bit 4 15 Error

7 Data bit 5 16 Initialize printer
8 Data bit 6 17 Select input

9 Data bit 7 18-25 Ground

1
1

3
—
gOOOOOOOOOOOO@
;)OOOOOOOOOOO
/ \
L4
25

1
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Your computer is also equipped with an external expansion connec-
tor. This connector is a 68-pin male connector and provides access
to an XT-compatible bus in the computer. Table 2-4 provides pinout

information for the expansion connector.

Table 2-4. Expansion Connector Pinout

PIN  SIGNAL PIN  SIGNAL

1 1/0O channel check 35 Data bit 7

2 Reset 36 Data bit 6

3 Ground 37 Data bit 5

4 Interrupt request 2 38 Data bit 4

5 DMA request 2 39 Data bit 3

6 Interrupt request 7 40 Ground

7 Terminal count 41 Data bit 2 “—T

8 ZX bus enable 42 Data bit 1 34 -H m‘ﬂ_ 68

9 1/0 channel ready 43 Data bit 0 S
10 Ground 44 Address bit 19 G
11 Address enable 45  Address bit 18 i
12 Memory write 46  Ground (o
13 Memory read 47 Address bit 17 i
14 1/0 write 48  Address bit 16
15 Ground 49 Address bit 15 :
16 1/0 read 50 Address bit 14 i
17 DMA acknowledge 3 51 Address bit 13 i
18 DMA request 3 52 Ground i
19 DMA acknowledge 1 53 Address bit 12 f t
20  DMATrequest1 54  Address bit 11 0
21 Ground 55 Address bit 10 0o
22 DMA acknowledge 0/Refresh 56 Address bit9 s
23 Write configuration 57 Ground [
24 Clock 58 Ground oo
25 Data buffer enable 59  Address bit8 14 t}j— 35
26 Interrupt request 6 60 Address bit 7
27 Ground 61 Address bit 6 LU
28 Interrupt request 5 62 Address bit 5 (
29 Interrupt request 4 63 Address bit 4
30 Interrupt request 3 64 Ground
31 DMA acknowledge 2 65 Address bit 3
32 Data buffer direction 66 Address bit 2
33 Ground 67 Address bit 1
34 Address latch enable 68 Address bit 0
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Opening the Computer

Position the computer so that the front is facing you and you can
easily reach the disk drive to insert and remove floppy disks. You
should also be able to reach the power switch on the left side of the
computer.

To open the computer when it is first removed from the packing
material, simply lift up on the lid. When the keyboard is attached,
follow the instructions listed below.

1. With the handle inserted fully into the computer, push the latch
on each side toward the front, as shown in Figure 2-3.

2. Lift the top up from the front as illustrated.

3. The top contains the LCD display. Adjust the screen for the
most comfortable viewing angle.

55>
s o
e e e e es.
~ CSCERNEED
0”%’.\, "9
N Chs

Figure 2-3. Opening the Computer
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Keyboard

The keyboard contains 79 keys and emulates a 101-key advanced
keyboard. (For more information about the keys and the modes of
operation, refer to Chapter 5.)

1. Connect the keyboard cable to the keyboard connector, as
shown in Figure 2-4.

2. Place the keyboard on the tongue of the computer and slide it
back until it locks into place.

3. Place the cable in the recessed area between the keyboard
and the computer.

KEYBOARD

Figure 2-4. Attaching the Keyboard



Page 2-8

Installation

The keyboard may also be used as a stand-alone unit. To remove
the keyboard from the tongue of the computer:

1. Press up on the latches that hold the keyboard to the com-
puter, as shown in Figure 2-5

2. Pull the keyboard toward you to separate it from the computer.

Figure 2-5. Removing the Keyboard
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When using your keyboard as a stand-alone unit, you can adjust
the tilt of the keyboard. Simply move the legs on the bottom of the
keyboard, as shown in Figure 2-6.

KEYBOARD
LEG

Ol

/////

Figure 2-6. Keyboard Tilt Adjustment
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Controls and Indicators

The brightness and contrast controls are on the right side of the lid,
as shown in Figure 2-7. Slide the contrast control toward the bottom
of the LCD display to increase the contrast. Slide the brightness
control toward the top of the display to increase the brightness of
the backlight. For now, set the brightness and contrast controls to
the middle of their ranges.

BRIGHTNESS

CONTRAST

Figure 2-7. Brightness and Contrast Controls
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Several LEDs are located on the keyboard, as shown in Figure 2-8.
These LEDs indicate whether the power is on, when the disk drives
are in use, and if certain keys are pressed on the keyboard. The
power LED may light in any of three colors. Table 2-5 lists the
colors and their meanings. For information about the remaining
indicators, refer to Chapter 5.

LED
INDICATORS

AL

q A

POWER HARD FLOPPY CAPS NUM PAD SCROLL

\)\RIVE DRIVE LOCK LOCK LOCK LOCK

R S S S 0 O

Figure 2-8. LED Indicators

Table 2-5. Power LED Indications

COLOR INDICATION

Amber  AC adapter supplying power to computer
Green Battery pack supplying power to computer
Red Battery pack power is low (needs recharging)
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Up and Running

After you have unpacked, set up, and connected all of your com-
puter equipment, you are ready to get your computer up and
running. This part of Chapter 2 describes:

» The power-up procedure

» Entering the Monitor program

» Setting the clock and calendar

» Loading the first floppy disk

Power-Up Procedure

To turn on the power to the computer, press the button on the left
side of the computer, as shown in Figure 2-9. This button operates
a momentary contact switch so be sure to press the button in for at
least one second.

ON/OFF
(PRESS IN)

Figure 2-9. Turning On the Power
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Refer to Figure 2-10 and press the ejection button on the 3.5-inch
floppy disk drive. Remove any shipping insert installed in the drive.
Use the insert when your computer is transported. Drives without
shipping inserts installed have an auto-lock feature to protect the
drive’s read/write heads.

SHIPPING
INSERT

Figure 2-10. Removing the Shipping Insert

Each time your computer is turned on, it automatically performs a
series of internal self-tests that check the major circuits and verify
that various functions operate properly. |f some part of the com-
puter fails to operate correctly, the computer attempts to display an
error message on the LCD. Chapter 19 contains more detailed
information on these self-tests and error messages.

In addition to the self-tests, the following events occur when power
is turned on:

« The power LED on the keyboard glows.

« The LEDs for the floppy disk drive and hard disk drive light
alternately.
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» The drives make some sounds as their read/write heads move
back and forth.

» A blinking cursor appears on the LCD.

« After about 20 seconds, the computer starts the "autoboot"
procedure. Autoboot is the automatic loading of an operating
system from the floppy disk drive or the hard disk drive into the
computer’s memory.

Next, the floppy drive LED will light and remain on for a few
seconds. Since there is no floppy disk in the drive, the hard disk
LED will then light and remain on. Since the operating system has
not yet been installed on the hard disk, the following error message
will appear on the screen:

Not a bootable partition

This message is normal. It indicates that the computer is operating
properly and has detected that the hard disk has no operating
system installed.

Entering the Monitor Program

The Monitor program is a special program permanently built into
your computer that helps the computer perform its tasks. Enter the
Monitor program by pressing and holding the CTRL, ALT, and INS
keys in sequence and then release them.

Chapter 6 discusses the Monitor program in detail. When you enter
the Monitor program, the following message will be displayed on
your LCD:

MFM-300 Monitor, Version x.xx
Memory Size: xxx

Enter "?" for help.

->
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Your computer will display numbers in place of the x’s shown. This
message is the Monitor program prompt. It lets you know that you
have entered the Monitor program and that it is waiting for a
command.

Setting the Clock and Calendar

Your computer has a built-in clock and calendar. It keeps track of
the time and date even when the computer is turned off. To keep
accurate time, you must set the clock and calendar when you turn
on the computer for the first time. To set the clock and calendar:

1. Type the word SETUP and press the ENTER key. This com-
mand allows you to enter the Setup/Configuration program and
set your computer’'s clock and calendar. Figure 2-11 shows
the Setup/Configuration menu.

Z2P-386 Hardware Setup/Configuration Program

00:00:00 Hard Disk Drive: [Flstey Type 16
Date 01/01/1988 Media Type: Fixed
80387 Mode: [l 1.E1E83E Native Cylinder: 977 Heads 5
Ship Zone: 977 Sectors: 17
Use PgUp or PgDn to Configure Precomp: 300 Capacity 42M
for Expansion Chassis Operation

Expansion Chassis Not Installed

Coml: Serial Modem Off Keyclick: 13 FVICN Disable
Com2: erla Modem Ooff
Parallel LPT1 LPT2 Off Hard Disk IAEISER Disable

Hard Disk Powerdown: 60

Add-on RAM? EMS Extended

Add-on RAM Size: 1024K Video:
Backlight: Il inutes

Operating Speed: SlowREEiMSmart

Burst Refresh:

Enter MFM-300 Monitor

Enter Current Time As HH:MM:SS In 24 Hour Format

Use Space/Backspace to select values, Arrows to move, Esc when done

Figure 2-11. Setup/Configuration Menu
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The display is divided into sections (called fields) that contain
information about the hardware installed in your computer.
Check to make sure that these fields match the hardware
actually installed. If you have any questions or notice that
something does not match, refer to Chapter 4 for instructions
for updating the Setup/Configuration program. If you still have
questions, contact your service representative.

2. The Time field is highlighted in the upper left corner of the
display and the blinking cursor is located under the first
number immediately to the right of the word Time.

Your computer keeps track of time using a 24-hour clock, in
hours (00 - 23), minutes (00 - 59), and seconds (00 - 59).
Type in the time of day using this format, and then press the
ENTER key. For example, to enter 8:35 a.m., type 083500; to
enter 8:35 p.m., type 203500. The computer automatically
adds the colons () to separate the hours, minutes, and
seconds.

If you make a mistake while typing, use the BACKSPACE key to
erase the incorrect entry, type it again, and then press the
ENTER key.

3. The highlight has now moved to the Date field and the blinking
cursor is now located under the first number to the right of the
word Date.

Your computer keeps track of the date using months (01 - 12),
days (01 - 31), and years. Type in the date using this format,
and then press the ENTER key. For example, to set the
calendar for January 5, 1988, type 01051988. The computer
automatically adds the slashes (/) to separate the month, day,
and year.

Again, if you make a mistake while typing, use the BACKSPACE
key to erase the incorrect entry, type it again, and then press
the ENTER key.
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6.

7.

When you are finished setting the calendar and clock, press
the Esc key. The following message will appear at the bottom
of the screen:

Are You Done Making Changes (Y/N)?
Press the Y key to let the computer know that you are finished

setting the clock and calendar. The message at the bottom of
the screen will change to read:

Press Return to save changes or ESC to ignore changes.

Press the ENTER key to let the computer know that you want it
to use the clock and calendar information you entered.

Your computer will attempt to autoboot. Use the CTRL-ALT-INS
key combination to return to the Monitor program.

Loading a Disk

1.

Locate the operating system material shipped with your
computer. The package contains one 3.5-inch floppy disk with
the operating system and a setup program on it. Since the disk
contains the operating system, it is "bootable," that is, it can be
loaded into computer memory.
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2. Insert the floppy disk into the floppy disk drive (drive A), as
shown in Figure 2-12. Be sure the disk is oriented properly,
with the label toward you. Slide the floppy disk all the way into
the drive until you hear it click into place. You are now ready
to boot your computer.

DISK
EJECT

35" _»
DISK

Figure 2-12. Inserting a Disk

3. Press the B key, the F key, and then the ENTER key. This
command means "boot from the floppy drive". Pressing the
ENTER key tells the computer to carry out the command.

During the boot process, the floppy drive’s LED on the
keyboard lights, indicating that the disk is being read by the
computer. You will also hear a clicking sound from your floppy
drive. This is the normal sound of the disk drive motors. After
a few seconds, the following opening message appears on the
LCD:

Current date is XXX X—XX—XXXX
Enter new date (mm—-dd-yy):
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(The messages displayed on your LCD after you boot up the
operating system may vary, depending on the operating
system you have.) The booting process is now complete. You
have just loaded the operating system from the floppy disk into
your computer's memory. The booting process is also called
"bootup".

