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Limited Warranty and Limitation of Liability

You should carefuily read the following terms snd conditions. You will be
deemed to have accepted these terms and conditions if you have not returned
the product with your proof of purchase to your GRID represeotative, within $
days of the date of payment.

The term "Products,” as used herein, means hardware, hardware parts, and
documentation sold by GRiD.

1. Warranty

GRID warrants that the Products sold bereunder shail be free from defects in
materiais and workmanship for a period of 90 days after date of shipment.
Defective Products will be repaired or replaced, at GRiD’s option, by GRIiD
during the warranty period. You must notify GRID of the defective Product
within the 90-day period, obtain 2 Product Repair Order number and return the
Product to GRIiD sloeg with proof of purchase data. If this Produoct is delivered
by mail, you agree to insure the Product or assume the risk of loss or damage in
transit, to prepay shipping charges to the warraaty service location and to use
the original shipping container or equivalent. Contact an authorized GRID
Systems representative or write to: GRIiD Systems Corporation, GRIiD Resource
Center, 47211 Lakeview Boulevard, P.O. Box 5003, FrmCANSB?mtor
further information.

You are responsibie for removing any data or programs and kesping backup
copies prior to returning Products to GRiD. GRiD shail not be Liable for loss
of data contained in any returned equipment.

This warranty is not valid if the Products have been abused, misused, altered,
neglected, or if repairs are attempted by unauthorized personnel. Except as
provided above, GRID makes no warranties, expressed or impiied, inciuding
any warranty of merchantability or fitness for a particular purpose.



2. Limitation of Liability

In no event will GRID be liabie for special, incidental, or consequential
damages, however caused. GRID's liability under or for breach of this
agreement shail be limited to refund of the purchase price.

3. General

You shall not assign this Agrecment nor any rights hercunder without the prior
written consent of GRID, GRiD reserves the right to withhold such consent for
any reason whatsoever. Subject to the foregoing, this Agreement shaill bind and
inure to the benefit of the respective parties bereto and their heirs, personal
representatives, SUCCESSOrs, and assigns.

The Terms and Conditions of this Limited Warranty and Limitation of Liability
and of the Class A Software License Agreement represent the entire
Agreement between GRID and you relating to Product purchases and sofrware
liccasing and may only be modified in writing, signed by both parties.

By reading this agreement, you acknowiedge that you understand it, and agree
to be bound by its terms and conditions.
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CHAPTER 1l: INTRODUCTICN

This manual provides hardware related technical reference
information required for understanding operation of the GRiDCase
1500 Series Computer and for connecting external devices to its
input/output comnectors. The information in this manual was
carefully prepared to provide a complete operaticnal guide for the
peripheral design engineers, programmers, and others who require
technical information about the computer functions.

HOW THIS MANUAL IS ORGARIZED

This technical reference manual 1s organized in chapters with each
chapter describing features or a subsystem of the GRiDCase 1500
Series Computer. The balance of Chapter 1 contains an overview of
the computer. Chapters 2 through & provide more detailed
information about the computer functions as follows:

Chapter 2: Describes system operation and memory
configuration including performance
characteristics with 16-bit and 32-bit
microprocessors, system operating modes,
and memory mapping. .

Chapter 3: Describes input/output features including
an overview of the I/0 register assign-
ments and the service routines provided by
the ROM-contained Basic Input/Cutput
System (ROM-BIOS) driver and device
handler. Detailed information about the
1/0C registers and ROM-B10S routines is
contained in the chapters provided for
each subsystem of the computer.

Chapter 4: Describes Direct Memory Access (DMA)
operation.

Chapter 5: Describes operation of programmable
interrupts ,

Chapter 6: Describes operation of the Timer, Speaker,

and Real-Time Clock

Chapters 7 through 13 describe subsystems of the GRiDCase 1500
Series Computer. Each subsystem chapter begins with a block
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diagram and an overview of the subsystem functioms., Nexrt,
descriptions of the ROM-BIOS routines that service the subsystem
are provided. Each chapter also contains a description of the
hardware-level interface that is needed L{f the ROM-BIOS routines
are bypassed. The subsystems deseribed in chapters 7 through 13
are as follows:

Chapter 7. Display Subsystem

Chapter 8. Keyboard Subsystem

Chapter 9. Floppy Disk Drive Subsystem

Chapter 10. Compatible Hard Disk Drive Subsystem
Chapter 11. Parallel Port Subsystem

Chapter 12. Serial 1/0 Port and Modem Subsystem
Chapter 13. I/0 Expansion Capability

GRIDCASE 1500 SERIES COMPUTER SYSTEM OVERVIEW

1.2

The GRiDCase 1500 Series Computer is an easily-transported, brief-
case size portable computer. The computer architecture is
compatible with the IBM AT personal computer and it runs the MS-DOS
Operating Systea. The computer is also compatible with other
operating systems including Xenix, 0S/2, ete., and it supports a
variety of "off the shelf" application programs.

In addition, The GRiDCase 1500 Series Computer is battery operable
for use in areas remote to an ac power source, and is equipped with
floppy disk drives and/or an internal hard disk. Figure 1l-1
provides a block diagram of the GRiDCase 1500 Series Computer.

The GRiDCase 1500 Series Computer is a fully.functional computer
with a self-contained operating system, memory, display, standard-
size keyboard, input/output control, and power supply. The
computer uses a low-power, high-performance version of a 16-bit or
a 32-bit microprocessor and CMOS components where practical for low
power consumption. A Numeric Coprocessor is available as an option
to enhance the microprocessor performance for arithmetic funerions.

Depending upon its moedel number, the GRiDCase 1500 Series Computer
is squipped with a 16-bit 80286 type microprocessor or a 32-bit
80386 type aicroprocessor. The optional Numeric Coprocessor is the
80287 type or 80387 type, respectively. The microprocessors and
coprocesscors are described in Chapter 2.

The computer architecture includes special highly integrated
circuits that greatly reduce the number of Integrated Circuits
(ICs) and other components required to perform the computer
functions. Reducing the number of components also reduces the
overall size and increases the reliability of the computer.
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Figure 1-1. GRiDCase 1500 Series Computer System Block Diagram

The highly integrated circuits include a four-component set
manufactured by Faraday Electronics, Ine., Sunnyvalo. CA. This set
includes the following components:

Component
Type Name Description

FE3000A cPu Provides control for the address and
Controller data buses, I/0 parity checks, and
clock control functcions.

FE3010 Peripheral Provides the functional equivalent of
Controller two 8237 DMA Controllers cormected in
cascade mode with DMA page registers,
two 8259 Programmable Interrupt Cont-
tollers comnected in cascade mode, an
8254 Programmable Interval Timer,
Speaker and Timer Chammel contrel
port, and the refresh address counter.

FE3020 .Address Provides buffering for the address
Buffer lines and the associated contrel lines.
FE3030 Data Provides buffering for the data lines

Buffer and their assoclated contrel lines.
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System Memory

The standard GRiDCase 1500 Series computer is equipped with 1024k
(1M) bytes of Dynamic Random Access Memory (DRAM). The DRAM can be
optionally increased to 2M bytes or 4M bytes, and the Model 1530
memory can be increased up to 8M bytes., The system also supports
up to 256k bytes of Read Only Memory (ROM) for application
programs, 32k bytes of Static RAM (SRAM) for the Display Subsystem,
200k bytes for peripheral drivers and user ROMs, and 32k bytes of
ROM contained Basic Input/Qutput System (BIOS).

Both microprocessors employ virtual memory addressing to access
memory locations beyond the installed RAM/ROM capacity. The lé-bic
microprocessor automatically maps up to one gigabyte (1G byte) of
virtual addresses per task into a 16 megabyte (16M byte) real
address space. The 32-bit microprocessor directly addresses up to
4G bytes of real address space and addresses up to 64 terabytes
(64T bytes) of virtual memory. Systeaz memory 1s described in more
detail in Chapter 2.

Display Subsystem

The GRiDCase 1500 Series Computer display subsystea contains a
special display controller that supports a choice of internal flat
panel displays or an external video display. The internal flat
panel displays provide a 10-inch diagonal, 80 character by 25 line,
640 x 400 pixel resolution, bit-mapped graphic display capability,
vith one of the following three screen types:

1. Transreflective, backlit, supertwist LCD (standard)
2. Gas plasma (Option 282)
A. ZIransaissive, -beskiit; supertwist, 1LCD (Option 283)

A color video displsy capability is also available through an
external comnector to drivs & video momitor. Additional Display
Subsysteam capability is described in Chapter 7.

Eeyboard Subsystem

The GRiDCase 1500 Series Computer provides a standard-size, 72-key
keyboard that emulates all 84 keys of the standard IBM AT keyboard.
The keyboard keys are color coded to aid in learming and using the
keystrokes raquired for emulation of the 1IBM AT keyboazd. For
example, the “Fn* key has blue lettering, and is depressed to
enable the functions indicated by blue lettering on other keys.
The blue lettered functions inelude Print Screen (PrtSe), Seroll
Lock (Serlk), Number Lock (Nmlk), etc. The keyboard also includes
a vov of 12 function keys (F1 through F12).
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In addition to the built-in keyboard, the Keyboard Subsystea
supports an external IBM AT compatible 84-key keyboard, an enhanced
keyboard with 101/102 keys, or an external keypad for numbers and
mathmetic functions. The external keyboard or keypad is connected
via a 5-pin DIN type receptacle that is located on the back panel
of the computer. A description of the Keyboard Subsystem
capabilicy is provided in Chapter 8.

Floppy Disk Drive Subsystem

The standard GRiDCase 1500 Series computer is equipped with two
internal floppy-disk drives, which are located on the side of the
computer (see Figure 1-2). The internal floppy-disk drives accept
double-sided, 3.5-inch diskettes with a formatted capacity of 1.4M
bytes or 720k bytes. Support for an extermal 3.5-ineh or 5.25-inch
floppy disk drive is provided via an external disk drive porc
located on the back of the computer. A more detailed Floppy Disk
Drive Subsystem description is contained in Chapter 9.

Compatible Eard Disk Drive Subsystea

The GRiDCase 1500 Series Computer is optionally available with
several intermal hard disk drive configurations. The optional hard
disk drives include a 20M byte drive that is IBM XT compatible but
not IBM AT compatible (Option 321). A different 20M byte drive
(Conners) that is IEM AT compatible (also Option 321) is alse
available. Either 20M byte drive is installed in place of one 3.5-
inch floppy disk drive. The IBM XT compatible disk drive provides
B-bit data transfers using DMA. The IEM AT compatible disk drive
provides 16é-bit data transfers using Programmed Input/Output (FIO0).

(LCD Disptay Only) LEFT-SIDE VIEW

Figure 1-2. GRiDCase 1500 Series Computer
Laft and Right Side Views
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Internal hard disk drives with formatted capacities of 40M byte ana
100M byte are also available (options 324 and 325, respectively).
Both of these larger capacity disk drives are IBM AT compatible and
are installed in place of both intermal floppy disk drives.

In any of the disk drive configurations, an extermal disk drive
port located on the back of the computer is available. The disk
drive port can be used to commect an external 3.5-inch or 5.25-inch
floppy disk drive. Alse, the port can be used to commect a 40M
byte backup tape unit. A detailed descriptiom of the Compatible
Hard Disk Drive Subsystem is provided in Chapter 10.

Parallel Port Subsystem

The Parallel Port Subsystem is functionally equivalent to the IBM
AT printer adapter with additional features for the GRiDCase 1500
Series Computer applications. The port supports Centronics-type
(paralliel) printers and also can be used as a general purpose,
parallel I/0 port. As gz bidirectional port, the parallel printer
interface can be connected to devices that require a parallel data
port. The interface commection is provided through a 25-Pin, D-
shell, female connector located on the rear panel. The Parallel
Port Subsystem is described further ib Chapter 1l.

Serial 1/0 Pore

The GRiDCase 1500 Series Computer provides a serial interface I/0
pert, vhich uses a UART type device to support asynchronous
commmications. The serial I/0 port is RS$-.232-C compatible and it
allows user programmsble control of parameters such as transmission
rate, character size, stop bits, and parity. The interface
connector is & 9-pin D-shell male commector located on the rear
pansl (see Figure 1-3). The Serial 1I/0 Port is desecribed in

Chapter 12. -

NOTE: In standard configurations, COM 2 provides the
Serial Port Interface and COM 1 provides the
Modea Interface. This configuration may be
svappable depending upon the revision level of
the MS-DOS operating system.
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Figure 1-3. GRiDCase 1500 Seriesz Computer Rear View

Modem (Optiomnal)

A choice of two factory installed internmal Hayes-compatible modems
is opticnally available for the GRiDCase 1500 Series computer.
Model 330 provides Baud rates of 1200 and 300 and Model 331
provides Baud rates of 2400, 1200, and 300. Both models are Bell
212A and 103 compatible, and the Model 231 ig alse V.22bis-
compatible. The installed nodem comnects to a commercial telephone
network by direct attachment through either of two RJ-1l1 female
connectors on the rvear of the computer. The modem is further
described in Chapter 12.

I/0 Expansion Bus

Within the powver pack slot on the rear of the computer, there is
one 40-pin and one 60-pin edge connector. These connectors
interface with specially designed I/0 expansion cartridges that can
be inserted in the power pack slot whenever an external power pack

is being used. Additional information on the I/0Q Expansion Bus is
provided in Chapter 13.

1-7
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Power

The GRiDCase 1500 Series Computer operates on dc power. The
computer operates on an integral battery pack that is inscalled at
the back panel (see Figure 1-3). A power receptacle near the
battery pack allows the computer te be connected to an external
source of de power. The external power source can be another
battery pack or an ac-to-dc converter. The external power source
must provide +10.5V to +18V de.

The standard Internal/Externmal Power Supply provided with the
computer is an autosensing ac-to-dc convertar. The converter
comnects to a 110/220 Volt ac power source and supplies +16V dc to
the computer. This standard power supply can be inserted in the
battery pack slot for direct comnection to the computer, or may be
commected through the dc input connector using a dc-to-dc cable.

Computers with 32-bit microprocessors combined with a gas plasma
display and 40M byte hard disk, require more power than is provided
by the internal battery pack or standard ac-to-dc converter. For
these computers, a heavier duty external autosensing ac-to-dc
converter is supplied (Model No. 34170). This external power
supply is connected to the computer through the dec input connector
using a de-to-dc cable.

Controls and Indicators

The GRiDCasa 1500 Series Computer provides controls and indicators
that are accessible to the computer user. The controls consist of
the Power ON/OFF switch on the back panel of the computer and two
brightness controls. When operating the computer from battery
pover, the brightness controls should be set teo the lowest level
possible that is consistent with good visibility. Less power is
consumed at lower brightness levels and therefore the battery will
retain its charge longer.

The computer indicators consist of a columm of four Light Emitting
Diodes (LEDs) located just above the Keyboard Back Space (BkSp)
key. The LEDs glow red or green to provide specific indications,
and in ons case, vhen both the red and green are on, the LED
appears to glow orange.

Table 1-1 lists the controls and indicators and provides a brief
description of their purpose. See Figure 1-2 for location
information.
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Table 1-1. GRiDCase 1500 Series Computer Controls and Indicatoers

Hane

Descripetion

Power ON/QFF

Back-Light Brightness (LCD)

Contrast/Brightness

Battery Low/Charging

Lover/Extarnal Disk In Use

Processor Low

Upper Disk In Use

Switches dc power to the computer.
Switch must be ON for operation.

Controls back-light brightness on LCD
display screens. The brighter the
back-light, the greater the power
consumption by the display.

Contrels brightmess of the displayed
image. The brighter the image, the
greater the power consummed.

Indicates battery pack condition:

Red indicates that the battery pack
power is low and requires a recharge.
A pover failure is imminent.

Green indicates that the battery is
being recharged.

When the indicatoer is not 1it, the
battery output is within operating
range or no battery is installed.

Grean indicatea that a disk access is
taking place on the lower disk drive
if two drives are installed. The
lower disk drive can be either a
floppy or a hard disk drive.

Red indicates that a disk access is
taking place on an extermal drive.

Orange indicates that a disk access
is taking place on both the lower and
the external disk drives.

Red indicates that the slow processor
speed has been selected: 5 MHz for
the 16-bit microprocessor and 6.25
MHz for the 32-bit microprocessor.

Green indicates that a disk access is
taking place on the upper disk drive
wvhen two drives are installed. Not
used if only one drive is installed.

1-9



CHAPTER 2: SYSTEM OPERATION AND MEMORY CONFIGURATION

This chapter describes the GRiDCase 1500 Series compucter systenm

# operation and performance characteristics with a 16-bit or 32-bit
microprocessor, optional numeric coprocessor operation, and system
operating modes. Also, this chapter contains informgtion about the
system memory configuration and memory opticns, memory mapping, and
system power mode control. The system Input/Output (I/0)
information including assigrments for all of the 1/0 Registers, is
summarized in Chapter 3. .

MICROPROCESSORS
The GRiDCase 1500 Series computers use either of two micro-
processors depending upon the system model number. The two
microprocessors are as follows:

¥Model " Micro-

Number Processor Description
1520 80C286 l6-bit High-Performance Microprocessor
wvith Memory Management and Protection
1530 80386 32-bit !iigh-?etformnce Microprocessor
with Integrated Memory Management and
Protecticn

80C286 Microprocessor

The 80C286 Microprocessor is a low-power (CMOS) version of the
80286 Microprocessor. The B80C286 Microprocesser provides an
advanced, 16-bit, 10 MHz (100 nsec), high-performance processor
that integrates sultiuser/multitasking support, memory management,
and four levels of memory protection on one printed ecireuit
assembly. Depending upon the application, the 80C286
Mieroprocessor is up to six times faster than the standard B0O86
Microprocessor, while providing complete ma:d software
compatibilicy.
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The 80C286 Microprocessor contains the same basic set of registers,
instructions, and addressing nodes as the 8086 and 8088 Micro-
processors and the 80C286 is object code compatible with existing

8086/8088 sofrware.

In addition, the 80C286 Microprocessor can map one gigabyte (1G
byte) of virtual addresses per task into a 16 megabyte (16M byte)

real address space.

The additional capability also provides mgmory

protection to igelate the operating system and ensure the privacy
of programs and data for each task.

Performance characteristics for 80C286 Microprocessor rumning in
the Model 1520 Cemputer are as follows:

1. The microprocessor runs at 10 MHz (100 nsee)
clock rate with 1 wait state.

2. The microprocessor executes ons l6-bit wide
transfer in 300 nsec for a maximum bus
bandwidth of 6.67M Bytes/sec.

. The following list provides data transfer rates
for different conditions on the data bus.

Microprocessor Destinacion Number of
Length Length CPU Clocks
16 16 3
8 8 6

These values assume word or double word

aligmnment.

Misaligned transfers can double the

mumber of clock cycles required to perform the

operation.

4, When transferring data between an external
peripheral device and the 1/0 address space,
the hardware slows down the timing so that the
device has time to respond, unless the device
asserts the ZEROWS~ sighal on its own device

— interface. —

5. Datz transfer rates for external devices that
do not assert ZEROWS-~ are provided in the
following list.

Microprocessor Destination Number of

Length Length CPU Clocks
16 16 7
16 8 7

8 8 7
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80386 Microprocessor

The 80386 Microprocessor provides s 32-bit, 12.5 MHz (80 nsec),
high-performance processor that integrates multiuser/multitasking
support, memory management, four levels of memory protection,
address translation caches, and a high-speed bus interface on one
printer circuit assembly.

The 80386 Microprocessor provides the same base architecture as the
8086,/8088 Microprocessors and uses 2 similar addressing mechanism,
nenory size, and interrupt handling. This base architecture allows
the 80386 to be object code compatible with exiscing
8086,/8088,/80C286 software.

In addition,; the 80386 Microprocessor contains 8§ general purpose
32-bit registers and supports 32-bit addresses and data types.

This processor addresses up to four gigabytes of physical memory,
and 64 terabytes (2'¢) of virtual memory. The integrated memory
management and protection architecture includes address translation
registers, advanced multitasking hardware, and a protection
mechanisn to allow simultaneous running of multiple operating
systeas.

Performance characteristics for 80386 Microprocessor rumning in the
Model 1530 Computer are as follows:

1. The microprocessor runs at 12.5 Mz (80 nsec)
clock rate with 1 wait state for interleaved
ml

. The microprocessor executes one 32-bit wide
transfer in 240 nsec for a maximum bus
bandwidth of 16.7M Bytes/see.

The following list provides data transfer rates
for different conditions on the data bus.

Microprocessor Destination Humbar of CPU Clocks

Length Length Interleaved Not Interleaved
32 32 3 4
16 16 3 4
8 8 3 4

These valuesn assume word or double word alignment.
Misaligned transfers can double the number of clock
cycles required to perform the operatiom,.
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4. VWhen cransferring data between an AT-compatible
device and the I/0 address space, the hardware
slows down the timing so that the device has
time to respond.

5. " The followving list provides data transfer rates
for AT compatible devices,

Microprocessor Destination Kumber of
Length Length . CPU Clocks
32 16 8-9
32 8 18-20
16 16 7
16 8 8-9
8 8 7-14

COPROCESSOR (OFTIONAL)

The GRiDCase 1500 Series computers are available with an optional
numeric coprocessor. The numeric coprocessor enhances the
performance of the primary amicroprocessor by performing
mathematical instructions in parallel with other operations of the
microprocessor. The microprocessor automatically passes the
mathematical instructions to the coprocessor vhenever they are
encountered. Coprocessors used with the GRiDCase 1500 Series
computers depend upon the system nodnl number and options as

follows:

Model | Micro- Option Co-

Number Processor Rumber Processor Bamarks

1520 80C286 340 80287 Uses & 16-bit wide bus
1530 80386 3451 80387 Uses a 32-bit wide bus

80287 Coprocessor

The 80287 Coprocessor uses the same clock generator as the 80C286
Microprocessor, but wvorks at one-third the frequency. The
coprocessor functions as an I/0 device through I/0 addresses 0F8h,
OFAh, and OFCh. The microprocessor sends OP codes snd operands

through thase 1/0 ports and receives and stores results through the
same pDOTtLS.

The coprocessor detects six different exception conditions that can
occur during instruction execution. If an exception occurs, and
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its exception mask is not sst, the coprocessor generates an error
signal. The error signal in turn, generates interrupc INT 75h and
sets the coprocessor BUSY flag. The Coprocessor BUSY flag is
cleared by a WRITE command to the 8-bit I/0 register OFOh, with all
bits (DO-D7) set to "0."

The coprocessor has two operating medes similar to the operating
wodes of the microprocesser (refer te the subsequent paragraphs in
this chapter). The coprocessor enters irs default Real Address
Mode following a system reset or power turn ON and also following a
WRITE command to the I/0 register at address OFlh. This Real
Address Mode is compatible with software that uses the 8087
Coprocessor.

The 80287 Coprocessor enters Protected Virtual Address Mode by
executing the SETEM ESC instruction. To raturn to the Real Address
Mode, a WRITE command i{s {ssued to the I/0 register at address OFlh
with all bits in the 8-bit register (DO-D7) set to *0.*

During a system reset or pover turn ON, the system enables
interrupt 75h and sets the interrupt vector to point to a routine
in the ROM-BIOS. The routine in ROM-BIOS first clears the BUSY
flag and then transfers control to the address pointed to by the
NMI interrupt vector. The NMI interrupt handler must read the
coprocessor status to deternine if it caused the interrupt. If the
coprocessor did not cause the interrupt, control must be returmed
to the original NMI interrupt handler. Refer to the NMI Interrupt
deseription in Chapter 3.

80387 Coprocessor

The 80387 Coprocecssor 1s directly coupled to the 80386
Microprocessor through a 32-bit synchronous data bus. When the
80386 encounters a coprocessor instruction, it automatically
generates one or more I[/0 cycles to addresses 8300000F8h and
S800000FCh. Address 800000F8h is the write command address and
800000FCh is the read and write data address.

The microprocessor performs all necessary bus cycles to memory and
transfers data to and from the coprocessor. Read cycles, which
transfer data from the coprocessor to the microprocessor, require
at least one vait state. Write cycles to the coprocessor do ot —
Tequire any wait states, ‘

The microprocessor initiates coprocessor operations under program
control and during execution of a coprocessor (ESC) instruction.
The coprocessor uses a PEREQ signal to request operand transfers to
or from system memory. Since these operand transfers occur when
the coprocessor requests them, they are synchronous to the
instruction execution of the microprocessor.
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When the microprocessor executes agn ESC instructien that requires
the transfer of operands te or from the coprocessor, the
aicroprocessor automatically performs the following operations:

1, Sets an internal Memory Address Base register
2. Sets a Memory Address Limit Register
3. Sets an 1/0 Direction flag

The coprocessor then requests operand transfers by driving its
PEREQ output to the active state while it is executing an
instructions (BUSY~ is active). Each operand transfer requires
from two to five bus cycles to complete depending upon t:he type of
operation being performed as follows:

1. Transfers with aligned operands require one
coprocessor cycle and one memory cycle.

2. Transfers with misaligned operands require one
coprocessor cycle and two memory cycles.

3. Transfers of 32-bit operands to 16-bit memory
requires one coprocessor cycle and either two
or three memory cycles.

4. Transfers of 64-bit operands to 16-bit memory
requires one coprocessor cycle and four menory
cycles.

Coprocessor data tranasfers have the same bus priority as
microprocessor programmed data transfers.

OPERATING MODES

Operation of a GRiDCase 1500 Series computer is controlled by its
operating mode. The operating mode determines the system
addressing mschanism, addresssble memory size, interrupt handling,
and instruction exscution. The two operating modes are called:

1. Real Address Mode (Default)
2. Protected Virtual Address Mode
Real Address Mode
When the system is reset or power is turned ON, the microprocesscr

is initialized in Rea) Address Mode, which is the defaulr mode. 1In
Real Address Mode, both the $0C286 and the 80386 Microprocessors
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have the same base archivecture as an 8086 Microprocessor. All of
the 8086 instructions can be performed and programs use real
addresses with up to 1M byte of addressable space. Physical memory
is limited to 640k bytes. However, EMS type expandable memory can
be used to increase physical memory space up to 4M bytes.

Protected Virtual Address Mode

In Protected Virtual Address Mode, the full capabilities of the
advanced microprocessors are available to the system. 1In this
mode, operation of the computer is dependent upon which
microprocesser is being used. Operation in the Protected Virtual
Address Mode is described separately for each microprocessor in the
following paragraphs.

80C286 Microprocessor Operation

The 80C286 Microprocessor enters Protected Virtual Address Mode
from Real Address Mode by setting the Protect Enable (PE) bit of
the machine status word with the Load Machine Status Word (ILMSW)
instruction. Protected mode offers extended physical and virtual
address space, memory protection mechanisms, and support for the
operating system and virtuzl mesory.

All of the registers, instructicns, and addressing used in Real
Address Mode remain the same. BEowever, the maximum addressable
space is increased from 1M byte to 16M bytes. Up to one gigabyte
of virtual address space per task can be mapped into the 16M bytes
of space. The virtual address space can be larger than the
physical address space because any address that does not map to a
physical memory location causes a restartable exception.

80386 ncroprcc.ssorr Operation

The 80386 Microcomputer enters Protected Virtual Address Mode from
Real Address Mode by loading Control Register O with the Protection
Enable (PE) bit set. After enabling the Protected Mode, the next
instruction should execute an intersegment jump (JMP) to load the
Code Segment (CS) register and flush the ingtruction decode queue.
Finally, all of the Data Segment registers are loaded with the
initial selector values.

Within Protected Virtual Address Mode the linear address space s
increased to four gigabytes (4G dytes) and virtual memory is
increased to 64 terabytes (64T bytes). Protected Mode allows the
80386 to run all of the 8086/80C286 programs while providing a more
advanced memory management and a hardware-assisted protection



GRiDCase 1500 Series Computer Technical Reference

mechanisms. Protected Mods also allows the use of additional
instructions that support multitasking operating systems. The main
differences between the Real Mode and Protected Mode for the 80386
are the increased address space and a different addressing
mechanisn.

Also, within Protected Mcde the software can perform a task switeh
to enter Virtual 8086 mode. In Virtual 8086 mode, each task is
performed as 8086 instructions, which allows all 8086 software to
be executed. Virtual 8086 tasks can be isclated from one another
and from the 80386 operating system by the use of paging and the
1/0 Permission bit map.

SYSTEM MEMORY

Main memory for the standard GRiDCase 1500 Series computer system
is containad in 1024k (1M) bytes of 120 ns dynamic RAM. The
dynanic RAM main memory can be optionally increased to 2M bytes
(Option 302) or 4M bytes (Option 304). The Model 1530 memory can
be optionally increased to 8M bytes (Option 308). The system also
supperts up to 512k bytes of application ROM, 32k bytes of static
RAM to support the display subsystem, a 200k byte address space for
peripheral drivers and optiom ROMs, and 64k bytes of ROM-BIOS.
Each of these addressable segments of system memory are deseribed
in the following paragraphs. Refer to the systea block diagram in
Figure 1-1.

Memory Mapping

The GRiDCase 1500 Series computers can contain up to 8M bytes of
fnternal memory (RAM) and have the capability of addressing up to
16M bytes (80C286) or 4G Bytes (80386) of system memory. Three
factors determine how the system memory is mapped. The first
factor is the physical memory size, and the second factor is the
size of the RAM ICs used to make up the physical memory. The third
factor that determines how the main system memory is mapped is cthe
microprocessor type.

For the 80C286 Microprocessor, the intermal main system memory is
16-bits wide and each 1M byte of memory is configured as 512k x 16
bits. This memory runs at the speed of the 80C286 ctycle (10 MHs)
with 1 waic state. If additional memory (up to 4M bytes total) is
attached via the AT bus, its performance will be slower.

The 80386 Microprocessor internal main system memory is 32-bits
wide and each 1M byte of memory is configured as 256k x 32 bits.
This memory runs at the speed of the 80386 cycle (12.5 MHz) with 1
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wait state and pipelined accesses. If additional memory (up to 8M
bytas total) is attached via the AT bus, its performance will be
slower.

Additional information on memory mapping for each microprocessor
type is provided in the fellowing paragraphs:

80C286 Microprocessor Memory Mapping

The 16-bit 80C286 Micreprocessor (Model 1520 Computer) addresses up
to 16M bytes of main system memory. The lowest 640k bytes are
directly addressable memory locations, and all memory above the
640k byte boundary is treated as either Extended RAM or Expanded
RAM. Extended RAM 1s the IBM AT compatible (EXT) memory
configuration. Whereas, the Expanded RAM requires an Expanded
Memory Specification (EMS) software driver that meets the
specification developed by Lotus/Intel/Microsoft (LIM). The
Expanded memory (EMS) operation 1s described in subsequent
paragraphs of this chapter.

The user selects how memory above 640k bytes is treated via an
interrupt (INT 15) as described in Chapter 3, or via the MODE
command. The command MODE MEM=EXT specifies Extended (AT
compatible) RAM and the MODE MEM=EMS command specifies Expanded
(EMS compatible) RAM., Refer to the MS-DOS Reference: Release 3.2
and subsequent.

For MEM=EXT, the low order bit of Real-Time Clock memory locatien
3Fh is reset to "0." For MEM=EMS, the same bir is set to "1." At
system initialization or resetz, the system checks the same bit o
determine the hardware configuration of the system. Table 2-1
lists a typical 80286 Microprocessor-based memory map to address up
to 16M bytes of memory using both AT compatible Extended (EXT) RaM
and EMS compatible RAM. The actual memory map is listed in Table
2-3. HMemory locations are given in hexadecimal (h).

80386 Microprocessor Memory Mapping

The 32-bit 80386 Microprocessor (Model 1530 Computer) dirzectly
addresses up to 4G bytes of memory. However, mapping of the memory
depends upon how much memory is actually installed. The Model 1530
computer provides main memory in increments of 1, 2, &, and 84
bytes depending upon the installed options, and addressable system
memory locations up to 1l6M bytes. Memory locations above 640k
bytes are accessed as AT compatible Extended Memory (AT). Table 2-
2 lists a typical 80386 Microprocessor-based memory map to address
up to 1l6M bytes of system memory using AT compatible Extended (EXT)
RAM, The actual memory map is listed in Table 2-3. Memory
locations are given in hexadecimal (h).
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Table 2-1. Typical 80C286 Microprocassor-Based Memory Map

MODE = EXT ' ¥emory Configuration
Memory location IM Byte 2M Byte 4M Byte 8 Byte
Hex (h) Decimal 256k RAMas 256k RAMs 1M RAMs 1M RAMs

000000h 00k

080000h 512k User Usar User User
0A0000h 640k Video Video Video Video
OBOOOOh 704k CGA Display RAM in all configurations
0DO00OR 832k Peripheral Drivers and Option ROMs
OF0000h 960k ROM-BIOS in all configurations
100000h 1M Extended (EXF) RAM Start

160000h  1.384M User User User User
1D0000Oh  1.832M AT/PC User User User
200000h 2M AT/PC User User User
260000h  2.384M AT/PC User User User
300000nh  3M AT/PC AT/PC User User
400000h  4M AT/PC AT/PC AT/PC User
800000h  8M NA NA AT/PC AT/PC
FOOOOOh  1SM FF8000h through FFFFFFh is

FFFFFFh  16M ROM-BIOS in all configuracions
MODE MEM = Memory Configuration

Menory location 1M Byte 2M Byte 4M Bytea 8M Byte
Hex (h)  Decimal 256k RAMs 256k RAMs 1M RAMs 1M BAMs

000000h Ok » i
080000k 512k User User . Usex User
0AOOQ0h 640k User User Usar User
0BOOOOh 704k CGA Display RAM in all configurations
0DO0OOk 832k Peripheral Drivers and Option ROMs
OF0000h 960k EMS (24) EMS (88) EMS (128) EMS (128)
100000h 1M ROM-BIOS in all configurations

NOTES:

1. User = User or Main memory

2. NA = Not applicable for the listed RAM IC size.

e AT/PC = Memory locations usable by IBM AT style (16-bit wide)
or IBM PC style (8-bits wide) RaM.

4 Application ROMs are bank switched into the Display RAM area
between AOOOOh and BFFFFh. Refer to the description in the
following paragraphs.

5. EMS (xx) = Extended Memory Specification RAM is mapped in four
16k byte pages to physical memory locations OEQOOOh-OEFFFFh.
The (xx) represents the maximum number of 16k byte pages
supported by each EMS RAM coufiguration.
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Typical 80386 Microprocessor-Based Memory Map

Memory Location

Memory Configuration

Hex (h) Decimal 1M Byte 2M Byte &X Byte 8M Byte
000000R 00k User User User User
0A0000h 640k Video Video Video Video
0BOOOOh 704k CGA Display RAM in all configurations
0DO0OOR 832k Peripheral Drivers and User ROMs
OF0000h 960k ROM-BIOS in all configuractions
100000h 1M Extended (EXP) RAM Start ‘

160000h 1.384M User® User User User
200000h 2M Not Used User User User
260000h 2.384M AT User* User User
300000h 3M AT Not Used User User
400000h  4M AT AT User - User
460000h  4.384M AT AT User User
500000h SM AT AT Kot Used User
600000h &M AT AT AT User
660000h 6.384M AT AT AT User
700000n 7M AT AT AT User
800000h  8M AT AT AT User
860000h  8.384M AT AT AT User*>
900000h 9M AT AT AT AT
A0OOOOh  10M AT AT AT AT
BOOOOOh 11M AT AT AT AT
C00000h 12M AT AT AT AT
DOO0OOOh  13M AT AT AT AT
EOOOOCh  14M AT AT AT, AT
FOOOOOh  15M AT AT AT AT
FFOOOOh 15.960M FF8000h through FFFFFFh (32k)is high
FFFFFFH 16M memory ROM-BIOS in all configurations
NOTES:

1. TUser = User or Main mesmory

2. User* = User or Main memory that can be disabled. Disabling
causes a logs of 384k of Main memory but allows the contiguous
1M byte of address space to be used by Extended (EXT) memory.

[V e

Not Used = Memory locations that are not accessible.
AT = Memory usable by IBM AT style (16-bit wide) RAM.
Application ROMs are bank switched into the Display RAM area

between AQOOOh and BFFEFFh. Refer to the description in the
following paragraphs,

2-11
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Main Memory Location

Main memory is allocated starting at the lew end of the available
address space (addrass 000000h). The standard 1M bytes of user
memory are split between low and high areas. The low area is
located between address 000000h and QAOOOCh (640k). The high area
of user memory is located between address 100000k and 160000h
{384k).. The low memory between 640k and 1M bytes is allocated to
display RaM, peripheral drivers, and the low portion of the ROM-
BIOS. The first 1M byte portion of memory is allocated in the same
vay for all configurations (refer te Tables 2-1 and 2-.2.

The high area of the available address space contains the EMS or
EXT RAM and the high portion of the ROM-BIOS. A more decailed
listing of the main memory locations is provided in Table 2-3.

Table 2-3. GRiDCase 1500 Series Computer Main Memory Map

-Memory Location Decimal

From/To From/To Purpose
000000h/0003FFh Ok/1k System Interrupt Vectors
000400h,/00047Fh 1k/1.15k BOM-BI0S RAM Check
000480h/09FFFFh 1.15k/640k MS-DOS and User Programs

0A0000h/OAFFFFh 640k/704k EGA/VGA Display RAM (Optional)
0BOOOOh/OB7FFFh 704k/736k Monochrome Display RAM (Not Used)
0B8000h/OBFFFFh 736k/768k  CGA Display RAM (32k Bytes)l
0CO000h/OEFFFFh 768k/960k Peripheral Drivers and Option ROMs?
OFO000h/OFFFFFh 960k/1M ROM-BIOS (Low Memory)
100000h/F00000h 1M/15M Extended (EXT) RAM/EMS RAM
FFOOOOh/FFFFFFh 15M/16M ROM-BIOS (High Memory)

NOTES:

1. Up to 128k bdytes of application ROM can be bank
switched from either of twe ROM sockets into the
128k byte Display RAM srea. The ROM is configured
8-bits wide and its contents are biased toward the
top of the available area between addresses A0000h
and BSFFFh.

2. Expanded (EMS) memory for the Model 1520 Computer is
bank switched into a portion of the area reserved
for peripheral drivers and option ROMs. The 64k
byte portion used for EMS is located from addzess
EO0QOh through EFFFFh.

Application ROM Mapping

The computer supports up to 256k bytes of application ROM, which is
contained in up to two ROM or EPROM Integrated Circuits. The ROMs
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can be installed in sockets under a special cover, which i{s just
above the keyboard Function keys (F1 - F10). Figure 2-1 shows the
location of the ROM sockecs. The ROMs are user installable.

The maximme application ROM size is supported with one 128k byte
EPROM installed in each of the two sockets. The application ROMs
are activated through a bank switehing structure that maps one or
amore of the ROMs into a 512k byte block of memory address space
that is normally used for Display RAM. The portion of system
memory that is used for application ROM {s located at address
ACOQCh through BFFFFh. The ROM(s) are always biased toward the top
of the available address space so that an 8k byte ROM would appear
at addresses AO000Oh through ALF4Oh.

Only one ROM socker is mapped (active) at a time. The ROM is
accessed by wricing to the I/0 Register at address 0440h. This
register is eight bits wide and capable of selecting any one of 256
different ROMs.

When either ROM socket contains a ROM, the ROM Enable Register at
1/0 Address 405h must be set to "1" to enable the system address
space for use by the ROM. UWhen the ROM sockets are eapty, the ROM
Enable Register should be reset to "0" so that the 512k byte
address space is available for use by systea memory. The ROM
Enable Register is set or reset though software commands. Refer to
the paragraphs on ROM Sockets later in this chapter.

Figure 2-1. ROM Sockst Locations

2<13
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Display Subsystem Buffer Location

The 32k byte display subsystem buffer is separate from and in
addition to the system memory, but is addressed by the same
microprocessor as the system memory. The display subsystem buffer
for CGA displays i{s located from address B800Oh through BCOOOh.
Additional address space is available for the cptional EGA/VGA
display, which can be connected through the computer back panel.
This additional address space is located in the user memory area
from address OA0000h through OAFFFFh. Detailed information on the
Display Subsystem is contained in Chapter 6.