4. Reply to the requests for information displayed on the LCD
until the operating system prompt (A>) appears. If you make a
mistake when typing a response, simply backspace over the
mistake and retype your entry.

The operating system’s setup program guides you through the
beginning steps of making copies of your operating system disks,
setting up your computer, and preparing your floppy and hard disks
so that you can use applications software packages. If you encoun-
ter any problems in loading the correct floppy disk or using the
operating system’s setup program, refer to your operating system
documentation. It describes the setup program in detail and
includes procedures for correcting problems.

Resetting Your Computer

After you have completed the operating system’s setup program
and installed the operating system on the hard disk drive, you are
ready to use the operating system. This section describes how to
reset your computer and cause it to autoboot, that is, automatically
load the operating system into the computer’'s memory.

1. Make sure there is no floppy disk installed in your floppy disk
drive.

2. Press and hold the CTRL, ALT, and DEL keys in sequence, and
then release them. This key combination resets your computer
and causes it to autoboot.



Page 2-20

Installation

After 20 or 30 seconds you should see the operating system’s
opening messages and prompt appear on the screen. If this does
not happen, check your operating system documentation and make
sure that you completed all of the procedures in the operating
system setup program.

Booting Manually and Autobooting

As you become more familiar with your computer, you will want to take
advantage of the autoboot feature. At other times, you may want to
disable autoboot and boot a disk manually.

There are three ways to disable the autoboot feature:

With no floppy disk in the drive and no operating system installed on
the hard disk drive, turn the computer on (or reset it using the
CTRL-ALT-DEL key combination), and wait until the autoboot process is
completed. When an emror message appears on the video monitor,
press the ESC key to enter the Monitor program.

Enter the Monitor program directly by pressing the CTRL-ALT-INS key
combination.

Change the boot drive information stored in the computer's memory
by the Setup/Configuration program. Refer to Chapter 4 to do this.

There are three ways to enable your computer to autoboot:

Insert a bootable disk in the floppy disk drive within 20 seconds of
turning on power to the computer. Remember that a bootable disk
has the operating system on it.

With a bootable disk installed in the floppy disk drive, reset the
computer using the CTRL-ALT-DEL key combination.

if necessary, change the boot drive information stored in the com-
puter's memory by the Setup/Configuration program. Refer to
Chapter 4 to do this.
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Your computer is factory-set to autoboot from the floppy disk drive
and, if no bootable disk is in the drive, to boot from the hard disk. If
you have loaded the operating system onto the hard disk and have
not changed the boot drive information, your computer will autoboot
each time you turn on the power or reset the computer. You do not
have to put a bootable disk in the floppy drive.

Transporting the Computer

To prepare your portable computer for transportation, complete the
following steps:

1. Turn off the computer by pressing in the power switch for at
least one second.

2. Remove any floppy disk ejected from the drive.

3. If the keyboard has been used as a remote unit, attach it to the
computer as described earlier in this chapter.

4. Disconnect the AC adapter.
5. Close the lid and make sure it latches.

6. Pull the handle out from the lid as shown in Figure 2-13. The
lid must be closed before you can pull out the built-in handle.

HANDLE

Figure 2-13. Built-In Handle






Chapter 3
Disassembly

There are no user-servicable components inside this computer. If
service is required, contact your nearest authorized Zenith Service
Center.

The battery pack is the only user-installable option. To have the
expansion memory, numeric coprocessor, and modem options
installed in your computer, contact your nearest authorized Zenith
Service Center.

Battery Pack

Your computer can use a rechargeable nickel-cadmium battery for
portable operation. The length of time a computer will operate with
the battery depends upon the number of options installed and the
battery’s capabilities.

Use the following procedure for installing the optional battery pack
in your computer. A flat-head screwdriver or coin is the only tool
required.
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1. Loosen the three screws and remove the battery pack cover,
as shown in Figure 3-1. Set it to one side.

2. Place the battery pack inside the computer and attach the
connector.

3. Replace the battery pack cover and tighten the three screws.

BATTERY COVER ’ﬁf

BATTERY PACK S —

Figure 3-1. Battery Pack Installation

Use the following procedure for removing the optional battery pack
from the computer.

1. Remove the battery pack cover.

2. Lift the battery pack from the compartment and detach the
connector.

3. Replace the battery pack cover and screws.
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There are no switches or jumpers to set on this computer. All the
configuration is done through the Setup/Configuration program that
is part of the Monitor program.

Setup/Configuration Program

The Setup/Configuration program serves as a reference for your
computer by storing information about the hardware installed. It is
also used when you set your computer’s built-in clock and calendar.
To enter the program, type the word SETUP after the Monitor
prompt (->) and then press the ENTER key.

The Setup/Configuration program display consists of two menu
screens. One displays the hardware information when the computer
is used as a portable, that is, when the optional expansion chassis
is not attached to the computer. This screen displays the message
"Expansion Chassis Not Installed." The other screen displays
hardware information when the optional expansion chassis is
attached. This screen displays the message "Expansion Chassis
Installed.” You can change from one menu to the other with the
PgUp and PgDn keys. Each menu may contain different information.

When the Setup/Configuration menu appears, as shown in Figure
4-1, some of the information will be highlighted in rectangular
boxes, called "fields." The fields contain information about the
hardware currently in your computer. Check to make sure that each
field matches the hardware installed in your computer. If it does not,
change it by highlighting the correct information.

Figure 4-1 shows the default entries for the "Expansion Chassis Not
Installed" menu. The default entries for the "Expansion Chassis
Installed" menu are the same. However, each menu can contain
different entries.
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I 2P-386 Hardware Setup/Configuration Program l

00:00:00 Hard Disk Drive: LIITFNE TS SBT3

Date 01/01/1988 Media Type: Fixed
80387 Mode: Native Cylinder: 977 Heads 5

Ship Zone: 977 Sectors: 17
Use PgUp or PgDn to Configure Precomp: 300 Capacity 42M
for Expansion Chassis Operation

Expansion Chassis Not Installed

Coml: Serial Modem Off  Keyclick: | A.EYIW Disable
Com2: eria Modem Ooff

parallel LPT2  Off Hard Disk Disable
weraown:

Hard Disk Po

60

Add-on RAM? EMS Extended
Add-on RAM Size: 1024K Video: Internal LCD
Backlight: j{¢lMinutes

Operating Speed: SlowRaGIIMlSmart
Burst Refresh: [QEIeIRe Enter MFM-300 Monitor

Enter Current Time As HH:MM:SS In 24 Hour Format

Use Space/Backspace to select values, Arrows to move, Esc when done

Figure 4-1. Setup/Configuration Menu

You can move between the fields of information using the arrow
keys. Within each field, except the Time, Date and Backlight fields,
use the space bar and BACKSPACE key to highlight the entry that
matches your computer's configuration. The Time, Date, and
Backlight entries must be typed in.

Error Messages

The backup battery provides power for the computer memory that
stores the configuration information. If your backup battery loses
power, the information stored in the Setup/Configuration program is
lost and one of the following messages will be displayed:

+++ ERROR: Please replace the backup battery! +++
+++ ERROR: Bad configuration information found in CMOS! +++
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When this happens, press the ESC key and update the Setup/
Configuration program. The default entry for each field will be
highlighted.

If the error message was caused by a faulty backup battery, the
information you enter now will be lost again when you turn your
computer off. If it is, the backup battery needs replacing. Refer to
Chapter 19 for more information on error messages and the backup
battery.

NOTE: The backup battery can only be replaced by a qualified
service technician. Take your computer to your nearest Zenith
Service Center to have the backup battery replaced.

Time and Date

The computer’s clock and calendar are battery-operated and will run
continuously, even when the computer is turned off. To keep accu-
rate time, you must set the time and date when you turn on the
computer for the first time. After that, you only need to enter a new
time and date if you replace the backup battery. Refer to "Setting the
Clock and Calendar” in Chapter 2.

80387 Mode

The 80387 Mode field selects the method by which the 80386 CPU
and the coprocessor are connected. In the compatible mode, the
CPU and the coprocessor are connected through a logic interface.
The logic interface maintains compatibility with previous IBM-
compatible software. In the native mode, the CPU and the
coprocessor are directly connected. Future software may support
this mode. For now, leave this field set to "Compatible".
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Hard Disk Drive

When the computer is shipped from the factory, the hard disk drive
type is set to match the drive that was installed in the computer.
You should not change this selection unless the original drive is
replaced by a drive of a different type. If the backup battery is
replaced, the drive type may have to be re-entered. Press the
space bar to step through the drive types.

COM1 and COM2

Com1 and Com2 are each used to address either the serial port or the
internal modem, if it is installed. They cannot both be set to the same
value except Off. Setting Com1 and/or Com2 to Off conserves power
during battery operation.

Parallel

The Parallel field determines whether the parallel port is addressed as
LPT1 or LPT2. Tuming the parallel port off conserves battery power.

Add-On RAM

The Add-On RAM field determines whether the expansion memory will
be used as EMS memory or extended memory.

Add-On RAM Size

Your computer comes equipped with 2 megabytes of memory. A
1-megabyte expansion memory board is available. If your computer
has the standard 2 megabytes, set this field to 1024K. If the
1-megabyte expansion board is installed, set this field to 2048K.
Use the space bar to increase the number and the BACKSPACE key
to choose a lower number.
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Operating Speed

You have a choice of speed modes: Slow, Fast, and Smart. The
fast speed is the normal (and default) mode of operation. However,
some programs may require a slower speed in order to run. The
Smart mode slows the computer down for floppy disk drive opera-
tions but allows the fast speed for other operations. If the program
still does not run properly, it may require the Slow mode. This mode
slows down all operations of the computer.

Burst Refresh

The Burst Refresh field selects the way memory is refreshed.
Enabling burst refresh increases overall computer performance by
as much as 75%. However, some hardware expansion boards, and
some application programs, may not work properly with burst
refresh enabled. Disable burst refresh if you have trouble using an
expansion board (in a Zenith Data Systems expansion box) or any
application program.

Keyclick

The Keyclick field allows you to disable the audible feedback of the
keyboard.

Hard Disk

The Hard Disk field allows you to disable the hard disk drive. You
may want to do this during battery operation to conserve power.
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Hard Disk Powerdown

This field sets the number of seconds the hard disk drive runs after
the last disk access. Set this field to a high number if your applica-
tion requires frequent disk access. If your disk access is infrequent,
set this field to a low number to conserve battery power.

Video

The Video field allows you to choose between the built-in LCD or an
external monitor. An RGB monitor may be attached to the video
connector on the back panel by using an optional video adapter
cable. This cable is available from your Zenith Data Systems
dealer. If the optional expansion chassis is attached to the com-
puter, there are four additional selections available:

Color Card: 40x25 — This settings displays text at 40 characters
per line, 25 lines per screen.

Color Card: 80x25 — This setting displays text at 80 characters
per line, 25 lines per screen.

Mono Card: 80x25 — This setting selects a high-resolution
monochrome display.

Enhanced Graphics — This setting selects an EGA or a high-
resolution analog display.

Backlight

Use the Backlight field to set the time the backlight remains lit when
there is no activity on the keyboard. Setting this value to 0 (zero)
turns the backlight off. Setting the value to 99 (maximum) causes
the backlight to remain on continuously. Turning the backlight off
conserves power during battery operation.
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Boot

The Boot field allows you to select the drive your computer will
attempt to boot from when it autoboots. You can select one of the
following options:

Floppy Drive 0 — The computer will attempt to load the operating
system from the floppy disk drive.

Hard Disk Drive 0 — The computer will attempt to load the
operating system from the hard disk drive.

Floppy then Hard Disk — The computer will attempt to load the
operating system from the floppy disk drive. If that drive is not
ready, the computer will attempt to load the operating system from
the hard disk drive.

Enter MFM-300 Monitor — This selection defeats autoboot. The
computer will not attempt to load the operating system from either
drive but will call up the Monitor program instead.






Chapter 5
Operation

This chapter describes the keyboard and battery.

Keyboard

The keyboard’s layout makes it easy to use for all types of entries.
The 79 keys are arranged in the following groups, as shown in
Figure 5-1:

* Keyboard indicator LEDs

« Alphanumeric keys

+ Control and special purpose keys
» Cursor control keys

* Numeric keypad

Figure 5-1. Keyboard Arrangement
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Some of the key groups contain familiar keys, like those found on a
typewriter keyboard. Others contain unique keys. Some familiar
keys also have unique functions; your computer and software can
program them with special features. The unique keys and special
features of familiar keys are described in the following pages.

Almost every key on the keyboard auto-repeats. This means that
the key repeats itself as long as you hold it down. The longer you
hold an auto-repeat key down, the faster it repeats itself. This
feature is useful with keys that move the cursor, like the DEL (delete)
key, the ENTER key, the space bar, and the arrow keys. The only
keys that do not have the auto-repeat feature are SHIFT, CTRL
(control), ALT (alternate), FN (function), CAPS LOCK, SCROLL LOCK, NUM
LOCK (number lock), and PAUSE.

Also, all keys, except SHIFT, CTRL, ALT, and FN, have audible feed-
back. Audible feedback is the clicking sound made each time a key
is pressed. You can turn it off permanently by an entry in the
Setup/Configuration program (refer to Chapter 4). It can be turned
off (or back on) temporarily by pressing and holding the ALT key,
pressing the tilde (~) key, and then releasing both keys.

Keyboard Indicator LEDs

Figure 5-2 illustrates the LEDs located at the upper right of the
keyboard. These indicators light when the CAPS LOCK, NUM LOCK, PAD
LOCK, or SCROLL LOCK keys are active. These keys are discussed
later in this chapter.



Page 5-3
Operation

LED
INDICATORS

T A\
POWER HARD FLOPPY CAPS NUM PAD SCROLL
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Figure 5-2. Keyboard Indicator LEDs

Alphanumeric Keys

Many of the alphanumeric keys are the same as on a typewriter keyboard.
These keys are shown in Figure 5-3. To help touch typists keep their
fingers on the proper keys, the F and J keys have a raised dot.

Figure 5-3. Alphanumeric Keys
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Most of these keys also perform like typewriter keys. When a
number, letter, punctuation mark, or symbol key is pressed, that
character appears on the screen. The CAPS LOCK key acts like a
typewriter shift lock key, and the ENTER key acts like a typewriter
carriage return key.

The space bar, SHIFT, BACKSPACE, and TAB, when programmed by
software, perform quite differently from typewriter keys. For ex-
ample, the SHIFT keys affect some keys, but not others.

There are also some alphanumeric keys that are unique to com-
puters. The two modifier keys, CTRL (control) and ALT (alternate), are
always used with other keys. These keys perform no function when
used alone.

This section describes how the alphanumeric keys work.

Shift — There are two SHIFT keys on the keyboard; one is located
on the right side of the keyboard and one on the left. Usually, when
a SHIFT key is pressed, capital letters, symbols, and alternate
punctuation marks are generated. If CAPS LOCK is engaged, press-
ing a SHIFT key causes the letter keys to generate lowercase letters.
In some software programs, the SHIFT keys are also used in
combination with other keys to enter commands.

Caps Lock — This is almost the same as a typewriter shift lock
key: press it once to begin typing capital letters and press it again to
stop typing capital letters. The difference is that CAPS LOCK only
affects the letter keys. You must press either the right or left SHIFT
key to change the top row of numbers into special symbols (!, @, #,
etc.) and to engage the alternate punctuation marks and symbols ({,
5, ?, <, etc.). Also, when CAPS LOCK is engaged, the right and left
SHIFT keys allow you to type lowercase letters. The CAPS LOCK
indicator lights when CAPS LOCK is engaged.

Enter — This key returns the cursor to the left side of the display.
Software usually adds a line feed instruction as well. Also, pressing
the ENTER key after data or instructions have been entered tells the
computer to process them.
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Tab—This key moves the cursor to the next tab setting. Many software
programs allow you to change the tab settings. Your software documen-
tation will give you specific instructions on setting tabs.

Space bar — When you press the space bar, it usually enters a blank
character (space). The space bar is also used with some software to
move the cursor around the screen or to change the text on the screen.
For example, in the Setup/Configuration program, you press the space
bar to view information about different types of hard disk drives.

Backspace — This key moves the cursor one space to the left and
usually erases any character in the cursor’s path. The BACKSPACE key is
also used with some software to move the cursor around the screen
without erasing characters. Other programs use the BACKSPACE key to
view previous text.

Ctrl — There are two CTRL keys on the keyboard, one on the right and
one on the left. This key is one of the main keys for entering commands.
Typically, you press and hold the CTRL key and then press another key.
The CTRL key is often symbolized by a caret (*). For example, to enter
7K, you would press and hold the CTRL key, press the K key, and then
release both keys.

Alt— There are two ALT keys on the keyboard, one on the right and one
on the left. The ALT key is similar in operation to the CTRL key. It is used
with other keys to enter commands. Usually, the function of the ALT key
is programmed by the software.
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Control and Special Purpose Keys

The control and special purpose keys, illustrated in Figure 5-4, provide
control over the computer and keyboard. The following paragraphs
describe the normal function of each key. However, software can direct
almost any key to perform a different function.

\
FTLL]

Figure 5-4. Control and Special Purpose Keys

Esc — The ESC key, located just above the TAB key, performs special
functions when you press it and another key in sequence. It is commonly
used to stop the execution of a program or exit a function.

Fn— The function key, located in the lower-left corner of the keyboard,
acts similarly to the CTRLkey. It provides additional codes when you hold
it down and press another key. The FN key causes the keys with blue
labels to generate those characters and functions.

F1-F12 — These function keys are used for special purposes by
software packages. For example, in some word processing programs,
the function keys perform indenting, setting right and left margins,
underlining, and boldfacing. The function keys have special capabilities
in the MS-DOS operating system. To use function keys F11 and F12, first
press and hold FN and then press either F11 or F12.
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Prt Sc/Sys Req— When the PRT SC key is pressed, whatever is on the
screen will be sent to the printer to be printed. This key is particularly
useful when you run operating system commands like DIR and TYPE
and want to have a paper copy of the information. If your printer is turned
off, not on-line, or out of paper, the computer pauses for about 10
seconds. If the printer is still not ready at the end of this time, the
computer ignores the command.

NOTE: The PRT SC key must be held down for at least one second.
This prevents the print screen feature from being activated accidentally.

When used with the ALT key, SYs REQ performs a function similar to the
BREAK key. Various software programs use it to retum to the operating
system.

Num Lock/Pad Lock — This key provides two functions. When used
with the FN key (FN-PAD LOCK), it toggles the keypad lock. The PAD LOCK
indicator lights when the keypad lock is active. When the keypad lock is
active, the NUM LOCK key toggles the keypad between the numeric mode
and the cursor control mode.

Pause/Break — Pressing the PAUSE key freezes the display of text on
the screen. For example, if you enter an operating system TYPE
command, the text scrolls up the screen faster than you can read it.
Pressing the PAUSE key will stop the display temporarily. Pause can be
canceled by pressing any key other than SHIFT, CTRL, ALT and CAPS LOCK.

BREAK is generally used to halt commands or programs as they are
running. For example, if you begin an operating system DISKCOPY
routine, then realize that you cannot find the disk you want to copy, you
can return to the operating system prompt by pressing the CTRL key and
the BREAK key in combination.

Ins— When pressed in combination with the CTRL and ALT keys, the INS
key calls up the Monitor program. Since the computer is not actually
reset, you can boot an altemate drive using Monitor commands. In many
software programs, this key allows text or commands to be inserted.
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Del — When pressed in combination with the CTRL and ALT keys, the
DEL key causes the computer to reset. Many software packages also use
this key to erase characters, words, or whole documents.

Scroll Lock — When you press the FN key and the BACKSPACE key, an
indicator on the keyboard lights. This indicates that SCROLL LOCK is
engaged. Press the keys again to turn SCROLL LOCK off. Some programs
use SCROLL LOCK to keep the cursor on the same screen line while
moving the text.

Cursor Control Keys

The cursor control keys are illustrated in Figure 5-5. The arrows on the
keys indicate the direction in which they move the cursor. The Setup/
Configuration program uses these keys to move the highlight from one
field to the next. They can also be used with word processing software to
move the cursor for typing and positioning text. With many spreadsheet
programs, these keys move the active cell indicator.

Figure 5-5. Cursor Control Keypad
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NOTE: A few older software programs may not allow some functions to
be performed by the separate cursor control keys. If you are running one
of these programs, it may be necessary to use the cursor control keys in
the numeric keypad section of the keyboard.

Home — In many software programs, pressing the FN-HOME key
combination moves the cursor to the upper-left corner of the screen.
Some word processing programs use the HOME key to move the cursor
to the beginning of the current line. With spreadsheet programs, pressing
the HOME key usually moves the active cell indicator to the upper-left
corner of the spreadsheet.

End — Pressing the FN-END keys typically moves the cursor to the
lower-left comer of the screen. With some word processing programs,
the END key moves the cursor to the end of the current line. Many
spreadsheets use the END key to moves the active cell indicator to the
most remote cell.

Page Up (PgUp) and Page Down (PgDn) — The FN-PAGE UP and
FN-PAGE DOWN keys move the cursor a set number of lines upward or
downward.

Numeric Keypad

The numeric keypad, shown in Figure 5-6, has many of the same keys
as a calculator keypad. For example, the numbers keys are arranged as
on a calculator to allow numeric data to be entered rapidly. The FN-PAD
LOCK key combination toggles the keypad lock on and off. Pressing the
FN key while PAD LOCK is engaged causes the keypad keys to generate
alphanumeric characters. These keys are also dependent on the state of
CAPS LOCK. An indicator on the keyboard lights when PAD LOCK is
engaged.
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Figure 5-6. Numeric Keypad

When PAD LOCK is engaged, the NUM LOCK key toggles the numeric
and cursor control modes of the keypad. The numeric mode causes
the keys with light blue labels to generate numbers and the cursor
control mode causes the keys with light blue labels to move the
cursor. When the NUM LOCK key is active, an indicator on the
keyboard lights. When only the PAD LOCK indicator is lit, the keypad
is in the cursor control mode. When both the PAD LOCK and the NUM
LOCK indicators are lit, the keypad is in the numeric mode. The SHIFT
keys reverse the action of the NUM LOCK key. If the keypad is in the
numeric mode, press a SHIFT key to generate cursor movement
codes. If the keypad is in the cursor control mode, press a SHIFT key
to generate numeric codes.

Table 5-1 lists the results of pressing a keypad key in the unshifted
mode, with the SHIFT (or CAPS LOCK) key, with the FN key, and with
the SHIFT and FN keys for each of the possible combinations of the
PAD LOCK and NUM LOCK modes.
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Table 5-1. Keypad Results
RESULT

KEY NORMAL NORMAL NUMERIC CURSOR
PRESSED KEYBOARD' KEYBOARD® MODE® MODE"*
Keypad Lowercase Lowercase Number or Cursor
key letter or letter or symbol function

number printed number printed printed in printed in

in black. in black. blue. blue.
SHIFT- Uppercase Uppercase Cursor Number or
keypad letter or letter or function symbol
key symbol printed symbol printed printed in printed in

in black. in black. blue. blue.
FN- Number or Cursor Lowercase Lowercase
keypad symbol function letter or letter or
key printed in printed in number printed number printed

blue. blue. in black. in black.
SHIFT-FN- Cursor Number or Uppercase Uppercase
keypad function symbol letter or letter or
key printed in printed in symbol printed symbol printed

blue. blue. in black. in black.
NOTES

1.

2.
3.
4.

NUMLOCK on, PAD LOCK off (default)
NUM LOCK off, PAD LOCK off.
NUM LOCK on, PAD LOCK on.
NUM LOCK off, PAD LOCK on.
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Keyboard-Selectable Modes

In addition to the keypad modes mentioned in the preceding section,
there are several operating modes that can be selected from the
keyboard. These modes are described in the following paragraphs and
summarized in Table 5-2. Some software programs also create special
keyboard modes not described in this manual.

Slow/Fast Mode — The Setup/Configuration program determines the
speed at which the computer operates. There are also two function key
combinations that affect the computer's speed. FN-F3 slows the
machine to 6MHz for software that may not run properly at the normal
fast speed. All other operations remain the same. FN-F4 returns the
computer to the Fast mode of operation.