Peripheral Drivers and Option FROM Mapping

A block of up to 128k bytes in the microprocessor addressable space
is reserved for peripheral drivers and option ROMs. Option ROMs
are required by some external devices for programming control
functions. Typical devices that require option ROMs are printer
spoolers and networking interfaces. The address space is located
from address DOOOOh through EFFFFh. A portion of this addressable
space (EOCOO-EFFFF) can be used by EMS type memory also.

ROM-BIOS Memory Locatiomn

The 64k byte ROM-BIOS, bootstrap instructions, and other start-up
data are contained in the addressable space from address F00OOh
through address FFFFFh. The ROM-BIOS contains service routines to
suppert the MS-DOS Operating System and GRID Developement software.
A summary of the ROM-BIOS service routines is contained in Chapter
3 and more detailed descriptions are provided in the following
chapters where the specific routines are described.

Ezpanded Memory Specification (EMS) Operation

The Expanded Memory Specification (EMS) operation provides a methoa
Zor expanding the system memory addressing capability of GRiDCase
1500 Series computers that use the MS-DOS Operating System, since
MS-DOS limits the addressing capacity teo 640k bytes. In computers
that use expandad mnemory, the system memory from 0 to 640k bytes is
called conventional memery. System memory above 640k bytes is
addressed via the EMS and is called expanded memory. For the Model
1520 Computer, EMS is {mplemented in a hardware/software
configuration specified by Lotus/Intel/Microsoft (LIM). EMS is
also referred to as LIM memory.

The Model 1530 Computer normally uses the AT type Extended memory
(EXT) and not EMS. However, EMS can be emulated by the Model 1530
computer using available application software. The following
paragraphs refer specifically to the implementation of EMS for the
Model 1520 Computer.
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EMS uses a bank switching structure where a portion of the systen
- memory beyond the directly addressable 6§40k bytes is switched into
a2 64k byte addressable space that is reserved for peripheral
drivers and special ROMs. The 64k byte portion used for bank
switehing Expanded Memory is located from address EOOOQh through

Four 1/0 registers control bank switching of expanded memory pages
into the addressable space of the microprocessor. The four
registers each control one page (any 16k bytes) of expanded memory,
and together they control four physical pages. The four physical
pages form a 64k byte block, which is bank switched through the
wicroprocessor addressable space from EQ000h through EFFFFh. By
bank switching the 16k byte pages of expanded memory, the
conventional memory appears to be larger than 640k bytes.

The EMS 1/0 registers are 8 bits wide. Bit seven (MSB) of each
register is an indicator for Page Enable (1) or Page Disable (0).
The remaining seven bits (O through 6) of each register represent
any 16k byte page of Expanded Memory. The registers also handle
both read and vrite operations. The I/0 addresses and memory
addresses of the reglsters are as follows:

Physical 1/0 Memory
Page Address Address

0 0258h EQQOOOh - E3FFFh

1 4258h E4000h - EJFFFh

2 8258h E8Q00h - EBFFFh

3 €¢258h ECOOOh - EFFFFh

SYSTEM POWER MODE CONTROL

The system power m@mode control provides a unique method of power
conservation. Writing a "1" to I/0 register 416h causes the
microprocessor to run at a reduced speed, which reduces the power
consumption. Also, the microprocessor clock rate is reduced by a
power of 2. When 1/0 register 416h is reset to "0," the default
state, the microprocessor runs at its normal speed. During
operation, the microprocessor speed is normally controlled by a
ROM-BIOS service routine through interrupt INT 15. The BIOS
subsystem functions invoked by interrupt INT 15 are described in
Chapter 3.

NOTE: Copy protected and older versions of some
appiication programs may require a slower clock
speed in order to operate effectively. Newer
releases of the same programs will usually
operate properly at the faster clock speed.

2-15



CHAPTER 3: ROM=BIOS AND I/O REGISTERS

The GRiDCase 1500 Series computer provides 32k bytes of System ROM.
The System ROM contains the ROM-BIOS service routines that support
the MS-DOS Operating System. The System ROM also provides low-
level routines that support the InteGRiD Application Envirooment
and GRi{D Development software. System ROM i{s located in the
80286/80386 Microprocessor addressable space from address F3000h
through address FFFFFh (low memory) and from address FF8000h
through address FFFFFFh (high memory).

This chapter provides a summary of the ROM-BIOS service routines
that support MS-DOS for the GRiDCase 1500 Series computer
subsystems, and also provides a summary of the I/0 registers used
by the subsystems. The service routines and registers summarized
in this chapter are described in more detail in the subsequent
chapters that describe the subsystems.

The ROM-BIOS ensures compatibility with the IBM AT and also
includes some extended service reutines that are unique to the
GRiDCase 1500 Series computer, The ROM.BIOS routines allow
assembly language programmers to perform block or character level
operations without knowing the programmed device address
characteristics.

The I/0 registers summarized in this chapter are used in the
GRiDCase 1500 Series computer to interface with and control the
operation of the computer subsystems.

In addition to the standard ROM-BIOS, there are GRiD Subsystem
Functions, vhich provide a leogical interface for manipulation of
specific features of the GRiD Subsystem hardware. The GRiD
Subsystem Functions are described later in this chapter.

ROM-BIOS SERVICE ROUTINES

Access to the ROM-BIOS service routines is provided via the
80286/80386 Microprocessor software interrupts in real-address
mode. Each of the entry points to the ROM-BIOS is available
through a specific interrupt vector. The interrupt serviece _routine
to be executed is specified by the programmed interrupt mumber, and
subroutines within the service routine are specified by the
function munber placed in register AH. (Register AH is the highest
eight bits of the 16-bit 80286/80386 accumulator register AX.) The
ROM-BIOS service routines save the contents of all microprocessor
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registars except AX and the flags. The microprocessor register
contents are modified only if they return a value to the caller.

The ROM-BIOS service routine interrupts for che GRiDCase 1500
Series computer are listed in Tables 3-1 and 3-2. Table 3-1
contains a list of the service routines by interrupt number and the
applicable four-byte vector address. Other chapters that contain
additional information are referenced where applicable. When the
interrupt number is followed by an asterisk (*), the interrupt
function numbers for specifying subroutines are listed in Table 3-2
for quick reference. For completeness, the non-BIOS software
interrupts are listed in Table 3-3, but are not described further
in this manusl. In the tables, all the mmerical values are given
in hexadecimal (h).

Table 3-1. ROM-BIOS Service Routine Interrupts and
Vector Addresses

P L L L L T T L L L L L L T T T e

Number Address Service Routine Description
00 00:03-  Divide by Zero
01 04:07 Single Step
02 08:0B Non-Maskable Interzupt (Chapter 3)
03 0C: OF Breakpeoint
+1 10:13 Overflow
05 14:17 Print Screen (PrtSc) (Chapter 8)
06, 07 18:1F = Raserved
08 20:23 Time of Day, IRQO, (Chapter 6)
09 24:27 Keyboard Intezrupts, IRQl, (Chapter 8)
oA - 28:2B Cascaded Interrupt Comt, IRQ2, (Chapter 5)
0B 2C:2F Serisl Port, COM2, IRQ3, (Chapter 12)
0GC 30:33 Modem, COM1, IRQ4, (Chapter 12)
oD 34:37 Reserved, IRQS
OE 38:38 Floppy Disk Drive Cont, IRQS, (Chapter 9)
oF 3C:3F Parallel Printer Port, IRR7, (Chapter 1l1)
10 40:43 Display (Chapter 6)
11 ad4 147 Equipment Check (Chapter 3)
12 48:43 Memory Size (Chapter 3)
13 4C:4F Floppy Disk/Hard Disk (Chapter 9/10)
14w 50:53 Serial I/0 Port (Chapter 12)
15% 54:57 ROM-B10S Extensions (Chapter 3)
16> 58:5B Keyboard 1/0 (Chapter 8)
17+ SC:SF Parallel Printer Port {(Chapter 1ll)
18 60:63 Reserved
19 64:67 Bootstrap
1A 68:68 Time of Day (Chapter 6)
1B 6C:6F Keyboard Break/Abort Handler (Chapter 3)
1cC 70:73 Tiser Tick Interrupt Handler (Chapter 3)
1p 74:77 Display Parameters (not used)
1E 78:78 Floppy Disk Parameters (not used)
1iF 7C:7F Graphie Character Extensions (not used)

20-3F 80:FF Non-BIOS Int:errupc Functions (Table 3- 3)
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Table 3-2. ROM-BIOS Servics Routine Interrupts and

- oo

Subroutine Punction Numbers

............................... L R e e Y L L Lk

Interrupt Funetion Service Routine
Nuaber Ro. (AH Reg) Subfunction Deseripetion

—————

AR R TS P PR L R L LR L P Y L R R L R R L L LI s

Display Service Routines (Chapter 7)

Disk

10 00 Set Display Mode

10 01 Set Cursor Type

10 02 Set Cursor Position

10 03 Read Cursor Position ,

10 05 Select Active Display Window (Alpha Mode)
10 06 Seroll Active Window Up

10 07 Scroll Active Window Dowm

10 08 Read Attribute/Character at Cursor

10 09 Write Attribute/Character at Cursor

10 0A Urite Character Only at Cursor

10 0B Set Color Palette

10 0c Write Pixel

10 0D Read Pixel

10 OE Write TTY to Active Window

10 OF Return Current Display State

10 10-12 Reserved

10 13 Write Character String

Drive Service Routines (Chapters 9 and 10)

13 Q0 Reset Disk Drive Controller

13 01 Read Disk Drive Status from Last Operation
13 02 Read Data from Desired Sectors Into Memory
13 03 Write Data from Memory to Desired Sectors
13 04 Verify that Disk Sectors are Valid

13 05 Format Desired Track om Disk

13 06 Unused

13 07 Unused :

13 08 Read Current Disk Drive Parameters

13 09 * Initialize Drive Pair Characteristics
13 0A * Read Long

13 0B * Write Long * = for Hard
13 oc * Seek - Disk Only
13 0D * Alternate Disk Reset

13 OE * Unused

13 oF * Unused

13 10 * Test Drive Ready

13 11 * Recalibrace

13 12, 13 * Unused

13 14 * Controller Internal Diagnostic

13 15 Read DASD Type @ = for Floppy
13 16 @ Disk Change Line Status Disk Only
13 17 @ Set DASD Type for Format

13 18 @ Set Media Type for Format

3-3
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Table 3-2. ROM-BIOS Service Routine Interrupts and
Subroutine Punction Numbers
Interrupt Function _ Service Routine
Number Ho. (AR Reg) Subfunction Description

............................ L e X N e Y T L s

Serial I/0 Port Service Routines (Chapter 12)

14 00 Initialize Serial I/0 Port

14 01 Send a Character to Serial I/0 Port

14 02 Receive a Character from Serial 1/0 Port
14 03 Read Status of Serial 1/0 Port

BIOS Extenszicens (Chapter 3)

15 80 Device Open

15 81 Device Closed

15 82 Program Termination

15 83 Event Wait

15 84 Joystick Support

15 85 System Request Key Pressed

15 ' 86 Wait

15 ' 87 Block Move -

15 88 Determine Size of Extended Memory
15 89 Processor in Virtual Mode

15 90 Device Busy Loop

i5 91 Set Flag for Interrupt Complete
15 co Return Configuration Parameters Pointer
15 E4 BIOS Subsystem Functions

Keyboard Service Routines (Chapter 8)

16 Q0 Read an ASCII Character from Keyboard

16 01 Set Flag if ASCII Character Ready to Read

16 02 Read Shift Status from Keyboard

16 a5 Place ASCII Character and Scan Code in
Keyboard Buffer as if key was pressed.

16 10 Extendsd Read (00h) for Enhanced Keyboard

16 11 Extended Status for Enhanced Keyboard,

. {otherwise like 02h)

18 - 12 Read Extended Shifr Status for Enhanced

’ Keyboard

Printer (Parallel Port) Service Routines (Chapter 11)

17 00 Send a Character to Printer
17 o1 Initialize Printer Port
17 02 Store Printer Status in Register

3-4
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Table 3-2. ROM-BIOS Service Routine Intercupts and
Subroutine Function Numbers

Interrupt Function : Service Routine
Number Ro. (AH Reg) Subfunction Desc:i.ption

e R L T L L T R L L L L L L L L L Ty

Time of Day Clock/Calendar Service Routines (Chapto: 6)

1A 00 Read Time of Day Clock Setting

1A 01 Set Time of Day Clock

1A 02 Read Real Time Cleck

1A 03 Set Real Time Clock

1A 04 Read Date from Real Time Clock

1A 41 Set Date in Real Time Clock

1A 06 Set Alarm to Interrupt at Specified Time
1A 07 Regset the Alarm Interrupt Function

------------- L L L R T R R R L R R R R R Rl R L L T

Table 3-3. Software (non-BIOS) Interrupts and
Vector Addressas

FNumbexr Address Intan-upt Funceion
20 80:83 DOS Progran ‘Iemi,mte
21 84:87 DOS Function Call
22 99:8B DOS Terminate Address
23 8C:8F DOS Control Bresk Exit Address
24 90:93 DOS Fatal Error Vector
25 94:97 DOS Absolute Disk Read
26 98:9B8 DOS Absolute Disk Write
27 9C:9F DOS Terminate, Fix in Storage
NOTE: Throughout this chapter, numerical wvalues are

given in hexadecimal. The hexadecimal values
have an "h" suffix unless otherwise specified.
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ROM-BIOS SPECIAL FUNCTION INTERRUPTS

The ROM-BIOS service routine interrupts listed in Table 3-1 include
several interrupts with special functions. These special function
interrupts are given in the following list. The list is then
followed by brief descriptions of the special functions. The
special function interrupts are:

Interrupt

No. (Hex) Function
11, 12 - System Configuration
15 BIOS Extensions/GRiD Subsystea
1B Keyboard Break/Abort Handler
ic Timer Tick Interrupt Handler
ip Display Parameters
1E Floppy Disk Parameters
1F Graphic Character Extensions
40 Reserved (Floppy and Hard Disk)
41, 46 Hard Disk Parameters

System Configuration Service Routines (INT 11, 12)

Interrupt service routines 1lh and 12h return informatien that
degscribes the equipment and memory available in the system.

The equipment check service routins vector (Int 1lh, AH = 00)
teturns the following information in register AX:

Bit(s) Description

15, 14 Number of Parallel Printers Attached

13 Unused (always 0)

12 Unused (always 0)

11, 10, 9 Fumber of Asynchronous Communication Ports

8 Unused (always 0)

7, 6 Number of Floppy Pisk Drives Attached to System:
00 = 1 Drive

0l = 2 Drives
10 = 3 Drives
1] = Reserved
5, 4 Video Mode:
00 = Unused
0l = 40x25 Black and White with Color Mode
10 = 80x25 Black and White with Color Mode
il = 80x25 Monochrome Mode
3, 2 Unused (always 0)
1 Math Coprocessor
0 = No Coprocessor, 1 = Coprocessor installed
0 Floppy Disk Drive (FDD) identifier:
O = No FDD, 1 = FDD(s) installed
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The memory size service routine vector (Int .12h, AH.= 00)
determines the number of contiguous lk blocks of memory (up to
640k) that are in the system. The number is based on the Power On
Self Test (POST) performed during the power turm ON. The number of
contiguous 1k blocks of aemory is returned in register AX.

BIOS Extensions/GRiD Subsystem (INT 135)

Interrupt service routine 15h was previously used for a cassette
interface. However, in the GRiDCase 1500 Series computers,
interrupt 15h is used for two sets of special functions. When
interrupt 15h is used with function numbers 80-91lh or COh in the AH
register, it invokes IBM AT compatible ROM-BIOS extensions. The
ROM-BIOS extensions are listed in the Table 3-4. Interrupt 15h
wvith function E4h in the AH register invokes special GRiD subsystem
functions. The special GRIiD Subsystem functions are described
separately under BIOS Subsystem Functions later in this chapter.

In Table 3-4, all numerical values are given in hexadecimal.

Table 3-4. ROM-BIOS Extensions vi:h Interzupt 15h

Function
No. (AH Reg) Extension/Description

80 Device Open
BX = Device ID
CX = Process ID

8l Device Close
BRX = Device ID
CX = Process ID

82 Program Termination
. BX = Device ID
83 Event Wait
AL = OCh Set Interval
CX,DX = ms Number of microseconds
to lapse before posting.
ES:DX = p Pointer to a byte in user
memory that has the high
order bit set soon after
the interval expires.
AL = Olh Cancel wait
e Joystick Suppert
Not Used
85 Emulate System Request (Sys Reg) Key
AL = O0Oh Key Pressed (make)
AL = Clh Key Released (bresk)

3-7
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Table 3-4&, BROM-BIOS Extensiocns with Interrupt 1Sh (Cont.tmud)

86 Wait
CI,DX = us Number of microseconds
to lapse before return
to user.
. 87 . Block Move
. » Refer to the following paragraph on
- S block move.
88. - _ Determine Extended Memory Size

Refer to the following paragraph on
Extended Memory Size.

89 Processor to Virtual Mode
Refer to the following paragraph on
Processor to Virtual Mode.

90 Device Busy Loop
AL = Device Code*

91 Set Interrupt Complete Flag
AL = Device Codex
*Device Codes for Functions 90 and 91.

Devics

Code Description

00-7F Serial reusable’devices where access
is serialized by the operating system.
Examples:
00 = Hard Disk (Requires Timeout)
01 = Floppy Disk (Requires Timeout)
02 = Keyboard (No Timeout)

80-BF Reentrant devices. Where simultaneous
1/0 calls dre allowed, ES:BX is used
to distinguish the different calls.
Exaniple:
80 = Network (No Timeout)
ES:BX - NCB

CO-FF Wdit only calls. These are timeouts
only and times are function dependent.
Examples:
FD = Floppy Disk Motor Start
FE = Printer '

co Configuration Parameters Pointer
AB = O0h and Carry Flag = 0 if wvalid
ES:BX = Parameter table address pointer
AH = 86h and Carry Flag = 1 if not valid
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Block Move (AH = 87h)

Block move allows the program in real mode to move data to or from
memory locations above the 1M byte address range by switching to
protected mode. A Global Descriptor Table (GDT) must be built by
the user before issuing interrupt 15h with function 87h. The
descriptors are used to perform the block move in protected mode.
The segment length for the socurce and target descriptors must be
two times the word count minus one (2xCX-1) or greater. The 24-bit
address (byte high, word low) is set to the target/source. No
interrupts are allowed during transfer. Upon completion all
registers are restored except AH.

ROTE: To aveid timing conflicts, do not perform block
moves during serial communications.
AH = 87h Block Movs
X = Word count for block to be moved. The maximum

count is 8000h for 32k words (651: bytes).
ES:SI = Location of GDT
On Exit:
AH = 00h Successful Block Move
AH = Olh Parity Error Registers Cleared (Memory Parity)
AH = 02h Another Exception Interrupt Error Occurred
AH = 03h Gate Address Line 20 failed

Carzy Flag = 0 for successful block move
Carry Flag = 1 for error during block move

Definition of Block Move GDT

The following paragraphs describe the block move Global Descriptor
Table (GDTI) that is shown in Figure 3-1. The f£irst four
descriptors are initialized by the user.

1. The first descriptor is a required dummy, which
is initialized at 0.

2. The second descriptor points to the GDT as a
data segment. It is initialized to 0 and then
modified by the BIOS.

3. The third descriptor is initialized re point co
the source to be moved (from).

4. The fourth descriptor is initialized to point
to the destination (to).

5. The fifth descriptor is used by the BIOS to
create a Protected Mode code segment. It £s
initialized to 0 by the user and then modified
by the BIOS.
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6. The sixth descriptor is used by the BIOS to
create a Protected Mode stack segment. It is
initialized to O and then modified by the BIOS
to point to the user stack.

ES:SI*
| I : I
400  -ee--- ceeneen -..
| Dummy I { * = The actual location
408 = cececvevcecccnes- | of the block move GDT
| GDT Location f---- is pointed to by ES:SI
+10 cecmsascsananasas
| Source GDT |
+18 2 cscscececcsccc---
| Target GDT |
+20 ceccccecesccccans
| BIOS (CS) |
428 eeeee OO
| S§ i

Pigure 3-1. Block Move Global Deseriptor Tabls (GDT)
Procedure:

The following steps dsscribe the operations required to pe{-fom a
block move functiom.

1. Save entry registers and setup for shutdown
exit,

2. Build required entries in GDT at ES:SI.

3. Set-address line 20 active, Clear Interrupts
(CLI), and.set shutdown codes.

4. Load an Interrupt Descriptor Table Register
(IDTR) to point to ROM resident table.

S. Load Global Descriptor Table Register (GDIR)
from the offset pointer (ES:SI).

6. Set microprocessor to protected mode (refer to
the following procedure for functiom 89h)

7. Load DS and ES registers with selectors for the
source and target, respectively.

8. Execute REP MOVSW DS:S5I (Source) ES:DI (target)

9. Check for parity errors.
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10. Restore Real Mode when Shutdown (0%h) is
executed.

11. Check for errors and sec return codes for AH.
12. Clear azddress line 20 active (disable).

13, Return with registers restored and scatus
return code. (ZF = 1 if ok, ZF = 0 1{f error).

Extended Memory Size (AH = 88h)

Extended memory size allows the user to determine the size of
memory available starting at the 1M byte address range. This size
is stored at memory locatioms 40:30h and 40:31h during the Power Cn
Self Test (POST). The size is based on the following assumptions:

1. All installed memory is functional.
'+ All memory from 0 to 640k is contiguous.
AH = 88h Deternine Memory Size

On Exit:
AX « nn = The number of contiguous lk blocks of
available memory starting at 1M byte.

Processor to Virtual Mode (AH = 8%h)

Processor to virtual mode allows the user te switch inte virtual
(protected) mode. Vhen the function is complete, the
microprocessor is in virtual (protected) mode and control is
transferred to the code segment specified by the user. A Global
Descriptor Table (GDT) must be built by the user before issuing
interrupt 15h with function 8%h. The descriptors are used to
initialize the IDTR, GDTR, and Stack Segment selector. The Data
Segment (DS) and Extra Segment (ES) selectors are also initialized
to descriptors built by the user.

Register BH contains the offset into the Interrupt Descriptor Table
(IDT) to where the first group of eight interrupts start. Register
BL contains the offset into the IDT to where the second group of
eight interrupts start.

AH = 8§%h Processor To Virtual (Protected) Mode
ES:S1 = Location of GDT
On Exit:

AH = 00h Successful switch to Protected Mode

NOTE: The contents of all segment registers are changed
and the contents ¢f registers AX and BP are
destroyed.



GRiDCase 1500 Series Computer Technical Reference

Definition of Processor to Virtual Mode GDT

The following paragraphs describe the Processor to Virtual Mode
Global Descriptor Table (GDT) that is shown in Figure 3-2. The
seven descriptors initialized by the user must contain all

necessary data 1nc1uding the limit, base address, and che access
rights byte.

1. The first descriptor is a required dummy, which
is initialized at O.

2. The second descriptor is initialized to point
to the GDT as a data segment.

3. The third descriptor is initialized to point te
the user defined Interrupt Descriptor Table
(IDT).

4. The fourth descriptor is initialized to point
to the user’'s Data Segment (DS).

5. The fifch deseriptor is initialized to peéint to
the user’s Extra Segment (ES).

6. The sixth descriptor is initialized to point to
the user’s Stack Segment (SS).

7. The seventh descriptor is initialized te peint
to the user’'s Code Segnent (CS), which is the
Code Segment this function returns to.

8. The eighth descriptor is used by the BIOS to
establish a Code Segment for its own use. It
is required so that this function can complete
its execution while in protected mode.

Considerations:

The following steps provide information that should be considered
before performing the procedure to switch the processor from Real
Mods to Virtual (Protected) Mode.

1. The ROM-BIOS is not available to the user.
Therefore, the user must handle sll 1/0
commands .

2. The hardware interrupt controller must be
reinitialized to define new locations that are
outside the processor reserved locations.

3. The Exception Interrupt Table and Handler must
be initialized by the user.
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4. The interrupt descriptor table camnot overlap
the Real Mode BIOS Interrupt Descriptor Table.

5. The following list provides an example of the
user‘s code to invoke the Processor te Virtual
{Protected) Mode function:

"Real Mode User’s Code®
MOV  AX,GDT Segment
MOV  ES,AX
MOV  SI,GDT Offset
MOV  BH, Hardware Interrupt Level 1 Offset
MOV  BL, Hardware Interrupt Level 2 Offset
MOV  AH,89h
INT 15h
*Virtual Mode User’s Code®

ES:SI*x
| |
L |
| Dummy | § * = The actual location
+08 W eeccmecccccecaoa- | of the GDT is pointed
| GDT Location |---- to by ES:SI,
+10 e ceeee
I 0T I
+18 2 cccccccccceccncn-
[ DS |
+20 eeee- esmmcscsecene
{ "ES |
+28 B T T
| $s i
+30 S S S
! cs l
+38 L Y L
| Temporary |
| BIOS CS {

Figure 3-2. Processor to Virtusl (Protected) Mode
Global Descriptor Table (GDT)

Procedure:

The following steps deseribe the operations required to perform a
Processor to Virtual (Protected) Mode function. When the function
is successfully completed, the user’s Code Segment (CS) descriptor
value is substituted on the stack for a return to the user.
Control 1is then transferred to the user with interrupts disabled.

phe Build required entries in GDT at ES:SI.

3-13
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2. Set address line 20 active.

3. Clear Interrupts {CLI). No interrupts are
allowed during execution of this function.

4, Load GDIR with the GDT base address,
5.° Load IDIR with IDT base address.

6. Reinitialize the hardware interrupt controller
with the new interrupt offsets.

7. Initialize the current user Stack Segment (S5§)
descriptor.

8. Put the processor in Virtusl Mode with the Code
Segment (CS) designated for this function.

9. Load the Data Segment (DC) with the user
defined selector for the DS reglster.

10. load the Extra Segment (ES) with the user
defined selector for the ES register.

11. Load the Stack Segment (SS) with the user
defined selector for the SS register.

Keyboard Break/Abort Handler (INT 1B)

The interrupt service routine pointed to by interrupt 1Bh is
executed when the Ctrl, Break, and -Fn- keys are simultaneously
pressed. The microprocessor services interrupt 1B vhile responding
to the normal keyboard interrupt (09%h), and control is then
returned to the user through an IRET instruction. The power-on
routines initialize interrupt 1Bh to point to an IRET instruction.
The operating system (MS-DOS) then uses this interrupt vector to
abort programs wvhen the Ctrl and Break keys are pressed.

To regain control following a Break, consider the following
possibilities:

1, The Break may have cccurred during interrupt
processing, vhich requires that one or more End
of Iaterrupt commands be sent to the hazdware
interrupt controller.

2. The Break may have occurred during execution of
an 1/0 operation. Therefore, all I/0 devices
should be reset.
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Timer Tick Interrupt Handler (INT 1Ch)

The interrupt service routine pointed to by interrupt iCh is
executed at every tick of the system clock. The microprocessor
gsarvices interrupt 1Ch while responding to the normal timer
interrupt (08h), and control is then returned te the user through
an IRET instructien. The power-on routines initialize interrupt
1Ch to point to an IRET instruction. Therefore, noc operations
oceur unless the application program modifies the pointer. The
application program must also save and restore all registers that
are modified. When this interrupt passes control to an application
prograa, all interrupts from the hardware interrupt controller are
disabled.

Display Parameters (INT 1Dh)

The power-on routines initlialize interrupt 1Dh to point to display
parameters contained in the Display RAM. These parameters are not
used by the GRiDCase 1500 Series computers.

Floppy Disk Parsmeters (INT lEh)

The power-on routines initialize interrupt lEh to point to Floppy
Disk parameters contained in System ROM. These default parameters
provide specific values for any IBM-compatible drive comnected to
the system., The parameters are not used by the GRiDCase 1500
Series computers.

Graphic Character Extemsioms (INT 1Fh)

The powar-on routines initialize interrupt 1Fh to 000:0. This
vector can be changed by the user to point to a table of up to lk
bytes. The table is then used to hold graphic charvacter extension
information, which consists of up to 128 code points with & bytes
of graphic information for each point.

Floppy Disk Drive Pointer (IRT 40h)

InterTupt 40h provides a service routine to revector the floppy
disk drive pointer. This revectoring is required in systems that
use both hard disk and fleppy disk driwves.
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Hard Disk Parameters (INT 4lh, 46h)

The interrupt service routines poincted to by interrupts 4lh and 46h
are executed during the hard disk drive interrupt service routine
used for initializing cthe drive characteristics (INT 13, Function
09h). 1Iaterrupt 41h points to a data block for drive 0 (DL
register contains 80h) and interrupt 46h points teo a data block for
drive 1 (DL register contains 8lh). Chapter 10 provides additional
information on hard disk drive operation.

BICS

SUBSYSTEM FUNCTIONS

BIOS subsystem functions are a special case of service routines for
Interrupt 15h. These subsystem functions were added to the ROM-
BIOS to provide a logical interface for manipulation of GRID
hardvare specific features. The subsystem functions are divided
into eight groups. However, only the first three groups are
currently defined as follows:

1. ROM Subsystem Functions (00h - 1Fh)
2, Display Subsystem Functions (20h - 3Fh)
3. Configuration Subsystea Functiens (40h - SFh)

To perform & subsystem function, an interrupt 1l5h is performed with
the subsystem function identifier, OE4h, in the AH register and the
function number in the AL register. The combination of interrupt
15h and the subsystea function identifier O0E4h provides access to
the BIOS subsystem functions. Once inside the subsystea, the
specific function to be performed is selected via the function
mmber in the AL register.

After the selected function is performed, the carry flag is cleared
(0) or set (1). 1If the carry flag is cleared, the operation was
successful. When the carry flag is set, an error has occurred and
an error mmber is returned to the AH register. If an error number
86h is returned, the selected subsystem function is not supported
by the systeam hardware.

Use of the other registers and additional error numbers are
described in the following paragraphs.

ROM Subsystesm Functions (00h - 1Fh)

The ROM Subsystem Functions are identified by numbers Q0h through
1Fh. Functions 00h through 04h are currently defined as given in
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the following list and described f{n the subuquant paragraphs.
Functions 05h through 1Fh are reserved,

Function No. Punction Naze
00h Get ROM Subsystem Information
0Olh Initialize ROM Subsystem
02h Get ROM Image Information
03h Enable a ROM Image
O4h Disable ROM Subsystenm
05h-1Fh Reserved

Gat ROM Subsystea Information (Function 00h)

Function O0h returns preliminary ROM information, which includes
the number of hardware ROM slots and the size in paragraphs of the
data space that must be provided when calling all other functions.

Entry:

AH = QE4h Selects the ROM Subsystem

= 00h ROY Subsystem Function number

2:1:.
Carry Flag = 0 (no error)

AL = Number of hardware ROM slots

BX = Number of paragraphs needed for data area
Carry Flag = 1 (error returned)

AH = 86h Subsystea not supported

Initialize ROM Subsystem (FPunctiom Olh)

Function Olh initializes the ROM subsystem. Each physical ROM slot
is tested for application ROM ICs. When two or more ROM ICs make
up one logical ROM image, the driver enters this data in its ROM
table. The function then returns the number of logical ROM images.

Entry:
AH = OE4h Selects the ROM Subsystem
AL = 01h ROM Subsystem Function number
DS = xx The data segment for the ROM data area
is provided by the calling application.
The data segment must be as large as the
value specified by function 00h.
Exic:

Carry Flag = 0 (no error)
AL = Number of logical ROM images
Carry Flag = 1 (error returned)

AH = 86h Subsystem not supported
-2 Passed data segment is invalid
-3 No ROM images exist

3-17
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Get ROM Image Informationm (Function 02h)

Function 02h returns information about the specified ROM image.
Any ROM image number can be entered or OFFh can be entered to
determine the information about the current ROM.

Entry:
AH = OE4h Selects the ROM Subsystem
AL « 02h ROM Subsystem Function number
DL = xx Enter OFFh for the current ROM image or
enter any other ROM image mumber
DS = mn The data segment for the ROM data area
is provided by the calling application.
The data segment must be as large as the
value specified by function 00h. :
Exit:

Carry Flag = 0 (no error)
AL = Total number of ROM images
BX = ROM ID
CX = Number of paragraphs in ROM image
DH = System type ’
DL = ROM image mumber
ES = ROM base segment
Carry Flag = 1 (error returned)

AH = 86h Subsystem not supported
-2 Passed dats segment is invalid
-3 No ROM image exists
-4 Image number out of range

Enable a ROM Image (Function 03h)

Function 03h enables the selectsd ROM image and returnms a pointer
to the beginning of the image. This function alsoc returns the size
of the ROM image in paragraphs.

Entry:
AH = QB4h Selects the ROM Subsystenm
AL = 03h ROM Subsystea Function number
DL = == : Enter OFFh for the current ROM image or
enter any other ROM image mumber
DS = mn The data segment for the ROM data area
is provided by the calling application.
The data segment must be as large as the
value specified by function O0h.
Exie:

Carry Flag = 0 (no errer)
ES:BX = Pointer to the start of the ROM image
1#4:4 = Number of paragraphs in ROM image
Carry Flag = 1 (ervor returned)

AH = 86h Subsystem not supported
-2 Passed data segment is invalid
-3 No ROM image exists

-4 Image number out of range
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Disable ROM Subsystem (Function 04h)

Function O4h disables the ROM subsystem by clearing the current ROM
image.

NOTE: This function does not turm on interrupts after
clearing the current ROM image. The calling
procedure must determine whether or not te turn
ON the interrupts.

Entry:

Selects the ROM Subsystem

ROM Subsystea Function number

The data segnent for the ROM data area
is provided by the calling application.
The data segment must be as large as the
value specified by functiom 0Oh.

33
LI I |
F

Exic: '
Carry Flag = 0 (no error)

No other significant return
Carry Flag = 1 (error returned)

AH = 86h Subsystea not supported
-2 Passed data segment is invalid
- 3 No ROM image exists

Display Subsystem Functions (20h - 3Fh)

The Display Subsystea Functions are identified by numbers 20h
through 3Fh. Functions 20h through 23h are currently defined as
given in the following list and described in the subsequent
paragraphs. Functions 24h through 3Fh are reserved.

Function No. Function KRame
20h Select or get current display
21lh Select or get color map
22h Select current display font
23h ' Set backlight time out
24h-3F Reserved

Select or Get Current Display (Functiom 20h)

Function 20h selects either the intermnal display panel or the
external RGB video port, or returns the currently active display.
The value entered in DL register determines the display to be
selected. When value OFFh is entered in the DL register, the
current display is returned., The wvalue returned for the internal
panel is the panel type.
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Entry:
AH = OE4h Selects the ROM Subsystem
AL = 20h Display Subsystem Function number
L =0 Selects the external RGE videc port
=1 Selects the internal panel
= OFFh Returns the display type
Bxice:

Carry Flag = 0 (no error)
If OFFh was entered in DL, then:

DL = 0 External Display port is selected
DL = 1 Internal 640x200 plasma panel selected
DL =5 Internal 640x400 plasma panel selected
DL = 7 Internal 6§40x400 LCD panel selected
Carry Flag = 1 (error returned)
AH = 86h Subsystez not supported
NOTE: The internal display is also controlled by the

MS-DOS MODE commands DISPLAY = {ON|OFF}

Select or Get Color Map (Function 21h)

Function 21h is used to select one of six predefined color maps and
is also used to activate the currently selected color map. The
¢olor map index is stored at absolute address 40:A7h. The wvalue
entered in the DL register determines which color map is selected.
When the value OFFh is entered in the DL register, the currently
selected color map is activated. The six predefined color maps are
as follows:

ROTE: MAP O through MAP 5 in the following list
correspond to MS-DOS MODE commands COLORMAP =
1-6, respectively.
Color Map O Map 1l Map 2 Map 3 *Map & *Map S

Black Off = Off Off Off off off

Blue Off 2/3 2/3 off Full Full
Green 2,3 273 1/3 1/3 Full Full/ul
Cyan 2/3 2/3 1/3 1/3 Full  Full
Red 1/3 1/3 2/3 2/3 Full  Full
Magenta 1/3 1/3 2/3 2/3 Full Full
Brown Full Full Full Full Full Full

Vhite Full Full Full Full Full Full

ROTES: The color maps are defined in terms of the
gray scale as follows:
Off = nothing displayed
1/3 = one third bright

2/3 = two thirds bright
Full = full brightness
/ul = underlined

* -

inverse video is displayed when the
background color is white
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EIntry:
AH = QE4h Selects the RCM Subsysten
AL = 21h Display Subsystem Function number
DL = on Enter 0 - 5 to select the color map
or enter OFFh to activate the currently
selected color map.
Exie:.

Carry Flag = 0 (no error)
If OFFh was entered in DL, then:
DL = Currently active color map
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported
=2 Color map value out of range

Select Current Display Font (Funetion 22h)
Function 22h selects one of the four fonts that are avallable in

the hardware font generator. The four available fonts and their
selection values are as follows:

Font Name Value
English 0 NOTE: Font values 0-3 corres-
French Cansdian 1 pond to MS-DOS MODE
Norwegian 2 commands FONT = 1-4,
Hebrew 3 respectively.
Entry:
AH = OE&4h Selects the ROM Subsystem
AL = 22h Display Subsystem Function number
DL = rm Enter 0 - 3 to select the font munmber
Exic:
Carry Flag = 0 (no error)
No other significant return
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported
-2 Font value out of range

Set Backlight Time Out (Function 23h)

Function 23h allows the backlight on an intermal LCD display panel
to be turned ON and OFF directly or turned on and timed to turn off
after some period of keyboard inactivity. This function has no
effect on a plasma display.
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Encry:
AH = OE4h Selects the ROM Subsysten
AL = 23h Display Subsystem Function number
DL = 0 Turns OFF the backlight
= 1-60 Turns ON the backlight and starts the
timer to turn it OFF if the keyboard is
inactive for a period of 1 to 60 (decimal)
ninutes. _
DL = OFFh Turn ON backlight with no time out.
ROTE: The DL register values correspond to MS-DOS
MODE commands BACKLITE = {1-60|ON|OFF},
respectively.
Exit: :

Carry Flag = 0 (no error)
No significant return
:! Carry Flag = 1 (error returned)
1j¢72 %0 AH = 86h Subsystem not supported

Configuration Subsystem Functions (40h - 5Fh)

The Configuration Subsystem Functions are identified by numbers 40h
SFh. Functions 40h through 46h and 49h are currently

defined as given in the following list and described in the

subsequent paragraphs. Functions 47h, 48h, and 4Ah through 5Fh are

reserved.
Function No. Punction Name

40h Get EMS RAM size
41h Get Extended RAM size
42h Select EMS RAM or Extented RAM
43h Return external floppy drive number
44h Check for Pouch Tape Drive
45h Select microprocessor speed
46h Battery low power check
47h, 48h Reserved
49h Hard Disk spin-down mode
4Ah-S5Fh Reserved '~~~ =

Get BAM Size (Function 40h)

Function 40h returns the size in kilobytes of the Expanded Memory
Specification (EMS) RAM present in the computer.

Entry:
AH = OE4h Selects the ROM Subsystem
AL = 40h Configuration Subsystem Function number
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Eeie:
Carry Flag = 0 (no error)

X «m Size of EMS RAM in kilobytes
Carry Flag = 1 (error returned)

AH = 86h Subsystem net supported

Get Extended RAM Size (Function 41lh)

Function 41b returns the size in kilobytes of the AT type Extended
RAM present in the computer.

Entry:
AH = OE4h Selects the ROM Subsystenm
AL = 41h Configuration Subsystea Function number
Exie:
Carry Flag = 0 (no error)
X =mn Size of Extended RAM in kilobytes
Carry Flag = 1 (error returned)
AH = 86h Subsystea not supported

Select EMS RAM or Extended RAM (Funection 42h)

Function 42h selects either EMS or Extended RAM to be used as extra
memory for the Model 1520 (80286 Microprocessor controlled)
computer. The computer must be reinitialized (booted) for any
change in this configuration to take effect. This function is also
used to determine which type of extra memory 1is currently selected.

Entry:
AH = OE4h Selects the ROM Subsystem
AL = 42h Configuratien Subsystem Function number
DL =0 Selects Extended RAM
-1 Selects EMS RAM
= OFFh Returns the current extra memory Ctype.
Exic:

Carry Flag = 0 (no error)
If OFFh was entered in DL, then:
DL -0 Extended RAM selected
DL = 1 EMS RAM Selected
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported

NOTE: The extra RAM type (EMS or Extended) selected

via the DL register corresponds to the MS-DOS
MODE commands MEM « [EMS|EXT), respectively.
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Return External Floppy Drive Number (Function 43h)

Function 43h returns the ROM-BIOS drive number for the Externzl
Floppy Disk Drive if the drive is installed in the sysrem.

Entry: .

AH = 0E4h Selects the ROM Subsystem

AL = 43h Configuration Subsystem Function number
Exict:
Carry Flag -~ 0 (no error)

DL = nn External Floppy ROM-B10S drive number.
Carry Flag = 1 (error returned)

AH = 86h Subsystem not supported

- 2 External Floppy drive not installed

Check for Pouch Tape Drive (Function 44h)

Function 44h tests to determine if there is a Pouch Tape Drive
installed in the computer. '

Encry:

AH = QE4h Selects the ROM Subsystem

AL = 44h Configuration Subsystem Function mumber
Exie:

Carry Flag = 0 (no error)
Pouch Tape Drive is installed
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported
- 2 Pouch Tape Drive is not installed.

Select Microprocessor Speed (Functiem 45h)

Function 45h allows the Microprocessor speed to be switched between
fast and slowv speeds. _

Entry:
AH = QE4h Selects the ROM Subsystem
AL = 45h Configuration Subsystem Function number
DL = 0 ' Selects slow speed
-1 Selects fast speed
Exis:

Carry Flag = 0 (no error)
No significant return
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported

ROTE: The DL register value corresponds to the MS-DOS
MODE command SFEED = (SLOW|FAST), respectively.
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Battexry lowv Power Check (46h)

Function 46h provides a low power check for the battery,

Entry:

AH = QOE4h Selects the ROM Subsystem

Al = 46h Configuration Subsystem Function number
Exic:
Carry Flag = 0 (no error)

DL - 0 Battery power is within tolerance

-1 Batter power is low

Carry Flag = 1 (error returned)

AH = B86h Subsystea not supported

Hard Disk Spin-Down Mode (45h)

A hard disk spin-down mode i3 supported for low-power IBM AT
compatible hard disk drives only (refer to Chapter 10). This mode
is not supported for the IBM XT compatible hard disk drives or the
high-power IBM AT compatible hard disk drives. If the spin-dowmn
mode is not supported on the installed hard disk drive, an error
indication is returmed.

When a Hard Disk Drive spins down, it enters standby mode and its
power consumption is reduced to 0.5 Watts. Normal power consuption
for these drives during operation is 2 Watts for the 20M byte drive
and 2.5 Watts for the 40M byte drive. Since extra power is
consuned when the drive is subsequently spun up, the drives must
remain spun down for some period of time in order to actuslly
conserve power. For example, the 40M byte drive should remain spun
down for 90 seconds in order to conserve the same amount of power
that will be used when the drive is subsequently spun up.

The 100M byte drive does not support the spin-down command because,
due to its mass, it would consume too much power when it was

subequently spun up.

Entry:

AH = OE4h Selects the ROM Subsystem

AL = 4%9h Configuration Subsystem Function number

DH « OFFh Refer to Exit.

DH = 0 Turn OFF drive motor immediately if DL is
greater than C and less then OFFh.

DH = 1 Turn ON drive motor immediately if DL is
greater than 0 and less then OFFh.

DH < OFFh Selects DL register contents

DL =0 Turn OFF drive motor immediately

DL = OFFh Turn ON drive motor immediately

DL = 1-0OFEh Turn OFF drive motor after nn seconds of
inactivity, where n = DL*5.
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Exie:
Carry Flag = 0 Successful operation with no errer
DH = OFFh On entry, then:
CX = x Contains the maximuz number of 5-second
intervals
DX =y Contains ths minimum number of S-second
intervals
BX = 2 The z indicates the estimated number of
starts/stops in the lifetime of the
drive/1000,
DH < OFFh All registers except AX are preserved.
Carry Flag = 1 (error returned)
AH = 86h Subsystem i{s not supported for this drive.
AH = Err Vhere Err is any standard BIOS hard disk

drive error code.

SYSTEM IDENTIFICATION

The GRiDCase 1500 Series Computers provide two locations in the
ROM-BIOS that contain system identification information. The firstc
location identifies the computer as a GRiD Systems computer, and
the second location provides a value that indicate the system model
number. The ROM-BIOS locations for these values are as follows:

Location Value Description
OFDFDh:000Ch  2D2Dh Identifies GRiD Systems as the
nanufacturer
OFOOOh:ODFFER 74h GRiDCase 1530 (80386 Microprocessor)
34h GRiDCase 1520 (80286 Microprocessor)
14h GRiDLite Plus (8086 Microprocessor)
GRiDLite

GRiDCase Plus (1200 Series)
Teapest GRiDCase (1300 Series)
CRiDCase (1200 Series)

oW m

I/0 DMA CHANNEL ASSIGNMENTS

The GRiDCase 1500 Series computer uses a Faraday 3010 Peripheral
Controller that emulates two cascaded 8237A-5 DMA Controllers. The
DMA Controller provides up to seven DMA channels. An eighth DMA
channel (DMA Chammel 4) i{s used toc cascade the master and slave
controller channels and therefore camnet be used for DMA data
transfers. The eight DMA channels are assigned as follows:
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NOTE: For additional DMA Controller informatiom,
rafer to the Chapter 4.
DMA I/0 (M)astez/
Channel Address (S)lave Systea Function
0 87h M Spare (Highest Prioricy)
1 83h M Reserved
2 81h M Floppy Disk Drive Controller
3 82h M Hard Disk Drive Controlier
4 .- / Cascade to Master Controller
5 8Bh s Spars
6 8%h s Spare
7 8Ah S Spare (Lowest Priority)
Refresh 8Fh /

Master Controller Channels 0-3 support 8-bit to 8-bit data
transfers between I/0 Adapters and memory locations. Each chamnel
transfers data in up to 64k byte blocks throughout the 16M byte
syster address space. Addresses for DMA channels 0-3 are generated
by concatenating the I/0 (page) address to the address for the
master DMA Controller (0Oh - 1lFh). The total address length is 24
bits.

Slave Controller Chamnels 5-7 support l6-bit transfers between 16-
bit 1/0 Adapters and memory locations. These channeis cannot
transfer dats on odd byts boundaries. Each channel transfers data
in up to 128k byte blocks throughout the 16M byte system address
space. Addresses for DMA channels 5-7 are gensrated by
concatenating the high ordar 7-bits of the 1/0 (pags) address to
the address for the slave DMA Controller (COR - DFh). The total
address length is 24 bies.

HARDWARE INTERRUPT ASSIGHMENTS

The GRiDCase 1500 Series computer uses the Non-Maskable Interrupt
(NMI) and a Faradsy 3010 Peripheral Controller. . The 3010
Peripheral Controller provides logic that emlates two cascaded
8259A Prograamable Interrupt Controllers (PICs) to provide 15
levels of vectored priority interrupts for the 80286/80386
Microprocessor. A sixteenth interrupt level (IRQ2) is used to
cascade the Master and Slave interrupt levels and therefore cannot
be used to provide a separate interrupt. Along with NMI, 16
interrupt levels are provided.

NMI Interrupt (INT 02h)
Vhen power is initially applied to the computer, the non-maskable
interrupt (NMI) is masked off. The systeam program then sets or
ressets the NMI mask bit as follows:
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1. To enable NMI, MASK ON is set by writing to 1/0
address 070h, with bit 7 set to 0.

2. To subsequently disable NMI, MASK OFF i{s set by
writing to 1/0 address 070h, with bit 7 set to 1.

At the completion of the Power On Self-Test (POST), the systenm
program enables NMI.

The NMI provides s Real Mode parity and 1/0 Channel check routine,
wvhich is snabled vias interrupt INT 02h. Interrupt INT O2h accesses
the ROM-BIOS service routine at vector address 0000:0008h. This
routine checks the base 640k memory locations in an attempt to find
the memory location with bad parity. When the routine is first
accessed it displays the message "Parity Check 1" or "Parity Check
2® as follows: :

Parity Check 1 indicates that parity is being
checked within the first 256k bytes or 512k bytes of
memory, depending upon the size of the RAM ICs that
are being used.

Parity Check 2 indicates that parity is being
checked in memory location above the initial 256k or
512k byces of aystem memery.

When the address location comntaiming the parity ervor is found, the
service routine displays the address segment. If no parity error
is found, the service routins displays the following message in
place of the address segment.

(Internittent Read Problem) 77777

The I/0 Channel Check reports non-correctable errors on the I/0
channal. The I/0 Chamnel Check is initislized at power turnm ON
vhen the Power On Self-Test (POST) performs the following
opsrations:

1. Data is written to 2ll 1/0 RAM adapter memory
locations to establish good parity at all locations.

2. The 1I/0 CH CK line is enabled.
3. NMI {s ensbled as previously described.

If a non-correctable error occurs after the POST operations are
complete, an MMI is initisted. The system status bits are read to
determine the source of the MMI. To determine the location of the
error, write to any memory location within s given adapter. If the
error was from the adapter that was written to, the I/0 CH CK- line
is reset to insctive.
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Programmable Hardware Interrupts

The programmsble hardware interrupts are handled as i{f there are
twvo 8.channel interrupt controllers connected in cascade mode. The
master controller handles interrupt requests IRQO through IRQ7 and
is located at 1/0 address 20h. The slave controller handles
interrupt Requests IRQS through IRQlS and is located at 1/0 address
AOh. Ome of the Interrupt Requsst lines, IRQ2, in the master
controller is used to cascadse the two controllers. Therefore,
fifreen separate interrupting devices or functions can be connected
to request interrupts.

Inputs on the interrupt request lines are provided by the systen
hardware. Interrupt request lines IRQO through IRQLS also have
corresponding BIOS interrupts (INT). The interrupt requescts,
interrupting hardware devices, and the ROM-BIOS interrupt nusmber
(INT) and the vector address are given in the following list from
the highest to the lowast prioricy.

NOTE: For additicnal interrupt controller information
refer to Chapter 5

Interrupt Interrupting ROM-BIOS
Controller Request Device INT Vector
Master IRQ0 Timer (8254) Output 08h | 0000:0020

Master IRQ1  Keyboard (Output Buffer Full) ~ 0%h | 0000:0024
Master IRQ2 Cascade to Slave Controller OARh | 0000:0028

Slave IRQE Real Tims Clock 70h | 0000:01cCO
Slave IRQ9 Software redirected to INT OAh 71h | 0000:01C4
Slave IRQ10 Rassrved’ 72h | 0000:01C8
Slave IRQll Reserved 73h | 0000:01CC
Slave IRQ12 Rsssrved 74h | 0000:01D0
Slave IRQl3 Math Coprocsssor (80287) 75h | 0000:01D4
Slave IRQl4 Hazd Disk Controller 76h | 0000:01D8
Slave IRQlS Rsserved 77k | 0000:01DC
Mastar IRQ3 CoM 2 : OBh | 0000:002C
Master mQs4 cCoM1l 0Ch | 0000:0030
Master IRQS Reserved - ODh | 0000:0034
Mastar IRQ6 Floppy Disk Drive Controller CEh | 0000:0038
Master IRQ7 Parallel Printer Port OFh | 0000:003C
NOTE: In standard configurations, COM 2 provides the

Serial Port Interface and COM 1 provides the
Modea Interface. This configuration may be
swappable depending upon the revision level of
the MS-DOS operating systea.
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In addition to the ROM-BIOS service routines, GRiDCase 1500 Series
computer uses 1/0 registers to configure the system (including
memory) and to control the cemputer input/output ports. The 1/0
registers can be used to bypass the ROM-BIOS and provide direcc
access to the I/0 device interfaces. Subsequent chapters of this
sanual contain detailed information on the use of the I/0 registers
as well as the ROM-BIOS service routines.

A summary of the 1/0 registexs is provided in Table 3-5. The 1/0
registers are identified by their memory addresses, vhich are given
in hexadecimal (h). The first part of the table lists all I/0
registers that ars assigned in groups to systea level devices. The
resmaining portions of the table lists specific uses of I/0 register
addresses by system level devices. Chapter references are provided
to indicate vhere additional information is available.

Tsble 3-5. I/0 Register Summary

PP PR R P PR R Y R PR R R Y YA L LR L L Ll R R R AL L LRl al

I/0 Registar _
Address (Hex) Reglster Em

L P YRR LT L XY SseesesdeaeeaeTs e e ae PR ET PO S SEERNGSEE TS ESSS sPessenss=

General Systea Devices

000 - OLF DMA Controller, Channsls (-3 (Chapter 4)

020 - O3F Interzupt Controller, IRQO-IRQ7 (Chapter 35)
040 - OSF Programmable Interval Timer (Chamnsl 6)

060, 064 Keyboard Controller (Chapter 8)

061 Read Parity and NMI/Write Parity Ensble (Chapter 3)
070 Urite NMI Register (Chapter 3)

070 - Q7F Real Time Clock (Chapter 6)

080 - O9F DMA Pags Registers (Chapter 4)

OA0 - OBF Interrupt Controller, IRQS-IRQLS (Chapter S)
0CO - ODF DMA Controller, Charmsls 5-7 (Chapter 4)

416 ' Writs Microprocessor Speed: Fast = 0, Slov = 1
6F8 - 6FF Urite Subsystea Select, Read Subsysteam Status
EF8 - EFF 80386 RAM Chip Select

FFS, FP6 Memory Size in megabytes (M): (Not Defined)
FF7 : RAM = O, EZIT RAM = 1

Ksyboard Interface (Chapter 8)

060h Read . Ksyboard Response Codas, scan codes, data, etc.
060h Write Keyboard Commands and Data

064h Wrice Keyboard Controller Commands

064h Read Keyboard Subsystem Status



Table 3-5.

ROM-BIOS and I/0 Registers

1/0 Register Summary (m:m.d)

T T Y TP Y R Y Py Y L LT R Y PR YL P P e L L] L L L L EE T Y T

I/0 Register
Addrou (Hex)

Registexr Name

80287/00337 Hsch Coprocassor (Chapter 2)

O0F0
oF1

Clear Math Coprocessor Busy
Reset Math Coprocessor

OF8, OFA, OFC Math Coprocessor Data

Expanded Memory Mapping (EMS) Control Registers (Chapter 2)

0258
4258
8258
c258

Page O Register, E000:0000 to E000:3FFF
Page 1 Register, E000:4000 to E000:7FFF
Page 2 Register, E000:8000 to EQOO:BFFF
Page 3 Register, E000:C000 to EOOO:FFFF

Disk Drive Interface (Chapters 9 and 10)

1FOh-1F7h
320
321
322
323

379 (Bit 0)

379 (Bit
379 (Bit
37A (Bitc
374 (Bic
37A (Bic
iFr0, 3Fl1
ir2
iF3
3F6
3FS
3F6
3¥7

1)
2)
3)
6)
n

Task File Registars (Chapter 10)

Hard Disk Data Register

Hard Disk Hardware Status/Reset Register

Hard Disk Configuration/Control Select Register
Interrupt and DMA Enable Register

External Disk Drive Address, BORA~ (Chapter 11)
Main Powar Level, MAINPWREIO~ (Chapter ll)
External Disk Drive Type, 30RS~ (Chapter 1l1)
External Disk Drive Attached, EFLOPPY- (Chapter 11)
External Tape Drive Attached, TAPEDETECT (Chap 11)
High Density Fleppy Disk, HDDRIVE (Chapter l1l1)
Reserved

Digital Output Registar (Write Only)

Reserved )

Main Status Register (Read Only)

Data Register (Rsad/Vrite)

Alternata Status/Digital Output Register (Chap 10)
Digital Input/Control Register (Chap 9)/Prive
Addéress Register (Chap 10)

Display Interface (Chapter 7)

300 - 3DF
7F8 - 7FF

Display Controller
Write Video ROM, Read Video Status

COM 2/COM 1 (Chapter 12)

2r8/3r8
2F8/3F8
2F8/3F8
2F9/3F9
2F9/3F9
2FA/3FA
2FB/3F3

Transaitter Holding Register (Write Only)
Receiver Buffer Register (Read Omly)

Baud Divisor Latch LSB (WVhen DLAB=])

Baud Divisor Latch MSEP (When DIAB=l)
Interrupt Enable Register

Interrupt Identification Register (Read Omly)
Line Control Register
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Table 3-5. I/0 Register Summary (Continusd)

YT YT L L B T X LY LR R P Y R PR Y IR L LY Y Y E o A L

I/0 Register
Adédress (Hex) Register Name

COM 2/COM 1 (Continuad)

2FC/3FC - Modem Control Register

2FD/3¥D Line Status Register

2FE/3FD Modem Status Register

2FF/3FF Scratch Register

NOTE: In standard configurations, COM 2 provides the

Serial Port Intarface and COM 1 provides the
Moden Interface. This configuration may be

svappable depending upon the revision leval of
the MS-DOS operating systea.

Line Princer and Parallel Port (Chapter ll)
378 Read Printer Data

379(Bits 3-7) Read Status Regiscter B
37A(Birs 0-4) Read Status Register C

378 Undafined

37¢ Wzite Printer Data

37D No Operation

37 Printer Control Register
7r Undafined

423 Parallel 1/0 Port: O « OFF, 1 = ON
FF8 Read Port A

FF9 Read Port B

FFA Read Port C

FF3 Undefined

FFC No Operation

FFD VWrite Port B

Application ROM Mapping (Chapter 2)

405 ROM Sockets Enable: O = Disabled, 1 = Enabled

440 ROM Sockst Select

Special Application Registers

410-415 Not Used

416 Write Microprocessor Speed: 0 = Fast, 1 = Slow
417 Not Used

420 Analeg Loop Back: Modem Diagnostic (Model 1320)
421 Modea Mode: 0 = Smart Terminal, 1 = RS232-C

Handshaks Mode (Model 1520)

422 Not Used

4264 Not Used

425 Not Used



CHAPTER 4: PROGRAMMABLE DMA CONTROLLER

The GRiDCase 1500 Series Computer uses an FE301l0 Peripheral Control
Logic circuit manufactured by Faraday Electronics, Inc. The FE3010
containg the functional equivalent of two Intel 8237 Programmable
Direct Memory Access (DMA) Contrellers comnected in cascade mode.
These DMA Controller circuits allow devices on the data bus to
directly transfer data to and from system memory (see Figure 4.1).

The two DMA Controller circuits provide up to seven DMA channels
for dats transfer operations. An eighth DMA chammel is used to
cascads the two controller circuits and therefore cannot be used
for DMA dats transfers. Cascading the controller circuits makes
thea appear as ons seven channel DMA Controller (DMAC).

The DMAC is & dynamic device that is clocked at the system cleck
rate to provide the following operations:

Address Increment and Decrement.
Independent autoinitialization of all chammels.
Enable/dissble control of indapendent DMA Requests.
DMA requests via hardware or softwars.
In addition, the FE3010 contains a dual ported RAM that provides

the DMA Page Register. The page register is used to generate
address bics for DMA transfers and refresh cycles.

DMA CHANNEL ASSIGNMENTS

The GRiDCase 1500 Series computer supports seven DMA channels, by
using the functional equivalent of two 8237 DMA Controllers
conmected in cascade mode. An eighth DMA channel (Channel 4) is
used to cascads the master and slave controller circuits and
therefore cannot be used for DMA data transfers. The eight DMA
charmels are assigned as follows:
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HOTE: Throughout this chapter, musbers given in
hexadecimal notation have a letter "h" suffix.
DMA Page
Channel Register System Function

0 87h Spare (Highest Priority)

1. 83h Reserved

2 81h Floppy Disk Drive Controller
3 82h Hard Disk Drive Controller
4 .o Cascade Chamnel (No DMA Transfers)
5 8Bh Spare

6 8%h Spare

7 8Ah Spare (Lowest Prioricy)
Refresh 8Fh RAM Refresh Address Register

Mastef Controller Channels 0-3 support 8-bit to 8-bit dats
transfers between I/0 Adapters and system memory locstions. £ach
channel transfers data in 64k byte blocks throughout the 16M byte
systea address space.

Slave Controller Channels 5.7 support 16-bit transfers between 16-
bit I/0 Adapters and system memory locations. These channels
cannot transfer data on odd byte boundaries. Each channel
transfers data in 128k byte blocks throughout the 15M byte system
address space.

DMA PAGE REGISTER

The DMA Page Registar is an 8-bit by 16-byte dual-ported RAM. COmne
port of the page register is a read-only port used to generate
address bits for both 8-bit and 16-bit DMA transfers, and to
generate nesory refresh cycles. For 8-bit DMA transfers, the page
register genarates address bits 15 through 23. For 16-bit DMA
transfers, the page register gensrates address bits 17 through 23.

The sacond port of the page register RAM is a read/write port used
by the microprocessor.

Depending upon the salected chammel, the DMAC addresses blocks of
data that are either 64k dytes wide (0-3) or 128k bytes wide (5-7).
Refer to the previous list of DMA Channel assignments. In order to
access the full 16M bytes of system address space, the page
register addresses are combined with the DMA channel address as
follows:
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Addresses for DMA channels 0-3 are generated by
concatanating the Page Registar (I/0) address to the
address for the master DMA Controller (0OOh - 1Fh).
The total address length is 24 bits.

Addresses for DMA channels 5-7 are generated by
concatenating the high order 7-bits of the Page
Register (1/0) address to the address for the slave
DMA Controller (COh - DFh). The total address
length is 24 bics.

Page addresses for all DMA channels do not increase
or decrease through page boundaries.
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DMAC OPERATIONS

Operations of ths DMAC are performed in two device cycles, called
the Idle cycle and the Active cycle. If none of the seven charnels
are requesting service, the DMAC is in the Idle cyele. While in
the Idle cycle, the DMAC samples the DMA Request (DRQO thru DRQ7)
lines on svery clock cyele to determine if any chammel is
requesting service. Also, the Chip Select (CS) line is sampled to
determine if the Microprocessor is accessing the DMAC.

The DMAC enters an Active cycle vhen it is not being programmed and
a DMA Requast is detescted from one of the seven channels. Uhen a
DMA Request is received from one of the chamnmela, the DMAC returns
the applicable DMA Acknowledge (DACKO thru DACK2) signals. The
DACKO thru DACK2 lines ars decoded by a binary one-of-eight decoder
circuit to provide ons acknowledge line for each of the seven DMA
channels (DACKO - DACK?7)., The DMAC then takes control of the
address and data buses to begin the data transfer operation.

Dats transfers to ard from a device require a ainimum of four
states (S1 thru $4) with each state requiring one full clock cycle.
State S1 is ths initial state wvhen the DACK signal is true. State
S4 1s the final state vhen tha End of Process (EOP) signal is true
or the word count is decremsntad to zero. If additional time is
nseded to complete the transfer, wait states are inserted between
stataes S2 and $3 or between states S3 and S§&.

Vhen a channsl requests service from the DMAC, the datas transfer
takss place in the DMAC Single Transfer mode. The Single Transfer
mode is the onmly DMAC transfer mode used by the GRiDCase 1500
Series computer.

Single Transfer Mode

In Single Transfer Mods, the device that requests a data transfer
is programed to transfer one byte of data for each DMA request.
As a result of the transfer, the address is incremented or
decremented and the word count is decremented toward zero. When
the word count is zero, DMA service is terminated.

Cascade Mode

Cascade mode is not a data transfer mode, but a mode used when two
four-channel DMA controller circuits ares comnected together. By
connecting the circuits in cascade mode, DMA requests from the
slave device are allowed to propagate through the priority network
of the master device. One channel (Channel 0) of the slave device
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is used to control the cascads operation and does npot output any
sddress or contrel information. In this wvay, the two DMA
contrzoller circuits function independently as two four-chammel
controllers on the same priority string. A DMA request on any of
the seven lines (DRQ 0-3 and DRQS-7) is responded to in the order
of its priority from DRQU (highest) to DRQ7 (lowest).

DMAC

Base

REGISTER DESCRIPTIONS

The two cascaded DMAC circuits are identical in all respects except
for their I/C register addresses. The master DMAC registers are
assigned to I/C addresses O0Oh through 1Fh, and the slave DMAC
registers are assigned to 1/0 addresses COh through DFh. The
following DMAC register descriptions apply separately to each four-
charmel controller unless it is specifically stated otherwise.

Each four-channel controller has 27 internal registers that vary in
size from 16 bits down to 3 bits., Seven of the registers are
coamony to all four chamnels, and five registers are unigue to each
of the four channel:z. The register names, their size in number of
bits, and the quantity of registers of each type are listed in
Table 4-1. The registers are described in the subsequent
paragraphs. For a more complets dascription of the controller,
refer to the information supplied for the 823%A Programmable DMA
Controller in the Intel Microprocessor and Peripheral Handbook,
Volume 1.

Table 4-1 also lists the I/0 Register address for each of the
controller internal registers and indicates if the controller
register is & read only (R) or write only (W). The last column in
the table indicates vhether the addresses on that line are for the
Master controller (M) or the Slave controller (S). The information
given for the master controller registers applies to the slave
controller registars, except for the register addresses.

The Mask register has three 1/0 addresses (refer to the note at the
end of the table). The Temporary Address and Teamporary Word
Registers cannot be read or written by the microprocesser.

Address aud Base Word Count Registers (00Ch-007h or 0COR-OCTh)

Each channel has a pair of write-only registers, called Base
Address and Base Word Count, which stors the original address and
word count valuss. The values can be then be restored in the
Current Address and Current Word registers whenever required. The
values contained in the Base Address and Base Word Count registers
are written into the registers by the microprocessor during the
programeing operations. The value is written in two successive 8-
bit bytes at the same tine that the Current Address and Current
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Table 4-1. DMAC Internal BRegisters and Special Commands

1/0 Address
Channal No.
Name Size Qcy O 1 2 3 Type M/S
DMAC Intermal Registers
Base Address 16 4 000 002 004 006 W M
0CO 0CZ2 0C4 0C6 W S
Base Uord Count 16 4 001 063 005 007 W M
0C1 0C3 0C5 0C7 W S
Current Addrass 16 4 000 002 004 006 R M
0CO 0C2 0C4 0OC6§ R S
Current Vord 16 4 001 ©C03 005 007 R M
0C1 0C3 0CS 0C7 R S
Temporary Address 16 1 NK/A R/A N/A N/A - M/S
Temporary Word Count 16 1 N/A N/A N/A - M/S
Coamand 8 1 008 008 008 008 W M
0C8 O0C8 0OC8 0C8 W 3
Mask 4 1 Ses Note
Mode 8 4 O00B O0OB 00B OOB W M
0CB OCB OCB OCB W S
Request 3 1 009 009 009 009 W M
0C9 0C% 0C9 0C9 W - s
Status 8 1 008 008 008 008 R M
0C8 0C8 0C8 0OC8 R s
Temsporary 8 1 00D O0OD OOD OO0D R M
OCD OCD OCD O0CD R S

scoecscsscssesssssssassaessssesTeecTeaEssesTeSceTeTTeTTeeseesasSeeeea

Clear First/last Flip Flop 00C 00C 00C 00C W 1
(Byte Pointer) ’ 0CC O0CC 0CC OCC W s
Master Clear 00D 00D 00D 00D W N
0CD OCD 0OCD OCp W S

Clear Mask Register _ODE O0R OOER O0OE W . §
’ OCE OCE OCE OCE W S

NOTE:
The Mask register has three separate I/0 register addresses.
Ths address to use dapends upen ths required operation as follows:

1. To set/reset individual mask bits use address 00Ah
for the master or 0CAh for the slave.

2. To set or raset all four mask bits with one instruction
use address 00Fh for the nmaster and OCTh for the slave.

3. To clear the four mask bits and allow DMA om all four
channels, use address 00Eh for the saster and OCEh for the
slave,
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Word Count registers are written. An internal Byte Pointer £flip-
flop determines if the high byte or low byte is written. (Refer 2o
ths Special Comaands at the end of this chapter.) The values in
the Base Address and Base Word Count registers cannot be read by

the aicroprocessor. The I/0 address for each register {s listed in
Table 4-1.

Current Address Register (000h,002h,006h,006h, or OCOh,0C2h,0C4h,0C6h)

The four channels each have a Current Address Register that holds
the address value used during DMA transfers. The address value is
sutomsatically incremented or dscremented after each data transfer.
The nev value is retained in the register until the next data
transfer or until the register is Autoinitialized following a true
EOP signal. 1If Autoinitialized, the Current Address Register is
restored to its original valus from the value stored in the
applicable Base Address Register. The Current Address Register is
written or read by the microprocessor in twe successive 8-bit
bytes. An internal Byts Pointer flip-flop determines if the high
byte or lov byte is written. (Refer to the Special Commands at the
end of this chapter.) The original address value is writtea into
the Current Address Register and the Base Address Register at the
sames time during programming opsratioms. The 1/0 address for each -
register is listed in Table 4-1.

Current Word Register (001h,003h,005h,007h or OClh,0C3h;0C5h,0C7h)

The valus contained in the Word Count Register detsrmines how many
data transfers are performed. Each channsl has & Word Count
Register that keeps track of howv many transfers have occurred. The
number of transfers performed is always one grsater than the number
contained in the register. The vord count value is automatically
decremanted after each data transfer. The new valus is then ,
retained in the register until the next data transfer, or until the
register is Autoinitialized following a true EOP signal. If
Autoinitialized, the Current Word Rsgister is restored to its
original value from the value stored in the applicable Base Word
Count Register.

When the word count value in the Current Word Count Register is
decremesnted through zero to FFFFh, a Terminal Count (TC) is
generated to indicate that the programmed number of transfers has
occurred. The TC is used to gensrate the true EOP signal and also
to enable Autoinitialize if the chammel is programmed for that
operation. If not Autoinitialized, the Current Word Register has a
word count of FFFFh following a TC.
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The Current Word Count Register is wricten and read by the
aicroprocessor in two successive 8-bit bytes. An intermal Byte
Pointer flip-flop determines if the high byte or low byte is
vritten. (Refer to the Special Commands at the end of this
chapter.) The original word count value is written iacto the
Current Word Count Register and the Base Word Count Register at the
sane time during programming operations. The I/0 address for each
register is listed {n Table 4-1,

Temporary Address and Word Count Registers

There is one pair of registers called the Temporary Address and
Temporary Word Count Registers. These registers are used as
temporary buffers for incrementing or decrementing the current
address valus and for decrementing the current word count valus.
Incrementing and decrementing are dons autosstically vhen data
transfers occur. Therefore, the Temporary Address and Word Count
Registers cannot be written or read by the microprocessor.

Command Register (008h or OC8h)

The Command Register is an 8-bit, write-only buffer. The Command
register is used with the Mode Register to select the operating
parametars of the controller. Ths Command register is loaded by
the microprocessor during programming cperations, and is cleared by
& Master Clear Command or & System Reset. The register bits are
programmed as follows:
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0 Bics
|

= +=Memory-to-Memory Data Transfer
0 =« Disable
1 = Enable (Not Used)

b o e e} g

+-=Channel 0 Address Hold
0 = Disable
1 = Enable
x ifBic 0 =1

-==Controller
0 = Enable
1 = Disable

---Timing
0 = Normal

1 = Compressed
xif Bic 0 =1
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«-=Prioricy® * The fixed prioricy for
0 « Fixed servicing DMA Requests is
1 = Rotating DRQO (highest) thru DRQ7
o (lowest). When rotating
--=Hrites Selection prioricy is selected, the
0 = Lats highest priority rotates from
1 = Extended DRQO zhru DRQ7 and back to
x if Bit 3 = 1 DRQC on successive data

transfers.
--=-DREQ Sense
0 = Active High
1 = Active Low
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-==DACK Sense
0 = Aetive Low
1 = Active High

Mask Register (00A,00Eh,00Fh or OCAh,OCEh,OCFh)

The Mask Register is an 8-bit, write-only buffer that uses only
thres or four bits depending upon how it is programmed. To set or
reset ons mask bit at a time without affecting the other three
bits, I/0 address 00Ah is used for the master controller and
address OCAh is used for the slave controller. To set or reset all
four mask bits with ons instruction, I/0 address OOFh is used for
the master controller and address OCFh is used for the slave
eonitroller. 1/0 address COEh is used for the master controller and
OCEh is used for the slave controller to clear the four mask bits
so that all four channels can request an interrupt. Also, the
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Master Reset command (1/0 address O0ODh for the magter controller
and OCDh for the slave controllar) secs the mask bits so that DMA
requasts are inhibited on all four channels.

The Mask register is used with the Request Register to control the
incoming DMA Requests (DRQO thru DRQ7) signals for ail seven DMA
chammels. The mask bit associated wich each chammel {3 set to
disable the DMA Requests and cleared to enable the DMA Requests.
1£f the channel is not programmed to Autoinitialize, its mask bit is
set vhen EOP goes trus. Also, a System Reset sets the mask bits
for all seven DMA chamnnels and inhibits all DMA requests. When
set, the Mask bits remain set until cleared by addressing the
appropriate I/0 register. Depending upon how they are prograzmed
during programming operations, each mask bit is set and reset
separacely or all together as shown in the following bit
definitions. :

7 6 5 4 3 2 1 0 Bics

ERE T R Y L R T LYy -  essew

| i

| »+--Salected Mask Bit

| 0 0 = Chamnel 0 (DRQO)

| 01 « Channel 1 (DBQl or DRQS)
[ 1 0 = Channel 2 (DRQZ or DRQS)
| 11 « Channel 3 {(DBRQ3 or DRQ7)
|

---Magk Bit
0 = Clear
1 = Set

I/0 Address = QOFh or OCFh

0 Bits
|
----Channsl 0 Mask Bit

0 = Clear
1 = Set

---Channel 1 Mask Bit
0 = Clear
1l = Set

S diall ey dpn ey s taa wtem e | N

3
|
|
|
}
{
|
i
} -««-Channel 2 Mask Bit
| 0 = Clear
| 1 = Sat
]
-=-=-Channel 3 Mask Bit

0 = Clear

l = Set

4-10
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Mode Register (00Bh or OC3h)

A Mods Register is used with the Command Register to select
operating parameters for each chammel of the four-channel
controllezrs (I/0 address QOBh for the master and OCBh for the
slave). A separate 8-bit, write-only Mode Register is required for
each of the four channels. The registers are loaded by the
microprocessor during programming operations. The Mode Registers
select the data transfer type and transfer mode, enable
Autoinitialization, and the address direction {(inerement or
decrement). Only ons I/0 address is required for all four channels
of each controller because bits 1 and 0 of the register determine
vhich of the four Mode Registers is written. The Mode Register
bits are programsed as follows:

3 2 1 0 Bits

|

--Channel Select
0 0 = Channel O
01 = Channel 1
1 0 = Channel 2
1l 1 = Channel 3

§ e i e — — ——

S &
| |
! |
| |
| |
| |
| |
R
! i -Transfer 1ypa
i | 0 0 = Vezify
| | 01 = Write
| l 1 0 = Read _
] i 11 e Illegal Valus
] H x x if Bics 6 and 7 = 11
I ]
| seccputoinicislization
| 0 = Disable
§ 1 = Enable
i
~==-fddress Direction Salect

0 = Increment

1 = Decrement

-==Data Transfer Mode Selsct
Q0 0 = Demand Mods
01« Single Moda%
1 0 = Block Mode
1 1 = Cascade Modex

* The Single Mode and Cascade Mode are the only Data Transfer
modes used by the GRiDCase 1500 Series computer.
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Request Register (00%h or 0C%h)

4-12

The Request Register is an 8-bit, write-only buffer, that is
accessed via I/0 address 009h for the master controller or 0CSh for
the slave controller. The Request Register allows the software to
initiate a DMA request for service. To make a software request,
the Single Transfer Mode must be selected via the Mode register.
Then, one of the four channels is selected by three nonmaskable
bits of the Request Register. Software DMA requests aré subject to
the same priority encoding via the Command register as the hardware
requests. To set or reset each DMA service request bit separately,
the Request Registar is lcaded with the desired data word by the
microprocessor during prograsming operations. The bit that was set
is cleared vhen Terminal Clear (TC) is generated, an extermal EOP
is received, or the register is cleared by a Master Clear command
or a System Reset. The bit definitions for the Request Register
are as follows:

B e LT T 3

ceeccscccccccssesaes - - -

----Selected Channel
0 0 = Channel 0 (DRQO)
0 1 = Channel 1 (DRQl or DRQS)
1 0 = Channel 2 (DRQ2 or- DRQ6)
1 1 = Channel 3 (DRQ3 or DRQ7)

---Request Bir
0 = Clear

l = Set

) o e e e - e ) N
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Status Register (008h or 0C8h)

The Status Register is an 8-bit, read-only buffer that provides twe
bits of status information for each of the four channels in the
selected controller. The status information consists of one bit to
indicate when the channel has a DMA Service Request pending and the
other bit to indicate when the channel has reached a Terminal Count
(TC). The DMA request pending bit is set to "1" wvhen the channel
is requesting service. The DMA request pending bit is reset to "0
by a Terminal Count (TC), when an external EOP is received, or when
& Systen Reset occurs. The TC bit is set to "1* each time the
channel reaches a terminal count. The TC bits are reset to "0"
each time the Status Register is read and also by s Master Clear
comnand or a System Reset. The Status register is read via 1/0
address 008h for the master controller or 0C8h for the slave
controller. Bit definitions for the Status Register are as

follows:
7 6 5 S 3 2 1 0 Blts_
| | | | | | | |
| | | | | | | ----Channel 0
| T R R R 0 = No TC
L | | | | | 1 = Reached TC
| | | | | | I
| | ] I | | ces-Channel 1
| | | | | | 0 = No IC
| | | | | | 1 = Reached IC
| | | | 1 |
| | | | | -- «Channel 2
| | | | | 0 = No TC
Lo | 1 1 1 = Reached TC
| i I | |
| | | | e<<-Channel 3
| | | i 0 = No TC
| ! | | 1 = Reached TC
| A T R
b | +++-Chanmel 0
| 0 = No Request Pending
(R 1 = DMA Request Pending
] I |
| i -=--Channel 1
1 0 = No Request Pending
| | 1 = DMA Request Pending
| [ :
| =---Channel 2
| 0 = No Requsst Pending
| 1 = DMA Request Pending
|
----Channel 3

0 = No Request Pending
1 « DMA Request Pending
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Temporary Register (00Dh or OCDh)

The Temporary Register is an 8-bit, read-only buffer that holds
data during memory-to-memory data transfers. The Temporary
Register is not used because memory-to-memory data transfers are
not used by the GridCase 1500 Series compurter.

Special Commands

There are three special commands in each controller that concrol
hardware registers. These three special commands are accessed via
their I/0 register addresses and do not depend upon any apecific
bit pattern on the data lines. The three commands are:

Clear First/Lasc Flip-Flop (00Ch or 0CCh)

The First/last Flip-Flop special command is accessed via a write to
1/0 address O0Ch for the master concroller or 0CCh for the slave
controller. The command clears the Byte Pointer flip-flop that
keeps tha controller upper and lower address bytes in the proper
sequence. Before writing or reading new address or word count
informacion, the program executes the Clesar First/Last Flip-Flop
command to initialize the Byte Pointsr flip-flop to a known stare.
The flip-flop is also cleared by a Master Clear command.
Subsequent accesses to the Address and Word Count registers are
then made in the corresct sequence.