Video Palettes — Three function key combinations affect video
operation. FN-F10 toggles the video output between the CRT connector
and the LCD. FN-F8 and FN-F9 toggle the LCD through ten display
palettes. These two key combinations do not affect the normal color
video palettes.

The video system in this computer is similar to the color graphics
adapter in PC-compatible computers for software that checks for color
and automatically goes into a color display mode. However, although
the computer can produce a gray scale on the LCD, not all colors are
dark enough to be readable. Ten LCD display palettes allow you to
select a gray scale that makes these colors more visible. Since color
combinations vary from one program to another, a gray scale that
works for one program may not work for another. To see these gray
scales, press CTRL-ALT-INS to enter the Monitor program, press C to call
up the color bar, and use the FN-F8 and FN-F9 key combinations to
change the gray scales.
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Table 5-2. Keyboard-Selectable Modes
KEY COMBINATION DESCRIPTION
FN-(blue labels) Generates the function printed in blue. I the

keypad lock is active, this combination generates
the alphanumeric character for the keypad key
pressed.

FN-PAD LOCK Toggles the keypad lock on and off. The keypad
lock establishes the keys in Figure 556 as a
numeric keypad. An LED lights when the keypad

lock is on.

FN-F3 Places the computer in the Slow mode of
operation.

FN-F4 Places the computer in the Fast mode of
operation.

FN-F8 and FN-F9 These two combinations toggle the display palette.

You can move the display palette selection
forward (FN-F8) or backward (FN-F9) through ten
different gray scales.

FN-F10 Toggles the video output between the LCD and
the CRT connector.
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Key Combinations

Table 5-3 describes the most common key combinations used by
this computer. The words "software dependent” in the description
indicate those key combinations that depend on software to

produce an action.

Table 5-3. Key Combinations

KEY SEQUENCE DESCRIPTION

ALT-SYS REQ System request (software dependent).

ALT-~ Toggles key click on and off.

CTRL-ALT-DEL Resets computer to autoboot sequence.

CTRL-ALT-INS Resets computer to Monitor program.

CTRL-BREAK Stops operation (software dependent).

CTRL-S The output on the screen pauses until you
press another key.

CTRL-C Stops operation (software dependent).

FN-(down arrow)
FN-(keypad keys)
FN-(left arrow)
FN-(right arrow)
FN-(up arrow)
FN-F1

FN-F2

FN-F8

FN-F9

FN-FAST
FN-CRT/LCD
FN-PAD LOCK
FN-SLOW
FN-SCROLL LOCK
FN-SHIFT-(keypad keys)

Page down (software dependent).
Numeric keypad characters.

HOME (software dependent).

END (software dependent).

PAGE UP (software dependent)

F11 (software dependent).

F12 (software dependent).
Changes LCD gray scale palette.
Changes LCD gray scale palette.
Activates fast mode of operation.
Toggles CRT/LCD output.
Toggles numeric keypad lock.
Activates Slow mode of operation.
Scroll lock (software dependent).
Activates cursor control keys on keypad.




Page 5-15
Operation

Battery Operation
Nickel-cadmium batteries have three unique operating characteristics:
» They are rechargeable.

« They maintain a constant voltage level over their operating period.
(Carbon or alkaline batteries do not maintain this constant voltage
level. Instead, their output gradually drops.)

* They can develop a severely reduced operating period if you do not
care for them properly.

To get the most use from the battery:

* Run the Setup/Configuration program and turn off or disable all the
features that will not be used. For example, if you do not have a serial
device attached to the computer, turn off the serial port.

+ Keep disk drive use to a minimum. Some programs use a lot of disk
input/output. For these programs, set up a virtual disk (sometimes
called a RAM disk or memory disk). Refer to your operating system
documentation for more information on virtual disks.

« Keep the display backlight set to the lowest level possible for
comfortable operation. In some situations, natural light will be enough
for normal operation without the backlight. This is particularly true in
bright sunlight.

» Operate the battery as long as possible before recharging it. When
the battery power is low, the power LED turns red. You then have
about ten minutes to complete and save your work.

« Allow the computer to operate until the battery is completely dead
(the backlight ceases to function and the screen data becomes
garbled).

« Charge the battery for eight to twelve hours. If you are using the
quick-charge battery pack, you will only have to charge it for one
to two hours.
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All ni-cad batteries have an operating ledge, which is the point at
which the ni-cad will no longer supply an operating current. This
ledge is normally located at the point where the ni-cad reaches its
lowest level of charge before it must be recharged. Under certain
conditions this ledge will rise to the point that the battery can be
operated only a short time (sometimes, as short as ten minutes)
before it fails to deliver adequate voltage and current and must be
recharged.

Once the operating ledge has moved to a high level, the battery
pack must be fully discharged, sometimes several times. To bring
the operating ledge back to its normal position:

1. Fully discharge the battery pack. Operate the computer until it
shuts down. To provide the highest amount of battery drain,
use the read boot track test from the ROM-based tests (refer to
Chapter 19).

2. Continue to operate the computer until the low-power indicator
stops glowing.

3. Recharge the battery for a minimum of 16 hours.

At this point, you can attempt to use the battery pack. However, if
the battery pack still fails to deliver a normal operating life on a
single charge, repeat the full discharge-recharge process three
times.

If the battery delivers an operating voltage for a very short time,
typically less than ten minutes on a full charge, one of the cells of
the battery pack is probably shorted and the battery pack must be
replaced.
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Chapter 6
Software Interface

This chapter provides an overview of the Monitor program and its
operation. Each time the computer is turned on, a number of
system interrupts become available for use. An overview of these
interrupts is included at the end of this chapter. The chapters that
follow explain each interrupt.

The Monitor Program

The MFM-300 Monitor program performs self-tests each time the
computer is turned on. Additional routines provided in the Monitor
program are user-executed tests, video commands, disk boot
routines, and a machine language debugger. The program also
controls the Setup/Configuration program. Chapter 4 contains more
information on the Setup/Configuration program.

In addition to performing the self-tests, the Monitor program
initializes all circuits and synchronizes the disk drive heads with the
rest of the system. If it detects a malfunction, one or more mes-
sages will appear on the system’s display to alert the operator of a
problem. Chapter 19 contains descriptions of these messages.

When all power-up tests are complete, the computer will either
attempt to boot the operating system or enter the Monitor program.
This action is determined by the settings in the Setup/Configuration
program. In its default setting, the computer will attempt to boot the
floppy disk drive and then the hard disk drive.
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The computer will load the first sector of track 0 from the disk in the
A drive into memory. If no disk is in the A drive, the computer will
attempt to load the first sector of track 0 from the hard disk drive
into memory. If the autoboot operation is unsuccessful, an error
message will be displayed.

There are two jump vectors set up by the Monitor program that can
be used by applications programs. They are located at FOO0:FFFO,
which is the power-up reset vector, and FO00:FFED, which is an
unconditional jump to the Monitor program (the Monitor program
prompt will appear on the screen).

ZBIOS

Many programs require direct access to hardware to implement
specific features. In this computer, many of these hardware-
dependent features are implemented differently. Therefore, pro-
gram utilities are required to allow compatibility.

ZBIOS routines are special BIOS instructions written for the
MS-0S/2 and MS-DOS operating systems. These instructions
provide both operating systems with a consistent means of access-
ing particular machine features (provided the programs are written
for ZBIOS).

By incorporating this flexibility into firmware, hardware differences
(that may require special operating system handlers) between two
similar computers become less obvious. As a result, many "off the
shelf" versions of the operating system will work correctly without
need for revision.
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A program written to exploit ZBIOS routines must check FO00:FFE3
through FOOO:FFE7 for a 5-byte ZBIOS signature. If the signature is
valid, the program must provide an indirect far call using the offset
stored at FOOO:FFE8. All calls to ZBIOS must have the following
entry parameters, unless otherwise noted:

AH = Major function code

AL = Minor function code

DX = Data selector for FOOOH

CS = Code selector for FOOOH

ES = Data selector for segment 40H.

The major and minor function codes are always validated. If a call is
returned with the carry flag set, the function was not implemented
and all registers are preserved. Each function call should load
register AL with FFH to return the current state of the function. This
will also allow programs to see if a major function is implemented
without actually executing the function.

In this computer, ZBIOS functions are written for the real-address
mode and the protected mode. Therefore, ZBIOS functions have
limited segment usage. However, ES is always a valid data selector
for 40H and DX is always valid for FOOOH.

Table 6-1 lists the major functions that are currently supported in
ZBIOS. These functions are subject to change as new firmware
releases occur.
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Table 6-1. ZBIOS Functions

FUNCTION CODE (AH) DESCRIPTION

00H GATEA20 — Enables/disables address line A20
01H REAL MODE — Places CPU in real address mode
02H REBOOT — Reboots the computer

03H BACKLIGHT — Sets timeout for backlit display
04H MODEM — Enables/disables modem

05H SPEED — Sets CPU speed

06H CACHE — Enables/disables cache memory (not used)
07H PALETTE — Sets LCD palette values

08H BATTERY — Returns battery life information

09H MODEL — Returns address of model name

OAH VERSION — Returns address of ROM version
OBH MOTOR — Sets hard disk motor timeout

OCH MONITOR — Monitors keystrokes

Function Code 00H: Gate A20 — When the value in AH is 00H and
the value in AL is O0H, this function will disable address line A20. The
purpose of disabling A20 is to provide compatibility with programs written
for the 8088/8086 CPU. These programs rely on a memory wrapping
technique beyond the one-megabyte address boundary.

NOTE: On entry to this function, the selector values for Monitor RAM
(FOOOH) will not be in DX and the selector values for ROM data (40H)
will not be in ES.

When the value in AL is 01H, this function will enable address line A20.
When the value in AL is FFH, this function will retum a value in AL which
represents the method used to gate A20. Refer to Table 6-2.

Table 6-2. Address Line A20 Gating Methods

REGISTER GATING

AL VALUE METHOD SOURCE

O00H AT-Compatible System control processor
01H Zenith Port EEH

02H PS2 Port 92H




Page 6-5
Software Interface

Function Code 01H: Real Mode — When the value in AH is 01H and
the value in AL is 00H, this function places the CPU in its real address
mode. This call can only be made from the protected mode.

NOTE: On entry to this function, the selector values for Monitor RAM
(FOOOH) will not be in DX.

When this function is entered, the selector value to the real mode
interrupt descriptor table (IDT) must be placed in BX and the real mode
stack segment must be placed in CX. The selector to the real mode IDT
is provided so 80386 implementations that must reset the CPU to switch
to real mode can save the three bytes at 0:300H (normally destroyed by
the ROM stack).

When this function is exited, the value in SS points to the location of the
real mode stack segment (CX). When the system sees that CX holds the
stack segment, it determines that the CPU is in real mode.

When the value in AL is FFH, this function will retum a value in AL which
represents the method used to place the CPU in real mode. Refer to
Table 6-3.

Table 6-3. Real Mode Implementation Methods

AL VALUE METHOD SOURCE
OOH AT-Compatible Triple fault
01H Zenith Port EFH
02H PS/2 Port 92H

Function Code 02H: Reboot — When the value in AH is 02H and the
value in AL is O0H, this function will perform a warm boot. When the
value in AL is 01H, this function will perform a cold boot. When the value
in AL is 02H, this function will enter the Monitor program. If AL is loaded
with FFH, this function returns with no operation.

Function Code 03H: Backlight — When the value in AH is 03H and
the value in AL is 00H, this function sets the timeout value for a backlit
display. BX must contain the timeout value (in minutes) where 00H
indicates no backlighting and FFFFH indicates constant backlighting.
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If the zero flag sets, an emor condition has occurred. If register AX
retums 00H, an unsupported timeout value was entered.

When the value in AL is FFH, this function will report the current timeout
(in minutes) for the backlit display. If the zero flag is set, the timeout value
could not be determined.

Function Code 04H: Modem — When the value in AH is 04H and the
value in AL is O0H, this function will disable the internal modem (if
installed). When the value in AL is 01H, this function will enable the
internal modem.

When the value in AL is FFH, this function will return the current state of
the internal modem (in AL). If AL contains 00H, the modem is disabled
and if AL contains 01H, the modem is enabled. If the zero flag sets and
AX returns 00H, the modem state could not be determined.