Master Clesr (OODh or OCDh)

The Master Clear special command iz accessed via a write to 1/0
address 00Dh for the master controller or OCDh for the slave
controller. The command forces the controller into the Idle state.
When the command is executed, it has the sane eifect on the
controller as a System Reset. Executing a Master Clear command or
issuing & System Resst sets the Mask Register to inhibit DMA
Tequests on all channels and clear the following five registers in
each controller:

Command
_Requast
Status
Temporary
First/last Flip-Flop

Clear Mask Register (00Eh or OCEh)

The Clear Mask Register command is accessed via a write to 1/0
address OOEh for the master controller or OCEh for the slave
controller. The command clegrs the Mask registar te allow all four
channals in the respective controller to accept DMA requests for
service. '



CHAPTER 5: PROGRAMMABLE INTERRUPT CONTROLLER

The GRiDCase 1500 Series Computer uses an FE3010 Peripheral Control
Logic cirecuit manufsctured by Faraday Electronics, Ine. The FE3010
contains the functional equivalent of two Intel 8259 Programmable
Interrupt Controller circuits commected in cascade mode. These two
interrupt controller circuits, and the microprocessor NonMaskable
Interrupt (NMI), provide 16 levels of vectored priority interrupts
for the 80286/80386 Microprocessor. The NMI provides either a
parity or an 1/0 Channel check functiom.

Connecting the two interrupt controller circuits in cascade mode
nakss them appear to the microprocessor as one Programmable
Interrupt Controller (PIC) with 15 levels of prioritized interrupts
{ses Figure 5-1). The PIC manages the interrupt-driven activities
of the computer so that the microprocessor has more time to run
other programmed operations. Interrupt requests are received by
the PIC from input/output devices such as the disk drives, printer,
and keyboard. The PIC screens the incoming interrupt requests for
the highest priority, and also checks the priority of the incoming

Address. | H
D=m and ! '
E i
- E 020h !
n L 2 H IRO0,
Lagiwe ) strgt  JpEIRD-
Request I
B M {RQT
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.
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1
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PN Cantedo caso | Q&G
= poana N IR suverc ||
1 = . h
H Cas2 ! | Now: The sieve PIC is similar to the master :
i v PIC except that 2 is seiectad via P IRGS
y Cas0-Cas2 and sends its it to the vl
<S - >i master PIC IRQ2 input. ,?'_m"
i BB ALS, . E

V'

Figure 5-1. Programmsble Intsrrupt Controller Block Diagram
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requsst against the priority of the davice currently baing
serviced. If the incoming interrupt request has a higher prioricy
than the reguest being serviced, the microprocessor is allowed to
complets the current instruction before servicing the higher
priericty interrupt. When the interrupting routine is complete, the
microprocessor resumes execution of the previous instruction from
the point where it was interrupted. .

Each device that issues interrupt requests is connected to one of
the PIC inputs labeled IRQO thru IRQLS5. When active, the interrupt
requests generate a corresponding interrupt (INT) that points to an
intazrrupt vector address. The interrupt vector address directs the
aicroprocessor program counter to the starting address of an
interrupt service routine. When interrupted by the PIC, the
microprocessor stores its current address and then jumps to the
starting address of the service routine pointed te by the interrupc
vector address. The service routine is a special program,
associated with the requesting device, that defines how the device
is serviced by the microprocessor. The last instruction in the
service routine is a jump to the address location that the
sicroprocessor stored before it began servicing the interrupt
request. '

If an intsrrupt sarvice routins is divided into separate opera-
tions, the interrupt request is further defined by s function
nunber. When requesting an interrupt, the function number is
tlaced in the microprocassor AH register. The function mmbar
points to subroutine within the service routine for the requasting
device. The requesting device may require different subroutines
for read data, write data, read status, and vrite control
opsrations. The service routine branches to .the subroutine to
perform the requested operation (refer to Table 3-2).

For the GRi{DCase 1500 Series computers, ths interrupt vector table
is located in the first lk bytes of system memory. This area
provides room for 256 distinct interrupts, which is more than are
routinely ussad. The vector for iatarrupt O is located at memory
location 0. Since each vector address is four bytes wide, the
vector for any intarrupt number (n) is located at address n times
4. The addresses in the interrupt veetor table point to an area of
the ROM-BIOS or to an address in main memory where the interrupt
service routins is located. Generally, interrupts invoked by
hardwars have their interrupt routines located in the ROM-BIOS, and
interzupts invoked by software have their interrupt routines
located in systes memory.
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HARDVARE INTERRUPT ASSIGNMENTS

The GRiDCase 1500 Series computer uses the functional equivalent of
two cascaded 8259 Programmable Interrupt Controllers to provide up
to 15 interrupts, including one interrupt from the counter-timer.

A master interrupt controller cirecuit controls interrupts INTO
through INT7 and is located at I/0 address 20h. A slave interrupt
controller circuit controls interrupts INT8 through INT1S and is
located at I/0 address AOh. Onse interrupt request line (IRQ2) is
used for cascading the slave cou:rollor interrupt requests to the
master controller.

NOTE: Throughout this chapter, numbers given in
hexadecinal notation have a letter "h*® suffix.

IntezrrTupt requests to the intsrrupt controllers are provided by cthe
systen hardware and peripheral devices. The interrupt requests
{IRQC-IRQ1S), the interrupting hardware devices, and the ROM-BIOS
controlled interrupt address (INT) and vector start address
designactions are given in the following list f:en the highest to
the lowest priority.

Interrupt Interrupting ROM-BIOS
Controller Requast Device - INT Vector
Master IRQ0 Timer (8254) Output 08h | 0000:0020
Master IRQl Keyboard (Output Buffer Full) 0%h | 0000:0024
Master IRQ2 Cascade to Slave Cantroller OAh | 0000:0028
Slave IRQE8 Real Time Clock ) 70h | 0000:01CO
Slave IRQ9 Software redirected to INT OAh 71h | 0000:01C4
Slavse IRQ1O0 Reserved 72h | 0000:01C8
Slave IRQ1l Reserved 73h | 0000:01ccC
Slave IRQ12 Reserved 74h | 0000:01D0
Slave IRQl3 Math Coprocessor (80287) 75h | 0000:01D4
Slave IRQl4 Hard Disk Controller 76h | 0000:01D8
Slave IRQ1S Reserved | 77h | 0000:01DC
Master IRQ3 cCoM 2 : ‘ OBh | 0000:002C
Master coM 1 OCh | 0000:0030
Magter IRQS Resarved ODh | 0000:0034
Master IRQ6 Floppy Disk Drive Controller OEh | 0000:0038
Master IRQ7 Parallel Printer Port OFh | 0000:003C
NOTE: In standard configurations, COM 2 provides the

Serial Port Interface and COM 1 provides the
Modem Interface. This configuration may be
swvappable depending upon the ravision level of
the MS5-DOS opearating system.
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PIC OPERATIONS

Data

The PIC provides two independent interrupt controller circuits that
are connected in cascade mode to manage 13 levels or requests for
interrupts. The interrupt output (INT) of the slave controller
circuit is connected to an interrupt request input (IRQ2) of zhe
master controller circuit. 1In this way, the twe interrupe
controller circuits function independentiy as two eight-channel
Programmable Interrupt Controllers on the same priority scring.

The two PIC circuits are functionally identical in all respects
except for their 1/0 addresses. The master PIC circuits are
assigned to 1/0 addresses O0h through 1Fh and the slave PIC
circuits are assigned to 1/0 addresses ACh through BFh. The
following PIC register descriptions apply separately to each of the
sight-channel controller circuits unless it i3 specifically stated
otherwise.

The PIC is programmed by the system software as an 1/0 device.
Priority modes of the PIC are programmable so that the way requescs
are processed is configured to match the system requirements. The
priority modes can be changed at any time while running the MS-DOS
Operating System, which ailows the interrupt structure to be
redefined as required. .

For the GRiDCase 1500 Series Computer, the PIC operations are
divided into the fellowing functionms:

1. Data Bus Buffer

2. Read/Write/Control Logic

3. Interrupt Requast Register (IRR)

4. 1In Service Register (ISR)

S. ' Priority Resolver :

6. Incerrupt Mask Register (IMR)

7. Cascads Buffer and Comparator (CB/C)

Bus Buffer

The Data Bus Buffer i{s a 3-state, bidirectional 8-bit register.
The register provides the interface betwsen the PIC and the system
data bus. The command words used to prograa the PIC are
transferred through the Data Bus Buffer.
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Read/VWrite/Control logic

The Raad/Write/Contrel logic receives the microprocessor contrel
signals and provides the registers used to program the PIC. The
programaable registers store the priority modes and control formats
required for device operation. Also, the PIC status information is
stored in the registers until it is transferred through the Data
Busg Buffer to the microprocessor.

Interrupt Request Register (IRR)

The Interrupt Request Register (IRR) receives the Interrupt Request
signals (IRQO-IRQ7 or IRQE-IRQLS) from the interrupting devices.
The IRR stores all of the interrupt requests for resolution by the
Priority resolver. '

In Service Ragiscer (ISR)

The In Service Register (ISR) works in cascade with the IRR. The
ISR stores the Interrupt Requests that are currently being
serviced. Input toe the ISR comes from the Priority Resolver, which
puts the highest priority request into the ISR during the interrupt
aclknovledge (INTA) pulse from the microprocessor,

Priority Resolver

The Priority Resolver determines the priorities of the bits stored
in the IRR. The highest priority line is then selected and strobed
into the corresponding bit position in the ISR.

Interrupt Mask Register (IMR)

The Interrupt Mask Register (IMR) screens the inputs to the IRR.
Any interrupt request can be masksd to prevent the associated
device from requesting an interrupt. Masking interrupts from high
priority devices does not affect the interrupts requested by lower
priority devices.

Cascade Buffer and Comparator (CB/C)

The Cascade Buffer and Comparator (CB/C) is used to store and
compare the identification of all PICs in the system. The three
CB/C lines called CASO through CAS2 are output lines on the master
PIC and input lines en the slave PIC. The CAS lines are used by
the master PIC to enable the slave PIC operations.
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Interrupt Sequsence

The PIC programmability and interrupt service routine addressing
capability allow it to jump directly or indirectly to the specific
routine that is requested.

Nermal Oﬁtratian

The sequence of events to service a normal interrupt is given in
the following steps.

1.- After the PIC has been programmed, one or more
devices request an interrupt. The corresponding
Interrupt Request lines (IRQO-IRQ7 or IRN8-IRALS)
then go to a ‘high’ state and the related IRR bits
are set.

2. The PIC evaluates the requests and sends an
Interrupt (INT) signal to the miecroprocessor.

3. The microprocessor acknowledges the INT signal by
returning the first of two Interrupt Acknowledge
(INTA) pulses to the PIC.

&, When the firstc INTA pulse is received, the PIC
freezes the state of the interrupts for priority
resolution, sets the highest priority bit in the
ISR, and resets the corresponding bit in the IRR.
The PIC does not drive the data bus on this cycle.

3 The microprocessor then sends the second INTA pulse.
During the second INTA pulse the PIC sends the
following 8-bit byte of data to the microprocessor.

|
| ----Intsrrupt Request Number
InterTupt Address 0 = IRQO or IRQSB
Bics T7-T3, 1 = IRQL or IRQY
respectively 0 = IRQ2 or IRQ1O
1 = IRQ3 or IRQ1l
0 = IRQ4 or IRQl12
1 = IRQS or IRQ13
0 = IRQ6 or IRQLSL
1 = IRQ7 or IRQ1S

HHHHEOOOO
MM OOKFMOO
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6. If Automatic End Of Interrupt (AEOI) was programmed,
the ISR bit is reset at the end if the second INTA
pulse and the interrupt request is complete. If
AEO] was not programmed, the ISR bit remains set
until an appropriate End Of Interrupt (EOI) is
issued at the end of an interrupt service routine.

Cascade Mode Operation

The sequence of events to service an interrupt in cascade mode is
similar to normal operation, except as follows:

1. VWhen the siave PIC has selected its highest priority
interrupt, it notifies the master PIC by asserting
its interrupt request (INT) line at the IRQ2 inmput
of the master PIC.

2. The master PIC is ready to service the interrupt
from the slave PIC, when it sends the slave PIC
identification bits over the CASO-CASZ lines.

x 1 The slave PIC then outputs the I/0 address for the
interrupt request to be serviced. The I/0 address
is output onto the data bus during the subsequent
INTA pulses from the microprocessor.

4. At completion of the interrupt service, two End Of
Interrupt (EOI) commands are issued: one for the
slave PIC and one for the master PIC.

PIC REGISTER DESCRIPTIONS

The PIC accepts two types of command words from the microprocessor.
Both types of command words use the same 1/0 Address because the
operation being performed is determined by bits within the command
word. The two types of command words are:

1. Initialization Command Words (ICWs).

ICWs must be issued through I/0 address 020h for the
master PIC or OACh for the slave PIC before normal
operation can begin. By issuing a series of two to
four bytes timed by a write (WR) pulse, the PIC is
initialized to a known starting point.

The master PIC and the slave PIC must be programmed
separately. The only difference in the way they are
programmed occurs during initialization (ICW3) as
described in the following paragraphs.
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2. Operation Command Words (OCWs).

OCWs are issued through I/0 address 020h for the
master PIC and 0AOh for the slave PIC anytime
following initialization, and are used to change the
interrupt priority mode of the PIC. Prioricy modes
selectable by the OCWs are as follows:

a. Fully Nested Mode

b. Rotating Prioricy Mode
c. Special Mask Mode

d. Polled Mode

Both types of command words require nine bits for their bit
definition. Bit O of the address bus (AO) is borrowed and used
with data bus bits D7 thru DO to provids the nine bits. Bit
definitions for the command words are provided in the following
paragraphs. For additional information on the PIC operation, refer
to the information on the 8259A Programmsble Interrupt Controller
in the Intel Microprocessor and Peripheral Handbook, Volume 1.

Initialization Command Words (020h or 0AOh)

A write to I/0 register address 020h for the master controller or
0AOh for the slave controller starts the PIC initialization
sequence. During initialization, the following ocperations -
automatically occur:

1. The interrupt request sensing circuit is reset so
that the input signal (IRQO - IRQ7 or IRQS - IRQ1S)
must go through a low-to-high transition to generate
an interrupt.

2. The Interrupt Mask Register (IMR) is cleared.

3. Interrupt Request 7 (IBQ7) is assigned priority
level 7. This value and the value in step 4 are
changed during the subsequent initialization.

4, The slave mode address is set to 7.

S. The Special Mask Mode is cleared and Status Read is
set to IRR.

6. When bit 0 of the first ICW (ICW1l) is set to "0,"
all functions selected by ICW4 are also set to "O".

Bit definitions for the Initialization Command Words (ICW1l-ICW&4)
are as follows:
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PR A R R R R R R R ettt
L e e

e e e e e X

I _

] --ICW4 Required

| 0 = ICW4 is needed
| 1 = ICW4 not needed
!

-Rumber of PICs
0 = Cascade Mode
| 1l = Single PIC
AO = 0, D4 =1
Enables ICW1l and
Starts Initialization

-Call Address Interval
Call Opcode is not used

-IRQO-IRQ7 or IRQ8-IRQLS Trigger Mode
0 = Edge Triggered Mode
1 = Level Triggered Mode

L e e e T Y P R R LR L R R X

| 1} 17 | T6 | TS | T4 | T3 |A10 | A9 | AB | ICW2 Command Word
---------------------------------------------- (Interrupt Vector
Bits T7 through T3 are inserted in the five most Address)
significant bits of the vectoring byte. The PIC

then sets the three least significant bits

(A10-8) according to the selected interrupt

level. A0 = 1 is a program indicator.

LA X PR P TR L E R LR R Y LR PR LB Bt b b bR XA X

| 1L | S7 ] S6 | S5 | s& | sz f S2 ] S1 | S0 | ICW3 Command Word
---------------------------------------------- (For Master PIC)
When SNGL (bit 1 of ICW1l) = 0, S7 - SO indicate

which inputs (IRQ7 - IRQO, respectively) are

comnacted to a slave PIC. For the GRiDCase 1500

Series computers, S2 = 1. See ICW3 for slave PIC.

e B R R R R R

| ¥} 0| 0f 0} O] O jID2 |IDLl jIDO | ICW3 Command Word
---------------------------------------------- (For Slave PIC)
The identification bits (ID2 - IDO) must match

the cascade lines CAS2 - CASO from the master

PIC. Since the slave INT output is commected to

IRQ2 on the master, ID2 - IDO = 010. See ICW3

for master PIC.
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Pl L L L R T L T e e e e L

| AO | D7 | D6 | DS | D4 | D3 | D2 | DL | DO | Bits

P Lk T T R R el b g .

P L L e R R T L T

| 3

| --=--Processor Type

] 0 = Not Used

| 1 = 80C286/80386
|

--End 0f Interrupt Type
0 = Automatic (AEOI)
1 = Normal (EOI)

I

|

!

|

|
ICW4 Indicator |
Bits |
|

i

|

|

|

|

§ e i s — s — — ]

-Buffer Mode

0 x = Nonbuffered Mode

1 0 = Buffered Mode/Slave
1 1 = Buffered Mode/Master

-Special Fully Nested Mode (SFNM)
0 = Not SFNM
1l = SFNM

Operaticn Command Words (020h or OACh)
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When the Initialization Command Words (ICWs) are programmed, the
PIC is ready to accept interrupt raquests (IRQO-IRQ7 or IRQE-IRQLS)
at its input lines. During subsequant operation, Operation Command
Words (OCWs) are writtem (via I/0 address 020h for the master PIC
or 0AOh for the slave PIC) to change the interrupt mask, interrupt
request level, and operating mode. Bit definitions for the
Operation Command Words (OCW1-OCW3) are as follows:

PR T B T B B Pl e L L LT T T R T

LA B L L X X At el PR YT Y P L T Lt X

Bits M7 through MO are the Interrupt Mask Bits

for Interrupt Requests IRQ7 through IRQO or IRQLS
through IRQ8, respectively.

0 = Magk Bit is reset
1l =« Mask Bit isg set
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Rt i R R R R R R R R R R R e
----------------------------------------------

e kT T I ™

|

] See Bit AQ --Interrupt Level (8-Bit)

| ' Refer to Interrupt Level Bit
I :
I

Definition that follows.

A0, D4, and
D3 Provide Rotate and EOI Mode Control
the OCW2 ¢ 2 1 - Nonspecific EOI Command’
Indicator 0 11 = Specific EOl Command!
Bits (000) 1 0 1 = Rotate On Nonspecific EOI Command?
1 0 0 = Rotate in AEOI Mode (Set)?
0 0 0 = Rotate in AEOI Mode (Clear)?
111 =1Use LEV2 - LEVO to Rotate on Specific

EOI Command®
= Use LEV2 - LEVO to Set Priority Command3
= No Operation

©
=

(==

End Of Interrupt Operatiocuns
Automatic Rotation Operations
3. Specific Rotation .

=
h)k‘é

e R R R R R R RS L PR LR e T
PR E LR R R YRR R R R R ]

PR T A L A L P L R E R L L E R RS R R R T T R R LT T T R

I
I
|
| | --Read PIC Status
l
|
|
!

Bits A0, D7, See Bit AQ Refer to the Reading PIC
D4, and D3 Status information that
Provide the follows.

ocw3

Indicator -Poll Command

Bits (0001) 0 = No Poll Command

1l = Poll Command#
*Poll command inhibits interrupcts.
Device service is then achieved by
software using a poll command.

) e — - - — s St Shnn S e

--Special Mask Mode
0 x = Special Mask Mode Not Enabled
1 0 = Normal Mask Mode
1 1 = Special Mask Mode Enabled
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Interzupt Lavels

The following lists gives the interrupt levels controlled by bits
DO through D2, which select LEVO through LEV2 of OCW2. The LEV2
through LEVD bits select & pattern of OCW2 bits that are acted upon
when the SEL bit (D6) is active. Bits O through 7 represent IRQO
through IRQ7 or IRQ8 through IRQlS5, respectively.

| 0] 11213141} S]16] 7] Bits

[0 110111010 |1)]1EVO=]

---------------------------------

0101010 ]1]1)]1]1]L1lEV2=1

------------------------------ -

Reading PIC Status

To aid in updating priority levels and modes, the status of the PIC
is determined by reading the input registers. The following
registers, which where described previously, can be read during PIC
operation:

1. Interrupt Request Register (IRR)
2. In Service Register (ISR)
3. Interrupt Mask Register (IMR)

The contents IRR and ISR are read at port 20h or AOh by first
setting the associated bits of Operation Command Register 3 (OCW3),
and then issuing a Read Register Command. Bits Dl and DO of OCW3
are used to select which of the two registers is read. Bit
definitions for D1 and DO are as follows:
| DL|D0 | OCW3
|IRR|ISR|
0 x = Registers are not read
1 0 = 1IRR is read
1 1 = 1SR is read

After the Dl and DO bits of OCW3 are set, they remain in the same
state for subsequent status reads. Following initialization
(ICWl), IRR is set to read and remains set until specifically
changed by writing a new OCW3.

Reading the contents of IMR requires that port AOh = 1, which is
true for OCWl. Then, the output bus contains IMR and is read when
the RD pulse is active.



CHAPTER 6: TIMER, SPEAKER, AND REAL-TIME CLOCK

The GRiDCase 1500 Series Computer provides three zeneral-purpose
logic circuits that are required for computer operation. The three
circuits are a Programmable Timer/Counter, Speaker Control, and a
Time-of-Day Clock. This chapter provides descriptions of the chree
general-purpose logic circuits.

"The ROM-BIOS subroutines support Time Of Day (TOD) clock
operations, but do not support the timer and speaker operations.
Timer and speaker operations are intarfaced at the hardware level
via I/0 register addresses provided by the microprocessor.

PROGRAMMABLE TIMER/COUNTER

The GRiDCagse 1500 Series Computer uses an FE3010 Peripheral Control
logic circuit manufactured by Faraday Electronics, Ine. The FE3010
contains the funhctional equivalent of an Intel 8254 Programmable
Interval Timer, which contains three independent 16-bit counters,
control logic, and a data buffer. All three counters are driven by
a 1.19 MHz clock input. The clock input to each counter is then
divided by the 16-bit value that is loaded into it through an 8-bit
parallel data bus. The output from the three counters is used for
various timing requirements as described in the following list.

The I/0 addresses are given in hexadecimal (h).

1/0
Countexr Address Purpose

0 040h Implements the time-of-day clock by
sending hardware interrupt IR0 to
the Interrupt Controller. The
interrupt is accessed through
the ROM-BIOS with software interrupt
08h.

1 041lh Routed to the microprocessor control

logic to time and request memory
refresh cycles.

2 042h Supports tone generation for the
speaker (see Figure 6-1).

- 043h Counter Control Register
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Counter Comtrol Ragister (043h)

6-2

The three counters operate independently, but are programmed via
the same Control Word Register, which is accessed through I/0
address 043h. Since the register and each of the three counters
have separate addresses, and the Control Word specifies which
counter it applies to, the required instruction sequence is
simplified. Each counter is programmed by first writing the
control word and then by loading the initial count. The initial
count must be loaded as the least significant byte (LSB) only, the
most significant byte. (MSB) only, or the LSB followed by the MSB.
A new initial count can be loaded into a counter at any time
without affecting the programmed mode, but the new count must
follow the sams format as the initial count. For additional
information on the Programmable Timer/Counter, refer the
information on 82C54 Programmable Interval Time in the Intel
Microprocessor and Peripheral Handbook, Volume 2.

The state of the three counters is undefined follewing a power ON
or system reset. Before operating the counters, the operating
parameters for the counters are defined by programming the Control
Word for each counter. The programming of each counter is
identical, but each counter can be programmed to operate in a
different mode and format. The programmable counter parameters are
as follows: :
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Counter Control Word Register

| e e e . ———— S — —— —— — — —— e} S ot i

-

Bits

X s -

&
w
(X
(=

P — 1 O

!
i ---BCD Select

i 0 = 16-bit Binary Counter

| 1 = Binary Coded Decimal (BCD)
{ Counter (4 Decades)

|

0 = Mode {: Interrupt on Terminal Count
1 = Mode 1: Hardware Retrig One-Shot
0 = Mode 2: Rate Generator
1 = Mode 3: Square Wave

0 = Mode 4: Software Triggered Strobe

1 = Mode 5: Hardware Iriggered Strobe

I e T S S S ———

-Read/Write Operation

0 0 = Counter Latch Command+®

0 1 = Read/Write LSB Only

1 0 = Read/Write MSB Cnly

1 1 = Read/Write LSB and then MSB

-Counter Select

OO
OO

Counter 0 Selected +The Counter lLatch and Read-Back
Counter 1 Selected Commands are written into the
Counter 2 Selected Control Word Register (043h)
Read-Back Command* with the following formats.
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Counter -Latch Command

6-4

The Counter Latch Command latches the count at the time the command
is valid. The count then remains latched until it is read by the
microprocessor or until the counter is reprogrammed. The
microprocessor must read the count in the same format in which the
counter was programmed. For example, if the counter is programmed
for a two-byte count, two bytes must be read. After the count is
read, the counter returns to programmed operatiomns. The Counter
Latch Command format is as follows.

i --BCD and Mode Control Bits

| 0 0 0 0 = Not Used but should be "0"
| for future compatibilicty.
( )

-Counter Latch Cozmmand
0 0 = Latch Command
0 1 = Not Valid

1 x =« Not Valid

-Counter Select

Counter 0 Selected
Counter 1 Selected
Counter 2 Selected

Net Valid

OO0

0
1
0
1
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Counter Resad-Back Command

The Read-Back Command is used to check the count value, programmed
modse, and current state of the counter. The Read-Back Command
format is as follows:

- - == cesoee s

3 2 1 0 Bits
|

coeow cecscescecss

!
| ---Reserved

| 0 = Must be set to "0O"
I

4
I
I
|
I
| ----Counter Enabled
] 0 01 = Counter 0 Enabled
| 010 = Counter 1 Enabled
| 1 00 = Counter 2 Enabled
|
----Startus Latch Bit

0 = Status Information Latched into

Counters Enabled by Bits 1-3%
1l = Status Information Not Latched

B s e e— —— S ——— — it o — — AP

---Count Latch
0 = Count Latched into Counters Enabled by
Bits 3-1
1 = Count Not Latched .

-Counter Select

0 x = Not Valid

1 0 = Not Valid

1l 1 = Read-Back Command

*The status information latched by bit 4 is accessed by reading
the latched counter. The status information format is read as
follows.
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Counter Status Informationm

The Counter Status information must be latched by the Read-Back
Command before it is read. Once the status information .is latched,
it can be read from the Counter Control Word register (043h) as

follows.
5 4 3 2 1 0 Bits

7 &
P | _
| | --Counter Programmed Mode
] i Data in these bits should appear exactly
] | as programmed.
I
| ---=-Null Count

| Indicates that the last count written to a Counter

| Register (CR) was loaded into the Counting Element (CE).
l If the count is latched or read before it is written

| into the CE, the count value is not valid. The null

| count bit indicates the following.

] 0 = New Count is Loaded into CE

| 1 = Write to Control Word Register or the second byte

| (MSB) of a two-byte count is written into the CR.

|

|

---SPRR
Indicates the current state of the Counter 2 output pin,
wvhich is used to drive the speaker.
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SPEAKER LOGIC

The speaker is controlled at the hardware level by accessing the
I/0 Register at address 06lh and the Programmable Timer/Counter
(Counter 2) at I/0 address 042h. The speaker logic is shown in
Figure 6-1. To determine the frequency applied to the speaker
logic, the 1.9 MHz clock input to Counter 2 is divided by the value
loaded into the counter. (Refer to the previous paragraphs on
programming the counter.) The output of Counter 2 is applied
directly to the speaker logic, but has no affect until the speaker
is gated on by setting a bit in the I/0 Register at Q061lh.

The speaker logic is driven in one of three different ways,
depending upon bits 0 and 1 of the I/0 register at address 0061h,
as described in the following list.

L]0 Operation

0 0 No operation

t 0 Bit 1l is toggled (t) to generace a pulse train
to the speaker logic.

1 1 The output of Counter 2 is programmed to
generate a waveform to drive the speaker logic.

1 t Bit O is toggled (t) to modulate the input to
the PIT and; therefore, the output of Counter
2 is modulated at the speaker logic.

Address,
Dats, and /O Address
Control ' 042n
va
D870 3010
‘i :,Counun
Logic
1.9 MHz Cotirter s &
In Speaker ' :!
IO Address Counter 2 e |
081h Out ‘
BR Q e T
A Bk 1

Figure 6-1. GRiDCase 1500 Sezries cbnputcr Speaker logic
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ROM-BI0S CLOCX SERVICE ROUTINES

The GRiDCase 1500 Series Computer ROM-BIOS provides service
routines that support the Time-Of-Day (TOD) Clock. At the ROM-BIOS
interface the service routines are compatible with the IBM AT. The
ROM-BIOS clock service routines are described in the following
paragraphs.

Clock Set or Resad (IRT 1lAh)

6-8

The ROM-BIOS service routine functions at interrupt lAh are used to
set and read the Time Of Day (TOD) clock and the Real-Time Clock
(RTC). The clock set and read routines are summarized in the
following list and described in the subsequent paragraphs.

Interrupt Function
(Hex) No. (AH reg) Descriptiom

1A 00 Read current TOD Clock Setting

1A 0L Set TOD Clock

1A 02 Read RTC

1A 03 Set RTC

1A 04 Read Date From RTC

1a 0S Set Date into RIC .

1A 06 Set Alarm to Interrupt at Specified Time
1A 07 Reset Alarm Interrupt Function

The microprocessor register imput and output operations for the TOD
clock service routines are given in the following list. Register
AH determines which function within the service routine is enabled,
vhile the other microprocessor registers define the action to be
performed. The registsr contents are specified in hexadecimal (h).

AB = O0Oh Read Time-Of-Day Clock Setting

On Exic:
CX = High portion of count
DX = Low portion of count
AL =« 0 if timer has not passed 24 hours since last read
AL © 0 if on another day

A = O0lh Set Time-0f-Day Clock
CX = High portion of count
DX =« Low portion of count

ROTE: Counts occur at the rate of 1193180/65536 per
second or approximately 18.2 counts per second.
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AH = 02h Read Resl Time Clock

On Exit:

CH = Hours in BCD (00-23)

CL = Minutes in BCD (00-59)

DH = Seconds in BCD (00-60)

DL « Daylight Savings Enable (00-01)

AH = 03h Set Real Time Clock

CH = Hours in BCD (00-23)

CL = Minutes in BCD (00-59)

DH = Seconds in BCD (00-60)

DL = Daylight Savings Enable = 01, Otherwise 00

AH = 04h Read Date From Real Time Clock
On Exit:

CH = Century in BCD (19 or 20)

CL = Year in BCD (00-99)

DE = Month in BCD (01-12)

DL = Date in BCD (01-31)
AH = 0Sh Set Date Into Real Time Clock

CH = Century in BCD (19 or 20)
CL = Year in BCD (00-99)

.DR = Month in BCD (01-12)

DL = Date in BCD (01-31)

06h Set Alarm to Interrupt at Specified Time
CH = Hours in BCD (00-23 or FFh)

CL = Minutes in BCD (00-59 or FFh)

DH = Seconds in BCD (00-59 or FFh)

AR = 07h Reset the Alarm Interrupt Puhction

NOTES:

p 1

For AH = 02h, and 04h, On Exit Carry Flag (CY) = 0
on successful completion, and CY = 1 if the Real
Time Clock is not operating.

For AH = 06h, the Carry Flag (CY) = 1 if alarm is
already enabled. To use the alarm function, a
routine must intercept the correct address in the
vector table for interrupt 4Ah. Use OFFh for any
"do not care” position for the interval interrupts.
Interrupts are disabled during data modificationm.
Refer to the following Alarm Interrupt Handler (INT
70h) description.

Registers AH and AL are returned modified and not
defined except where indicated otherwise.
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Alarm InterTupt Handler (INT 70h)

The ROM-BIOS service routine at interrupt 70h is used to handle the
periodic and alarm interrupts for the Real Time Clock (RTC).
Interrupt 70h is a hardware interrupt requested through IRQ8. The
input frequency is 32 kHz, or approximately 32k interrupts per
second for the periodic interrupt. The alarm timing and reset are
controlled via interrupt lah.

The periodic and alarm interrupts are enabled when the periodic
event or alarm operation is activated. For the periodic event
interrupt, the service routine decreaents a wait counter. When the
count decrements to zero, the service routine sets a designated
location to 80Ch.

For the alarm interrupt, a routine is provided by the device
handler to intercept the correct address from the vector table
invoked by interrupt 4Ah. The address is intercepted before
setting the RTC alarm (refer to Interrupt lAh, AH = 06h).

Timer Interzupt (INT 08h)

6-10

The ROM-BIOS service routins at interrupt 08h is used to handle the
timer interrupt from hardware interrupt request IRQO. The timer
input frequency is 14.3 MHz with a divisor of 65536, which results
in approximately 21.8 interrupts per second.

The service routine maintains a count, in location 40:6Ch, of the
interrupts since power was turned on. This interrupt count can be
used to establish and maintain the time of day.

The service routine also decrements a motor control count in
location 40:40h. When the motor control count decrements to zero,
the motors in any internal floppy disk drives ars turned off and
the motor rumning flags are reset.

The service routins also invokes a2 routine through interrupt 1Ch.
Interrupt 1Ch generates an interrupt at every timer tick. The
routine invoked by INT O8h must place the correct address in the
vector table. Refer to INT 1Ch in Chapter 3.
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REAL-TIME CLOCK

The Real-Time Clock (RTC) is based on the Motorola MC146818
Integrated Circuit (I1C) clock, and is functionally identical to the
IBM AT clock, but is not compatible with the IBM PC or other models
of the GRiDCase computer. The IC Clock circuit is driven by an
independent 32.8 kHz oscillator, which provides the time base. The
oscillator, the IC Clock circuit, and the associated memory are
provided with battery backup so they continue to function when the
main power is off. The IC Clock circuit memory consists of 64
bytes of battery backed-up CMOS RAM,

RTC I/0 Register Operations

The microprocessor uses two system I/0 Registers for access to the
registers that are internal to the clock circuit RAM. The two
system 1/0 registers are used to address and to read and write the
clock circuit RAM as described in the following paragraphs. The
I/0 register addresses are given in hexadecimal (h).

Writing Clock Circuit RAM Registers

Writing to the fegiste:s in the clock circuit RAM requires two
steps as follows: '

1. Issue an OUT instruction to 1I/0 address 70h with the
address of the RAM register that will be written to.

2 Issue an OUT instruction to I/0 address 71h with the
data to be written into the previously written
address.

Reading Clock Circuit RAM Registecrs

Reading the clock circuit RAM registers is alsoc a two step process
as follows:

1 Issue an OUT instruction to 1/0 address 70h with the
address of the RAM register that will be read from.

2. Issue an IN instruction to I/0 address 71lh: the data
that was read is located in the microprocessor AL
register.
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Clock Circuit Register Assignments

The following table lists the addresses of the registers that are
internal to the clock circuit RAM. Operation of the registers is
sumsarized in following list and the bit definitions for each
register are given in Table 6-1.

Register

Address Read/Write Function

00-0Dh R/W Real Time Clock Information

00h R/W Seconds in Binary Coded Decimal (BCD)

01lh R/W Second Alarm in BCD

02h R/W Minutes in BCD

03h R/W Minute Alarm in BCD

O04h R/W Hours in BCD

0sh R/W Hour Alarm in BCD

Oéh R/W Day of Week in BCD

07h R/W Date of Month in BCD

08h R/W Month in BCD

0%k R/W Year in BCD

CAh R/W Status Register A

OBh R/W Status Register B

Ooch R Status Register C

ODh " R Status Register D

OEh R/W Diagnostic Status Byte

OFh R/W Shutdown Status Byte

10h R/W Floppy Disk Drive Type Byte Drives A
(upper nibble) and B (lower nibble)

1lh R/W Reserved

12h R/W Hard Disk Drive Type Drives C (upper
nibble) and D (lower nibble)

13h R/W Reserved

14h R/N Equipment Byte

15h R/W Low Base Memory in kilobytes (kb)

16h R/W High Base Memory in kb

17h RV Expanded Memory in kb (low byte)

1i8h R/W Expanded Memory in kb (high byte)

1%h R/W Drive C Extended Byte

1Ah BR/W Drive D Extended Byte

1Bh-2Dh R/W Reserved

28-2Fh R/W Checksum of bytes 10h through 2Dh

30h R/ Low Base Expanded Memory above 1Mb

31h R/W High Base Expanded Memory above 1Mb

32n :¥4%) Date Century Byte

33h R/W Information Flag

34h-3Fh RN Reserved Bytes

6-12
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Clock Circuit RAM Register Descriptions
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Table 6-1.
Ragister

(hex)
00h 7-0
0lh 7-0
0zh 7-0
03n 7-0
0éh 7-0
05h 7-0
06h 3-0
07h 7-0
08h 7-0
0%h 7-0

ROTE:

QAh

Second Alarm¥*

Minutesw

Minute Alarm®

Bours*

Hour Alarm¥

Day of Week, 1 = Sunday
Day of Monthw

Month¥

Year(00-99)*

* indicates values are in binary or Binary
Coded Decimal (BCD). Data mode is selected by
Status Register B (OBh), bit 2. -

3-0

Status Register A

Update in Progress (UIP)
1l = Time is being updated
0 = Time and date are available to be read

22 stage divider: Sets the time-base
frequency. The system initializes bits
6-4 to 010, which sets the output
frequency to 32.768 kHz.

Rate selection: Sets the divider output
frequency. The system initializes bits
3-0 to 0110, which sets the square-wave

‘output frequency to 1.024 kHz and the

periocdic interrupt rate to 976.562 usec.

6-13
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Table 6-1.

Clock Circuit RAM Register Descriptions (Continued)

O e I et T Uy SR Sy S g gy

R R et e R et e o R

OCh

ODh

NOTE:

OEh

oOHMNWE UL

3-0

6-0

Status Register B

Set
0 = Update clock once per second
1l = Stop update (for clock setting)

Periodie interrupt enable 1 = Enable

Alarm Interrupt Enable: 1 = Enable
Update Ended Interrupt: 1 = Enable
Square Wave Enabled: 1 = Enable
Data Mode: O = BCD, 1 = Binary
12/24 Mode: 0 = 12 Hour,l = 24 Hour
Daylight Savings Enable 1 = Enable

Status Register C

Interrupt Request Bit (IRQF): Read Only
1l = Active

Periodic Interrupt Bit (PF): Read Only
1 = Active

Alarm Interrupt Bit (IRQF): Read Only
1l =« Active

Update Ended Bit (IRQF): Read Only

1 = Active :

" Reserved: Should be written as zerco

Status Register D

Valid RAM Bit (VREB): Read Only

0 = RTC has lost power since this register
was last read. A Read sets this bit to 1.
Reserved: Should be written as zero.

Addresses OEh through 3Fh are configuration
information for the CMOS RAM.

Diagnostic Status Byte

Real-Time Clock Power

0 = Power On

1 = Powar Off

Configuration Record (Checksum Status)
0 = Checksum is good

1 = Checksum is not good

Incorrect configuration information

0 = Valid configuration

1 = Invalid configuration at Power ON.
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Table 6-1. Clock Circuit RAM Register Descriptions (Continued)
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OEh Disgnostic Status Byte (Continued)

4 Memory Size Comparison
0 = Memory size is same size contained
in the configuration record.
1 = Memory size is not the same.
3 Hard Disk/Drive C Initialization Status
0 = Normal Operation
1 = Hard Disk Controller or Drive C
failed initialization
2 Time Status Indicator
0 = Time is Valid
1l = Time is not valid
1, 0 . Reserved

OFh 7-0 Shutdown Status Byte
10h Floppy Disk Drive Type

7-4 First Floppy Disk Drive Type (Drive A)
0000 No Drive Present
0001 Double Sided Drive (48 TPI)
0010 High Capacity Drive (96 TPI)
All others reserved
3-0 Second Floppy Disk Drive Type (Drive B)
0000 No Drive Present
0001 Double Sided Drive (48 TPI)
0010 BHigh Capacity Drive (96 TPI)
All others reserved

11ih T 7-0 Reserved Byte
12h Hard Disk Drive Type

7-4 First Hard Disk Drive Type (Drive C)
0000 = No Hard Disk Drive
0001-1110 = Not Supported
1111 = Drive C Extended Byte at 1%h
3-0 Second Hard Disk Drive Type (Drive D)
0000 = No Hard Disk Drive
0001-1110 = Not Supported
1111 = Drive D Extended Byte at lAh

13h 7-0 Reserved Byte
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Table 6-1. Clock Circuit RAM Register Descriptions (Centinued).