Function Code 05H: Speed — When the value in AH is 05H and the
value in AL is 00H, this function changes the CPU speed to Fast. When
the value in AL is 01H, this function changes the CPU speed to Slow.
When the value in AL is 02H, this function changes the CPU speed to
Smart. When the value in AL is 03H, this function changes the CPU
speed to Crawl (a power saving feature).

When the value in AL is FFH, this function returns a value in AL that
indicates the current processing speed. Values of 00H, 01H, 02H, and
03H indicate the Fast, Slow, Smart, and Crawl speed modes,
respectively.

Function Code 06H: Cache — When the value in AH is 06H and the
value in AL is O0H, this function disables the memory caching feature.
Register CX must contain a selector value that points to the first 64K of
base memory.

When the value in AL is 01H, this function enables the memory caching
feature (if the hardware supports it). Register CX must contain a selector
value that points to the first 64K of base memory (memory cache).
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NOTE: The selector to the 64K base memory segment is provided so
that a memory read can be used to check for cache hardware. This
selector may be a code selector.

If AL is loaded with FFH, this function returns the current state of the
memory cache feature. Register CX holds the selector value that points
to the first 64K of base memory. If the value in AL is O0H, it indicates that
memory caching is disabled and if the value in AL is 01H, it indicates that
memory caching is enabled. If the zero flag is set and AX contains 00H,
the state of the memory cache could not be determined.

Function Code 07H: Palette — When the value in AH is 07H and the
value in AL is 00H, this function will set the active LCD palette. Register
BX must be loaded with a value representing the palette to be used.

NOTE: To determine how many palettes exist in this computer and
which specific values select each palette, load AL with FFH and observe
the values retumed in AX and BX.

When the value in AL is FFH, this function returns the maximum number
of palettes in AX and the current palette value in BX. If the zero flag sets
and AX contains 00H, the palette value could not be determined.

Function Code 08H: Battery —When the value in AH is 08H and the
value in AL is FFH, this function returns a value in AX that represents the
percent of battery life remaining. If the percent is fractional, AH will
contain a value representing the nearest whole number of the percent
and AL will contain a value representing the fractional portion.

Function Code 09H: Model — When the value in AH is 09H and the
value in AL is FFH, this function returns the linear address of the model
name string in AXBX and the length of the string in CX.

Function Code 0AH: Version — When the value in AH is 0AH and the
value in AL is FFH, this function retums the linear address of the ROM
version string in AXBX and the length of the string in CX.
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Function Code 0BH: Motor — When the value in AH is 0BH and the
value in AL is 00H, this function will set the timeout value (in 5-second
units) for the hard disk drive motor. Register BX must contain a value
ranging from O0H (motor off) to FFFFH (motor on) that represents the
amount of time the motor will run after the last access is made to the
drive.

NOTE: A suitable minimum timeout value should be selected to prevent
repeated start-up and spin-down of the drive.

When the value in AL is FFH, this function retums the current timeout
value in BX. The value ranges from 00H (motor off) to FFFFH (motor
on). If the zero flag sets and the value in AX is 00H, the motor timeout
value could not be determined.

Function Code OCH: Monitor— When the value in AH is 0CH and the
value in AL is 00H, this function will monitor a specified keystroke or
process keys. The value in BX contains the raw scan code of the key to
be monitored and CX contains current shift states, as defined in Table
6-4. When the value in AL is FFH, this function returns with no operation.

Table 6-4. Register CX Current Shift States

CL REGISTER CHREGISTER
BIT BIT

0— Right SHIFT key

1 — Left SHIFT key
2— Left cTRLkey

3 — Left ALT key

4 — SCROLL LOCK state
5 —NUMLOCK state

6 — CAPS LOCK state

7 — INSERT LOCK state

0— Left CTRLkey

1 — Left ALT key
2— Right cTRL key
3 —Right ALT key

4 — SCROLL LOCK key
5 — NUMLOCK key

6 — caPs Lock key

7 —svys REQ key
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User Commands

To reach the Monitor program after the operating system boots, press
CTRL-ALTIINS. The Monitor program opening message, similar to the
following, will be displayed.

MFM-300 Monitor, version x.xx
Memory Size: 640K

Press "?" for help.

->

When the Monitor prompt (->) appears on the display, you may enter
commands for the Monitor program. To display the Monitor command
summary, enter a question mark and press the ENTER key. A display
similar to the one shown in Figure 6-1 will appear. The paragraphs

following Figure 6-1 explain each command.

- MFM-300 Command Summary -

CMD: Explanation Syntax

? Help ?

B Boot from disk B [{FIW}][{0111213}][:<partition>]

C Color Bar C

D Display memory D [<range>]

E Examine memory E <addr>

F Fill memory F <range>, {<byte>"<string>"}...

G Execute (Go) G [=<addr>][, <breakpoint>]...

H Hex math H <numberl>, <number2>

I Input from port I <port>

M  Move memory block M <range>, <dest>

6] Qutput to port O <port>, <value>

R Examine Registers R [<register>]

S Search memory S <range>, [<byte>|"<string>"}...

T Trace program T [<count>]

U Unassemble program U [<range>]

\Y Set Video/Scroll V [M<mode>] [S<scroll>] [100][200]
Where <range> is: <addr>{<addr>|L<length>}

TEST Extended diagnostics TEST

SETUP Define Hardware Setup SETUP

Copyright (C) 1988, by Zenith Data Systems

Figure 6-1. Monitor Command Summary Menu
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The Monitor program contains three video commands and one boot
command. These are summarized in Table 6-5 and described in the
following paragraphs.

Table 6-5. Video and Disk Commands

COMMAND DESCRIPTION SYNTAX

? Help ?

C Display color bar C

Y Set video/scroll mode V [M<mode>] [S<scroll>]
B Boot disk B[FW][0123]

Help

Syntax: ?

Example: 2 ENTER

Use the help command to display a summary of the Monitor program
commands. The summary contains a list of each Monitor program
command, followed by its title and the syntax for entering the command.
Enter the above example to display the command summary illustrated in
Figure 6-1.

Color Bar

Syntax: C

Example: c ENTER

Use the color bar command to display a set of 16 color bars. Use the
color bars to adjust a color video monitor and to adjust the contrast and

brightness controls of the built-in LCD. Use the FN-F8 and FN-F9 key
combinations to adjust the LCD palette.



Page 6-11
Software Interface

Set Video/Scroll Mode

Syntax:

Example 1:
Example 2:
Example 3:

V [M<mode>] [S<scroll>]

v M3 ENTER
v s0 ENTER
v M6 s2 ENTER

Use the set video/scroll mode command to set one of twelve video
modes and one of three scroll modes, as described in Table 6-6. The
first example sets the display to video mode 3 (color, 80 characters by
25 rows). The second example sets the scroll mode to 0 (software-
controlled scrolling). The third example sets the video mode to 6
(monochrome graphics, 640 by 200 resolution) and scroll mode 2
(hardware-controlled smooth scrolling).

Table 6-6. Video and Scroll Modes

MODE

DESCRIPTION

Mo

Mt

M2

M3

M4

M5

M6

40 characters by 25 rows text, monochrome display on the LCD
screen or RGB output (16 displayable colors).

40 characters by 25 rows text, color display at the RGB output or
as a gray scale display on the LCD.

80 characters by 25 rows text, monochrome display on the LCD
screen or RGB output. Individual video pages may be scrolled
without affecting other video pages.

80 characters by 25 rows text, color display at the RGB output or
as a gray scale on the LCD. Individual text pages may be scrolled.

320 x 200 pixel resolution graphics, color display at the RGB
output (four displayable colors) or as a gray scale on the LCD.
The text display is 40 characters by 25 rows.

320 x 200 pixel resolution graphics, RGB output (four displayable
colors) or monochrome display on the LCD. The text display is 40
characters by 25 rows.

640 x 200 pixel resolution graphics, monochrome display on the
RGB output and on the LCD. All three scroling modes are
available. The text display is 80 characters by 25 rows.
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Table 6-6 (continued). Video and Scroll Modes

MODE

DESCRIPTION

M7

MD

ME

MF

M10

SO

St

S2

720 x 350 pixel resolution graphics, monochrome text display.
This mode requires a Zenith Data Systems expansion box with a
TTL-compatible monochrome graphics adapter card. The text
display is 80 characters by 25 rows.

320 x 200 pixel resolution graphics, RGB output (16 displayable
colors). This mode requires a Zenith Data Systems expansion box
with an enhanced graphics adapter card. Text display is 40
characters by 25 rows.

640 x 200 pixel resolution graphics, RGB output (16 of 64 colors
are displayable). All three scroling modes are available. This
mode requires a Zenith Data Systems expansion box with an
enhanced graphics adapter card. The text display is 80 characters
by 25 rows.

840 x 350 pixel resolution graphics, monochrome text display.
This mode requires a Zenith Data Systems expansion box with a
TTL-compatible monochrome graphics adapter card. The text
display is 80 characters by 25 rows.

640 x 350 pixel resolution graphics, monochrome text display.
Four of 16 colors are displayable with 64K of video RAM. Sixteen
of 84 colors are displayable with more than 64K of video RAM.
This mode requires a Zenith Data Systems expansion box with an
enhanced graphics adapter card. The text display is 80 characters
by 25 rows.

Software scrolling. This mode operates in all video modes and is
the most common mode used in PC-compatible software. When
material is scrolled, the display moves a line at a time.

Hardware jump scrolling. This mode is available for video modes
3 through 6 and is similar in action to software scrolling. In this
mode the hardware controls the scrolling action, rather than the
software.

Hardware smooth scrolling. This mode works only in video mode
6. When the material is scrolled, the display moves a partial line at
a time providing a much smoother appearance to the scrolling
action.
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Boot Disk
Syntax: B [{FIW}I[{0]1]2]3}][:<partition>]

Example 1: B ENTER
Example 2: Br ENTER
Example 3: Bw:1 ENTER

This command boots the operating system from a bootable disk in any
drive. You may specify floppy or hard drives and the specific drive you
wish to boot from.

In the first example, the computer will boot from the default drive. When
the computer first powers up, the default drive will either be the hard disk
drive or floppy disk drive A, depending on the settings in the Setup/
Configuration program. If you manually boot from another disk drive, that
drive will become the new default drive. The default setting will remain
the same until you boot from a different drive or tum the computer off. If
the computer is tumed off, the default drive once again becomes the
boot drive.

In the second example, the computer will boot from the floppy disk drive.
The F in the syntax specifies the intemal 3.5-inch floppy disk drive.

The drives are numbered 0, 1, 2, and 3, with 0 assigned to the first drive.
The partitions are numbered 1, 2, 3, and 4, with 1 assigned to the first
partition. The letter W indicates a hard disk drive. In the third example,
the computer will boot from the first partition on the hard disk drive.
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Machine Language Debugger

The Monitor program’s machine language debugging commands are
listed in Table 6-7. The syntax in this table is clearer than the one shown
in the command summaries illustrated in Figure 6-1. Examples and
descriptions follow the table.

The message ~ 1nvalid command is the Monitor program’s syntax error
message. The caret (*) points to where the first syntax error occurred.
The Monitor program does not recognize additional syntax errors after
the first error is detected. Also, the first error does not lock up the
computer. Therefore, the command can be re-entered or another
command entered instead.

Table 6-7. Machine Language Debugger Commands

COMMAND SYNTAX DESCRIPTION

Display D<address> Display contents of 128 bytes

memory of memory, beginning at specified
addresses.

D<address>L<bytes> Displays contents of specified
number of bytes memory
beginning at specified address.

D<range> Displays contents of specified
block of memory.

Examine E <address> Displays and allows user to
memory alter contents of specified memory
location.

Filt F<range>,<data byte> Enters specified data byte
memory into each memory location in
specified memory block.

F<range>,"ASClI string”  Enters specified ASCII string into
specified memory block.

CGo (Execute) G=<address> Begins execution of program at
specified address. ’
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Table 6-7 (continued). Machine Language Debugger Commands

COMMAND SYNTAX

DESCRIPTION

G=<address>,
<breakpoint>
Hex math H<number1>,<number2>
Input from I<port address>

port

Move memory M<range>,<destination>

block

Output to O <port address>,<data>

port

Examine R

Registers
R<register name>

Search S<address>,L<bytes>,

memory <data>
S<range>L<bytes>,
"ASCII"

Trace T<count>

program

Unassemble U<range>

Begins execution of program at
specified address and halts at
breakpoint

Displays the sum and difference of
the specified hexadecimal
numbers.