B b B T R R e E R R Ll L L LR T

Register
(hex) Bit(s) Description
14h Equipment Byte
7-6 Number of Floppy Disk Drives Installed
00 = 1 drive NOTE: Bits 7-6 are
01 = 2 drives valid only when
10 « 3 drives bit O = 1.
11 = reserved
5-4 Primary display
00 = No primary display
0l = Color Graphics in 40 column mode
10 = Color Graphics in 80 column Mode
11 = Monochrome adapter
3-2 Not used
1 Coprocessor: 1 = Installed
o Floppy Disk: 1 = 1 or 2 installed
15h 7-0 low Base Memory Byte
léh 7-0 High Base Memory Bytas
Valid sizes for Low and High Base Memory
0100h = 256k
0200h = 512k
0280h = 640k
“17n 7-0 low Base Expansion Memory Byte
18h 7-0 High Base Expansion Memory Byte
Valid sizes for Low and High Base
Expansion Memory 7
0200h = 512k NOTE: Refer also to
0400h = 1024k 30h and 31h,
0600h = 1536k
through
3C00h = 15360k (15M maximum)
ish Drive C Extended Byte

7-0 First Hard Disk Drive Type (Drive C)
00000000 through 00001111 are reserved
00010000 through 11111111 define drive
types 16 through 255 (refer to Table 6-2)
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Table 6-1. Clock Circuit RAM Register Descriptions (Continued)
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1Ah Drive D Extended Byte
7-0 Second Hard Disk Drive Type (Drive D)

00000000 through 00001111 are reserved
00010000 through 11111111 define drive
types 16 through 255 (refer to Table 6-2)

1Bh-2Dh 7-0 Reserved Bytes

2Eh 7-0 High Byte of Checksum

2Fh 7-0 Low Byte of Checksum

NOTE: The checksum is caleculated on addresses 10h-
2Dh.,

36h 7-0 Low Base Expansion Memory Byte
31ih 7-0 High RBase Expansion Memory Eyte
Valid sizes for Low and High Base
Expansion Memory above 1M byte
0200k = 512k NOTE: Refer also to
0400k = 1024k 17h and 18h.
0600h = 1536k
through
3CO0h = 15360k (15M maximum)
32h Date Century Byte
7-0 BCD value for the century
33h Information Flag
7 1 = Top 128k of base memory is installed
6 Used by setup utility to put out a first

user message.
5-0 Reserved

Rl R R T T R R i b R et R el

6-17



GRiDCase 1500 Series Computer Technical Reference

Table 6-2. ROM-BIOS Extended Hard Disk Parameters

coeesesessscessssse s PR R PR R LY PR R PR R L R R L T T TPy

| Drive | Ro. of | No. of| VWrite | Landing
| Type | Cylinders| Heads | Pre-Comp| Zone |-

L R R R R N R R ]

16 6§12 4 All Cyl 663

17 977 5 300 977

18 977 7 None 977

19 1024 7 512 1023
20 733 5 300 732

21 733 7 300 732

22 733 5 300 733

23 306 4 None 336

24-255 Reserved
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CHAPTER 7: DISPLAY SUBSYSTEM

The GRiDCase 1500 Series Computer display subsystem contains a
special display controller, display buffer, and control logic that
support a choice of intermal flat panel displays or an external
video display. The internal flat panel displays provide a 10-inch
diagonal, full-screen, 80 character by 25 line, 640x400 resolution,
bit-mapped graphic display capability in one of the following three
formats:

1. Transflective, backlit, supertwist LCD with 11:1
contrast ratio (standard)

2. Gas plasma display with 20:1 contrast ratio (Option
282)

3. Transmissive, backlit, supertwist, Blue LCD display
with 12:1 contrast ratio (Option 283)

Similar display capability is available through an external
commector to drive a video monitor. The display subsystem uses a
Yamaha V6366 Display Controller that emulates the MCE845 CRT
controller used by the IBM AT. All of the MC6845 functions are
emulated except for the Skew function and for Interlacing in the
Video mode. A block diagram of the Display subsystem is provided
in Figure 7-1.

Display Controbier
I/O Registers
(VO LCDor
Bey Function Dhnmygbﬂuoﬂk Plasma
3D4n. 306n__|Aacress il M ]
3010, 303n, | Controler R Caner Cororto
30sh, 307h i Data and ::> Monochrome
308h Mode Control FOﬂ'ﬂﬂ! Generator Converter
| 3090 Color Setect
|3DAN Status Ennmﬂonﬁegwmm 3
J 300h Bank Address AGB Color
[3DEh Sank Data 1 f Video Port
@ OFt o0 AD14-ADO
B8000h
Dispiay Buffer RO7-RDO_
u”<3::::$> <: Fort ROM
. RBSTEsS: {32k Byte RAM)
Data. and BFFFFh
Cortroi

Figure 7-1. GRiDCase 1500 Series Computer Display
Subsystea Block Diagraz
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The display subsystea for the GRiDCase 1500 Series Computer is
fully compatible with the IBM Color Graphics Adapter (CGA). To
support the CGA video display, the display subsystem contains a 32k
byte Static RAM (SRAM) display buffer . The 32k byte SRAM is in
addition to, and separate from the RAM that is used for system
memory. The separate SRAM display buffer allows the full
complement of system memory to be available to the operating
systems and application software. The starting address of the CGA
video display SRAM is at BSOOOH and it can be accessed by the
microprocessor at any time without disturbing the video signal. An
additional 96k byte address space from AOOOOh through B7FFFh is
reserved for EGA and VGA display formats.

With an IBM-type monochrome adapter, the video display begins at
address BOOOOh. However, the GRiDCase 1500 Series computers do not
support the IBM monochrome adapter so the starting address is
B800Oh for all display modes.

Within the display subsystem, the video is converted from the
normal RGB format to a monochrome format for driving the built-in.
flat panel display. The monochrome conversion uses gray scaling
and hatching from within the display controller. The same video
data in an RGB format is optionally supplied to a 9-pin "D" type
connector to support an external CGA compatible video monitor.
Gray scaling and hatching are not available at the externmal
comnector.

Connections are also provided through the Expansion Bus Interface
to comnect an optional display controller. The optional display
controller supports VGA, EGA, CGA, MDA, and Hercules display modes.
The interface is designed to allow a video controller on the
expansion bus to coexist with the internal display controller.

The internal display controller supports combinations of display
modes for three different screen resolutions, two alphammeric
(text) modes, three graphics modes, and monochrome or color
displays. Each combination of the display modes is described
briefly in the following paragraphs under display operating modes.
Subsequent paragraphs describe each display operating mode in more
detail.

For the graphics modes, screen resolution is determined by the
mumber of pixels (light dots) on the display as expressed in
horizontal (hor) and vertical (ver) quantities (hor x ver). The
three resolutions supported by the controller are 320x200, 640x200,
and 640x400. 1In general, greater resolutions provide clearer
displays.

The two alphanumeric modes use either the 40x25 or the 80x25
resolution. In alphanumeric modes, the resolution is determined by
the number of horizontal text lines multiplied by the number of
character positions on the line. For alphanumeric display modes,
the controller also allows for blinking, underline, and boldface
characters (intensicy).
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Mode and color selection for the display controller are
sccomplished through the Mode Control and Color Select I/0
registers. These registers are described in detail in the
subsequent paragraphs on programming the display controller.

DISPLAY OPERATING MODES

The display controller for the GRiDCase 1500 Series Computer
operates in the following modes:

Alphanumeric Mode (40 x 25 or 80 x 25)

In alphanumeric mode, the data bytes in display memory are
interpreted as characters. Each character is made up from a field
of 8x16 pixels on the flat-panel display or a field of 8x8 pixels

on an extermal momitor. On the screen, the characters are arranged
in 40 columns by 25 lines or in 80 columms by 25 lines. Character

0 is at the top left of the screen and the last character (2,000

for 80 columm mode, 1,000 for 40 column mode) is at the lower right
corner of the screen. Each character (data byte) has an attribute
byte associated with it. The attribute byte specifies foreground
color, background coler, blinking, and intensity.

320x200 Graphics Mode

In the 320200 graphics mode, the display memory is arranged as two
8000 byte blocks. The first block contains the even scan lines and
the second block contains the odd scan lines. Each pixel on a scan
line occupies two bits, and four pixels are represented in a byte.

640x200 Graphics Mode

In the 640x%200 Graphics mode the display memory is arranged as two
8000 byte blocks. The first block contains the even scan lines
wvhile the second block contains the odd scan lines. Each pixel on
a scan line occupies one bit, and eight pixels are represented in a

byts.

640x400 Graphics Mode

In the 640x400 Graphics mode the display memory is arranged in four
8000 byte blocks. Each of the blocks contains scan lines in
multiples of four. The first block contains even scan lines 0, 4,

8, 12, etc. The second block contains odd scan lines 1, 5, 9, 13,
etec. The third block contains even scan lines 2, 6, 10, 14, etc.
And, the fourth block contains odd scan lines 3, 7, 11, 15, etec.
Each pixel on a scan line occupies one bit.
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ALPHANUMERIC MODES

7-4

When the display controller is in alphanumeric mode and where
character O is at the top left of the screen and character n is at
the lower right corner of the screen, the display memory is
interpreted as shown is Figure 7-2. The value of n is 1999 for 80
column mode and 999 for 40 column mode. Therefore, in the 80
column mode, each page requires 4000 bytes of display memory. For
40 columm mode, each page requires 2000 bytes of display memory.
Since only the first 16000 bytes of the 32000 byte display memory
are used for alphanumeric characters, it allows for the display of
four pages in 80 column mode and eight pages in 40 column mode.
The pages are selected by manipulation of the Start Address
register. The Start Address register is a secondary register as
deseribed in subsequent paragraphs on programming the display
controller.

Memory
Address
B80OCHh i Character 0 I

e == = = = - e s e = o | First Character
B80O1h . } Attribute 0 |
B8002h | Character 1 i

Jo = = o = = = = o - - - ] Second Character
B8003h | Atcribute 1 |

| » = | Third - 998th Character
B87CEh | Character 999 | Last Character for

Jo = = = @ = = = = o o - | 40x25 Mode (1000)
B87CFh | Atrtribute 999 ]

| = 2 | 1001sc - 1998th Character
B8F9Eh i Character 1999 | Last Character for

= = = @ = « =« =« = - = I 80x25 Mode (2000)
B8F9Fh ] Actribuce 1999 |
BSFAOR- ] . . | Not Used
BFFFFh | " ” |

Figure 7-2. Alphanumeric Mode Display Memory Map
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Attribute Byte Bit Definitions

Vhen an alphanumeric mode display is selected, each data byte in
display memory is interpreted as a character. Each character in
display memory has an 8-bit attribute byte associated with it as
shown in Figure 7-2.. The attribute byte is defined as follows.

B Lk e T L L

1716151413 ]211]0] Bies

---------------------------------

--- Foreground Blue

-- Foreground Green
--- Foreground Red
-- Foreground Intensicyl
-- Background Blue
-- Background Green
-- Background Red
.-- Blink/Background Intensity?
NOTES: : )

15 Foreground intensity controls normal or bold
font. Normal intensity ("0")is displayed as a
thin font, and bold ("1%) is displayed as a
thick font (three pixels wide).

25 Bit 7 controls blinking when Mode Control
register bit 5 is set to *"1l;" otherwise it
controls background intensity.

Color-To-Monochrome Converter

For the CGRiDCase 1500 Series computers, the color-to-monochrome
conversion is controlled through a ROM-BIOS service routine. The
service routine allows the selection of one of six coler maps. The
monochrome color maps are defined in terms of gray scaling at full
brightness, two-thirds brightness, one-third brightness, and off.
The ROM-BIOS service routines for the display subsystem, and the
display subsystem functions for interrupt 15h (INT 15h) are
described in subsequent paragraphs.

-
Also, the display controller registers that control gray scaling
and hatching are described in subsequent paragraphs under
Programming the Display Controller.
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3202200 GRAPHICS MODE

7-8

In the 320x200 Graphics mode, 16000 bytes of display memory are
used. The bytes are arranged as two 8000 byte blocks (see Figure
7-3). The first block contains the even scan lines and the second
block contains the odd scan lines. The byte displayed at the upper
left corner on the first scan line (line 0) is located at the
start address (B80OORh), and successive bytes are displayed left to
right, top te bottom on even scan lines. The byte pointed to by
the start address plus 8192 is displayed at the upper left cormer
on the second scan line (line 1) and successive bytes are displayed
top to bottom, left to right on odd scan lines.

Memory

Address

BBOOOh  -~-+-~ecccecccccacccncanca.
! |
i Even Scan Lines |
| 0, 2, 4, 6, ete. i
P i
| : |
| . 8000 Bytes |

BIF3Fh  =-<cscccccescecccacecccncs
| Unused |

BAOOOh  -<<--cescecccnccncencans .-
! | I
{ Odd Scan Lines i
| 1, 3, 5, 7, ete |
I |
i |
| 8000 Bytes . |

BBF3Fh  ------ ceemcsccsncancan cae-s
l Unused |

BFFFFh = -ececcceccescacccccaccccns
Figure 7-3. 320x200 and 640x200 Graphics Mode Memory Map

For the 320x200 graphics mode, each byte contains four pairs of
bits and each pair (Cl and CO) corresponds to ohe pixel on the
screen. Each byte has the following format with the most
significant pair being the leftmost pixel on the screen (first
displayed of the byte). '
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7 3 5 4 3 2 1 0 Bics

ceeTeorTeeoTe cTceseecTen SeeTaEeBes meaecSeme-e

JCL JCO | €1 JCO } |C1 |CO | |C1 [CO |  Bit Definitiom

ceoeeossees scesmelees SessseSess seseScoese

Bits Cl and CO are attribute bits that select one of four colors
for display. The colors selected for display are preselected by
the Color Select register. Color Select register bits 0-3 select
the background colors, bit 4 selects foreground intemsity, and bit
5 selects the one of two foreground color palettes as follows:

cl co Color Palette = 0 Color Palette = 1 Monochrome = 1

0 0 Background color Background celor Background color
-0 1 Green Cyan Cyan

1 0 Red Magenta Red

L 1 Yellow White White

The Mode Control register, bit 2, selects the monochrome or color
display as showmn.

The Color Select and Mode Control registers are described in
greater detail in the following paragraphs under Programming the
. Display Controller.

640X200 GRAPHICS MODE

In the 640x200 Graphics mode, 16000 bytes of the display memory are
used. The bytes are arranged in two 8000 byte blocks similar to
the 320x200 Graphics mode (see Figure 7-3). The first block
contains the even scan lines and the second block contains the odd
scan lines. The byte displayed at the upper left corner on the
first scan line (line 0) is located at the start address (B80OOh),
and successive bytes are displayed left to right, top to bottom on
even scan lines. The byte pointed to by the start address plus
8192 is displayed at the upper left cormer on the second scan line
(l1ine 1) and successive bytes are displayed top to bottom, left to
right on odd scan lines.

Each bit in a byte corresponds to one pixel on the screen. The
most significant bit of each byte is the leftmost bit.

In 640X200 graphics mode, the display pixels have a 1:1
correspondence with each bit of the bytes read from the display
nemery. When data exists, the color selected by Color Select
register bits 0-3 (16 possible colors) is displayed. If no data
exists, Color Select register bits 0-3 are set to "0" (0000) and
the displayed color is black. The border is also displayed in
black. Operation of the Color Select register is described in
subsequent paragraphs on programming the display controller.
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640X400 GRAFPHICS MODE
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In the 640x400 Graphics mode, all 32000 bytes of the display memory
are used. The bytes are arranged in four 8000 byte blocks (see
Figure 7-4). Each of the four blocks contains scan lines in
multiples of four.

The byte displayed at the upper left cormer on the first scan line
(line 0) is located at the start address (B80OCh), and successive
bytes are displayed left to right, top to bottom on every other
even scan line. :

The byte pointed to by the start address plus 8192 is displayed at
the upper left corner on the second scan line (line 1) and
successive bytes are displayed top to bottem, left to right on
every other odd scan line. 3

The byte pointed to by the start address plus 16384 is displayed at
the upper left cormer on the third scan line (line 2) and
successive bytes are displayed top to bottom, left to right on
every other even scan line.

The byte pointed to by the start address plus 24576 is displayed at
the upper left cormer on the fourth scan line (line 3) and
successive bytes are displayed top to bottom, left to right om
every other odd scan line.

The 640x400 Graphics mode is similar to the 640x200 Graphics mode
in that each bit in a byte corresponds to one pixel on the screen.
The most significant bit of each byte is the leftmost bit. ‘

The display pixels have a 1:1 correspondence with each bit of the
bytes read from the display memory. When data exists, the color
selected by Color Select register bits 0-3 (16 possible colors) is
displayed. 1If no data exists, Color Select register bits 0-3 are
set to "0" (0000) and the displayed color is black. The border is
also displayed in black. Operation of the Color Select register is
described in subsequent paragraphs on programming the display
controller.

ROTE: The 640x400 graphics mode display is compatible
at the ROM-BIOS level with both the AT&T 6300
and Toshiba T3100 computers.



Page 7-9
1S Missing



GRiDCase 1500 Series Computar Technical Reference

ROM-BIOS DISPLAY SERVICE ROUTINES

The GRiDCase 1500 Series Computer ROM-BIOS provides the following
IBM AT compatible software interrupt service routines to handle the
display. ,

Interrupt Function
(Hex) No. (AH reg) Description

10 00 Set Display Mode

10 01 Set Cursor Type

10 02 Set Cursor Position

10 03 Read Cursor Position

10 04 Read Light Pen Position (Not Supported)
10 05 Select Active Display Window (Alpha Mode)
10 06 Scroll Active Window Up

10 07 Seroll Active Window Down

10 08 Read Character and Attribute at Cursor

10 09 Write a Character and Attribute at Cursor
10 OA Write a Character (No Attribute) at Cursor
10 0B Set Color Palette

10 oc Write a Pixel to the Display

10 oD Read a Pixel from the Display

10 0E Write TIY to Active Window

10 OF Read Current Display State

10 10-12 Reserved

10 13 Write Character String

Display Service Routine Descriptionms

7-10

The 80286/80386 Microprocessor register inputs and outputs for the
display interrupt service routines are listed in the paragraphs
that follow. In all of the routines, the contents of the following
registers are preserved: SP, BP, DI, SI, BX, CX, DX, SS, DS, and
ES. In all other registers, the contents are destroyed. Register
AH determines the function that is invoked within the service
routine, while the other microprocessor registers further define
the action that is performed. All register contents are given in
hexadecimal (h). For details on modes and controller internal
register settings that result from the routines, refer to the
Controller Register Descriptions provided later in this chapter.

ROTE: The 640x400 Graphics mode display is compatible
at the ROM-BIOS level with both the AT&T 6300
and the Toshiba T3100 computers.
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AH = 07h Scroll Active ¥Window Down
AL = Number of lines, input lines blanked at window top
AL = 00h specifies blank entire window
BH = Attribute to be used on blank lines
CH, CL = Row, colummn of upper left corner of scroll
DH, DL = Row, column of lower right cormer of scroll

AH = 08h Read Attribute/Character at Current Cursor Position™
BH = Display window (valid for alpha modes only)

On Exit:
AL = Character read
AH = Attribute of character read (alpha modes omnly)

AE = 0%h Write Attribute/Character at Current Cursor Position”
AL = Character to write
BH = Display window (valid for alpha modes only)
BL = Attribute of character for alpha mode or
Color of character for graphics model
If Biec 7=1, attribute is XORed with existing attribute
CX = Count of characters to write

AH = OAh Vrite Character Only at Current Cursor Position”
AL = Character to write
BH = Display window (Valid for alpha modes only; for)
graphics modes use AH = 0%h)
X = Count of characters to write

NOTE:

* In graphics modes, characters are formed in a
character generator imsge located in system ROM.
The character generator contains the first 128
characters. To read and write an additional 128
characters, initialize a pointer at 00:1Fh (address
0007Ch). The pointer should point to the lk byte
table containing code points for the second 128
characters (128-255).

Also, to write a character in graphics mode, the
replication factor contained in register CX produces
valid results on entry for characters contained on
the same row. Continuation to a succeeding line
does not operate.
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AH = OBh Set Color Palette
BH = Palette color ID being set (0-127)
BL = Color value to be used with the color ID
Applies only to 320x200 color graphics mode
Color ID = 0 Selects background coler (0-15)
Color ID = 1 Selects palette to be used
0 = Green(l)/Red(2)/Yellow(3)
1 = Cyan(l)/Magenta(2)/White(3)
In alpha modes, Color ID O sets border color to use
(values 0-31); where 16-31 select the high-intensicy
background set

AH = OCh Write Pixel
AL = Color value. If bit 7 is set, color value
is ZORed with current pixel contents
CX = Column number
DX = Row number

AH = ODh Read Pixsl (Graphics Modes only)
CX = Colummn mumber (1-639)
DX = Row number (1-639)
On Exict:
AL = Color Value
For 640 x 200/400 modes, AL = ON/CFF.
- For 320 x 200 modes, AL is two bits as follows:
0 0 = black
0 1 = Color depends upon selected palette (AH=0Bh)
1 0 = Color depends upon selected palette (AH=0Bh).
1 1 = Color depends upon selected palette (AH=0Bh)

AE = OEh Write TTY to Active Window
AL = Character to write
BL = Foreground color in graphics in mode
Screen width is controlled by previous mode set.

AH = OFh Return Current Display State

On Exit:
AL = Mode currently set by register AH = 00h
AH = Number of character columns on the screen
BH = Currently active display window

AH = 10h-12h Reserved
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AB = 13h VWrite Character String
AL = 0-3 For Type of String (See Note)

NOTE:

BH = Page

Number

CX = Length of Character String
DX =« Cursor Position for Character String
CS:BP = Pointer to Character String

Specify the type of Character String as follows:

AL =

O0h Write Character String

BL = Attribute

String is |char,char,...,char|

Cursor does not move from current position
0lh Write Character String and Move Cursor
BL = Attribute A

String is |char,char,...,char|

Cursor moves

02h Write Character and Attribute String
(Alpha Mode Only)

String is |char,attr,char,ater,...,char,attr|
Cursor does not move from current positien
03h Write Character and Attribute String and Move
Cursor (Alpha Mode Only)

String is |char,attr,char,attr,...,char,accr|

- Cursor moves

Return, Line Feed, BkSp (Backspace), and Bell (tone)
are treated as commands and not as printable characters.

Display Subsystem Functions

7-14

In addition to the Display Service Routines, BIOS subsystem
functions were added to the ROM-BIOS to provide a logical interface
for manipulating GRiD hardware specific functioms. The subsystem
functions currently defined for the Display Subsystem are as

follows:

1. Select or
2. Select or
3.

Get Current Display (Functiom 20h)

Get Color Map (Fumction 21h)

Select Current Display Font (Function 22h)

Functions

functions.

Turn Backlight ON or OFF (Function 23h)

24h-3Fh are reserved for future display

To perform a subsystem function, an interrupt 15h is issued with
the subsystem identifier, OE4h, loaded in the AH register and the
desired Display Subsystem Function number in the AL register. The
combination of interrupt 15h and subsystem function identifier OE4h
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provide access to the BIOS subsystem functions. Once inside the
subsystem, the specific function to be performed is selected by the
function number in the AL register. The current Display Subsystem
Functions are described in the following paragraphs:

Select or Get Current Display (Function 20h)

Function 20h selects either the internal display panel or the
external RGB video port, or returns the currently active display.
The value entered in DL register determines the display to be
selected. When value OFFh is entered in the DL register, the
current display is returned. The value returned for the intermal
panel is the panel type.

Entry:
AR = OE4h Selects the ROM Subsystem
AL = 20h Display Subsystem Function number
DL = 0 Selects the external RGR video port
-1 Selects the intermal panel
= OFFh Returns the display type
Exit:

Carry Flag = 0 (no error)
If OFFh was entered in DL, then:

DL = 0 External wvideo port is selected
DL=1 Internal 640x200 plasma panel selected
DL =5 Internal 640x400 plasma panel selected
DL = 7 Internal 640x400 LCD panel selected
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported
ROTE: The internal display is also controlled by the

MS-DOS MODE commands DISPLAY = {(ON|OFF}

Select or Get Color Msp (Funetion 21h)

Function 21h is used to select one of six predefined color maps and
is also used to activate the currently selected color map. The
color map index is stored at absolute address 40:A7h. The value
entered in the DL register determines which color map is selected.
When the value OFFh is entered in the DL register, the currencly
selected color map is activated. The six predefined color maps are
as follows:

ROTE: MAP O through MAP 5 in the following list

correspond to MS-DOS MODE commands COLORMAP =
1-6, respectively.
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Color Map 0 Mapl Map 2 Map 3 *Map 4 *Mgp 5

Black Off Off off Qff Off Off
Blue Off 2/3 2/3 Off Full Full
Green 2/3 2/3 1/3 1/3 Full Full/ul
Cyan 2/3 2/3 1/3 1/3 Full Full
Red 1/3 1/3 2/3 2/3 Full Full
Magenta 1/3 1/3 2/3 2/3 Full Full

Brown  Full Full Full Full Full Full
White Full Full Full Full Full Full

NOTES: The color maps are defined in terms of the gray
scale as follows:
0ff = nothing displayed

1/3 = one third bright .
2/3 = two thirds bright
Full = full brightness

/ul = underlined
* = inverse video is displayed when the
background color is white

Entry:
AH « QE4h Selects the ROM Subsystem
AL = 21h Display Subsystem Function mumber
DL = m Enter 0 - 5 to select the color map
' or enter OFFh to returm the current
color map. i
Exic:

Carry Flag = 0 (no error)
1f OFFh was entered in DL, then:
DL = Currently active color map
Carry Flag = 1 (error returned)
AH = 2 Color map value ocut of range
= 86h Subsystea not supported

Select Current Display Font (?ﬁnc:icn 22h)
Function 22h selects one of the four fonts that are available in

the hardware font generator. The four available fonts and their
selection values are as follows:

Font Hame Value

English 0 NOTE: Font values 0-3 corres-
French Csnadian 1 pond to MS-DOS MODE
Norwegian 2 commands FONT = 1-4,
Hebrew 3 respectively.



Display Subsyscém

Entry:

AH = OE4h Selects the ROM Subsysten

AL = 22h Display Subsystem Function number

DL = nn Enter 0 - 3 to select the font number
Exic:

Carry Flag = 0 (no error)
No significant returm
Carry Flag = 1 (error returned)
AH = 2 Font value ocut of range
= 86h Subsystem not supported

Set Backlight Time Out (Function 23h)

Funetion 23h allows the backlight on an intermal LCD display panel
to be turned ON and OFF directly or turned on and timed to turn off
after some period of keyboard inactivity. This function has no
effect on a plasma display.

Entry:
AH = QE4h Selects the ROM Subsystem
AL = 23h Display Subsystem Function number
DL =20 Turns OFF the backlight
- 1-60 Turns ON the backlight and starts the
timer to turm it OFF if the keyboard is
insective for a period of 1 to 60 (decimal)
minutes.
DL = QFFh Turn ON backlight with no time out.
NOTE: The DL register values correspond to MS-DOS
MODE commands BACKLITE = {(1-60]|ON|OFF},
respectively. :
Exit:

Carry Flag = 0 (no error)
No significant return
Carry Flag = 1 (error returned)
AH = 86h Subsystem not supported

PROGRAMMING THE DISPILAY CONTROLLER

The GRiDCase 1500 Series Computer uses a Yamaha V6366 Display
Controller. All of the display controller operations are
controlled through I/0 Registers. The following paragraphs
describe the registers in the controller that are available to
interface directly with computer display logie. The direct
interface bypasses the ROM-BIOS service routines. There are three
sets of display controller registers, which are described in the
following paragraphs. For additional information on the display
controller, refer to the Yamasha PCDC V6366 Application Manual.
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1. The primary set of registers are I/0 Registers that
provide a macro level interface to the concroller
logic. The primary register functions include
address, data, mode, color, status, and control/ID.

2. A secondary set of registers provide a micro level
control of display characteristiecs. The secondary
register functions include horizontal and vertical
timing, raster address, and cursor contreol.

3. The third set of registers provide expansion
functions used for controlling flat-panel (LCD or
Plasma) displays. Many of the expansion register
functions are similar to the secondary register
functions. In addition, the Expansion Funetion
registers can be preset to allow standard 6845
values to be programmed into the secondary
registers, but still have them work with the flat-
panel displays.

Display Controller Primary Registers

The following I/0 addresses, in hexadecimal (h), reference the
display controller primary registers:

Address Register

3b0h, 3D2h,

3b4h, 3D6h Controller Address Registers (write)
3b1lh, 3D3h, _

-3DSh, 3D7h Controller Data Registers (read/write)
3D8h Mode Control (read/write)

3DSh Color Select (read/write)

3DAh i Status (read only)

3DBh Light pen strobe clear (not supported)
3DCh Light pen strobe set (not supported)
3DDh Bank Address (write)

3DEh . Bank Data (write)

3DFh Control/ID (read/write)

All of the Primary registers are cleared by a system reset and
' three of the registers (Mode Contrel, Color Select, and Contrel/ID)
camnot be read unless the Read I/0 Registers (RREG) bit is set.
The RREG bit is set under normal operation. Operation of the RREG
bit is described later in this chapter (refer to Table 7-6).

The main control registers are the Mode Control Register that
determines the display operating mode, and the Color Select
register. The Color Selsct register sets up the background and
border colors and alsc selects which colors are displayed in
graphics modes. The Status register provides information about the
state of the controller.
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The Controller Address registers and Controller Data registers
provide the means of accessing the Secondary regiscers. The
Secondary register are internal to the controller. The internal
Secondary register provide the horizontal and vertical timing
characteristics and also the cursor location and characteristics
for the display.

The Bank Address and Bank Data Registers provide access to the
Expansion Function registers that are internal to the controller.
The Expansion Function registers allow alternmate values for display
operation to be stored and them quickly accessed as required.

These alternate values are then substituted for standard 6845
values contained in the Primary and Secondary registers. The
Expansion Function register values are used for operation of the
LCD and plasma flat-panel displays.

The Control/ID register controls access to the Expansion Function
registers and to certain bits of the Mode Control register. Also,
the display controller identification (ID) code can be read by this
register.

The following paragraphs provide more detailed descriptions of che
display controller primary registers

Mode Control Register (03D8h)

The Mode Control Register at 1/0 address 3D8h determines the
operating mode of the display controller. The register is cleared
by a system reset and is read only if the RREG bit is set. The
RREG bit is normally set. Operation of the RREG bit is described
later in this chapter (refer to Table 7-6). The Mode Control
register uses six of its eight bits to select the alphanumeric
(alpha) or graphics modes, screen resolution, and monochrome or
color display.

For alpha modes, the Mode Contrel Register allows selection of
either 40 or 80 characters (or columns) in each row and the maximum
of 25 rows. This provides a maximum of either 1000 or 2000
character boxes per screen page. Each character box consists of &
by 16 pixels (dots) for the internal displays or 8 by 8 pixels for
the external video display. Since only the first half of the 32k-
byte Display Buffer is used to contain alphanumeric video, the
buffer can contain up to eight screen pages in the 25 row by 40
character alpha mode. In the 25 row by 80 character alpha mode,
the buffer can contain up to four screen pages.

For graphics modes, the Mode Control Register allows the selection
of display resolution based on the number of pixels (light dots)
that can be displayed on the screen. Resolutidn is expressed in
the number of horizontal pixels (hor) multiplied by the number of
vertical (ver) pixels (hor x vert). The Mode Control register
allows selection of two resolutions in graphics mode. The two
resolutions are 320x200 and 640x200. A third graphics mode
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resolution (640x400) shares the same Mode Control register bit
pattern as the 640x200 resolution. The actual resolution is then
determined by the Graphics Mode Control (GRM2-GRMO) registar (refer
to Table 7-6).

The Mode Control Register also allows selection of monochrome or
coler display in both the alpha and graphics modes. With a
monochrome adapter, the video display would usually begin at
address BOOOOh. GRiDCase 1500 Series computers use a CGA
compatible adapter with the starting address at B8000h for all
display modes. The monochrome (black and white) modes operate in
the same way as the color modes except that the color burst signal
is not enabled.

The Mode Control Register bits and their use to program the display
controller in its various modes are as follows:

Blink Enable

High Resolution Graphics Mode
Enable Video Signal

] Monochrome Select

i | Graphics Mode Select(See Notes)

| ] | ___ High Resolution Alpharumeric Mode
|

-----

| 716 ]S 4]3}1211}10} Bit

---------------------------------

| | Display Mode

cemee 40x%25 Alphanumeric Monochrome
| 40x25 Alphanumeric Color

Not 80x25 Alphanumeric Monochrome
80x25 Alphanumeric Color

3202200 Monochrome Graphics
320x200 Color Graphices
640%200 Monochrome CGraphics

MM N
oo NN
S
IO
o prreBiee
e LS

NOTES: The 640x200 and 640x400 Graphics Modes share
the same bit patterns in the Mode Control
Register. The screen resolution is determined
by the Graphics Mode Control (GRM2-GRMO)
register (refer to Table 7-6).

The Blink Enable bit .(5) enables blinking in
alphanumeric modes.

The Monochrome Select bit (2) only affects
320x200 graphics mode and makes the blue and
green outputs both have the same value as the
least significant bit of the pixel attributes.
It has no other affect.

The Graphics Mode Select bit (1) is enabled by
the Control/ID register described later in this
chapter.



Display Subsysctenm

Color Select Register (03D%h)

The Color Select Register at I/0 address 3D9h specifies the display
border color in alpha modes or the selectable color during graphics
modes. The register can be read when the RREG bit ig set to "l."
Operation of the RREG bit is described later in this chapter (refer
to Table 7-6). Six bits of the 8-bit Color Select register are
used and all of the bits are read/write (as opposed to write-only
in the IBM PC). The functions performed by the register bits will
vary depending upon the operating mode as listed in Table 7-1.

Table 7-1. Color Select Register Functions

Alphanumeric 320=x200 High Resolution
Bit # Modes Graphics Mode Graphics Modes
Bit 7 Reserved Reserved Reserved
Bit 6 Not Used Not Used Not Used
Bit 5 Not Used Color Palette Not Used
Bit 4 Not Used Foreground Intensity Not Used
Bit 3 Border Intemsity Background Intensity Intensity
Bitc 2 Red Border Red Red
Bit 1 Green Border Green Green
Bic O

Blue Border Blue Blue

Color Select register bits O through 3 select blue, green, and red
color and intensity, respectively. In alpha modes, bits O through
3 specify the color of the border area around the outside edge of
the screen. The output of the Color Select Register is "0" during
these “"border” periocds to create a black border.

In the 320x200 graphics mode, Color Select register bits 0-3
specify the color, bit 3 specifies the background intemnsity, bit 4
specifies the foreground intensity, and bit 5 selects one of two
color palettes. Each color palette provides four preset colors.
The foreground intensity, bit 4, can be set to "1" to provide
additional colors in each palette. The Mode Control register, bit
2, is also used to select the monochrome or color mode. When Mode
Control Register bit 2 is set to "1," both color palettes display
the same colors.

Each color in the selected palette is then selected for display by
the attribute bits Cl and CO, which were previously described. The
colors selected by the attribute bits are indicated in the
following list:
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Bit 5«0  Bit S =1 Mode Bit 2 = 1
€1 c¢o Color I B G B I R G B I R G B
o0 0 Background/ 3 2 1 O 3 2 1 0 3 2 1 0
Border

0 1 Color 1 x 0 1 0 x 0 1 1 x 0 1 1
1 0 Color 2 x 1 0 0O x 1 0 1 x 1 0 0
1 1 Color 3 x 1 1 0 x 1 1 1 x 1 1 1
NOTE: The x represents Color Select Register bit 4,

which selects the foreground color intemsity.
Additional colors can be obtained by changing
the intensity.

When Cl, CO = 00 and the Border Inhibit (BINH) bit = O, the color
selected by bits 3-0 is the background and border color . If the
BINH bit is set to "1," the border is displayed in black (IRGB =
0000). For a description of the BINH bit refer to Table 7-2.

The four color bits (0-3) are set in combinations to produce the
colors listed in Table 7-2.

Table 7-2. Suzmary of Available Colors

Bit (39Dh)
COLOR

(10 o
W o

Black

Blue

Green

Cyan

Red
Magenta
Brown
Light gray
Dark gray
Light blue
Light green
Light cyan
Light red
Light magenta
Yellow
WVhite

HHEHEHOOOOHFMFHRMFPOODOO o~

HHHMHEHEHHOO0ODO0000O0 HW
HHOOMHOOHHOOKHEHOO

HOHOFHOFOFFOMMROMMOKFO

For high resolution modes (640x200, 640%x400) the each displayed
Pixel has a 1:1 correspondence with each bit of the bytes read from
display memory (SRAM). When data exists, one out the 16 possible
colors is selected for display by Color Select register bits 3-0.
If no data exits, both the display area and the border are
displayed in black (IRGB = 0000).
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Display Comtroller Status Register (03DAh)

The Controller Status Register at I/0 address 3DAh contains status
information indicating the current activity of the display
controller.

The Status register bits provide the following information:

Bit 7 Not Used

Bit 6 Not Used

Bit S Not Used

Bic 4 Not Used

Bit 3 Vsyne (Vertical syme)

Bit 2 Light pen switch (not supported - always 0)
Bic 1 Light pen strobe (not supported - always 0)
Bit O Dspen (Display Enable)

In the IBM PC, the Vsync and Dspen status bits (3 and O,
respectively) can be examined by application programs to determine
when data in the screen buffer can be updated without interfering
with the display of data on the screen. The screen buffer in the
GRiDCase 1500 Series Computer can be altered at any time without
disturbing screen data.

Controller Address and Data Registers (03D4h and 03D5Sh)

The Controller Address register (03D4h) is used to-select cne of
the Internal Secondary registers that program the controller for
the desired line widths, scan lines per character row, sync pulse
positions and widths, displayed and blanking times per line and
frame, etc. Once the Internal Secondary register is selected, the
Controller Data register (03DSh) is used to write into or read from
the selected register. The Internal Secondary registers are all
read/write buffers, and are listed in Table 7-3. Subsequent
paragraphs undsr Display Controller Secondary Registers describe
the operation of each of the Secondary register.
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Table 7-3. Display Controller Internal Secondary Registers

Secondary Registers : Default Settings (Hex)
Reg Address Alpha | |Graphics |
No. (Hex) Name | 40x25]80x25]|| 320/640]
RO o Horizontal Total | 38 | 71 || 38 |
Rl o1 Horizontal Displayed | 28 | 50 || 28 !
R2 02 Horizontal Synec Position | 2D | sa || 2D |
R3 03 Syne Pulse Width | 06 | oA || 0A |
Ré 04  Vertical Total | 1F | 1F || 7F |
RS 05 Total Raster Adjust | 06 | 06 || 06 |
R6 06 Vertical Displayed | 19 | 19 || 64 |
R7 07 Vertical Syne Position | 1€ | 1€ || 70 |
R8 08 Interlace Mode ] 02 | 02 || 02 |
R9 09  Maximum Raster Address {07 |07 || o01 |
R10 0A Cursor Start and Mode j 06 | 06 |} 06 |
R1l 0B Cursor End | 07 | 07 || 07 |
R12 oc Start Address (high) | 00 | 00 || 00 |
R13 oD Start Address (low) | 00 ] 00 i 00 |
R14 OE Cursor Address (high) | = | xx || xx ]
R15 OF Cursor Address (low) | = | =< |] xx |
R16 10 Light Pen, (high) | = | = ] xx I
R17 11 Light Pen (low) | = | x=x || xx f
NOTE: All graphics modes use the same default

settings. .

Access to the Internal Secondary registers is provided by writing
the address of the desired register to the Controller Address
register at I/0 address 3D4h. Then, data can be writtem to or read
from the specified Internal Secondary register by using OUT or IN
instructions directed to the Controller Data register at 1/0
address 3DSh. Additional Controller Address registers are located
at 1/0 addresses 3DOh, 3DZh, and 3D6h. Additional Controller Data
registers are located at I/0 addresses 3Dlh, 3D3h, and 3D7h. These
additional Address and Data registers operate in an identical
manner, but are completely separate from the previously described
Address (3D4h) and Data (3D5h) registers.