Displays contents of specified
port.
Copies contents of specified

memory block to another specified
memory block.

Wirites specified data to
specified port address.

Displays contents of all CPU
registers.

Displays contents of specified
CPU register and allows modifica-
tion of contents.

Searches specified memory block
for specified data byte and
displays address data found.

Searches specified memory block
for specified ASCII character and
displays address character found.

Executes specified number of
lines of an assembled program in
single-step mode.

Displays assembler mnemonics
and hex coding for specified
memory block.
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Display Memory
Syntax: D <address>[L<length> <offset>]

Example 1: b 1000:0 F ENTER
Example 2: b ps:7000 1200 ENTER

Use this command to display the contents of the specified portion of
memory. Memory contents cannot be altered by this command. If the
length is not specified in the command line, the debugger will display 128
bytes of data starting at the specified address. The resulting display
contains three sections. The left column is the base address and offset
of the first byte in the second part of the display. The second part uses
hexadecimal format to display 16 bytes of data. The right part of the
display contains the ASCII characters represented by the data in the
second part of the display. If any byte is outside the ASCII character
range, a period will be printed in its place.

If the first example is entered, a display of 16 bytes of memory will result,
starting at address 1000:0. If that portion of memory is empty (containing
only nulls or 0s), the resulting display will be:

1000:0000 00 00 00 00 00 00 00 00-00 00 00 00 00 00 00 00 .....evevevenanns

If the second example is entered, the resulting display will contain 200H
bytes of memory. This display will start at the address offset located
7000H bytes from the base address of the data segment. The base
address is stored in CPU segment register DS.

If the memory range is greater than can be displayed on the screen, the
data will scroll. Use CTRLS to stop and CTRL-Q to continue the screen
action.
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Examine Memory
Syntax: E <address>
Example: £ 1000:100 ENTER

Use the examine command to examine or change memory one byte at a
time. When this command executes, the display will show the byte at the
specified memory address. The command will wait for an entry from the
keyboard. Enter a hexadecimal value from 0 to FF to modify the current
memory location. Press the space bar to examine the next byte of
memory or the minus (hyphen) key to display the previous byte of
memory. Press the ENTER key to complete this command and return to
the Monitor program prompt.

You can examine and modify any addressable memory location,
including those reserved for interrupts and interrupt vectors. Therefore,
be careful that you do not accidentally modify routines that the Monitor
program uses or you could lock up the computer. If this occurs, turn the
computer off to reset it.

Table 6-8 provides an overall map of the system’s addressable memory.
System memory at 00000H - 9FFFFH is divided between the Monitor
program and operating system, as shown in Table 6-8. The information
presented in this table is subject to change as new products are
introduced for these computers.

Table 6-8. System Memory Map

ADDRESS RANGE DESCRIPTION

000000 - 09FFFF System RAM

0AO0000 - OBFFFF Video RAM

0C0000 - OCFFFF Expansion ROM/RAM
0D0000 - ODFFFF EMS or expansion ROM/RAM
OEO0000 - OEFFFF OEM ROM (slushware)
0FO0000 - OFOFFF Scratchpad RAM

O0F1000 - OF "FFF Monitor ROM (slushware)
100000 - FDFFFF Extended RAM

FEO000 - FEFFFF OEM ROM (non-slushed)

FF0000 - FFOFFF Monitor ROM (non-slushed)
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Fill Memory
Syntax: F <start address>,<range>,<data list>
Example: F 1800:0,1FF, "TEST", 20, 54, 45,53, 54,20 ENTER

Use the fill command to enter one or more bytes of data directly into
memory. You can use ASCII characters, delineated by quotation marks,
or hexadecimal format. Each byte and ASCII text word requires a
comma for separation. Data in the list will be reused as often as neces-
sary to fill the specified memory range. You must specify the starting
address, range, and data before the command will function (refer to
Table 6-8). In the example, 1FFH bytes, starting at memory address
1800:0, will fill with repeating strings of the data. The entire string is used,
which includes the material in quotes plus the material expressed as
hexadecimal values. The result of this example is the string TEST TEST.

You can use the fill command to modify any addressable memory range,
including those reserved for interrupts and interrupt vectors. Therefore,
be careful that you do not accidentally modify routines that the Monitor
program uses or you could lock up the computer. If this occurs, tum the
computer off to reset it.

Go (Execute)
Syntax: G[=<address>] [,<breakpoint>]...

Example 1. ¢ 1000:0 ENTER
Example 2: ¢ 100 ENTER
Example 3: c=1000 100 ENTER

You can use the go command to transfer control from the Monitor
program to a machine language or user program. The transfer will occur
at the address specified in the command line or in the instruction pointer
and code segment of the CPU. Also, as a debugging aid, you may
specify breakpoints (points in the program where you want the program
to hatt) in the command line.
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In the first example, control will transfer to the address specified in the
CPU registers and a breakpoint will be set at memory address location
1000:0. In the second example, the Monitor program will transfer control
to the address specified in the CPU registers and set a breakpoint at the
memory address offset. This address is located 100H bytes from the
location of the first byte of code to be executed. In the third example, the
Monitor program sets the code segment register to 1000. Control is then
transferred to this address and the Monitor program sets a breakpoint at
memory offset 100H.

When the go routine encounters a breakpoint, the Monitor program will
save the status and register information. This information is displayed as
a register dump (refer to the examine/modify registers command). The
screen will display the status of the CPU's registers and flags as well as
the current instruction executed just prior to the breakpoint.

You may set up to eight breakpoints and the debugger will halt when it
encounters one of them. Once a breakpoint is found, the debugger will
not remember the other breakpoints, since they are stored as
parameters to the command line. You must set breakpoints to addresses
that contain valid instruction codes, otherwise the computer will lock up.

Hex Math

Syntax: H <number1>,<number2>

Example:  u 2a,28 ENTER

Use the hex math command to compute the sum and difference of two
hexadecimal numbers. The debugger always subtracts the second

number from the first. In the example, the results will display as sum:
0052 Diff: 0002.
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Input from Port

Syntax: | <port address>
Example: 1 3r8 ENTER

Use the input command to obtain a byte of data from a port address. In
the example, a single byte from port 3F8H will be displayed on the
screen. You can address most programmable devices used in this
computer through port addresses. Table 6-9 is a general map of the
system’s ports. The information presented in this table is subject to
change as new products are introduced for these computers. The values
represented by question marks vary, according the version of MS-DOS
and the user-installed .COM and .EXE files.

Table 6-9. System Port Map

PORT ADDRESSES = DESCRIPTION

000H - 00FH 8-bit DMA controller (slave)

020H - 03FH Master interrupt controller

040H - 05FH System interval timer

060H - 06FH System control processor (even addresses) and system
control port (odd addresses)

070H - 07FH NMI enable/RTC address port (even addresses) and
RTC data port (odd addresses)

080H - 08FH DMA page register

OAOH - 0BFH Slave interrupt controller

OCOH - ODFH 16-bit DMA controller (master)

OEOH - OFFH Reserved

170H - 177H Secondary hard disk drive controller

1FOH - 1F7H Primary hard disk drive controller

278H - 27FH Parallel port 2 (LPT2)

2F8H - 2FFH Serial port 2 (COM2)

370H - 377H Secondary floppy disk drive controller

378H - 37FH Parallel port 1 (LPT1)

3BOH - 3BFH Monochrome video monitor

3DOH - 3DFH Color graphics controller

3FOH - 3F7H Primary floppy disk drive controller

3F8H - 3FFH Serial port 1 (COM1)

NOTE: These computers do not support a light pen port. Some computer games

use this feature and may not operate correctly.
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Move Memory Block
Syntax: M <start address>,<range>,<destination address>
Example: ™ 0:1000,107F,0:2000 ENTER

Use the move command to copy a specified block of memory to
another specified location in memory (refer to Table 6-8). In the
example, the Monitor program will copy a block of memory, 107FH
bytes long starting at memory address 0:1000, to a memory location
that starts at 0:2000.

NOTE: You can use the move command to move a block of
memory from any addressable memory location to any other
addressable memory location, including one reserved for interrupts
and interrupt vectors. Therefore, be careful that you do not acciden-
tally modify memory that contains routines used by the Monitor
program or you could lock up the computer. If this occurs, turn the
computer off to reset it.

Output to Port

Syntax: O <port address>,<data>

Example: o 2rg8,00 ENTER

Use the output command to send a byte of data to a port address.
In the example, the Monitor program will send the value of OH to
port address 2F8H. The computer can address most programmable
devices through port addresses.

Examine Registers

Syntax: R [<register>]

Example 1: r ENTER

Example 2: r cs ENTER
Example 3: r FL ENTER
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Use the examine registers command to examine and alter the
contents of the CPU’s registers and flags. In the first example, the
computer performs a register dump. The dump will display the
current instruction along with the contents of all registers and flags.

In the second example, the display will contain the contents of the
CS register and the computer will wait for an entry from the
keyboard. Enter a hexadecimal value to modify the contents of the
current register. If the value you enter is not valid, the register’s
contents will not change. Press the ENTER key alone to leave the
contents of the register unchanged.

In the third example, the display will contain the status flags. Table
6-10 contains the two-letter abbreviation that describes the status of
each flag. The computer will wait for an entry from the keyboard.
Enter the two-letter abbreviation to set the status of a flag, followed
by a space and another two-letter abbreviation for another flag or by
the ENTER key to terminate the command. If you make more than
one entry for the same flag, the last value entered will be the one
that remains. Press only the ENTER key to leave the flags
unmodified.

Table 6-10. Processor Status Flag Codes

FLAG ON OFF

Auxiliary Carry AC (auxiliary carry) NA (no auxiliary carry)
Carry CY (carry) NC (no carry)
Direction DN (down) UP (up)

Interrupts El (enabled) DI (disabled)
Overflow QV (overflow) NV (no overflow)
Parity PE (even) PO (odd)

Sign NG (negative) PL (plus)

Zero ZR (zero) NZ (not zero)

NOTE: This above table does not represent all flags available within the
80386 microprocessor.
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Search Memory
Syntax: S <start address>,<range>,<data list>

Example: s 0:2000,1000,"TEST", 20, "TEST" ENTER

Use the search command to search the specified area of memory
for the occurrence of specific data strings or bytes of information. In
the example, the search routine will examine 1000H bytes of
memory starting at memory location 0:2000 for the occurrence of
TEST TEST. Notice that quotation marks enclose the ASCII text;
otherwise, you must enter data in hexadecimal format. You must
separate each item in the data list by a comma from the other items
in the list. If you do not provide any data in the list, the Monitor
program will return the ~ 1nvalid command! €rror message.

Trace Program
Syntax: T [=<address>] [,<value>]

Example 1: T1=400:0,200 ENTER
Example 2: 1 5 ENTER

Use the trace command to single-step the execution of a program.
Each time you execute the command, it executes the next instruc-
tion and performs a register dump. The dump will display the
current instruction and the contents of the registers and flags. Enter
T by itself to execute the instruction pointed to by the current code
segment and IP register. Use the examine/modify registers com-
mand to change these values and to specify a new memory location
for trace operation.

In the first example, the routine places the value following the equal
sign (=) in the CS and IP registers. Trace will use this value as the
starting address and will execute 200H times. Since this is a large
number, the register dumps will fill and scroll the screen. Use CTRL-S
to stop and cTRL-Q to start the scrolling action.
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In the second example, trace will start at the current address stored
in the CS and IP registers of the CPU. The command will trace the
next five instructions.

CAUTION

The trace command does not contain extensive error
trapping routines to prevent accidental operation of the
computer. It is possible that timing-dependent operations,
such as reading or writing to a disk could cause problems
and even damage the media. Therefore, do not use trace
to step through the Monitor program or interrupt service
routines.

Unassemble Program
Syntax: U [<address>[<length>|,<offset>]

Example 1: u ENTER
Example 2: v 1000 ENTER
Example 3: u 0:1000 ENTER

Use the unassemble command to disassemble a section of memory
into assembly language mnemonic format. The resulting display
resembles an assembly language source code listing but contains
no comments. The Monitor program will treat data areas that
contain ASCII text as code. Therefore, it is possible to create
meaningless assembly language code from raw text or other data.