Bank Address and Bank Data Registers (03DDh and 03DEh)

The Bank Address (03DDh) and Bank Data (03DEh) Registers are write-
only registers that provide access to the Expansion Function
registers that are intermal to the controller. The Expansion
Function registers provide the control for the intermal LCD and
plasma flat-panel displays.
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The Bank Address register (03DDh) is used to select the first
address of a register bank that contains a series of Expansion
Function registers. Each time data is written to the selected
address, the Bank Address register automatically increments to the
next address in the Expansion Function register bank.

The Bank Data register (03DEh) is used to write data into the
selected Expansion Function registers. Data written into the
Expansion Function registers include a 16x16-bit color palette,
12x16-bit Color Graphics Adapter (CGA) registers, and 6845 Preset
Emulation registers for graphics and alphanumerics.

The Expansion Function registers are all read/write buffers, and
are listed in their hexadecimal (h) address sequence in Table 7-4.
Descriptions of the Expansion Function registers are provided in
subsequent paragraphs of this chapter.

Table 7-4. Display Controller Expansion Function Register Banks

Address| Data |
(Hex) | D7 | D6 | DS | D& | D3 | D2 | D1 | DO | Description
00 |l x | x | x | x | x | R |RL| RO | Color Palette 0O
01 | x ] G2 | GL | GO | x | B2 | Bl | BO | Color Palette O
02 ]l x | x | x }Jx | x | R2]|RL| RO | Color Palette 1
03 | x |62 { Gl | GO | x | B2 | BL | BO | Color Palette 1
04 | x | x | x | x | x | RR|RL| RO | Color Palette 2
0s |l x | G2 | GL ]GO | x | B2 | Bl | BO | Color Palette 2
06 ] x | x }x | x |]x | R2 | RL )| RO | Color Palette 3
07 | x | G2 |Gl | GO | x | B2 | BL | BO | Color Palette 3
08 lx | = | x | x | x | R2|]RL] RO | Color Palette 4
09 | x | G2 ]GL ]GO | x | B2 | BL! BO | Color Palette &
oA jx ] x | x | x {x | R |RLjRO| Color Palette 5
OB | *x | G2 | GL| GO | x | B2 | Bl | BO | Color Palette S
ocC ix | x | x |]x | x | RR | RL| RO | Color Palette 6
oD | x | G2} GL | GO | x | B2 | Bl | BO | Color Palette 6
OE |l x §x | x | x | x | R | RL | RO | Color Palette 7
oF | x | G2 | GL| GO | x | B2 | BL | BO | Color Palette 7
10 lx | x | x | x |x | RR|RL| RO | Color Palette 8
11 ] x | 62 ] GL ]GO | x | B2 ] Bl | BO | Color Palettre 8
12 ] x | = | x | x | x | R2| RL| RO | Color Palette 9
13 {x | G2 | Gl | GO | x | B2 | BL | BO | Color Palette 9
14 ]l x | x | x | x | x | R | RL}J RO | Color Palette 10
15 | x |62 ]Gl | GO | x | B2 | BlL | BO | Color Palette 10
16 | x | x | x | x | x | R | Rl | RO | Color Palette 11
17 Il x | G2 | Gl GO | x | B2 | Bl | BO | Color Palette 11
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Table 7-4. Display Controller Expansion Function Register
Banks (Continuad)

PR E T R LR RS ERE R L PR R R R R T E R R R R R R R R R R e

Address| Data ]

(Hex) | D7 | D6 | DS | D4 | D3 | D2 | D1 | DO | Description

18 fx | x |x | x | x | R2] RL | RO | Color Palette 12
19 j.x | G2 | Gl | GO | x | B2 | Bl | BO | Color Palette 12
1A |l x | x |]x | x | x | R|RL|RO]| Color Palette 13
1B | x | G2 |61 { GO | x | B2 | Bl | BO | Color Palette 13
1c ]l x | x | ®% | x | x | R2Z]RL | RO | Color Palette 14
1D | x | G2 | GL}| GO | x | B2 | BL | BO | Color Palette 14
1E |l x | x | | x | x | R2| RL | RO | Color Palette 15
1F ] x | G2} Gl |{GO | x | B2 | Bl | BO | Coler Palette 15
20 | Duty (DUTY) | Address 20h

21 | Horizontal Size (HSIZE) | Address 21h

22 | Vertical Adjust (VADJ) | Address 22h

23 |SCT |SCU | Horizontal Adjust (HADJ) | Address 23h

24 |MON |ULE |GRM2|GRM1|GRMO|FON2|FON1|FONC| Address 24h

25 | SYTH|HERC | SRAM|8BUS | 16CP|BINH|CLK1 |CLKO| Address 25h

26 RAG |AlS |EXP |PB1 |PBO |PAG2|PAGl|PAGO| Address 26h

27 |LS1 |1SO |IEN |EXTS|IINH|ACM {CPLE|PRE | Address 27h

28 |SWC |VST |SSY |SSCK|H/E |R/M |SCR1|SCRO| Address 28h

29 | STBY|RREG|ESIO|EH4 |EH3 |EH2 |EH1 |EHO | Address 2%h

2A |TST2]TSTL|TSTO|SS4 |SS3 |SS2 |SS1 |5S0 | Address 2Ah

2B ]COﬂ?ICONS1CONS[CONA]CONSICOH21C0811CON0| Address 2Bh

30 Horizontal Total (RO) Alpha Preset (PRE)
31 Horiz Symec Position (R2) Alpha Preset (0S)
32 Vertical Sync Position (R7) Alpha Preset (0S)

Alpha Preset (PRE)

— e — — —

|
|
33 I Sync Pulse Width (R3)
i
|
|
I

34 Vertical Total (R&4) Alpha Preset (PRE)
35 x | x | x |Total Raster Adjust (RS)| Alpha Preset (PRE)
36 x | x | x |Max Raster Address (R9) | Alpha Preset (PRE)
37 F/0 [IDSlITDSO[Cu:sor Addr Offset (CAO); Alpha Preset (0S)
38 1 Horizontsl Total (RO) jGraphicsPreset(PRE)
39 | Horiz Sync Position (R2) |GraphicsPreset (0S)
3A i Vertical Symc Position (R7) |GraphicsPreset (0S)
3B | Sync Pulse Width (R3) |GraphicsPresetc(FRE)
3c | Vertical Total (R&4) |GraphicsPreset(PRE)
3D | * | x | x |Total Raster Adjust (RS)|GraphicsPreset(PRE)
3E ] | x | = |Max Raster Address (R9) |GraphicsPreset(PRE)
3F ]458 |GDS1}GDSO|Underline Position (UP) |GraphicsPreset(PRE)
ROTES: Two registers are required for each of the 16

color palettes. Data must be written to the
even address before the odd address for each
color palette.

The "x" in any bit position indicates "don’t
care.”

7-26



Display Subsystenx

Access to the Expansion Function registers listed in Table 7-4 is
provided by first writing an 80h to the Control/ID register (03DFh)
to gain accesgs to the Bank Address and Bank Data Registers (03DDh
and O03DEh, respectively). Then, the address of the desired
Expansion Function register is written to the Controller Bank
Address register at I/0 address 3DDh. Finally, Data can be written
to or read from the specified Expansion Function register by using
OUT or IN instructions directed to the Controller Bank Data
register at 1/0 address 3DEh. Each time an Expansion Function
register is written to, the address register (3DDh) increments to
the next address. The display controller Expansion Function
registers are described in subsequent paragraphs of this chapter.

Control/ID Register (03DFh)

The Control/ID register (03DFh) controls access to the Expansion
Function registers and to certain bits of the Mode Control register
(03D8h). Alsc, the display controller idemtification (ID) code can
be read by this register. The Control/ID register is cleared by
any controller reset and the data bits read from the register are
dependent upon the state of Expansion Function register 29h, bit 6
(RREG). When RREG = 1, the control functions are read from the
Control/ID register. If RREG = 0, the ID functions are read.

Because of their relationship to functions of the IBM PC, access to
the Bank Address and Bank Data registers is inhibited by a protec-
tion feature. The protection feature requires that Pin 54 of the
V6366 Display Controller (IOSEL~) be driven low and Control/ID
register bit 7 (Protect-~) be driven high before any Expansion
Function register is selected or its contents modified. In the
GRiDCase 1500 Series computers, IOSEL~ is always low.

NOTE: The tilde symbol (-) following a signal name
indicates active low (low-true) logic.

Bit 0 of the Control/ID register is used to control access to the
Mode Control Register bit 1. Control/ID register bit 0 and Mode
Contreol register bit 1 are both driven high (logic 1) to allow all
graphics modes to be enabled.

If the Control/ID register is accessed when RREG « O, the display
controller ID code Clh is read.

Display Controller Secondary Registers

The display controller has internal Secondary registers that are
accessed via the Primary Controller Address and Data registers
(03D4h and 03D5h). The Primary Controller Address and Data
registers were previously described. The following paragraphs
describe the functions of the intermal Secondary registers. The
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internal Secondary registers are identified by their names and
controller address in hexadecimal (h), which are listed in Table 7-
3. All of the internal Secondary registers are compatible with the
6845 CRT controller used in the IBM PC.

NOTE: = To reduce momentary flickering of the screen,
avoid writing to the internal Secondary
registers during display as much as pessible.
To eliminate the need to consider timing during
register writes, set Enable Video (Mode Comtrol
Register, bit 3) to "0."

Ho:izoﬁtal Registers (00h, Olh, and O2h)

The first three Internal Secondary registers define horizontal
timing for the display. Because it starts at zero, the count in
the Horizontal Total register is one less than the total character
positions in a complete horizontal line including displayed,
blanking, and sync. The Horizontal Displayed Register gives the
number of displayed character positions in the line and the
Herizontal Sync Position register gives the starting character
position of the horizontal sync pulse.

Figure 7-5 shows the relative timing of the Horizontal registers.
The horizontal line contains n characters so that the Horizontal
Total is programmed to n-1 characters. There are j displayed
characters so that the Horizontal Displayed register is programmed
to contain j character positions. The Horizemtal Sync Position
register contains k so that the horizontal sync pulse occurs k
characters inte the line. The Sync Width register (described in
the following paragraph) controls the width of the sync pulse.

LA R TR E TR P R R Y R Y L LT TR Y PR R

|<--Hdisp1ayed->l
|<--Hsync Position-(0Zh)->|

|<--Horizontal Total-(00h)ee~v-eecccncaccaan >{
DISPEN {
! ............................
<= em>]
HSYNC | Hsynchi
-------------------------- | width }--+---"---

Figure 7-5. Horizontal Registers Relative Timing
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Syne Pulse ¥Width Register (03h)

This register is used to set the horizontal and vertical syne pulse
widths. The most significant four bits (7-4) are used to set the
vertical sync pulse width. The least significant four bits (3-0)
are used to set the horizontal sync pulse width. The bits in the
Synec Width register are defined as follows:

Bit 7 vertical 3
Bit 6 vertical 2
Bit 5 vertical 1
Bit 4 vertical 0
Bitc 3 horizontal 3
Bit 2 horizontal 2
Bit 1 horizontal 1
Bit 0 horizontal 0

The horizontal sync width is set to the number of characters to be
contained within the pulse. The number of characters is in the
range of 1-15. A horizontal value of 0 is invalid and should not
be used.

The vertical pulse widtﬁ is set to the number of scan lines to be
contained by the vertical sync pulse widcth. If the vertical value
is 0 then 16 scan lines are used.

Vertical Registers (04h - 07h) -

The Vertical Registers control the frame rate, vertical displayed
area and position of the VSYNC pulse. The Vertical Total and Total
Raster Adjust registers together determine the frame rate. The
vertical total is the number of character rows -1 that the frame
consists of. The total raster adjust is the number of extra scan
lines in the frame. Thus the total mumber of scan lines in one
frame is (vertical total) * (Max scan line + 1) + (total raster
adjust). The Vertical Displayed register is the number of
character rows that are displayed and the vertical sync positien
register contains the starting character row of the VSYNC pulse.

Figure 7-6 shows the relative timing of the Vertical registers.
The frame contains n character rows so that the vertical total is
programmed to n-1 rows. Then the Total Raster Adjust register
(0Sh) is programmed for the desired number of extra scan lines to
make up a complete frame. There are j displayed character rows so
that the vertical displayed register is programmed to contain j
character rows. The vertical sync position register contains k so
that the vertical sync pulse occurs k character rows into the line.
The Sync Width register (previously described) controls the width
of the symc pulse.
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| Row O] Row 1| | Row j| | Row k| | Row n-1| Extra Scan Lines |

|<--Vdisplayed->|
|<--Vsyne Position-(07h)->|

|<--Vertical Total-(04h)-e-vececcccacenccan- >|<-Total Raster Adj->|
.................. |
VDISPEN |
[eemceccmceccacoccnccacccnceneraccccecccnsannnana
<o o enenn >|
SYNC | Vsynch |
-------------------------- | width [=ccesceccicacececcncecenncnaas

Interlace Mode (08h)

The Interlace Mode register is ignored because interlace is not
used by the Display subsystem.

Maximum Raster Address Register (0%h)

The lower 5 bits of the Maximum Raster Address register contain the
maximue scan line address generated on the row outputs. The value
is one less than the number of scan lines per character row. For
example, for an 8 line character row, a 7 is used to obtain scan
lines 0-7 for each row. The upper three bits are ignored.

Cursor Start/Mode and End Registers (OAh and OBh)

The Cursor Start/Mode and the Cursor End registers determine the
starting and ending line of the cursor. The Cursor Start/Mode
register also contains the Mode bits (bits 6 and 5). The Mods bits
select the cursor operating mode as nonblinking, blink rate, or
nondisplayed. Bits S5 and 6 are defined in the following 1list. The
mode deceding is different from the 6845 specification for the IBM
PC. It allows the application program tec set up the cursor blink
logic as if there were a 6845 with extermal blink logie, which
requires no blink ocut of the 6845. Since the blinking is
accomplished internally, the 6845 *no-blink®” condition corresponds
to blinking at 1/16 of the frame rate, which is what the AT
generates external to the 6845.

Bit 6 5 Mode
0 0 Blink at 16-field cycles (ON:OFF ratio = 1:1)
0 1 Cursor is not displayed
1 0 Not Used
i 1 Blink at 32-field cycles (ON:OFF ratio = 1:3)
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The lower five bits of the Cursor Start/Mede register (0Ah) contain
the starting scan line of the cursor. The lower five bits of the
Cursor End register (0Bh) contain the ending scan line. To program
an underlined cursor when the Maximum Raster Address (Q%h) is 7, a
6 is programmed for the starting cursor line and a 7 is programmed
for the ending cursoer line. To get a block cursor, a 0 is
programmed for the starting cursor line and a 7 is programmed for
the ending cursor line.

The general relationship between the Cursor Start Address, Cursor
End Address, and the Maximum Raster Address is:

Cursor Start Address (CSA) is equal to or greater than 0.
Cursor End Address (CEA) is equal to or greater than CSA.
Maximum Raster Address (MRA) is equal to or greater than CEA.

If the relation ship is opposite to the standard, the cursor is
displayed as split top and bottom halves. If only CEA is greater
than MRA, the cursor is displayed at all character locations. The
cursor is not displayed if only CSA is greater than MRA.

Start Address Registers (0Ch and ODh)

The two Start Address registers contain the display address of the
character that is located in the upper left cormer of the screen.
The character display address is two times the buffer memory
address. Start Address register OCh contains the high order
portion of the character display address and the total address
consists of 14 bits. Paging and scrolling are performed by
dynamically rewriting the contents of these registers.

NOTE: The Start Address registers must be written
during the Hdisplayed and Vdisplayed portion of
the timing (see Figures 7-5 and 7-6).

Cursor Address Registers (OEh and OFh)

The two Cursor Address registers contain the display address where
the cursor is currently positioned. The cursor display address is
two times the display buffer memory address. Cursor Address
register OEh contains the high order portion of the cursor display
address and the total address consists of 14 bits.

KCTE: The Cursor Address registers must be written

during the retrace portion of the horizontal
and vertical timing.
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Light Pen Registers (10h and 1llh)

The two Light Pen registers are not used in GRiDCase 1500 Series
Computers.

Display Controller Expansion Function Registers

7-32

The display controller has internal Expansion Function registers
that are accessed via the Primary Controller Bank Address and Data
registers (03DDh and O3DEh, respectively). The Bank Address and
Bank Data registers were previously described. The following
paragraphs describe the specific operations of the Expansion
Function registers. The Expansion Function registers are
identified mainly by their intermal addresses, which are given in
hexadecimal (h), and are listed in Table 7-4.

The Expansion Function registers are arranged in four banks between
internal addresses 00h and 3Fh. Each bank of registers is used for
different display functions as follows:

1. Addresses O00h-1Fh provide a 32 register bank for 16
color palettes. Two registers make up each palette.

2. Addresses 20h-2Bh provide a 12 register bank that
controls display operations. These registers
provide discrete functions that are critical to
proper operation of the Display Subsystem

3. Addresses 30h-37h provide an eight-register bank of
preset values for display operation in alphanumeric
modes. The values preset in these registers replace
the values in equivalent Secondary registers (refer
to Table 7-3) when the preset values are required.

4. Addresses 38h-3Fh are similar to addresses 30h-37h,
except that they provide an eight-register bank of
preset values for display operation in graphics
modes. Addresses 37h and 3Fh are unique because
they provide discrete functions required for preset
cpasrations

The four Expansion Function register banks are described in more
detail in the following paragraphs.

Color Palettes (0OOh-1Fh)

The color palettes at addresses O0h through 1Fh receive the same
IRGB data as the Color Select register (03D%h) that was previously
described. Subsequent operation of the color palettes depends upon
the setting of two discrete bits in Expansion Function registers at
addresses 27h and 28h. When CPLE = 0 (27h, D1), the Color Palettes
registers do not operate and the IRGB data is output directly from
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the Color Select register. 1If CPLE = 1, the Color Palettes
registers operate as described in the following paragraphs. Also,
set SWC = 1 (28h, D7) in order to use a linear RGB monitor.
Otherwise, SWC = 0. )

Each color palette is arranged in nine bits over two address
locations. The data must be written to these addresses with the
even address followed by the odd address, and becomes valid when
the odd address is written. The nine bits over two addresses
provides a total of 16 color palettes. Three bits within each nine
bits of data are then assigned to Red, Green, and Blue to allow any
16 out of 512 colors to be displayed simultaneously on a linear RGB
monitor. On an EGA monitor, six bits of each palette are used to
provide a simultaneous display of 16 out of 64 colors. IBM Color
‘monitors can use four bits as a color lookup table, and monochrome
monitors can use five bits to set gray scaling and hatching. The
functions for each of the 16 color palettes are summarized in Table
7-5.

Table 7-5. Color Palette Bit Functions

Color Palette Linear RGB IBM Color Monochrome
Bit Number ¥onitor EGA Momitor Monitor Monitor
R2 Red 22 - - Intensicy
R1 Red 21 - - Intensity23
RO Red 20 Secondary B - Intensity22
G2 Green 22 Secondary R - Intensicy2l
Gl Green 21 - - Intensity20
GO : Green 20 Secondary G Intensity -
B2 Blue 22 Primary R Red -
Bl Blue 21 Primary G Green -
BO Blue 20 Primary B Blue -

When a monochrome display is used with Color Graphics Adapter (CGA)
programs, the colors are displayed by gray scaling and hatching
effects. Gray scaling is effective for LCD displays because of
their slow response rate. However, converting the Gray scaling to
a hatching pattern is recommended for plasma displays, electro-
luminescent (EL) displays, and monochrome CRTs because of their
faster response times. The gray scaling and hatching can be
achieved by setting the Rl, R2, Gl1, and G2 bits of the color
palectte (refer to Table 7-5). Figure 7-7 shows how the bits are
set to achieve various levels and combinations of gray scaling and
hatching.
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Also for monochrome displays, it is recommended that MON = 1 (24h,
D7) and a clear display be used (set Black as Display Off and White
as 1/1). For monochrome displays that are capable of intensicy
input, set IEN = 1 (27h, D5) to achieve good gray scaling and

hatching.

| &Y} 29 %) &1y Description

01010101 11— Display Off

: 0 ; 0 : 0 : 1 : 1771 1/6 ciay Scale

; 0 : 0 } 1 } 0 : |__|---| 2/4 Gray Scale

% 0 ; 0 i 1 { 1 ; [__|----] 3/4 Gray Scale
;oixio{og flswmaicen | 1/1 Gray Scale

i 0 ; 1 } 0 i ;| ; l-f___| 1--1___| Combination GS&H(1/2)
} 0 : 1 ; 1 : 0 ; L.-l,-u.l | Combination GS&H(1/2)
i 0 : 1 : 1 ; 1 : _f-ll-] J-ceee-s | Combination GS&H(1/2)
{ 1 ; 0 ! 0 : 0 } |_I-1  1/3 Gray Scale

i 1 { 0 i 0 : I { I_{--1  2/3 Gray Scale
h}o%x{o{ 1/3 Hatching

; 1 { 0 : I { 1 { 2/3 Hatching  NOTE: GS&H(1/2) =

| R | Gray Scale and
{1[11]0]0]| 3/1 Hatching Hatching (1/2).
11111011 32 Hacching

%1}1{1{0} 2/3 Hatching

§1{1§1{1; 1/2 Hatching

NN FE 1 ININD T NG ININD T NN
RN R AR .

3/1 Hateh 3/2 Hatch 1/3 Hatch 2/3 Hatch

Figure 7-7. Color Palette Conversion to Gray
Scaling and Hatching
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Control Function Registers (20h-2Bh, 37h, and 3Fh)

Expansion Registers 20h-2Bh are used to provide discrete control
functions that are critical to proper operation of the Display
Controller. These Control Function registers are written and read via
the Bank Address and Bank Data Registers (03DDh and O3DEh,
respectively). The Control Function registers, identified by their
Controller Addresses, are eight bits wide. However, the register at
each address may be further divided into smaller registers of one or
more bits each. Each of the individual registers is identified by icts
mnemonic in Table 7-4. Table 7-6 lists the register mmemonics
alphabetically and provides each register address, bit location(s),
and name for quick reference. For example, ACM is located at register
27h, bit D7. A more detailed description of each control Function
register is provided in the following paragraphs.

Expansion Registers 37h and 3Fh are also divided into smaller discrece
registers and their mnemonics are listed in Table 7-6 for convenience.

More detailed descriptions of registers 37h and 3Fh are contained in
subsequent paragraphs describing the Preset Register Banks.

Table 7-6. Expansion Register Control Bits

Register
Mnemonic Addr Bit Name Usage
ACM 27 D2 Consecutive Address Mode Graphics mode
AlS 26 D6 Display RAM Address 15 RAM or C/ID (3DFh)
BINH 25 D2 Inhibit Border Display Alpha or Low Res
CAOQ 4-0 37 D4-DO Cursor Address Offset Cursor Control
CIK1, 0 25 D1, DO Clock Input Pins Selects clock
CON 7-0 28 D7-DO Control Data Bits 7-0 External control
CPLE 27 D1 - Color Palette Enable Exp Regs (OOh-1Fh)
DUTY 20 D7-DO Duty Dual Screen Display
EH 4-0 29 D&-DO Enable Clock Cycle Sets Display clock
ESIO 29 D5 External Sync I/0 Selects Ext Symec
EXP 26 DS Address Expansion Selects Exp Addr
EXTS 27 D4 External Sync Mode Selects Sync Mode
FON 2-0 24 D2-DO Font Select Alpha Mode
F/0 37 D7 Fixed Cursor ~ Selects cursor
GDS 1, © 3F D6, D5 Graphics Scan Control Graphics modes
GRM 2-0 24  DS5-D3 Graphics Mode Graphics modes
HADJ 23 D5-DO Horizontal Adjust Horizontal Position
HERC 24 D6 Hercules/CGA Controls switching
H/E 28 D3 Horiz Sync Select Selects Enable Clk
HSIZE 21 D7-DO Horizontal Size Pixels per Line
IEN 27 DS Intensity Enable Monochrome Display
IINH 27 D3 Inhibit Display OFF Prevents Display
si, 0 27 D7, D6 Monochrome Data Bits Mono Data Transmit
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t‘bl. 7'6 .

Expansion Register Control Bits (Continued)

Register -

Mnemonic Addr Bit Name Usage

MON 24 D7 Monochrome Mode Coler/Mono Comverct
PAG 2-0 26 D2-DO Page Address Controls Addressing
PB 1, O 26 D4, D3 Page Mode Bits Address Byte Select
PRE - 27 DO Preset Enable Enables Preset Regs
RASG 26 D7 Raster Address 1/0 Raster I/0 Status
RREG 29 D6 Read I/0 Registers Mode Reg (03D8h)

R/M 28 D2 Raster Address Type Selects RA4 Function
SCR 1, 0 28 D1, DO Screen Type One or Two Screens
SCT 23 D7 Memory Timing Display Memory

SCu 23 D6 Cursor Blink Selects Blink Cycle
SRAM 25 D5 Select RAM Display RAM Type
SSCK 28 D& Shift Clock Cutput Selects Clock Timing
SSY 28 DS Sync Signal Polaricy Horiz/Vert Sync

SS 4-0 2A D4-DO Smooth Scrolling ' Offset

STBY 29 D7 Standby Mode Enables Standby

SWC 28 D7 Horiz Synec Width Horizontal Display
SYTH 25 D7 Sync Pulse Width Horiz/Vert Syme

T™DS§ 1, 0 37 D6, D5 Alpha Scan Control Raster Address

TST 2-0 2A  D7-DS Controller Test Must be 000 for use
ULE 24 D6 Underline Monochrome Display
UP 4-0 3F D&-DO Underline Position Dual Screen Graphics
VADJ 22 D7-DO Vertical Adjust Vertical Position
VST 28 D6 Vertical Symec Vertical Synec Timing
16C?P 25 DS CPU Bus Width Selects CPU Bus

458 3F D7 6845 Expansion Vertical Regs Expand
8BUS 25 D& Data Bus Width Selects Data Bus
Address 20h

Address 20h provides an 8-bit DUTY register for dual screen displays.
The DUTY register is set to the reciprocal of the duty wvalue that

equals the number of lines on the screen.

A similar value is set for

either of two types of dual screen displays as follows:

©  Dusl-drive type two-screen LCD that transmits data
to the top and bottom screens simultaneously.

o Single-drive type two-screen LCD that alternately
transrits one line each from the top and bottom
screens.

This régis:er is not used for one-screen panelé such as Electro-
Luminescent (EL), plasma, ete.

The duty can be any value in the range of 1/2 to 1/256.

The value

used should be greater than the total raster quantity, determined by

the Vertical Total and Maximum Raster Address.

When the selected duty
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valus is *1/D" the value written to the DUTY register is "D-1." For
example; a ducy of 1/100 requires the value 63h in the DUTY register,
and a duty of 1/200 requires a value of C7h in the DUTY register.

Address 21h

Address 21h provides an 8-bit Horizontal Size (HSIZE) register. The
register is used to set the number of pixels in a horizontal line of a
flat panel display. The number of pixels per line should be less than
the Horizontal Total value. For a dual-drive type two-screen LCD, the
quantity of pixels per line is set in the range of 4 to 1024 in
multiples of 4 (4, 8, 12, ..., 1016, 1020, 1024). With any other cype
of flat panel display, the quantity of pixels per line is set in the
range of 8 to 2048 in multiples of 8 (8, 16, 24, ..., 2036, 2040,
2048). The value written to the HSIZE register, where the quantity of
pixels per line is "n," is determined as follows:

o For dual-drive type two-screen LCD,
HSIZE = n/& (-1).
For 640 pixels, the value is 9Fh.

o For all other flat panels:
HSIZE = n/8 (-1).
For 640 pixels, the value is &4Fh.

Address 22h

Address 22h provides an 8-bit Vertical Adjust (VADJ) register. The
register is used to correct the display position in a vertical
direction. The contents of the register specify (in line units) the
number of lines between the rising edge of the Vertical Sync (VSY)
signal (Controller pin 25) and the beginning ‘line of the display.

When this register is properly set, the display position is correct
without losing any characters at the top and bottom edges of the
display. The correct value is in the range of 1-256 lines, but normal
operation is achieved only when the setting satisfies the following
equation.

n+l+ (2xD) <= Vt x HRA

Where: n = Correct value for VADJ Register (22h)
D = DUTY Register (20h) wvalue (-1)
Vt = Vertical Total Reg, R4, value (-1)
MRA = Max Raster Address Reg, R9, value (-1)
Register R4 and R9 are listed in Table 7-3.

Address 23h

Address 23h provides a 6-bit Horizontal Adjust (HADJ) register and two
single bit discrete registers (SCT and SCU). The 6-bit HADJ register
is used to correct the display position in a horizontal direction.

The contents of the register specify the number of pixels between the
rising edge of the Horizontal Symc (HSY) signal (Controller pin 24)
and the beginning of the display. When this register is properly set,
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the display position can be correctly adjusted between the right and
left edges of the display. The correct value is-in the range of 8 to
512 pixels, but normal operation is achieved only when the setting
satisfies the following equation.

2M - B/g -i>=H + HA

Where: HA « Correct value for HADJ Register (23h)
. n = Pixels per line at Address 2lh
M = Horiz Total Reg, RO, value (-1)
H = Horiz Sync Position Reg, R2, value (-1)
i = integer 12 for dual-drive two screen LCD
or integer 9 for all other flat panels
Registers RO and R2 are listed in Table 7-3.

Memory Timing Bit, SCT (23h, D7)
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SCT is a one-bit register that is cleared to "0" on a system reset,
and then set to "1" so that high-speed timing is enabled. When the
Display Controller is used with a high-speed CPU, the high-speed
timing is selected to minimize the average Wait time. To enable the
high-speed timing, SCT is set to "1."

Cursor Blink Bit, SCU (23h, D6)

SCU is a one-bit register that is cleared to "0" on a system reset.
The cursor blink cycle is normally fixed to 16 fields. If the cursor
is hard to see, such as on an LCD display with a slow response rate,
the cursor can be made to blink in 32-field cycles by setting SCU to
®"1." Vhen SCU is set to "1," it overrides the blink function set in
the Cursor Start register (R10, Table 7-3).

Address 24h

Address 24h provides four discrete registers. Two registers are one-
bit each (MON and ULE) and two registers are three-bits each (GRM2-
GRMO and FON2-FONO). The system reset state of all Address 24h
registers depends upon the state of the RA4 register (Address 26h,
D7). Wwhen the RA4G register is "0®" (CGA Mode), the Address 24h
registers are reset to 02h. 1If the RA4 register is "1" (Hercules
Mede), the Address 24h registers are reset to E3h. Each Address 24h
register is described in the following paragraphs.

Monochrome Mode Bit, MON (24h, D7)

MON is set to "1" to enable the monochrome display mode. When the
monochrome display mode is enabled, the RGB values for CGA software
are automatically converted for two color displays on monochrome.
monitors and flat panels. The intensity (I) bits for foreground and
background function independently of the RGB conversion.

Underline Bit, ULE (24h, D6)

ULE is set to "1" to emphasize text on a monochrome display.
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Graphics Mods Control, GRM2-GRMO (24h, D5-D3)

GRM2 through GRMO are used to select graphics functions in addition to
the functions that are standard to the CGA and Hercules modes. GRM2
is used to select the standard CGA graphics mode ("0") or the Hercules
mode ("1"). GRM1 and GRMO are used to select the quanctity of colors
that can be simultanecusly displayed. GRM1 and GRMO are set to select
the number of pixels used to specify colors and therefore the number
of colors available for display as follows:

ROTE: In the following list, screen resolution indicates
the quantity of horizontal pixels (640) displayed
multiplied by the gquantity of bits (1, 2, or 4)
used per pixel.

GEM Bits Screen Number of
2 q 0 Resolution Colors
0 0 0 640 x 1 2
0 0 1 640 x 2 4
0 1 0 640 x 4 16

In CGA mode (GRM2=0), the scan lines are divided into even and odd
groups, with each group entered into a separate bank of memory
addresses (two-bank mode). The even scan lines are located between
addresses 0000 and 8191, and the odd scan lines are located between
addresses 8192 and 16,384, . 1If Hercules mode is selected (GRM2=l),
data is separated into four banks (four-bank mode)as follows (see
Figure 6-4):

Bank 1 contains lines 0, &4, 8, etc.

Bank 2 contains lines 1, 5, 9, ete.

Bank 3 contains lines 2, 6, 10, etec

Bank 4 contains lines 3, 7, 11, etec.
Font Select, FON2-FONO (24h, D2-DO).
FON2-FONO are used in alphanumeric modes for selecting the number of
horizontal pixels in the character font. In the 40x25 and 80x25
Alphanumeric modes, the number of horizontal pixels can be set to 6
through 10 or any multiple of 8 (8, 16, 24, etec.). Also, vhen the
40x25 Alphamumeric mode is selected, the number of horizontal pixels

can be set to a multiple of 16 (16, 32, 48, etc.). The number of
horizontal pixels in a character font are selected as follows:
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FON Bits Number of

2 1 0 Horiz Pixels Comment

o (V] 0 6 GRMO = O

o 0 1 % ¥

o 1 o 8 s

o 1 1 9 .

1 0 © 10 GRMO = 0

i1 0 1 8xn n=any integer
1 1 0 lé6xn n=any integer

Address 25h provides seven discrete control registers. Six registers
are one-bit each (SYTH, HERC, SRAM, 8BUS, 16CP, and BINH) and one
register has two bits (CIKl and CILKO). The system reset state of all
Address 25h registers depends upon the state of the RA4 register
(Address 26h, D7). When the RA4 register is "0" (CGA Mode), the
Address 25h registers are reset to 30h. If the RA4 register is "1"
(Hercules Mode), the Address 25h registers are reset to F4h. Each
Address 25h register is described in the following paragraphs.

Sync Pulse Width, SYTH (25h, D7)

SYTH selects how to use the output of the Sync Pulse Width register
(R3, Table 7-3). With EGA and monochrome monitors, SYTH is set to "1"
for normal use of the R3 output and negative polarity. To use an IBM
color monitor, or change the polarity from negative to positive, SYTH
is set to *0."

Hercules/CGA Switching, HERC (25h, D6)

HERC allows the Display Controller to switch between CGA software
support (two-bank mode) and Hercules software support (four-bank
mode). Since CGA {s the default mode, this bit is reset to "0." For
operation in 640x400 mode, the Hercules support is used by setting
this bit to "1."

Select RAM, SRAM (25h, DS)

SRAM selects the type of devices used for Display Memory. For Static
RAM devices, SRAM is set to "1," and for Dynamic RAM devices, SRAM is
set to ®"0." At initialization and reset, the valuas of SRAM is
determined by the LTD~ signal (Controller pin 36). Since GRiDCase
1500 Series computers use Static RAM devices, this bit should be set
to *"1.°

Data Bus Width, 8BUS (25h, D&)

The 8BUS bit selects the Display Memory data bus width. For an 8-bit
data bus, 8BUS is set to "1." 1If a 16-bit data bus is used, 8BUS is
set to "0® and the data bits being accessed during a read or write
operation are determined by Address bit A0. With A0 = "0," data bits
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D7-D0 are accessed and with A0 = 1, data bits D15-D8 are accessed.
The GRiDCase 1500 Series computers use an 8-bit bus.

CPU Bus Width, 16CP (25h, D3) )

The 16CP bit selects the Display Controller CPU bus width. When an 8-
bit CPU bus is used, 1l6CP is set to "0." Setting 16CP to "1" allows a
16-bit CPU bus to be connected. When a 16-bit CPU bus is used, the
high-order bits D15-D8 (odd address bytes) are commected through an
external circuit. The GRiDCase 1500 Series computers use an 8-bit
bus. :

Inhibit Border Display, BINH (25h, D2)

BINH is used with monochrome and EGA monitors and flat panel displays
to provide a clear (black) border.

Clock Input Pins, CLK1 and CLKO (25h, D1 and DO)
CILKX1 and CLKO select the Display Subsystem clock signal input to the

Display Controller. The clock input is selected from the Display
Controller inputs X1 and X2 (pins 6 and 7, respectively) as follows:

CLK Bits
1 0 Clock Input
0 0 14.318 MHz CGA Clock (Default)
0 1 17.745 MHz 640%x400 Mode Clock -
1 x Not Used
Address 26h

Address 26h provides five discrete control registers. Three registers
are one-bit each (RA4, AlS5, and EXP), one register has two bits (PBl
and PBO), and one register has three bits (PAG2-PAGO). All of the
Address 26h registers are cleared by a system reset. Each Address 26h
register is described in the following paragraphs.

Raster Address I1/0, RA4 (26h, D7)

RA4 1s used to select either the input or cutput status of Raster
Address 4 (RA4) pin (Controller pin 68). Register RA4 is normally set
to "0" (default) and the RA4 pin is an input pin. For some flat
panels, the RA4 register is set to "1," which changes the RA4 pin to
an output pin. The output signal is called AC Conversiom Signal M.
Digsplay RAM Address 15, AlS (26h, D6)

AlS is not used by the GRiDCase 1500 Series computers.
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Address Expansion, EXP (26h, DS)

EXP selects between the IEM compatible mode and the Address Expansion
mode. For IBM Compatible mode, EXP is set to "0." If the Address
Expansion mode is used, EXP is set to "1." In the IBM compatible
mode, there are 11 or 13 bits used for addressing the Monochrome
Display Adapter (MDA) or Color Graphics Adapter (CGA), respectively.
However, the Display Controller provides a l4-bit address capabilicy.
These additional bits become available when EXP is set to "1."

Page Mode Bits, PBl and PBO (26h, D4 and D3)
PBl and PBO allow multiple pages to be used for large display
memories. The GRiDCase 1500 Series computer does not use these bits.

Page Address, PAG2-PAGl (26h, D2-DO)

PAG2 through PAGO select specific pages of display memory for display
on the screen. The GRiDCase 1500 Series computer does not use these
bies.

Address 27h

Address 27h provides seven discrete control registers. One register
has two bits (LS1 and LS0) and six registers are one-bit each (IEN,
EXTS, IINH, ACM, CPLE, and PRE). All of the Address 27h registers are
cleared by a system reset. Each Address 25h register is described in
the following paragraphs.

Monochrome Data Bits, LS1 and 1S0 (27h, D7 and Dé)

LS1 and LS2 select the quantity of bits and their method of

transaission to a monochrome monitor or flat panel as follows:

1 0 Transmission

o o 1 Bit Serial (IBM Compatible)

o 1 2 Bit Even/0dd

1 0 4 Bit Parallel

1 1 8 Bit Parallel (No Double Sequence)

-----------------------------------------------

Intensity Enable, IEN (27h, DS)

IEN is used to select gray scaling and hatching patterns for
monochrome and flat panel displays. The monochrome monitors and flat
panels are normally capable of displaying four shades of gray (half-
tones). With IEN set to "1," four additional shades are available to
choose from.
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External Sync Mode, EXIS (27h, D4)

EXTS enables extermal synchronization when it is set to "1." The
GRiDCase 1500 Series computer does not use this bit: Refer to ESIO
(2%h, D5).

Inhibit Display OFF, IINH (27h, D3)

IINH controls the Enable Video bit (bit 3) of the Mode Control
register (03D8h). If IINH is set to "1" during high-resolution
alphanumeric mode (80x25) operation, the Enable Video bit will remain
ON. The result is that the display will remain ON during screen
refresh cycles and provide a more visible screen.

Consecutive Address Mode, ACM (27h, D2)

ACM enables the selection consecutive addresses during Graphics mode
operation. The GRiDCase 1500 Series computer does not use this bit.

Color Palette Enable, CPLE (27h, D1)

CPLE 13 used to enable the color palette registers (Display Controller
Expansion registers OOh through 1Fh). Refer to Table 7-4. When CPLE
is set to "0" for a CGA monitor, the Color Palette registers are
disabled and color data is provided directly from the Color (IRGB)
Select register (03D%h). CPLE is set to "1" when the Color Palette
registers are used as a Color Lookup table for to linear RGB, EGA, or
CGA monitors. Also, CPLE is set to "1" when the Color Palette
registers are used as a Conversion Table for Gray Scaling and Hatching
in Monochrome modes.

Preset Enable, PRE (27h, DO)

PRE is used to enable the Preset Data registers (Display Controller
Expansion registers 30h through 3Fh). Refer to Table 7-4. When PRE
is set to "0," the Preset Data registers are not used and Intermal
Secondary registers RO, R2-R5, R7 and R9 are used directly (refer to
Table 7-3). 1If PRE is set to "1," the Preset Data registers are used
in place of their respective Internal Secondary register.

Address 28h

Address 28h provides seven discrete control registers. Six registers:
are one-bit each (SWC, VST, SSY, SSCK, H/E, and R/M) and one register
has two bits (SCR1 and SCRO). All of the Address 28h registers are
cleared by a system reset. Each Address 28h register is described in
the following paragraphs.

Horizontal Sync Width, SWC (28h, D7)
SWC controls the width of the Horizontal Sync Pulse (HSY, Controller

pin 24). When SWC is set to "1," the HSY pulse width is narrowed for
use by panel displays (see Figure 7-8). Also, when an RGB monitor is
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usad, both the SWC and CPLE (Address 27h, Dl1) are set to "1" to allow
all nine bits of the Color Palette to be output.

Vertical Syne, VST (28h, D§)

VST selects output timing for the Vertical Sync Pulse (VSY, Controller
pin 25). When VST is set to "0," VSY is synchronized with the falling
edge of HSY (see Figure 7-8). If VST is set to "1," VSY is
synchronized approximately 1 microsecond after the rising edge of HSY.
In general, VST = 0 is used for EL displays and VST = 1 is used for
LCD and Plasma displays.

Syne Signal Polarity, SSY (28h, DS)

SSY selects the polarity of the Horizontal and Vertical Sync pulses
(HSY and VSY at Controller pins 24 and 25, respectively) for flat
panel displays. For EL and plasma displays, SSY is set to *"0" to
provide a positive polarity pulse. SSY is set to "1" to provide a
negative polarity pulse for LCD displays (see Figure 7-8).

Shift Clock Output, SSCK (28h, D&4)

SSCK selects the Shift Clock Qutput. For EL displays, SSCK is set to
*"1" to provide a constant cutput clock. Generally, all other flat
panel displays require an output clock only during horizontal display
time. Then, SSCK is set to "0" (see Figure 7-8). '

Horizontal Synmc Select, H/E (28h, D3)

H/E is used to select the signal that is output on the Horizontal Sync
pin (HSY, Controller pin 24). When H/E is set to "0," the horizontcal
sync signal for a CRT is output. With H/E set to "1," the Enable
Clock (ECK) signal for an LCD display is output (see Figure 7-8).

Raster Address Type, R/M (28h, D2)

R/M is used to select the signal that is output on the Raster Address
4 pin (RA4, Controller pin 68). When R/M is set to "0,"” Raster
Address RA4 is output. With R/M set to "1," a signal called AC
Conversion Signal M is output for LCD displays. In either case,
before pin RA4 will function as an output pin, register RA4 (Address
26, D7) must be set to "1.%
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1. The following mmemonics represent Expansion Register
Control Bits: EH4-EHO, HADJ, H/E, HSIZE, SSCK, SSY,
SWC, VADJ, VST. For register locations of these bits,
refer to Table 7-6.

2. The Horizontal (HSY) and Vertical (VSY) Synchronization
are provided at Controller I/0 pins 24 and 25, respect-
ively. The inverted version of the same signals are
indicated by a tilde after the mnemonic (HSY-, VS¥=-).

3. The following signals, internal to the Controller, are
shown for referemce only: ECK, FLM, HSY-, LC, SCK, and
VSY~.

Figure 7-8. Horizontal and Vertical Symchronization
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Screen Type, SCl and SCO (28h, Dl and DO)

SC1 and SCO provide a two-bit buffer for selecting the type_of display
screen as follows:

SC Bits

1 0 Screen Type

0 0 ©No Gray Scale or Hatching

0 1 One-Screen Flat Panel (EL, Plasma, etc.)
1 0 Dual-drive type Two-screen LCD

1 1 Single-drive type Two-screen LCD

........... LR R R R R R R R RN RS R R A I I IR

Address 29%

Address 29h provides four discrete control registers. Three registers
are one-bit each (STBY, RREG, and ESIO) and one register has four bits
(EH3 - EHO). All of the Address 2%9h registers are cleared by a system
reset. Each Address 29%h register is described in the following
paragraphs.

Standby Mode, STBY (2%h, D7)

STBY is used to conserve power. The Standby mode is enabled by
setting STBY to "1." 1In Standby mode, the internal clock stops and
most Display Controller circuits cease operation. To cancel the
Standby mode, the Enable Video bit (bit 3 of the Mode Comtrol
register, 03D8h), is first set to "0." Setting the Enable Video bit
to "0®" sets the Display Status to OFF. With the Display status set to
OFF, the STBY bit is set te *0." Then, after an interval of twe
vertical scans to allow the intermal circuits- to stabilize, set the
Enable Video bit to "0.® Read and write operations with the I/0
registers can be performed while the Display Controller is in Standby
mode.

Read 1/0 Registers, RREG (29h, D6)

BREG controls the operation of three Primary registers. The Mode
Control register (03D8h), the Color Select register (03D9%), and the
Control/ID register (03DFh). The’Mode Control and Color Select
registers camnot be read until RREG is set to "1."

The type of data read from the Control/ID register (03DFh) is
dependent upon the state of RREG. When RREG = 1, the control
functions are read from the Control/ID register. If the Control/ID

register is accessed when RREG = 0, the Display Controller ID code Clh
is read.

External Syne I/0, ESIO (29h, DS)
ESIO works with EXTS (27h, D4) to set the inmput/output status for the

External Synchronization (ESY~) pin (Controller pinm 26). The GRiDCase
1500 Series computer does not use either of these bits.
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Enable Clock Cycle, EH4-EHO (2%h, D4&-DO)

EH4 - EHO set the cycle for the Enable Clock signal (ECK) for LCD
display drivers and also change the phase of the Color Burst Clock
signal for use with a CRT. The following paragraphs describe the
operations of EH4 - EHO.

Internal to the Display Controller, when W/E is set to "1," an ECK
signal is output during the first half cycle of the LC signal (see
Figure 7-8). Subsequently, another ECK signal is output each time the
Shift Clock (SCK) count is one greater than the value contained in
EH4-EHO. For example, Figure 7-8 shows EH4-EHO set to "3," and a
subsequent ECK pulse is output on every forth SCK.

For operation with a CRT, the intermal clock signals can be halted in
order to change the phase of the Color Burst Clock signal for
composite use as required by each line. Halting the intermal clock
signals will lengthen the horizontal scan cycle time by an equivalent
amount.

When the Master Clock frequency is 14.318 MHz, the Enable Clock Cycle
lines EH1 and EHO are set to control the phase of the Color Burst
Clock signal as follows:

EH1 EHO Phase Change
o 0 No Change
o 1 90 Degree Change
1 0 180 Degree Change
1 1 270 Degree Change

ce s e s cscssscseesessessesseesaae

Address 2Ah provides two discrete control registers. One register has
three bits (TST2 -TSTO) and the other register has five bits (S§S4 -
SS0). Both of the Address 2Ah registers are cleared by a system
reset. Each Address 2Ah register is described in the following
paragraphs.

Controller Test, TST2-TSTO (2Ah, D7-DS)

TST2-TSTO are used for testing the Display Controller and cannot be
used for normal operation. If any of the bits are set to "1,” normal
operations cannot be performed.

Smooth Scrolling, S54-SSO (2Ah, D4-DO)

SS4 - SSO can be set to a maximum raster offset value in the same
range as the Maximum Raster Address Register R9 (refer to Table 7-3).
If the offset value exceeds the address range, abnormal operation will
occur. The value set in SS4 - SSO causes the display to shift upward
by some quantity of lines. Any lines that overflow the top of the
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screen are not displayed. To perform smooth scrolling, the offsec
value is increased sequentially from zero, to the quantity of rasters
forming the font. When the offset value reaches the Maximum Raster
Address, line scrolling is performed by the Start Address registers
(refer to Table 7-3) and the offset value is reset to zero.

Address 2Bh

Address 2Bh provides an 8-bit Control Data register. The contents of
the register are output on the display data lines (D0-D7) near the
rising edge of the Vertical Synchronization (VSY) signal (Controller
pin 25). When the register is latched on the rising edge of VSY, its
contents can be used for external control switching such as monitor,
Font ROM, etc. A scrambled display may occur if this function is used
when the rising edge of VSY occurs during the vertical display time.
Register 2Bh is cleared by a system reset.

Preset Data Registers (30h-3Fh)

Expansion Registers 30h-3Fh are used to provide preset values for
display operations when nonstandard combinations of software and
monitors are used with the Display Controller. Nonstandard
combinations of software and monitors include CGA (color) software
with a black and white monitor or CGA software with enhanced
resolution (640x400 pixel) monitors. Both of these nonstandard
combinations occur with the flat panel displays that are internal to
the GRiDCase 1500 Series computers. With the nonstandard combinations
it is necessary to convert horizontal and vertical values to new
values that match the needs of the flat-panel display that is being
used. The Preset Data registers are loaded and selected to provide
the required comversion values.

Also, different horizontal and vertical values are needed when the
display switches between alphanumeric and graphics modes. To provide
for these differences, the Preset Data registers are divided into two
banks. The bank that contains registers 30h through 37h are used for
preset alphanumeric display values, and the bank that contains
registers 38h through 3Fh are used for preset graphics display values
(refer to Table 7-4).

When each bank is loaded with its preset values, and PRE (27h, DO) is
set to "1," the preset values replace the values contained in the
equivalent Secondary Registers. The equivalent Secondary Registers
are indicated by the register number (Rn) following the name of the
Preset Data register and the Secondary Registers are also listed
separately in Table 7-3.

The Alphanumeric Preset registers are always loaded with values for
the high resolution mode (80x25). The values loaded are automatically
halved for use in low resolution (40x25) mode.
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When standard combinations of software and monitors are being used,
the preset registers are not required and PRE (27h, DO) is set to "0."
Standard combinations of software and monitors include CGA software
and the IBM color monitor or Hercules type software and an IBM
monochrome monitor.

The Preset Data registers are identified by their Display Controller
address and the operation of each register i{s described in the
following paragraphs. Iwo discrete control registers (37h and 3Fh)
are included with the Preset Data registers. The mnemonics for the
discrete control registers are listed alphabetically for reference in
Table 7-6 and the register operations are also described in the
following paragraphs.

‘Addresses 30h apd 38h

Addresses 30h and 38h provide Preset Data registers for the Horizontal
Total value to replace the value in Secondary Register RO. The
parameters for setting 30h and 38h are identical to those used for
setting RO.

Addregses 31h and 39h

Addresses 31h and 39h provide Preset Data Registers for Horizontal
Sync Position Offset. In Preset Mode, the value in 31h or 3%h is
added to the value in Secondary Register R2. The offset value must be
expressed in two's complement and can be set in the range of -128 to
+127. 1If no offset value is required, the value of -31h and 3%h is set
to 00h. Also, if the offset value causes an overflow, the Horizontal
Sync Position is considered to be 00h.

Addresses 32h and 3Ah

Addresses 32h and 3Ah provide Preset Data Registers for Vertical Symc
Position Offset. 1In Preset Mode, the value in 32h or 3Ah is added to
the value in Secondary Register R7. The offset value must be
expressed in two’'s complement and can be set in the range of -128 to
+127. WVhen a negative offset value is used, bit 455 (3Fh, D7) must be
set to "1." Otherwise, a "1" is not written into the offset value
MSB. If no offset value is required, the value of 32h and 3Ah is set

to 00h. Also, if the offset value causes an overflow, the Vertical
Syne Position is considered to be 0Oh.

Addresses 33h and 3Bh

Addresses 13h and 3Bh provide Preset Data registers for the Sync Pulse
Width value to replace the value in Secondary Register R3. The
parameters for setting 33h and 3Bh are identical to those used for
setting R3. In Preset Mode, the operation of 33h and 3Bh is
equivalent to bit 458 (3Fh, D7) being set to "1" regardless of how 4585
is actually set.
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Addresses J4h and 3Ch

Addresses 3l4h and 3Ch provide Preset Data registers for the Vertical
Total value to replace the value in Secondary Register R4. The
parameters for setting 34h and 3Ch are identical to those used for
setting R4.

Addresses 35h and 3Dh

Addresses 35h and 3Dh provide Preset Data registers for the Total
Raster Adjust value to replace the value in Secondary Register RS.

The parameters for setting 35h and 3Dh are identical to those used for
setting RS. The Total Raster Adjust value loaded into 35h or 3Dh
requires only five bits, therefore, bits D7-D5 are not used.

Addresses 36h gnd 3JEh

Addresses 36h and 3Eh provide Preset Data registers for the Maximum
Raster Address value to replace the value in Secondary Register RS.
The parameters for setting 36h and 3Eh are identical to those used for
setting R9. The Maximum Raster Address value loaded into 36h or 3Eh
requires only five bits, therefore, bits D7-D5 are not used.

These registers enable the use of different fonts that may be more
suitable to & particular monitor. For example, when the CGA software

provides a font of 8x8 pixels, a 9x14 pixel font can be displayed on a.

monochrome monitor if the register (36h) contents are set to 0Dh.

Address 27h

Address 37h provides three discrete control registers. One register
has one bit (F/0), one register has two bits (TDS1l and TDSO), and the
third register has five bits (CAO4 - CAQ0O). All of the Address 37h
registers are cleared by a systea reset. Each Address 37h register is
described in the following paragraphs.

Fixed Cursor, F/0 (37h, D7)

F/O controls the position of the cursor with respect to the displayed
characters. If F/0 is set to "0," the cursor position depends upon
the software setting for the Cursor Start and End registers (Secondary
Registers R10 and R1l). When F/0 is set to "1," the cursor position
is fixed in relation to the Maximum Raster Address (Address 36h). The
Maximum Raster Address is offset for the cursor position by the value
contained In Cursor Address Offset bits (37h, D4-D0). Fixing the
cursor position. in some cases, prevents the cursor from being
displayed over or in the center of the characters.

Alpha Scan Control, TDS1 and TDSO (37A, D6 and DS)

TDS1 and TDSO are used in Alphanumeric modes to control the double
scan features. CGA software for a a 640x200 pixel resolution is based
on a font with eight vertical pixels. A choice of two methods must be
considered if the CCA software is operated with monochrome or EGA
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monitor having 350 vertical display lines or with any display that has
a 640x%400 resolution. The first method to consider is preparing a
separate font and then setting the Maximum Raster Address (Secondary
Register RS) to a value suitable to the monitor.

The second method to consider is using the TDS1 and TIDSO bits to
perform double scan control of the CGA rasters. The monochrome or EGA
monitor uses a 1.75 x CGA scan for a double scan. A monitor with
640%400 resolution uses a 2 x CGA scan for a double scan. TDS1 and
TDSO select the desired scan as follows:

1l 0 Scan Factor

------ L R R L E R R R R R PR E R R R R A REEE R RN ERS

0 None Provides consecutive CGA scan lines.
0 1 1.5x Double scans all even scan lines.
Ten CGA scan lines become 15 scan lines.

1 0 1.75x Double scans all even scan lines and
ever other odd scan line. Ten CGA
scan lines become 17 scan lines.

1 1 2x Double scans all scan lines. Ten CGA

scan lines become 20 scan lines.

LR R R N R R R X R R R R R I e

Cursor Address Offset, CA04-CAQO0 (37h, D4-DO)

CAO4 - CAOO are used to set the cursor position in relation to the
displayed characters. Whenever a nonstandard combination of software
and monitor is used, the possibility exists that the cursor will not
be properly positioned in relation to the characters. If this occurs,
CAC4 - CAO0 are loaded with the two’s complement of an offset value to
correct the cursor position. The offset value must be determined in
relation to the valus contained in the Maximum Raster Address register
(Address 36h). The range of the Cursor Address Offset is from -16 to
+15. If an offset is not required, CA04-CAO0 are set to Oh, which is
the default or reset value. Also, if an overflow occurs because of
the offset, the offset value is corrected to Oh. The Cursor Address
Offset value is enabled when the F/0 bit (37h, D7) is set to "1."

Address 3Fh

Address 3Fh provides three discrete control registers. One register
has one bit (45S), one register has two bits (GDS1 and GDS0O), and the
third register has five bits (UP4 - UPO). On system reset, the
Address 3Fh register is set to OCh. Each Address 37h register is
described in the following paragraphs.

6845 Expansion, 458 (3Fh, D7)
458 controls writing to the Most Significant Bit (MSB) of all the
vertical direction registers. When 455 is set to "1," writing is

enabled to the MSB of the Vertical Total, Vertical Displayed, and
Vertical Sync Position registers (Secondary Registers R4, R6, and R7,
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respectively) and also to Preset Data registers at Addresses 32h, 34h,
3Ah, and 3Ch. Writing to the MSB allows negative values to be written
to the registers. If 455 is set to "0," a zero is always written to
the MSB of the same registers, which allows the Display Controller to
execute IBM software. In Preset Mode, the Preset Data registers
always operate as if 455 is set to "1" regardless of how the bit is
actually set.

Graphics Scan Control, GDS1 and GDSO (3Fh, D6 and DS)

GDS1 and GDSO are used in Graphics modes to control the double scan
features similar to the way TDS1 and TDSO (37h, D6 and D5) are used to
control double scan features in Alphnumeric modes. Since the maximum
raster quantity for CGA graphics software is two, double scan is
performed in two-line cycles, which regard the maximum raster quantity
as equivalent to four. Therefore, the double scan increases the
raster quantity by the factor determined by the value of GDS1 and
GDSO.

When CGA software for a 640x200 pixel resolution is used in graphics
mode with a monochrome monitor, a 1.5x double scan is required. When
an EGA monitor is used, a 1.75x double scan is required, and a monitor
with 640x400 pixel resolution requires a 2x double scan. GDS1 and
GDSO select the required double scan as follows:

GDS .

1 0 Scan Factor .
v} 0 None No increase in CGA scan lines.

0 1 1.5x 200 lines increases to 300 lines

1 0 1.75x 200 lines increases to 350 lines

1 1 2z 200 lines increases to 400 lines

Underline Position, UP4-UPO (3Fh, D&-DO)

UP4 - UPO are used in slphanumeéric modes with the underline bit ULE
(24h, D§) to control the position of the underline with respect to
displayed characters. TFor a monochrome monitor, the default underline
position following a system reset is Ch. For an IBM color monitor the
underline position is 7h, and for a monitor with 640x400 pixel
resolution the underline position is Eh. If the value in UP4-UPO is
greater than the Maximum Raster Address (36h or 3Eh), no underline is
displayed.

For characters that are specified to have a blue background (Lower 3
bits of the attribute byte are 001), an underline equivalent to one
raster is displayed. In double scan mode, a two-raster underline may
be displayed, depending upon the Maximum Raster Address.
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URSUPPORTED AND ADDED OPERATIONS

Most of the modes of the IBM AT color card are supported by the
GRiDCase 1500 Series Computer Display subsystem. The following
operating modes of the IBM color card are not supported:

1. The low resolution 160x200 Graphics mode is NOT

‘ SUPPORTED. The IBM AT documentation makes no mention
of how to use the 160x200 Graphics mode and the IBM
ROM-BIOS does not support it. The GRiDCase 1500 Series
Computer hardware architecture is very similar to the
IBM AT. Therefore, any applications that use the
160x200 Graphics mode, and are designed to run on the
IBM AT, should not experience diffieculty running on the
GRiDCase 1500 Series Computer.

2. Interlace modes of the 6845. IBM does not use
interlace mode on either of their display boards.
Also, when the interlace sync mode is selected on the
color card with the IBM color monitor the display
appears to vibrate.

The Yamaha V6366 Display Controller emulates all of the features and
functions found in the 6845 Display Controller used by the IBM AT. 1In
addition the V6366 provides Preset Data registers for switching
between different software and monitor combinations. Additional
registers are also supplied for up to 16 color palettes and discrete
control functions.

EXTERNAL MONITOR CONNECTOR PIN DEFINITIORS

A CGA-compatible video monitor can be commected to the GRiDCase 1500
Series Computer. The commection is made through the 9-pin,
subminiature, "D" shell female receptacle on the back panel of the
computer. The Video Output commector pin layout is shown in Figure 7-
9 and the pin definitions are given in Table 7-7.

An EGA or CGA video monitor can also be supported through an opticnal
interface module that connects to the computer through the expansion
bus interface. The expansion bus interface is described in Chapter
12.
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Figure 7-9. Video Output Connector Pin Layout

Table 7-7. Video Output Connector Pin Definitioms

Pin

Number

O 00~ OB W

Signal
Nams

Signal Ground
Signal Ground
Red

Green

Blue
Intensicy
Reserved

Horizontal Synec

Vertical Syme



CHAPTER 8: KEYBOARD SUBSYSTEM

The GRiDCase 1500 Series computer provides a full-size, 72-key
keyboard that emulates all 84-keys of the IBM AT keyboard by using
a combination of the "Fn" key and other specially labeled keys.

All key combinations required to emulate the AT keyboard are
labeled using easy-to-follow color codes. For example, on the Fn
key, the letters "Fn" are in blue to indicate that this key is used
wicth other keys that are also labeled in blue. The Fn key is-
pressed in conjunction with the other keys labeled in blue to
emulate the IBM AT operation keys (NmLk, Pause, ...) The standard
keyboard cperation keys (Shift, Cplk, Returm, ...) are labeled in
yellow, and the keypad number keys activated by NmLk are labeled in
rad. All of the standard keyboard letter and number keys, and
function keys Fl through F10, are labeled in white. The keystrokes
and key-stroke combinations required to emulate the IBM AT keyboard
are listed at the end of this chapter.

The keyboard controller is a version of the Intel 8042/8742
Universal Peripheral Interface (UPI-42). The UPI-42 contains an 8-
bit microcontroller, 2048 x 8-bit ROM, 256 x 8-bit RAM, dual I/0
ports, a timer/counter, and a clock with an extermal 10 MHz crystal
control. Operation of the UPI-42 is controlled through two 1/0
registers (60h and 64h). Figure 8-1 provides a block diagram of
the keyboard subsystesm.

ROTE: Throughout this chapter, nusbers given in
hexadecimal notation have a letter "h® suffix.

10 My
L/A Xam CUX 0asTa
| Uinsseres
PargReTel
Cam 70
U
OR, 10W. Test & (TOV x > 1 Extema
ADO2 [‘l: Test 1 (TH) - 2 Connector
VO ADD 2
Cutput
B0, 84n Port 2 Enatie
ot
Port 1 Select {}
= AN oo
\f { _Koe2 x13 N | Scanvoeme Buln
Cata, ang
Corers )

Figure 8-1. Keyboard Subsystea Block Diagram
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In addition to the buillt-in keyboard, the Keyboard Subsystem
Supports an externally connected IBM AT compatible 84-key keyboard,
an IBM AT compatible enhanced keyboard with 101/102 keys, or an
external keypad for numbers and mathematic functions. The external
keyboard or keypad is connected via a 5-pin DIN type receptacle
that is located on the back panel of the GRiDCase 1500 Series
computer. The descriptions in this chapter apply to the built-in
keyboard unless otherwise specified.

Programs interface to the Keyboard Subsystem via the interrupt
handler and service routine provided by the ROM-BIOS.
Functionally, the keyboard implementation through ROM-BIOS is
identical to the IBM AT keyboard. Also, custom keyboard routines
can be implemented by accessing the keyboard controller directly
through its dedicated I/0 registers.

KEYBOARD CONTROLLER HARDWARE

2.2

Communication betwesn the 80286/80386 Microprocessor and the builc-
in keyboard is handled by the 8042/8742 Universal Peripheral
Interface (UPI-42) that is used as a microcontroller-based keyboard
controller. The keyboard is a passive array of normally open
svitches. The keyboard controller scans the switch array and
provides the means to encode and debounce the keys. The keyboard
controller also provides the 2-key rollover and 3-key lockout
features. Therefore, if two keys are depressed simultaneously, the
codas for both keys are returned, but if 3 keys are depressed
simultaneously, no cods is returned. The 3-key lockout does not
apply to the Right Shift, Left Shift, Alt/Code, Ctrl, and FPn keys.
The keyboard controller communicates with the 80286,/80386
Microprocessor through its three-state, 8-bit, bidirectional data
bus buffer. :

The keyboard controller scans the built-in keyboard for keystrokes
or receives serial data from an external keyboard. When the
keyboard controller senses a keystroke in the built-in keyboard, it
debounces the keystroke and then acts as a keyboard emulator to
generate the appropriate keyboard scan code. If the PC-compatible
bit is set (Table 8-2), the controller translates the keyboard scan
code into a system scan code. In either case, the scan code that
results from depressing a key on the built-in keyboard is presented
to the microprocessor as a byte of data in the output buffer of the
controller.

If a keystroke is sent from an external keyboard, the keyboard
controller receives a keyboard scan code in the form of serial data
and checks the parity of the data. If the PC-compatible bit is set
(Table 8-2), the controller translates the keyboard scan code into
a system scan code. In either case, the scan code that results
from depressing a key on the external keyboard is presented to the
microprocessor as a byte of data in the same output buffer of the
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controller that is used for the built-in keyboard. There is no way
for the microprocessor to tell if the keystroke came from the
built-in keyboard or the external keyboard. 3
The keyboard controller interrupts the microprocessor when data is
placed in its output buffer. With data in its output buffer, the
keyboard controller generates an Output Buffer Full (OBF) signal.
The OBF signal is sent to the microprocessor as an interrupt
request (IRQLl), which initiates ROM-BIOS interrupt INT 0%h. The
ROM-BIOS provides a l6-character keyboard buffer and a service
routine that converts the system scan code into the appropriate
ASCII code for use by the display and printer. A status register
in the keyboard controller contains data bits that indicate if an
error was detected while sending or receiving data.

Command bytes are sent to the keyboard by writing to its input
buffer over the same 8-bit data bus that was used to output data.
The keyboard is required to acknowledge all data transmissions.
The command bytes are described later in this chapter.

RECEIVING DATA FROM THE EXTERNAL KEYBOARD

Scan

The external keyboard sends data in a serial format using an 11-bit
frame. The first bit is a start bit, and is followed by eight data
bits, an odd parity bit, and a stop bit. Data bits are
synchronized by a clock pulse supplied by the external keyboard.
The data is placed in a 16 byte First-In First-Out (FIFO) buffer.
The controller takes the next appropriate byte from the FIFO,
places the byte in its output buffer, and then continues with its
normal operation. The controller does not put another byte in its
output buffer until the previous byte was accepted by the micro-
processor.

If the byte of data is received with a parity error, a Resend
Coumand is automatically sent to the external keyboard. If the
keyboard controller is unable te receive the data correctly, an Ffh
is placed in its output buffer, and the parity bit in the status
register is set to "1," indicating a receive parity error. The
keyboard controller times out if a keyboard transmission does not
end within 2 milliseconds. 1If a time-out occurs, an FFh is placed
in the output buffer of the keyboard controller, and the receive
time-out bit in the status register is set to *"1." No retries are
attempted on a receive time-out error.

Code Translation

Keyboard scan codes are generated by the extermal keyboard when any
key is pressed or released. A 16-byte first-in first-out (FIFO)
buffer stores the keyboard scan codes until the keyboard controller

is ready to receive them. If more than 16 bytes of data accumulacte
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in the keyboard buffer, the 17th byte is an overrun code and all
additional bytes are lost.

The external keyboard scan codes received from the keyboard buffer
are placed in the output buffer of the keyboard controller unless
the PC-compatible bit (Table 8-2) is sert. If the PC-compatible bit
is setr, the keyboard scan codes are translated into system scan
codes before being placed in the output buffer of the keyboard
controller. When the output buffer is loaded, the Output Buffer
Full (OBF} flag is set, which generates an interrupt request
(IRQl). 1IRQlL initiates ROM-BIOS interrupt INT 0%h to the
microprocessor. Each key or combination of keys that is pressed
generates a different keyboard scan code and results in a byte of
data being sent to the microprocessor.

SERDING DATA TO THE EXTERNAL KEYBOARD

. Data bits are sent from the keyboard controller to the external

keyboard in the same serial format used to receive data from the
keyboard. A parity bit is inserted by the keyboard controller.
The keyboard must start clocking data from the keyboard controller
within 15 milliseconds, and complete clocking within 2
milliseconds, or a time-out error occurs. A time-out error while

" sending data causes code FEh to be placed in the output buffer of

the keyboard controller, and the transmit time-out error bit in the
status register is set to "1." No retries are attempted by the
keyboard controller for any transaission error.

Inhibit Functiom

The GRiDCase 1500 Series computer does not use the keyboard inhibic
switch (input port 60h, bit 7). However, the keyboard can be
disabled by a keyboard command (ADh) and reenabled by a second
keyboard command (AEh) Knyboa:d comaands are described later in
this chapter.

Keyboard Controller Interface
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The keyboard controller communicates with the microprocessor
through two separate registers. One register serves as a Status
register and Input Buffer, while the second register serves as an
Input and Qutput Buffer. These registers are accessed via the
microprocessor I/0 addresses 60h and 64h, as described in
subsequent paragraphs.
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ROM-BIOS SERVICE ROUTINE

The keyboard {nterrupt handler and service routine functions
provided by ROM-BIOS are summarized in the following list and
described in the subsequent paragraphs. The ROM-BIOS also provides
a l6-character buffer for characters from the keyboard.

Interrupt Function
(Hex) No. (AH reg) Description

09 -- Keyboard hardware interrupt (IRQl)

16 00 Read next character from the keyboard

16 01 Test for a character from the keyboard

16 02 Read shift status from the keyboard

lé 05 Place ASCII Character and Scan Code in
keyboard Buffer as if a key was pressed.

16 10 Extended Read for Enhanced Keyboard

16 i1 Extended ASCII Status for Enhanced
Keyboard

16 12 Read Extended Shift Status Register for

Enhanced Keyboard

NOTE: Throughout this chapter the term "enhanced
keyboard® refers to an IBM AT compatible,
101/102-key keyboard commected through the
external keyboard commector. The term
"external keyboard" refers to any externally
comnected AT compatible standard 84-key or
enhanced keyboard.

ROM-BIOS Service Routine Descriptions

The keyboard interrupt service routine uses the 80286/80386
Microprocessor accumulator (AX). The 1l6-bit AX accumulator is
separated into two -8-bit registers, which are designated AH (high
8-bits) and AL (low 8-bits). All of the service routine functions
can change the contents of AX and the microprocessor Flag regis-
ters. However, the contents of all other registers are unchanged.
The microprocessor Zerc (Z) flag is used in some routines to
indicate the results of operations.

When a keyboard key is depressed or released, the keyboard
controller receives the keystroke information from the built-in
keyboard, or it receives the equivalent scan code in the form of
serial data from the extermal keyboard. By placing the byte of
data in its output buffer, the keyboard controller initiates an
interrupt request. The keyboard interrupt request (IRQl) is issued
by the keyboard controller when its Cutput Buffer Full (OBF) flag
is set to "1." 1IRQl is sent to the microprocessor interrupt
controller (Part of the F3010 Peripheral Controller), which causes
the hardware interrupt (0%h) to invoke the ROM-BIOS keyboard
interrupt routine.
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During each hardware interrupt (0%h) from the keyboard the ROM-BIOS
gensrates an intsrrupt 15h with the AH register set to 4Fh, which
initiates the keyboard interrupt handler. The keystroke input is
then passed as a system level scan code to the AL register with the
carry flag set to "1." This operation allows an application
program to intercept each system level scan code prior to its being
handled by the INT 09h interrupt service routine. During the
intercept operation, the application program may modify or
disregard the scan code. On exit from interrupt 15h, if the carry
flag is set to "0," the scan code is ignored by the keyboard
interrupt handler.

The ROM-BIOS interrupt routine (INT 09h) then translates the system
level scan code of the depressed or released key into an extended
ASCII code. The ROM-BIOS uses software interrupt 16h to handle the
operations specified by the extended ASCII code.

Extended ASCII code supports one-byte character codes, with values
from 0 to 255. It also supports code for some extended keyboard
functions and functions handled within the keyboard ROM-BICS
routine and interrupts.

The software interrupt (16h) routine supports the following
functions:

AH = 00h Resd Next Charscter from the Keyboard

On Exit: -
AH = Scan Code
AL = ASCII character

AR = O0lh Test for a Character from the Keyboard

On Exic:
Zero Flag = 1 No code is available
Zero Flag = 0 Keyboard code available
AH = Next svailable scan code
AL = Next available ASCII character

AH = 02h Read Current Shift Status from Keyboard

on Exie:
AL = Ksyboard shiftr status
When set to "1," the AL register bits indicate:
0 = Right Shift key depressed
1 = Laft Shift key depressed
= Ctrl key depressed
= Alt key depressed
= Scroll Lock (Secrlk) active
= Number Lock (Rmlk) active
= Caps Lock (Cplk) active
= Insert (Ins) key active

NoOWM e WwN



AH = 05

On Entry:

Keyboard Subsystem

Place ASCII Character and Keystroke input {n Keyboard
Buffer as if the key was pressed

CH = Scan Code

CL -

On Exit:

ASCII Character

AL = 00h Successful operation

AL = 0lh Unsuccessful operation (Buffer Full)
Carry Flag = 1 if error

AH = 10h
AH = 11h

On Exit:
Zero
Zero
AB-
AL =

AH = 12h
On Exit:

AL =
WVhen

AH =
Vhen

Extended Read for Enhanced Keyboard

Extended ASCII Status for Enhanced Keyboard

Flag = 1 No code is available
Flag = 0 Keyboard code available
Next available scan code

Next available ASCII character

Read Extended Shift Status for Enhanced Keyboard

Keyboard shift status

set to "1," the AL register bits indicate:
0 = Right Shift key depressed -
1l = Left Shift key depressed

= Ctrl key depressed

= Alt kay depressed

= Scroll Lock (Secrlk) active

= Number Lock (Nmlk) active

= Caps Lock (Cplk) active

7 = Insert (Ins) key active

Extended Shift Status

set to "1," the AH register bits indicace:
= Left Ctrl key depressed

Left Alt key depressed

Right Ctrl key depressed

Right Alt key depressed

Scroll Lock (Scrlk) depressed

Number Lock (Nmlk) depressed

Caps Lock (Cplk) depressed

System Request (Sys Req) depressed

[V IR o V)
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Extended ASCII Characters

An extended ASCII code is required whenever the character bheing
entered from the keyboard is not represented by a standard ASCII
code character. When an extended ASCII code is used, a character
code of 000 (null) is returned in the AL register. The AL register
contents provide a flag for the operating system and application
programs. When the 000 character code is read, the program must
examine a second code, which is the actual code for the function to
be performed. Generally, the second code is the scan code of the
function to be performed.

Shift Cperations

8-8

The keyboard subsystem supports seven types of shift operations
that are activated by depressing one or more keys. When a shifc
operation is activated, it causes another set of functions to be
performed by depressing associated keys. The six types of shift
operations are:

Shife .

. Function (Fn)
Control (Ctrl)
Alternate (Alt)
Caps Lock (Cplk)

. Scroll Loek (Serlk)
Number Lock (Nmlk)

.

NOWm P W

Shift operations are generally handled within the ROM-BIOS and are
not apparent to the operating systeam or application program. The

current status of the active shift operations can be determined at
anytime via the appropriate ROM-BIOS service routine function.

Several combinations of shift operations are used to provide
special operations. These combinations are described in subsequent
paragraphs under special operations. The following paragraphs
describe the shift operations.

Shifc

The right and left Shift keys (yellow marking) are depressed and
held to change the scan code produced by depressing any letter,
mumber, or symbol key on the standard keyboard (white marking).
The effect is to change the number and symbol keys from lower case
to upper case. That is, the symbol shown on the upper portion of
the key cap is generated instead of the number or symbol shown on
the lower portion of the key cap. Also, the letter keys change
case depending upon the state of the Caps Lock (Cplk key)
operation. If Cplk (yellow marking) is toggled ON, depressing
Shift and any letter key produces a lower case letter. When Cplk
is toggled OFF, depressing the Shift key and any letter key
produces an upper case letter.
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Punetion (Fn)

The n key is unique to the built-in keyboard of GRID Systems
computers. Its operation is similar to a Ctrl key in that the Fn
key is depressed and held while depressing a second associated key
to activate a desired operation. Both shift operations and special
operations are activated through use of the Fn key. The Fn key is
marked in blue and operations activated via the Pn are also marked
in blue as an aid to identification. Activating operations via the
Fn key allows the operations to be overlaid on other keys, which
reduces the total number of keys required on the built-in keyboard
without reducing the number of operations available.

Control (Ctrl)

The Ctrl key (yellow marking) is depressed and held while
depressing a specified mumber and letter key (white marking). The
effect is to generate a scan code that is used to control
operations. The number or letter keys used with the Ctrl key, and
the resulting operation may be defined by either the operating
system or by an application program.

Alternate Control (Alt)

The Alt key (yellow marking) works in a similar manner to the Ctrl
key, and thereby generates an alternate, or second, set of scan .
codes used to control operations within an application progranm.

Caps Loeck (Cplk)

The Cplk key (yellow marking) provides an ON/OFF toggle operation
that controls the scan codes produced by depressing any letter key
(vhite marking). When the Cplk operation is ON, depressing the
letter keys produces scan codes for capital letters. If the Cplk
operation is OFF, depressing the letter keys produces lower case
letters. Depressing the Shift key reverses the operation selected
by the Cplk key. The number and symbol keys are not affected by
the Cplk operation.

Seroll Lock (Sezlk)

The Scrlk key (blue marking) provides an operation that is toggled
ON and OFF by holding down the Fn key and then depressing the
letter S key. The ROM-BIOS keyboard service routine keeps a flag
to indicate whether the Scrlk operation is toggled ON or OFF. An
application program can use the resulting scan code to control
scrolling operations on the display screen.
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Number Lock (Nalk)

The Hmlk key (blue marking) provides an operation that is toggled
ON and OFF by holding down the Fn key and then depressing the
lectter N key. The Nmlk key operation is handled by the ROM-BIOS
and the keyboard controller. If the Nmlk operation is ON, the
keypad internal to the keyboard (red numbers) is activated via the
keyboard controller. Depressing the number keys then results in
generating scan codes for the numbers. If the Bmlk operatrion is
OFF, the normal operations of the keypad keys (numbers and letters)
are performed. However, the keypad can be temporarily activated by
just holding down the Fn key and then pressing a keyboard key.
Also, the MS-DOS command MODE NUMPAD={QFF|ON) can be used to active
or deactivate the built-in keyboard number pad.

When the GRiD Systems Model 34160 Externmal Keypad is connected, it
also deactivates the keypad imbedded in the built-in keyboard (red
mumbers). If the external keypad is connected and Nmlk is active,
depressing the keypad keys will generate letter scan code instead
of mumber scan codes.

Special Operations

The keyboard subsystem also supports nine types of special
operations that are activated by depressing a key or a combination
of several keys. Each special operation and the key or key-
combination used to invoke it is unique. The special operations
are generally handled within the ROM-BIOS keyboard routine and are
not apparent to the operating system or application program. The
nine types of special operations are:

1. System Reset
2; Break

3. Pause

4, Print Screen
5. Echo

6. Systea Regusst
7. Display :

8. Color Map
9. Processor Speed

Combinations of the Alt, Ctrl, and Shift keys are used to initiate
some special operations. If the combination being used is not
recognized by the keyboard interrupt routine, only one of the keys
may be recognized depending upon the following priority: Alt is
the highest, Ctrl is next, and Shift is the lowest.

The built-in keyboard has the special operations overlaid on the
letter keys. These special operations become active when the Fn
key is depressed and held while depressing the associated letter
key. This method of overlaying special operations on the letters
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keys reduces the total number of keys required on the built-in
keyboard. The special operations overlaid on the letter keys
include Break, Pause, PrtSc, and Echo.