In the first example, the routine will begin disassembly in the current
code segment (pointed to by the CS register) at the address pointed
to by the IP register. The number of lines displayed on the screen
will vary depending upon the number of bytes generated by each
instruction. In the second example, disassembly starts at the
memory location offset 1000H bytes from the value of the CS
register. In the third example, disassembly starts at memory
location 0:1000. In all three cases, the routine will disassemble and
display 32 (20H) bytes of data. You can also use the length
parameter to disassemble more or less than 32 bytes of memory.
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Since this may result in a display that scrolls the screen, use CTRL-S
to stop and CTRL-Q to start the scrolling action.

Although unassemble modifies the values in the CS and IP
registers, the routine stores the original values in a stack. If you use
the examine/modify registers command, the routine will restore the
original values and subsequent use of the unassemble command
will use these values.

Interrupts

An interrupt directs the microprocessor to stop execution of the
current program and execute an interrupt service routine or an
interrupt handler.: In most cases, upon completion of the interrupt
service routine, the microprocessor is directed back to the program
that was interrupted and continues execution of the interrupted
program.

At the end of each instruction cycle, the microprocessor checks to
see if it has received an interrupt request. The microprocessor
recognizes interrupt requests initiated by any of the following
sources:

«  Asynchronous external interrupts (hardware interrupts) initiated
by particular hardware devices and processed through the
interrupt controller circuitry.

. Program interrupts initiated by an INT xxH instruction.
. Internal interrupts generated by the CPU.

If it has been interrupted, the microprocessor pushes the contents
of the instruction pointer, code segment and flag registers onto the
stack. No other register values are automatically saved. (If addi-
tional register contents are required to be saved, the service routine
must save them.) Next, the interrupt flag and the trap flag are reset,
preventing any other interrupt requests from being recognized until
the current interrupt request has been serviced. The CPU then
reads the interrupt vector provided with the interrupt request. The
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interrupt controller circuits provide the vector for asynchronous
external interrupt requests. These interrupt vectors are programmed
during system initialization. The CPU generates its own interrupt
vector for internal CPU interrupt requests. The xxH value in the INT
instruction provides the vector for program interrupt requests.

The starting addresses for all interrupt service routines are stored in
an interrupt vector table located in the first 1K of system memory
(memory addresses 000000H-0003FFH). When the processor is
operating in real mode, the addresses are loaded directly into the
instruction pointer and the code segment registers from the table.
These addresses are obtained from a descriptor table if the proces-
sor is in protected mode. To obtain the specific address pointer
location, the interrupt vector is multiplied by four if the processor is
operating in real mode or by eight if the processor is in protected
mode. The result provides the location of the first byte of the
starting address for the service routine.

Table 6-11 lists the interrupt vectors used by the TurbosPort
computer. The table also describes the function of the service
routine and indicates the chapter where the particular interrupt
service routine is discussed.
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Table 6-11. Interrupt Vector Summary

INTERRUPT

VECTOR CHAPTER FUNCTION

00H 7 Divide by zero

O01H 7 Single step

02H 7 Nonmaskable interrupt (NMI)
03H 7 Software breakpoint

04H 7 Arithmetic overflow

05H 9 Print screen

08H 7 Timer (time-of-day)

09H 8 Key pressed

OAH 7 Programmable interrupt controller
0BH 9 Communications (COM2)

OCH 9 Communications (COM1)

ODH 9 Alternate parallel printer (LPT2)
OEH 10 Floppy disk hardware return
OFH 9 Parallel printer (LPT1)

10H 11 Video input/output

11H 7 Equipment configuration

12H 7 Memory size

13H 10 Floppy and hard disk input/output call
14H 9 Serial input/output

15H 7 Device control

16H 8 Keyboard input/output

17H 9 Printer input/output

18H 9 Parallel/serial configuration
19H 10 Operating system boot routine call
1AH 7 Set/read the time of day

1BH 8 Keyboard break

1CH 7 Tick timer

1DH 11 Video initialization

1EH 10 Floppy disk parameters

1FH 11 Defining characters

Following execution of the interrupt service routine the instruction
pointer, code segment, and flag register contents are restored.
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Hardware Interrupt Requests

Programmable interrupt controller circuitry manages 16 external
asynchronous interrupt requests. When two or more requests for an
interrupt occur at the same time, the requests are handled on a
priority basis. The highest priority is assigned to IRQ0 and the
lowest to IRQ15. Table 6-12 describes the hardware interrupt
requests and, where defined by the system, the interrupt vectors for
their service routines.

Table 6-12. Hardware Generated Interrupt Requests

HARDWARE

INTERRUPT INTERRUPT

REQUEST VECTOR USUAL SOURCE OF INTERRUPT
IRQO 08H Time-of-day timer

IRQ1 09H System control processor

IRQ2 O0AH Slave controller interrupt

IRQ3 OBH Communications (COM2) or PC bus
IRQ4 OCH Communications (COM1) or PC bus
IRQ5 ODH Parallel printer (LPT2) or PC bus
IRQ6 OEH PC bus

IRQ7 OFH Parallel printer (LPT1) or PC bus
IRQ8 70H Real-time clock

IRQ9 71H IRQ2 on PC bus

IRQ10 — AT bus

IRQ11 — AT bus

IRQ12 — AT bus

IRQ13 — Coprocessor interrupt, 80387
IRQ14 — AT bus

IRQ15 — AT bus

When one or more of the IRQ inputs to the interrupt controllers
goes high, the master interrupt controller sends an interrupt request
to the CPU by sending the active high INTR signal to the INTR input
of the microprocessor. This sets the IF bit in the flag register. At the
end of the current instruction cycle, the CPU checks the flag register
and responds by sending the interrupt acknowledge signal INTA to
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the controller. The interrupt controller then places the interrupt
vector for the highest priority interrupt request received onto the
data bus for the CPU to read.

Masking Hardware Interrupt Requests

For some applications, you may want to disable or mask particular
hardware interrupt requests. Hardware interrupt requests may be
masked by outputting a mask interrupt byte to the interrupt control-
ler circuitry. IRQO through IRQ7 are handled by the interrupt
controller and are masked using port 21H. IRQ8 through IRQ15 are
handled by the interrupt controller and are masked using port A1H.

Each bit in a mask interrupt byte corresponds directly to an interrupt
request, with the least-significant bit representing the highest priority
interrupt handled by the controller. A 1 in a bit position masks the
corresponding interrupt request. A 0 in a bit position unmasks the
corresponding interrupt request. For example, the mask interrupt
byte 01H (with a 1 as the least-significant bit) masks IRQ0 when
output to port 21H and masks IRQ8 when output to port ATH.

Internal CPU Interrupts

Internal CPU interrupt requests are used to process unusual
conditions that prevent further instruction processing during execu-
tion of a program. These include invalid division errors and a low to
high transition on the NMI (nonmaskable interrupt) pin. An overflow
error may also cause the CPU to interrupt itself if the INTO
(interrupt if overflow) instruction is used for error handling in the
program instead of JO (jump if overflow) instruction.
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When these conditions occur, the CPU automatically:
1. Interrupts itself

2. Saves the flag, instruction pointer, and code segment register
contents

3. Generates and processes its own interrupt vectors

4. Loads the service routine address from the interrupt vector
table

5. Executes the service routine.

The interrupt vectors for these routines are listed in Table 6-11.
Application programs may replace the service routines initialized by
DOS or firmware to handle these interrupts with custom error
handling routines.

Program Interrupts

The INT instruction allows any program to interrupt the CPU and
cause it to execute a service routine. This instruction can be used
for single-stepping through a program, inserting user breakpoints,
testing interrupt service routines, and calling specific procedures
(such as reading data from a disk) from application programs. The
remaining chapters in this part of the manual provide more informa-
tion about specific INT instructions.

Programming Interrupt Service Routines

This section provides some general guidelines for using INT
instructions and writing interrupt service routines.

In many interrupt service routines, parameters are passed to and
from the routine through the CPU registers. Before calling the INT
instruction, be sure to save the contents of the registers that will be
modified by the interrupt routine if the original values are needed to
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complete execution of the program. Remember that only the IP, CS,
and flag register contents are automatically saved when the CPU is
interrupted. The original values must also be restored upon return
from the interrupt service routine, since the IRET instruction only
restores the registers that were automatically saved when the CPU
was interrupted.

If your interrupt service routine is replacing or being used in addition
to an existing interrupt service routine, you must patch the interrupt
vector with the address of your routine. The MS-DOS function
requests Get Interrupt Vector (35H) and Set Interrupt Vector (25H)
may be used to patch the vector. For more information about these
function requests, refer to the Programmer’s Utility Pack for your
version of MS-DOS.

If your interrupt service routine is replacing an existing service
routine, execute an IRET instruction at the end of your routine. If
your interrupt service routine is being used in addition to an existing
service routine, do not execute an IRET instruction at the end of
your routine. Instead, execute a JMP DWORD PTR to the existing
routine’s starting address.






Chapter 7
CPU Interrupts

This chapter describes the CPU interrupts defined in Table 7-1. For
information about the use and programming of interrupts, see
Chapter 6, "Software Interface."

Table 7-1. CPU Interrupts

INTERRUPT FUNCTION

00H Divide by Zero

01H Single Step

02H Non-Maskable Interrupt (NMI)
03H Software Breakpoint
04H Arithmetic Overflow

08H Time-of-Day Timer

0AH Real-time Clock

11H Equipment Configuration
12H Memory Size

15H Device Control

1AH Set/Read Time-of-day
1CH Tick Timer

4AH User Alarm

70H RTC Alarm

Divide by Zero (INT 00H)

INT O00H (divide by zero) will be executed if a divide instruction
produces a quotient too large to fit in the result register (such as
dividing a value by 0). The error routine will print pivide oOverflow
and return control to the operating system. This routine is initialized
by the DOS. If you intend to use this routine other than with the
operating systein, you must set up the vector to intercept DIV and
IDIV instructions that can result in exceptions to the rule (for
instance, BASIC does this to retain control inside BASIC).
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Single Step (INT 01H)

INT 01H (single step) is used for executing a single machine
instruction at a time. It is called by the 80386 when an instruction is
executed with the trace flag (TF) set. It is most commonly used by
routines such as the MS-DOS DEBUG command and the MFM-300
trace command. Since this routine is initialized by the command
(MS-DOS or MFM-300) calling it, you must define the routines to be
executed when you establish the conditions and routines that will
call this interrupt.

Non-Maskable Interrupt (INT 02H)

INT 02H is the non-maskable interrupt (NMI). It is initiated by
hardware external to the 80386, but in these computers, it usually
indicates a power-down condition has started. Although it is off at
powerup, it usually is not disabled except by design or by sending
00H to the input/output port AOH. To enable the NMI, send 80H to
the input/output port AOH..

NOTE: The 80387 numeric processor extension uses this interrupt
in its normal operation.

Software Breakpoint (INT 03H)

You may run a program until the processor encounters a breakpoint
(an INT O3H instruction). Usually, the MFM-300 debugging routines
or MS-DOS DEBUG will allow the user to set up breakpoints and
subsequently will handle the condition accordingly (by usually
returning control to the last command level).

Arithmetic Overflow (INT 04H)

The INT 04H instruction is executed from an INTO instruction when
the overflow flag (OF) is set. The flag is set (usually) by a previous
arithmetic or logic operation.
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Time-of-Day Timer (INT 08H)

The INT 08H instruction is used to keep track of the time-of-day for
the system. It also calls the INT 1CH instruction (Tick Timer).

The programmable interval timer circuitry initiates this interrupt
18.2159 times per second, or every .054897095 seconds. This
timer circuitry is not affected by the CPU clock speed and is used
for such functions as keeping track of the time-of-day, timing out the
disk motors, and calling the tick timer interrupt (1CH).

The timer keeps track of the time-of-day in a 32-bit word
(sometimes called a double-word). When the count reaches
approximately 1803D8H (1,573,848 decimal), a lag is set to 1 to
indicate that the timer has rolled past midnight to a new day.
Interrupt 1AH is used to set and/or read the value of this word. This
interrupt is established by the hardware and is IRQO.

Real-Time Clock (INT 0AH)

INT OAH is the real-time clock alarm interrupt. The real-time clock
starts when a hardware interrupt request (IRQ3) or when the alarm
from the real-time clock IC takes place. Function 83H (event wait)
and function 86H (wait) of INT 15 set and handle the alarm. The
hardware interrupt request takes place approximately 1,024 times a
second.

Most systems do not use this interrupt. The hardware within the
computer essentially controls this interrupt. This makes the interrupt
unique to individual machines such as this computer. Because of
this fact, it should not be called by user programs.

Equipment Configuration (INT 11H)

The INT 11H instruction can be used to report back the
configuration of the equipment as established by the
Setup/Configuration program and stored in CMOS RAM (see
Chapter 4). The report is returned in a 16-bit word (register AX).
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Since this interrupt is common to PC AT-compatible equipment, you
need to be aware of all possible responses and what they mean.
Refer to Table 7-2 for the definitions of each bit of the word returned
in register AX.

Table 7-2. Equipment Configuration
(Register AX Report from INT 11H)

BIT

NUMBER DESCRIPTION

0 Floppy disk drives are installed in the system if set to 1.

1 The 80387 numeric processor extension is installed in the

system if set to 1.

2-3 These two bits indicate the device size of RAM chips
installed in the computer. Bits 2 and 3 are always setto 1 in
Zenith Data Systems computers.

4 and 5 Initial video mode at powerup.
0 0 80 x 25 text mode on an EGA card (requires expansion
chassis).

0 1 40 x 25 text mode.

0 80 x 25 text mode.
1 1 80 x 25 text mode on a monochrome card (requires
expansion chassis).

»

and 7 Reports the number of floppy disk drives available if bit O is
set.

1 drive.

2 drives.

3drives.

4 drives.

aa00
~0o-o0

8 Unused in Zenith Data Systems computers.

9, 10, and11 Reports the number of RS-232 ports in the system in binary
format. The standard input/output on this system emulates
the PC AT input/output, so the minimum will be one port (0 0
1).
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Table 7-2 (continued). Equipment Configuration
(Register AX Report from INT 11H)

BIT

NUMBER DESCRIPTION

12 If set (1), a game card is present (requires expansion box).
13 Unused by Zenith Data Systems computers.

14 and 15 Reports the number of printers installed in binary format.

Memory Size (INT 12H)

The INT 12H instruction returns in register AX the number of
contiguous 1K blocks of user memory in the system, as established
by data found in CMOS RAM. For instance if the value in AX is 256
following this interrupt, there is 256K of base memory installed in
the system.

Device Control Interrupt (INT 15H)

The device control interrupt (15H) allows the programmer various
functions such as placing the 80386 CPU into protected mode,
accessing memory above the 1 megabyte real mode limit, and so
on. The particular function chosen depends on the value of the AH
register when the interrupt is executed. Table 7-3 lists the functions.
Those that are marked as "user trappable” indicate that application
programs do not normally make these function requests and,
therefore, user programs may intercept interrupt 15H and trap these
functions as needed. Regardless of the use of these functions
made by other software, MFM-300 will execute these functions at
the times described in the text following the table.
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Note that "devices" and "processes" are defined by software, most
notably an operating system environment, such as that provided by
MS-DOS or XENIX.

Table 7-3. Interrupt 15H Functions

FUNCTION (AH)

CODE DESCRIPTION

00H - 7FH Reserved — unused by MFM-300.
80H Device open — user trappable.

81H Device close — user trappable.

82H Program terminate — user trappable.
83H Event wait.

84H Joysticks support.

85H System request key — user trappable.
86H Wait.

87H Block move.

88H Determine extended memory size.
89H Place processor in virtual mode.

8AH - 8FH Reserved — unused by MFM-300.
90H Device busy — user trappable.

91H Set interrupt complete flag — user trappable.

92H - FFH Reserved — unused by MFM-300.

Function Code 80H: Device Open — MFM-300 will generate this
interrupt whenever a device is opened. The device ID (identification)
is placed in register BX and the process ID is placed in register CX.
Both identification codes must be defined in the operating system
environment or the program. Normally, this handler provides only an
RET operation. However, this interrupt can be used to detect open
devices.

Function Code 81H: Device Close — MFM-300 will generate this
interrupt whenever a device is closed. The device ID is placed in
register BX and the process ID is placed in register CX. Both
identification codes must be defined in the operating system
environment or the program. Normally, this handler provides only an
RET operation. However, this interrupt can be used to provide the
process ID. This interrupt can be used to detect closed devices.
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NOTE: Both function code 80H and 81H require that the same
information be placed in register BX and register CX. The most
common use for these two functions would be in a multiuser or
multifunction environment where detection of open and closed
devices is critical to dependable operation of the multiple tasks
being handled by the computer.

Function Code 82H: Program Termination — This interrupt is
used to identify devices that are in use by a program when that
program terminates. The device ID must be -in register BX. The
intended use for this interrupt is to automatically deallocate devices
that are no longer in use, similar to the closing of open files at the
end of a BASIC program.

Function Code 83H: Event Wait — This function enables a
timer-based delay. After the specified number of microseconds has
elapsed (this number is loaded in registers CX:DX), the high order
bit of the flag byte pointed to by the address in ES: BX will be set to
aft.

NOTE: The firmware does not wait for the time to elapse before
returning control to the calling routine. Instead, control is returned
immediately. It is up to the program to monitor the flag byte to
determine when it has been set by the function.

Function Code 84H: Joystick Support — This function provides
joystick support through port 201H. When the value in register DX is
0 (zero), the current joystick switch settings are returned in register
AL (bits 7 - 4). When the value in DX is 1, the values representing
the x-axis and y-axis position of the joystick shown in Table 7-4, are
returned.

Table 7-4. Joystick Values

REGISTER DESCRIPTION

AX Joystick #1 x-axis value
BX Joystick #1 y-axis value
CX Joystick #2 x-axis value

DX Joystick #2 y-axis value
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Function Code 85H: System Request Key — This interrupt takes
place each time the SYS REQ key is pressed or released. The
value returned in AL reports the action of the key (pressed or
released). If the value in AL is 0, the key was pressed. If the value
in AL is 1, the key was released.

Function Code 86H: Wait — This interrupt will cause the program
to wait the number of microseconds stored in CX:DX. Control will be
returned to the caller only after the indicated time has elapsed.

Function Code 87H: Block Move — The interrupt will cause a
specified block of memory to be moved from one location to
another. The amount of memory (measured in 16-bit words) is
stored in register CX. The six 8-byte global descriptor tables (GDT)
are used to describe to source and destination addresses, along
with other information. The function of each GDT is described in
Table 7-5. The value in the register combination ES:SI points to the
beginning of the descriptor block. During the operation, the 1
megabyte real mode limit can be addressed. The structure of each
GDT is described in Table 7-6.

Table 7-5. Block Move Global Descriptor Tables

BYTE OFFSET

ADDRESS RANGE DESCRIPTION

OOH - 08H Required dummy descriptor table (set to zero).

09H - OFH Pointer to the beginning of these tables as a data
segment (set to zero).

10H - 18H Source to be moved descriptor table.

19H - 1FH Destination descriptor table.

20H - 28H Descriptor table (to be used by function to create a
protected code segment — set to zero).

29H - 2FH Descriptor table (to be used by function to create a

protected stack segment — set to zero).
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Table 7-6. Global Descriptor Table Structure

BYTES DESCRIPTION

O00H and 01H  Number of bytes to be moved.

02H, 03H,
and 04H The 24-bit physical address of the first byte in LSB form.
05H Access rights byte.

06H and 07H Reserved, must be set to zero.

The maximum number of bytes that can be moved is 8000H (32K).

Function Code 88H: Determine Extended Memory Size —
MFM-300 will return a value in register AX that represents the
amount of contiguous memory installed above the 1 megabyte real
mode memory limit. The amount of memory is indicated in 1024
byte increments.

Function Code 89H: Processor to Virtual Mode — This function
will place the 80386 CPU into its protected mode. ES:SI contains
the base address of the global descriptor table to be used; BH and
BL provide the base address of the interrupt vector table for the
interrupt controller circuitry.

This function expects the address in the registers ES:Sl to point to
the global descriptor table that will be used by the 80386 while in
protected mode. In addition, the function will reprogram the interrupt
controller circuitry, setting the base interrupt vector values to those
stored in BH and BL. The contents of global descriptor table for this
function is described in Table 7-7.

NOTE: Once the 80386 is in protected mode, the MFM-300
interrupt routines are no longer addressable. Therefore, the code
segment in protected memory must contain all interrupts and
routines needed by the program.
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Table 7-7. Global Descriptor Tables for Function Code 89H

BYTE OFFSET
ADDRESS RANGE

DESCRIPTION

OOH - 08H
09H - OFH

10H - 18H
19H - 1FH

20H - 28H

29H - 2FH

30H - 38H

39H - 3FH

Required dummy descriptor table (set to zero).

Pointer to the beginning of these tables as a data
segment.

Pointer to the interrupt descriptor table (IDT).

Pointer to the DS (data segment) in protected
memory.

Pointer to the ES (extra segment) in protected
memory.

Pointer to the SS (stack segment) in protected
memory.

Pointer to the CS (code segment) to which the
function will return. Therefore, it should be initialized
to the CS of the original program. Upon completion of
the function, the control will return to the code
segment specified using the IP (instruction pointer)
that was placed on the stack when the INT 15,
function code 89, was called.

Pointer to the CS (code segment) that the function will
use while in protected mode.

The format of each descriptor table described in this table is the
same as the one described in Table 7-6, which is located in the
discussion for function code 87H. The access rights bytes will be
different for the CS and IDT entries.

Function Code 90H: Device Busy — Before MFM-300 enters a
timing loop waiting for a given device, it will generate this interrupt
function for that device. Register AL must provide the device type
code. User programs that wish to perform some function during this
"busy loop" can take advantage of this interrupt function. Table 7-8
contains the description of type codes.
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Table 7-8. Device Type Codes

TYPE CODE

OR RANGE DESCRIPTION

O00OH-7FH  These are serially reusable devices. The operating system
must provide serial access for these devices which include
the following.

00H Hard disk access, timeout supported.

01H Floppy disk access, timeout supported.

02H Keyboard, no timeout support.

80H-BFH These are reentrant devices; typically, a network. The
registers ES:BX is used to distinguish different /O calls,
which are allowed to be placed simultaneously.

80H Network, no timeout support. ES:BX must point to the
network control block (NCB).

COH-FFH These are "wait-only" codes that have no source for the
"wait." The timeout length of the wait is the function number.
These codes include the following.

FDH Floppy disk motor startup time.

FEH Printer response time.

Function Code 91H: Set Interrupt Complete Flag — This function
advises the user when the ROM has completed some operation or
function. The AL register will contain the appropriate code from
those listed in Table 7-8.

Functions 80 - 91 support operations that are available on systems
based on either the 80286 or 80386 processor. The extended
functions, listed in Table 7-9, are only available on 80386-based
computer systems.
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Table 7-9. INT 15 Extended Functions

FUNCTION DESCRIPTION

E2H Ram protect enable/disable
E3H Speed control

E4H Current speed setting

E5H Enable/disable cache memory
E6H Read cache state

Function Code E2H: Ram Protect Enable/Disable — This
function is used to enable and disable protection for the Monitor
ROM work area. The Monitor ROM maintains a 1K memory block
for various pointers and variables used during normal operations. If
this area is accidentally written too by the system, unpredictable
results or even a system halt could result.

When entering this function, the AL register contains information on
the level of protection. If the AL register is zero, the ROM will
increment the protection level. If the value in AL is 10, the ROM will
decrement the protection level.

Protection for this area of RAM is implemented in a stack area,
similar to a last-in, first-out (LIFO) stack. The protection level is
incremented or decremented depending on the value in the AL
register. A byte in memory is used by the ROM to maintain this
count. Whenever the value changes from 1 to 0, the RAM will be
protected. If the byte changes from 0 to 1, protection is disabled.
The protection state of the RAM will only be affected by transitions
between the values of 0 and 1. The stack will support a maximum of
255 levels. If this value is exceeded, the byte will reset to 0 (wrap
around), causing unpredictable results.

Function Code E3H: Set Processor Speed — This function sets
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