Systsm Reset

A system reset is initiated by depressing and holding the Alt and
Ctrl keys and then pressing the Del key. This combination of keys
is recognized by the ROM-BIOS as a system reset., A system reset
results in returning the entire computer to a known initialized
state. A system reset operation may cause a loss of data if
performed while a program is running or when data or pointers are
contained in system registers.

Break

A Break operation is initiated by depressing and holding the Fn key
while depressing the letter B key. This key combination is
recognized by the ROM-BIOS as a user initiated interrupt equivalent
to depressing the Ctrl and Break keys on the IBM keyboard. The
operating system interprets this as a command to clear the keyboard
buffer and the insert a Ctrl-C in the buffer.

Pause

The Pause operation is initiated by depressing and holding the Fn
key while depressing the letter Q key. This key combination is
recognized by the ROM-BIOS as a command to temporarily suspend an
operation such as scrolling or printing. ¢©nce the operation is
suspended, it will resume operation when any character key is
depressed. The Pause is handled by the ROM-BIOS and is not
apparent to either the operating systea or application program, and
the keystroks used to resume operation after a Pause is discarded.

Print Scresen (PrtSc)

The Print Scresn (PrtSc) operation is initiated by depressing and
holding the Fn key while depressing the letter W key. This key
combination is recognized by the ROM-BIOS as a command to print the
contents of the display screen.

When the ROM-BIOS receives a Print Screen command, interrupt O5H
invokes a service routine that first saves the current cursor
position so that it can be restored at completion of the operatiom.
Next, the printer status is checked for on-line, not busy, and
paper available. Then, if no errors are detected, the contents of
the screen are output to the printer. Finally, the cursor is
restored to its previous position on the screen. If subsequent
Print Screen commands are issued while one is being performed, the
subsequent commands are ignored.
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The status of the print screen operation is contained at location
50:00h as follows:

Contents Remarks
0 Indicates a succesasful print screen
operatien or that no operation was called.
1 Print screen operation is im progress.
Ignore any subsequent Print Screen
commands .

Echo

The Echo operation is initiated by depressing and holding the Fn
key while depressing the letter E key. This key combination is
recognized by the ROM-BIOS as an extended ASCII code 72h, which
acts as an ON/OFF toggle. When the Echo operation is ON,
characters sent to the display screen are also sent to the printer.
The Echo operation is turned OFF when the same keys are pressed a
second time.

If the Echo operation is ON and no printer is recognized,
depressing a key can cause the system to hang. When the key is
pressed, the system detects that a printer is not present, and
after it times out, an error message is written toc the display.
Each character of the error message is also sent to the printer.
This, in turn, causes another error message to be sent to the
display. The result is an endless loop that prevents other
operations from being performed. If the systea hangs, a system
reset is required to reinitialize the mtu, and dn:a in the
registers will be lost.

System Raguest (Sys Regq)
The System Request operation is initiated by depressing the Sys Req

‘kay. Depressing the Sys Req key is recognized by the ROM-BIOS as a

specisl operation command. The special operation initiates an
interrupt 15h with 8500h in the microprocessor AX register. When
the Sys Req key is released, the ROM-BIOS generates interrupt 15h
with 8501h in the microprocessor AX register.

If an spplication program uses Sys Req to initialize a particular
process, it must provide the following operations:

1. Save the previous address.

2. Overlay interrupt vector 15h with a new interrupt
routine.

3. Preserve the values in all microprocessor registers
except AX using the new interrupt routine.
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4. Check register AH for the value 85h.
If yes, the process may begin.
If no, return to address saved in Step 1.

S. Complete the process and return to the address saved
in Step 1.

NOTE: The Display, Color Map, and Processor Speed are
: special operations unique to GRiD Systems

computers. These operations are provided in
the ROM-BI0OS to provide operating flexibilicy.
The same operations are available through the
MS-DOS MODE command and through the ROM
Subsystem Functions for interrupt 15h (refer to
Chapter 3).

If an application program takes over the
keyboard interrupt service routine, the key
combinations used for special operations may
not be interpreted correctly.

Display

The Display operation is initiated by depressing and holding the
Ctrl and Alt keys while depressing the Tab key. This key
combination is recognized by the ROM-BIOS as a toggle command to
switch the video output between the built-in display and an
external display commected through the video output connector.
Each time the key combination is depressed, the video output is
switched between the two display devices.

Color Map

The color map operation is initiated by depressing and holding the
Ctrl and Alt keys while depressing the Fn and (right arrow) keys.
This key combination is recognized by the ROM-BIOS as a command to
inerement through the six color mapping modes. A similar command
is implemented by depressing and holding the Ctrl and Alt keys
while depressing the Fn and (left arrow) keys. This second command
decrements the six color mapping modes. The color map index is
stored at absolute address 40:A7h.

Processor Speed

The processor speed operation is initiated by depressing and
holding the Ctrl and Alt keys while depressing the Fn and (down
arrow) keys. This key combination is recognized by the ROM-BIOS as
a command to change the microprocessor speed from high to low. The
lov processor speed is 5 MHz for the Model 1520 and 6.5 MHz for the
Model 1530. A similar command is implemented by depressing and
holding the Ctrl and Alt keys while depressing the Pn and (up
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arrow) keys. This second command changes the microprocessor speed
from low to high. The high processor speed is 10 Mhz for the Model
1520 and 12.5 Mhz for the Model 1530.

DIRECT KEYBOARD ACCESS

The 80286/80386 microprocessor communicates with the keyboard
controller through two bidirectional I/0 registers and a series of
keyboard controller commands. The keyboard controller then
communicates with the built-in keyboard via two 8-bit parallel
ports and a series of keyboard commands. For the built-in
keyboard, scan and sense lines are connected to the two 8-bit

. parallel ports, and the controller uses these lines to detect

keystrokes and send keyboard control signals. The controller
emulates the keyboard operation by generating the appropriate
keyboard scan codes and interpreting the keyboard commands. Except
for the keystroke data, the controller emulates all other activicty
of the built-in keyboard.

To communicate with an external keyboard, the keyboard controller
uses its two test ports, TESTO and TEST1, to send and receive
serial data. The TESTO port supports the keyboard clock (KCLX)
line and the TEST1 port supports the keyboard data (KDATA) line.
Since the external keyboard provides its own data buffers and scan
code generator, the data transferred between it and the keyboard
controller is always in serial format. The transferred data
includes the keyboard commands and responses as well as keystrokes.

The keyboard controller I/0 registers that interface with the
microprocessor are described in the following paragraphs.
Descriptions of the keyboard controller ports that interface with
the keyboards are provided following the I/0 register descriptions.

I/0 Registers
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The kasyboard controller communicates with the microprocessor
through two bidirectional I/0 registers. The 1/0 register
addresses, names, and the register uses are given in the following
list. Descriptions of the register are provided in the following
paragraphs.

1/0 Register
Address Rame Use
60h Read Keyboard Output Keyboard Response Codes,
© system scan codes, data, etc,
60h Write Keyboard Input Keyboard Commands and Data
64h Write Controller Input Keyboard Controller Commands
64h Read Keyboard Status Keyboard Subsystem Status
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To provide the necessary communications, the keyboard controller
supports two types of commands that use the I/0 registers as
follows:

1. Keyboard Controller commands are output from the
microprocessor through the Controller Input register
(64h, Write). These commands may require additional
data, which is supplied by writing to the Keyboard
Input Buffer (60h Write).

2. Keyboard commands are output from the microprocessor
through the Keyboard Input Buffer (60h, Write). The
Keyboard Status register (64h, Read) provides a
Command/Data bit (bit 3) that is cleared when a
keyboard command is written. Responses to Keyboard
commands are returned through the Keyboard Output
Buffer (60h, Read).

Keyboard Output Buffer (60h, Read)

The Keyboard Output buffer is an 8-bit output register that is
located at I/0 address 60h. The output buffer is used to send
data, in the form of system scan codes from the keyboard controller
to the microprocessor. Rasponses to keyboard commands are alse
sent through the same output buffer. Before reading the ocutput
buffer, the microprocessor should check that the Output Buffer Full
(OBF) flag (Status register, 64h, Read, bit 0) is set to "1."

The keystroke data sent to the microprocessor is in the form of
scan codes. Either of two scan codes sets can be used depending
upon the state of the IBM PC Compatibility bit (Keyboard Controller
Command byte, bit 6) as follows:

Bit 6 Mode Selected Scan Code Set
0 Not Compatible Keyboard Scan Code set
1 ~ IBM PC Compatible System Scan Code set

The scan code sets are described in subsequent paragraphs under Key
Definitions. '

Keyboard Input Buffer (60h, Write)

The Keyboard Input buffer is an 8-bit input register that is
located at I/0 address 60h. In order to write to the input buffer,
the Input Buffer Full (IBF) flag (Status register, 64h, Read, bit
1) must be cleared to indicate that the input buffer is not full.
Unless the Controller Input register (64h, Write) is wrictten firsrc,
writing to I/0 address 60h clears the command/data flag (Status
register 64h, Read, bit 3). Clearing the command/data flag
indicates that the byte in register 60h is a keyboard command.
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When the Controller Input register (64h) is writtem first, a
subsequent byte written to address 60h is interpreted as keyboard
controller data that must accompany a keyboard controller command.

Since the controller also emulates keyboard operations for the
built-in keyboard, it interprets both the keyboard commands and the
keyboard controller commands and sends the appropriate signals on
to the keyboard as required to enable the scan and sense lines.

The keyboard controller also generates responses to the keyboard
commands and sends the responses to the microprocessor.

The same keyboard commands are sent directly to extermal keyboard
if one is connected to the subsystem. The extarnal keyboard
interprets the keyboard commands and generates the appropriate
responses, which are returned to the keyboard controller.

Controller Input Register (64h, Write)

The Controller Input register is an 8-bit buffer that is located at
1/0 address 64h. Writing to I/0 address 64h sets the command/data
flag (Status register 64h, Read, bit 3) to indicate that a keyboard
controller command is being written. Subsequent bytes written to
the Keyboard Input Buffer (60h) are then interpreted as data to
accompany the keyboard controller command. The keyboard controller
commands written to I/0 address 64h are listed in Table 8-1.

Table 8-1. Keyboard Controller Commands

R Y L P R R R R R L R L L R R RN R TR R R R TR R R et

20 Read Command Places the keyboard controller command
Byte byte in the Keyboard Output Buffer (60h,
Read). The keyboard controller command
byte is defined in Table 8-2.

60 Write Command Writes the keyboard controller command
Byte byte as the next byte of data in the
Keyboard Input Buffer (60h, Write). The
keyboard controller command byte is
defined in Table 8-2.

AA Self-Test Initiates a keyboard controller intermal
diagnostic and if successfully completed,
it places 55h in the Output Buffer (60h).
If not successful, FFh is placed in the
Output Buffer.
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Table 8-1. Keyboard Contreller Commands (Continued)

ceseccsssssseensssseessenaa I I R R L s

Command
(Hex)

Command Name

Definition

L R I R el I I L

AC

co

D1

EO

FO-FF

Interface
Test

Diagnostic
Dump

Disable
Keyboard

Enable
Keyboard

Read Input
Port

Read Output
Port

Write Output
Port

Initiates a test of the keyboard clock and
data lines. The test results, placed in
the Output Buffer (60h), are as follows:.

Hex Error

00 No Error Detected

01 Clock line stuck low
02 Clock line stuck high
03 Data line stuck low
04 Data line stuck high
Reserved

Sets bit 4 of the keyboard controller
comuand byte, which inhibits inpur from
the external keyboard and stops scamning
of the built-in keyboard. Refer to Table
8-2.

Clears bit 4 of the keyboard controller
command byte. See command ADh.

Transfers data from the keyboard input
port to the Output Buffer (60h). Use
only when the Output Buffer is empty.

Transfers data from the keyboard output
port to the Output Buffer (60h). Use
only when the Cutput Buffer is empty.

Transfers the next byte of data written
in the Input Buffer (60h) to the keyboard
output port.

ROTE: Bit 0 of the output port is connected to
systes reset. Therefore, writing a 0 to
this bit causes a microprocessor reset.

Read Test
Inputs

Pulse Qutput
Port

Transfers data from lines TO and Tl into
the Output Buffer (60h). Output buffer
bit O represents TO and bit 1 represents
T1.

Pulses the selected bits of the output
port. Bits 0 through 3 of this command
are used to select bits 0 through 2,

respectively of the output port. If a
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Table 8-1. Keyboard Controller Commands (Continued)

-------

Command

(Hex)

-------

BOTE:

oA

09

o8

07

- .-

...................... L R R I et B A N

Command Name Definition )
bit of this command {s set to "0," the
respective bit of the ourput port is
‘pulsed low for approximately 6 microsec-
onds. When a bit in this command is sat
to *"1," the respective bit of the output
port is not pulsed.
Bit 0 of the output port is commected to system
reset. Therefore, writing a 0 tec this bic
causes a microprocessor resst.
The following keyboard controller commands are
unique to the GRiDCase 1500 Series computers.
Input Trans- Changes the keyboard scan codes. Follow- -

lation Codes ing the translate command (0Ah), two bytes
are written to the Output Buffer (60h).
The first byte written is the original
scan code. Then, a replacement scan code
is written. When the original scan code
key is subsequently depressed, the cont-
roller generates the replacement scan
code. Refer to the following paragraphs
on Key Translation.

Set Backlight Sets the mmber of minutes that the

Time Cut ‘keyboard can remain inactive before the
display backlight is turmed OFF. This
function is also controlled by the MODE
comiand and by a BIOS Subsystem Function.
Refer to Chapter 7.

Keyboard Cont- Rsturns the date in two bytes as follows:
roller Version Byte 1 = mimddddd
Byte 2 = yyyyyyym
Where: n is the month (1-12), d is the
day (1-31), and y is the year (0-128, with
0=1980 and 8=1988).

Disable Numpad Disables the number pad (red numbers) on
the built-in keyboard. If the number pad
is disabled and Bmlk is activated the
built-in numpad keys return letters instead
of numbers.

Enable Numpad Enables the number pad (red numbers) on
the built-in keyboard.

W DS SRS NSRS PSR RA R AT Y P RERE T TCTTeRTe TR eR SRS ES S e
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Table 8-2. Keyboard Controller Command Byts Bit Definitions

secosenscarsessscesssseassan

Bit Rame

7 Reserved

6 Compatibility

5 Mode

4 Disable
Keyboard

3 Inhibit
Override

2 System Flag

1 Reserved

o Enable Output
Buffer Full
(OBF)
Interrupt

coeasesceeas L L

Key Translation

D .k X e R R L L e,

Should be written as 0.

IBM PC compatibility mode. When set to
*1," the keyboard scan codes are translat-
ed into system scan codes, which are IBM
PC compatible. Also, the 2-byte break
sequence is converted to the l-byte IBM
PC format. If the bit is cleared (0),

no conversion occurs and the keyboard scan
codes are sent to the microprocessor.
Refer to the following paragraphs on Key
Definitions.

Not used.
When set to "1," the keyboard interface is

disabled by driving the Clock signal line
low. The keyboard controller then stops

. scanning the built-in keybeoard and

communication with the external keyboard is
inhibited. Bit 4 must be cleared to enable
the keyboard.

This bit is always set to "1l" because the
inhibit function is not supported.

The value written to this bit is placed in
the Status register (64h, Read) bit 2.

Should be written as 0.
When set to "1," OBF is enabled to generate

an interrupt when the output buffer (60h)
contains data.

B L L T R R R R R R X i

Key translation is a feature of the GRiDCase 1500 Series computers.
This feature allows the default keystroke data (scan code) to be
changed to a different value. This has the effect of moving
frequently used keys to a more convenient location on the keyboard.
Although the location where a key will be recognized can swapped to
other locations on the keyboard, it is seldom desirable to swap
more than one or two key locations. For example; the Escape (Esc)
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key function may be moved to the location of the Caps Lock (Cplk)
key and vice versa. The physical location of the keys remains the
same, only the scan codes are changed so that pressing the Esc key
causes the caps lock action and pressing the Cplk key causes the

Escape action. This capability is used by intermational keyboards.

NOTE: The scan codes used for the key translation
feature are not the system scan codes
.recognized by the ROM-BIOS. The scan codes
used for key translation are generated as a
result of keystrokes and are referred to as
keyboard scan codes. Refer to the following
paragraphs on Key Definitions.

In-addition to swapping the locations where keys are recognized,
the key translation feature can be used to disable a key or to
reenable a key that was previously disabled. The key translation
feature uses the Controller Input register by writing an OAh
command to address 64h. Next, the current or original scan code is
output to the Input Buffer (60h). Then, the desired scan code is
output to the Keyboard Input Buffer (60h). The command syntax is
as follows:

OAh Translate Key Command
xxh  Current scan cods
yyh Desired scan code

The current scan code refers to the keyboard scan code originally
assigned to the key as listed in Table 8-5, or the scan code
currently assigned to the key if the key was previously translated.

The desired scan code refers to the keyboard scan code to be
generated by depressing the same key after the translatiom is
complete. The desired scan code must be selected from the keyboard
scan codes listed in Table 8-5.

The keyboard status and input/output buffers must be checked when
sending data. Therefore, the following protocol is necessary to
successfully complete the translation operation.

1. WVait until the keyboard controller is ready for
inpuct.

2. Send command 0Ah to address 64h.

3. VWait until the keyboard controller is ready for
input.

4. Send the current keyboard scan code to address
60h.

5. Wait until the keyboard controller is ready for
input.
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6. Send desired keyboard scan code to address 60h.

7. Wait until the keyboard controller is ready for
input. ‘

Restrictions:

The following keys cannot be translated:

1

Four special operation keys camnot be translated to
other keys because they return two keyboard scan
codes. The four special operations are:

Bresk
Echo
Pause
PreSe

These four special operations are overlaid on letter
keys b, e, q, and v. The letters are translatable
to other keys, but the operations specified by
depressing the same keys after depressing the Fn key
are not translatable.

The imbedded numeric keypad (red numbers) are not
translatable. The function and number keys are:

Funection Bumber (red) -

Fan +
Fn +
Fn +
Fn +
Fa +
Fn +
Fa +
Fn +
Fn +
Fn +

BHE“O e OO~
CWN OO

Scan codes for the usual number and letter
cperations of the keypad keys (white numbers and
letters) are translatable. However, to translate
the usual scan code without affecting the mumber pad
capability, add 80h to the desired scan code.

The Left Shift, Right Shift, Alt, and Fn keys cannot
be translated.
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Examples:

For the following examples, thers are two types of keyboard
operations on the built-in keyboard. The two types are called
"defined" and "undefined.” Defined operations are assigned a
unique scan code that is generated by depressing a key or
combination of keys. Typical defined operations ocecur by
depressing any letter key, a letter and shift key combination, or
Zepressing the Ctrl key and a letter key combination. An undefined
operation is a key or key combination that does not have a scan
code currently assigned. Only GRiD computer function (Fn) key
sequences can be undefined. To define an undefined function key
sequence, the value 80h must be added to the desired scan code.
The following examples show how key translation is used swap the
scan codes in defined and undefined operations.

1. To swap two defined keyboard operations such as Cplk
and Cerl:

a. locate the keyboard scan codes for CpLk (58h)
and Ctrl (14h) in Table 8-5.

b. Enter the translate commands for either scan
code (this example selects Cplk first).

OAh Translats Key Command
14h Ctrl scan code ‘ :
58h Cplk scan code

At this point, depressing the Ctrl key or the
Cplk key will return a Cplk scan cods.

c. Enter the translate commands for the other scan
code (in this case the Ctrl scan code).

OAh Translate Key Command
58h Cplk scan cods
14h Ctrl scan code

At this point, depressing the Ctrl key returns
ths Cplk scan code and depressing the CpLk key
returns the Ctrl scan code.

2. To dissble a previously defined function (Fm) such
as the "[" (left bracket) key:

a. Locate the keyboard scan code for the "["
character (S4h) in Table 8-5.
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4.

NOTE:

Keyboard Subsystem

Enter the translate commands to disable the
scan code for *{."

0Ah Translate Key Command
S4h "[" scan code
00h Entering 00h disables the scan code

The scan code for "{" is not output when the Fn
and *," (comma) keys are depressed.

To output the "=" scan code when the "([" key is
depressad:

a.

Locate the keyboard scan code for the "=" (55h)
and *[* (54h) characters in Table 8-5.

Enter the translate commands to swap the "="
scan code for the "[" scan cods.

0Ah Translate Key Command
S54h "[" scan code
55h "=" scan code

The "=" scan code is now output when the Fn and
0¥ kays are depressed.

To overlay a previously undefined function over a
defined letter key:

Thigs example causes the "/" (virgule) scan code
(4Ah) to be output when the function (Fn) and
letter "d” keys are depressed. The normal
operation of the "d* key is not affected.

Locate the keyboard scan codes for the letter
*d" key (23h) and the */" character (4Ah) in
Table 8-5.

Enter the translate commands to overlay an
undefined function on the letter "4d" key.

0Ah Translate Key Command

23h Letter D scan code

CAh The value for an undefined operation (8Ch)
is added to the scan code vazlus for the "/"
character (4Ah).

When the function (Fn) and letter "d" keys are
depressed, scan code 4Ah (/) will be output.
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S. To define a function (Fn) that previocusly was
undafined:

NOTE: This example causes the "]" (right bracker)
scan code (5Bh) to be output when the funmction
(Fn) and letter "d™ keys are depressed. The
normal operation of the "d" key is not

affecced.

a. Locate the keyboard scan code for the letter
"d" key (23h) and the "]" character (5Bh) in
Table 8-5.

b. Enter the translate commands to overlay an
undefined function on the letter "d" key.

OAh Translate Key Command

23h Latter D scan code

BDh The value for an undefined operation (80h)
is added to the scan code value for the "]"
character (5Bh).

When the function (Fm) and letter "d" keys are
dapressed, scan code SBh (]) will be output.

Status Register (64h, Read) _
The Status register is an 8-bit buffer that is located at 1/0
address 64h. The Status register provides information about the
state of the keyboard subsystem, and may be read at any time. The
bit definitions for the Status register are as follows:

Bit Bit Name Definition

7 Paricy . A "0" indicates odd parity on the last
byte received. A "1" indicates even
parity on the last byte received. The
external keyboard always sends odd parity.

6 Receive Time-Out A "1" indicates that the keyboard control-
ler began receiving data, but the keyboard
did not complete the operation within the
time programmed for a receive time-out.

5 Transmit Time-Out A "1" indicates that the keyboard control-
ler began sending data, but the keyboard
did not complete the operation within the
time programmed for a transmit time-out.
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NOTE:

4

3

2

1

0

Keyboard Subsystem

Bit Name Definition

If a transmit byte was clocked out but a
response was not received within the time-out
limit, both the transmit and receive time-out
bits are set to "1." If the transmit byte was
clocked ocut but the response was received with
a parity error, the transmit time out and
parity error bits are both set to "1."

Inhibit Switch This bit indicates the state of the
inhibit switch. For the GRiDCase 1500
Series computer, this bit is always set to
®1." which indicates that the keyboard is
not inhibited.

Command/Data The keyboard controller input buffers are
addressed by either I/0 address 60h or
64h. Address 60h is a keyboard data and
command port while address 64h is a
keyboard controller command and status -
port. Writing to address 60h clears this
bit to "0." Writing to address 64h sets
this bit to "1.® The keyboard controller
uses this bit to determine if the byte in
its Input Buffer is a data byte or a
command byte.

System Flag The keyboard controller clears this bit to
*0® following a successful Power-Om
Self-Test (POST). The bit is monitored by
the microprocessor during a reset opera-
tion. The bit value can be changed by
writing to the systea flag bit in the key-
board controller command byte. Refer to
Table 8-2.

Input Buffer Full A "1" indicates that the data in its Input
Buffer (60h) has not been read by the
keyboard controller. When the buffer is
read this bit is set to "0."

Output Buffer Full A "1® indicates that the Output Buffer
(60h) is full but the data has not been
read by the microprocesser. When the
microprocessor reads the output buffer,
this bit is get to "0."

The Output Buffer Full (OBF) bit is used
to generate the system interrupt (0%h)
that indicates to the BIOS that a key has
been pressed.
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Keyboard Ports

8-26

For communication between the keyboard controller and the built-in
keyboard, the keyboard controller provides two 8-bit parallel
ports. One port is used for input to the keyboard from the
keyboard controller. The other port i{s for output from the
keyboard te the keyboard controller. Both ports provide discrete
signals for control and status information in addition to the scan
and sense lines used to transfer keystroke information. Keystroke
information received from the built-in keyboard is converted by the
keyboard controller into keyboard scan codes. Then, if the IBM PC
Compatibility mode is selected (refer to Table 8-2), the contreller
converts the keyboard scan codes into system scan codes, which are
recognized by the ROM-BIOS.

The external keyboard or keypad, if comnected, inputs its keyboard
data. (KDATA) and keyboard clock (KCLK) signals to the keyboard
controller. The KDATA signal is connected to the TEST1 input and
KCIX is connected to the TESTO input. All data and control
information passed through the TESTO and TEST1l inputs is in a
serial data format as previously described. For each keystroke on
the external keyboard or keypad, the keyboard controller receives
an appropriate keyboard scan code. Then, if the IBM PC Compati-
bility mode is selected (refer to Table 8-2), the controller
converts the keyboard scan codes into system scan codes, which are
recognized by the ROM-BIOS.

There is no way for the ROM-BIOS to tell whether the system scan
code was gensrated as a result of depressing a key on the built-in
keyboard or as a result of a keyboard scan code from the extermal
keyboard or keypad. The following paragraphs describe the I/0
Ports and Test Inputs.

Input Port

The built-in keyboard input port bits 0 through 7 are assigned to
Port 1 (pins 27 through 34, respectively) omn the keyboard
controller. The input port bit definitions are given in the
following list. '

Input Port Mask

Pin|Bit|Desig| Bit Definition

34 7 P17 1 Enable Scan Lines: O = OFF, 1 = ON

33 & P16 0 Display type (Always 0)

32 5 P15 1 Backlight: O = OFF, 1 = ON

31 4 Pl4 1 Scanlatch: 0 = Scan Line 1, 1 = Enable

Sense Lines

30 3 P13 - Scan/Sense Line K13, Bit 3

29 2 P12 - Scan/Sense Line K102, Bit 2

28 1 P11 - Scan/Sense Line K101, Bit 1

27 0 PFl0 - Scan/Sense Line K100, Bit O
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Qutput Port

The built-in keyboard output port bits 0 through.7 are assigned to
Port 2 (pins 21 through P24 and 35 through 38, respectively) on the
keybosrd controller. The output port bit definitions are given in
the following list.

Output Port 1

Pin|Bit|Desig| Definition

38 7 P27 External Data (KDATA) Enable: 0 = OFF, 1 = ON
37 6 P26 External Clock (KCIX) Enable: 0 = ON, 1 « OFF
36 5 P25 Input Buffer Full (Not Used)

35 4 P24 Keyboard Interrupt IRQl (via OBF)

26 3 P23 Control Sense 1

23 2 P22 Control Sense O

22 1 P21 Keyboard Controller Gate Address (A20GT)

21 0 P20 System Reset

External Keyboard or Keypad

The external keyboard or keypad is connected to the keyboard
controller through its Test Input pins as follows:

Pin 1 TESTO (TO) External Keyboard Cleck (KCIK)
Pin 39 TEST1 (T1) External Keyboard Data (KDATA)

Keybocard Commands/Responses

Keyboard commands are sent from the microprocessor to the keyboard
controller and keyboard responses are sent from the keyboard
controller to the microprocessor. If an external keyboard is
cormected, the keyboard commands are passed through the controller
to the keyboard and responses are passed through the controller to
the microprocessor. The keyboard commands and responses are sent
as hexadecimal (h) values via Input/Output Buffers (60h). All
keyboard commands can be issued at any time, but the keyboard
controller must respond to the commands that it receives within 20
milliseconds. Table 8-3 lists the keyboard commands and responses.
Commands received by the keyboard controller are indicated by a
letter “K" and responses received by the microprocessor are
indicated by a letter *M." A brief description of each keyboard
command/response is provided following the table.
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Table 8-3. Keyboard Commands (K) and Responses (M)
Receiving Device
Command or Response Name M/K Valuech)
Keyboard Overrun M 00/FF (Note 1)
Enhanced Keyboard ID M XXAB
Basic Assurance Test (BAT) M AA/FC
Set or Reset Status Indicaters K ED
Echo K/M EE
No Operation/Invalid Command K EF (Note 2)
Break Code Prefix/Select K FO (Note 2)
Alternate Scan Codes
No Operation/Invalid Command K F1 (Note 2)
No Operation/Read Keyboard ID K F2 (Note 2)
Set Typematic Rate and Delay K F3
Enable Default Values K F4
Default Disable K F5
Set Default K F6
No Operation/Set All Keys K F7-FA (Note 2)
Typeaatic K F7
Make or Break K F8
Make K F9
Typematic or Make or Break K FA
Acknowledge (ACK) M FA
No Operation/Set Key Type K FB-FD (Note 2)
Typematic K FB -
Make or Break K FC
Maks K FD
Resend KM FE
Reset K FF
NOTE:

1. The value 00h is used for the keyboard scan code set and
the value FFh {s used for systea scan cods set (refer to
Table 8-5).

2. Commands xxAB, EF, F1, F2, and F/ through FD are not
supported by the built-in keyboard or the external
84-key keyboard. The virgule (/) in the Command or
Response name separates the nams used for the 84-key
keyboard from the name used for the enhanced (101/
102-key) keyboard.
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Keyboard Overrun (00h or FFh) Response

If the keyboard buffer capacity is exceeded, an overrun character
replaces the last character in the buffer. When the overrun
character reaches the top of the buffer queue, an error code is
generated. ‘

When the keyboard is using the system scan code set, the error code
sent to the microprocessor is FFh. If the keyboard scan code set
is being used, the error code is 00h. For all keyboards except the
enhanced keyboard, the scan code set is selected by bit 6 of the
keyboard controller command byte. The enhanced keyboard scan code
set is selected by keyboard command FOh. Refer te the following
paragraphs on Key Definitions.

Enhanced Keyboard ID (xxABh) Response

For the enhanced keyboard only, an identification (ID) response
consisting of two bytes, xx and ABh, is used to identify the
keyboard. The xx represents any of several codes depending upon
which enhanced keyboard is comnected. When an enhanced keyboard
receives a Read Keyboard ID command (F2h), it responds by returning
an Acknowledge (ACK) response (FAh) and the two keyboard ID bytes
(xxABh) to the microprocessor. The low byte of the keyboard ID is
returned first and then followed by the high byte within 500
microseconds, 7

Basic Assurance Test Complete or Failure (AAh/FCh) Response

The keyboard subsystem generates a Power-ON Reset (POR) when power
is first applied. The POR cccurs between 150 milliseconds (ms) and
2.0 seconds aftsr the power is applied. A Basic Assurance Test
(BAT) is then performed, and if satisfactorily completed, a
completion command (AAh) is sent to the microprocessor. The
microprocessor receives the completion command between 450 ms and
2.5 saconds after POR. The BAT completion command is also sent 300
to 500 ms after a keyboard controller Self-Test command (AAh) is
acknowledged.

The BAT consists of checking operation of the keyboard controller
processor, ROM, and RaM. While the BAT is performed, the activity
of the built-in keyboard and on the serial clock and data lines is
ignored. The test requires between 300 and 500 milliseconds to
complete. When BAT is satisfactorily completed, an AAh response is
sent to the microprocessor. If the BAT fails, FCh or any response
other than AAh is returned to the microprocessor, the keyboard
controller stops scanning, and then waits for another command or
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reset from the microprocessor. Immediately following POR, the
keyboard controller begins to monitor the signals from the built-in
keyboard and from the serial clock and data lines, and sets the
line protocol.

Set or Reset Status Indicators (EDh) Command

An external keyboard may have LED indicators associated with the
NmLk, Cplk, and Scrlk keys. These LEDs are accessible through the
Set/Reset Status Indicators command (EDh). When an EDh command is
sent to the keyboard controller, it responds by returning an
Acknowledge (ACK) response, stops scanning the keyboard, and waits
for the following option byte from the microprocessor. The
associated indicator is turned ON if the bit is set to "1," and is
turned off if the bit is reset to "0.°

Bit Indicator

0 Seroll Lock (Serlk)
1 Number Lock (Bmlk)

2 Caps Lock (Cplk)

3-7 Reserved (must be 0)

The keyboard controller also responds to the option byte by
returning an Acknowledge (ACK) response and, if the keyboard was
previocusly enabled, resumes scanning the keyboard. If another
command is received instead of the option byte, the status
indicators do not change states, and the new command is processed.

NOTE: The built-in keyboard uses the EDh command to
keep track of the Nmlk status and tp support
the internal numeric keypad (red numbers). The
keyboard controller will not enable the
internal mumeric keypad if it detects that a
GRiD Systems Model 34160 External Numeric
Keypad is connected.

Echo (EFh) Command

The Echo command (EEh) is used for diagnostic tests. When command
EEh is received by the keyboard controller, it returns the same
value (EEh) as a response. If the keyboard controller was
previously enabled, the controller resumes scanning the keyboard.

Invalid Commands (EFh and Flh)

For the enhanced keyboard, commands EFh and Flh are invalid
commands. If one of these commands is sent, the keyboard
acknowledges and continues its previous scanning state. No other
activities occur.
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Break Code Prefix (FOh) Response

For the keyboard scan code set, the code FOh is sent as the firsc
byte of a two byte sequence to indicate that a key was released.

Select Alternats Scan Codes (FOh) Command

The Select Alternate Scan Codes (FOh) command is used to change the
scan code set for the enhanced keyboard only. To select the
alternate scan cods set, an FOh command is sent from the
microprocessor to the keyboard controller. The keyboard controller
responds by returning an Acknowledge (ACK) response, clears the
keyboard buffer, cancels any typematic key operation, and then
waits for the following option byte.

Byte Selacted
Value Scan Code Set
00h Return value indicating
current scan code set.
Olh Select System Scan Code Set
02h Select Keyboard Scan Code Set
03h Select Scan Code Set 3

The scan code sets are defined under key definitions in subsequent
paragraphs. After completing the command, the keyboard controller
resumes scamming the keyboard. i

Read Keyboard ID (F2h) Command

For the enhanced keyboard only, this command is used to request
identification (ID) information. The keyboard controller responds
by returning an Acknowledge (ACK) response, stops scanning, and
sends a two-byte keyboard ID (xxABh) to the microprocessor. After
the keyboard ID is sent, the keyboard controller then resumes
scamning.

Set Typematic Rate and Delay (F3h) Command

Typematic defines the automatic repeat operation of the keys when
they are held down. All of the built-in keyboard key operations
are typematic. For external keyboard, all of the key operations
are typematic except Ctrl, Shift, Alt, Nmlk, Scrlk, Cplk, and Ins.
The F3h command allows adjustment of the typematic repeat rate and
delay time before the repeats begin.

The keyboard receives the F3h command and responds by returning an

Acknowledge (ACK) response, stops scanning, and waits for a value
byte. When the value byte is received, the keyboard responds by
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returning another ACK response, sets the rate and delay to the
indicated values, and continues scanning, if scanning was
prsviously enabled. If another command is received before the
value byte, the F3h command is ignored. )

For the built-in keyboard, typematic operations are handled by the
keyboard emulation operations of the keyboard controller. The same
operations are handled by an external keyboard through the
controller input and output buffers (60h). Therefore, for external
keyboards, the controller waits for the second ACK response and
then sends only one ACK to the microprocessor.

The F3h command format is as follows:

Bits Use
4-0 Typematic Rate (0 is least significant bit)
6, 5 Typematic Delay

7 Always O (most significant bit)

The delay before repeat operations begin is determined by the
binary value of bits 6 and 5, plus 1, and multiplied by 250
milliseconds +/-20%.

The typematic rate is the frequency that a depressed keystroke is
repeated. The frequency is ons per period with the period
determined by the following equation.

Pericd = (8 + A) x 2B x 0.00417 seconds

Where: A = binary value of bits 2-0,
B = binary value of bits 4, 3.

The typematic rates selected by bits 4 through O are listed in
Table 8-4. The default valus for the built-in keyboard typematic
rate is 15 (+/- 2) characters per second. For external keyboards
the typical default valus for typematic rate is 10 (+/- 2)
characters per second. The default value for the delay before
repeat operations begin is 500 +/-100 milliseconds.

Enable Default (F4h) Command
When the keyboard controller receives an Enable Default (F4h)
command, it responds by returning an Acknowledge (ACK) respomnse,

clearing the keyboard buffer, canceling any typematic operationm,
and then begins scanning the keyboard for scan codes.
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Table 8-4. Typematic Rate Table

Bit i Bit
43210 Rate | 43210 Rate
00000 30.0 | 10000 7.50
00001 26.7 | 10001 6.70
00010 24.0 | 10010 6.00
00011 21.8 | 10011 5.50
00100 20.0 | 10100 5.00
00101 18.5 | 10101 4,60
00110 17.1 | 10110 4.30
0011l 16.0 | 10111 4.00
01000 15.0 | 11000 3.70
01001 13.3 | 11001 3.30
01010 12.0 ] 11010 3.00
01011 10.9 | 11011 2.70
01100 10.0 | 11100 2.50
01101 9.2 | 11101 2.30
01110 8.0 | 11110 2.10
01111 8.0 | 11111 2.00
NOTE: The rate is given in the number of repeats per

second with a tolerance of 20 percent.

cosescsscasscavseanas XL R R R R E RS L L L L ETE TR L AL TR P L XY

Default Disable (F5h) Command

The Default Disable (FS5h) command resets all keybocard conditions to
the Power-ON dafault state. When the keyboard controller receives
an F5h command, it responds by returning an Acknowledge (ACK)
response, clears the keyboard buffer and cancels any typematic
operation, sets the typematic rate/delay to the default values,
stops scamning the keyboard and waits for the next command.

Set Default (F6h) Command

When the Set Default (F6h) command is received, the controller
returns an Acknowledge (ACK) response and then resets all keyboard
subsystem conditions to the Power-ON default state. It then clears
the keyboard buffer and cancels any typematic operation, sets the
typematic rate/delay to the default values, and continues scamning
the keyboard. ‘
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Set All Keys (F7h-FAh) Command

These commands only affect an enhanced keyboard when scan code set
3 is selected (refer to command FOh). Scan code set 3 allows the
type of operation for all keys to be changed by these commands as
follovws:

Command Type of Operation
F7h Set All Keys to Typematic
F8h Set All Keys to Make or Break
F9h Set All Keys to Make
FAh Set All Keys to Typematic or Make or Break

When one of these commands is sent, the keyboard returns an
Acknowledge (ACK) response, clears the Output Buffer (60h), sets
all keys to the type indicated by the command, and continues its
previous scanning state. These commands are ignored by all
keyboards except an enhanced keyboard.

Acknovledge (FAh) Response

The Acknowledge (FAh) response is the first response from the
keyboard controller after it has received a command from the
microprocessor. The FAh (ACK) response is sent after every valid
command except Eche (EEh) and Resend (FEh). If another command is
received while ACK is being sent, ACK is disregarded and the new
command is serviced.

Set Key Type (FBh, FCh, and FDh)

These commands only affect an enhanced keybcard when scan code set
3 is selected (refer to command FOh). Scan code set 3 allows the -
type of operation for each key to be changed by thess commands as
follows:

Command Type of Operation
FBh Set Key Type to Typematic
FCh Set Key Type to Make or Break
Fbh Set Key Type to Maks

When one of these commands is sent, the keyboard returms an
Acknowledge (ACK) response, clears the Output Buffer (60h), and
prepares to receive the key identification byte. The key
identification byte is the key scan code selected from scan code
set 3 (refer to Table 8-6). After receiving the key identification
byte, the key is set to the type indicated by the command, and the
keyboard continues its previous scanning state. These commands are
ignored by all keyboards except an enhanced keyboard.
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Diagnostic Failure (?Dh) Response

This command only affects the 84-key keyboard. The keyboard
periodically tests the sense amplifier and sends a diagnestic
failure code (FDh) if it detects an error. If the failure occurs
during BAT, the keyboard stops scanning and waits for a system
command or a power turn-OFF to restart. When a failure is reported
after scanning is enabled, scanning continues.

Resend (FEh) Command

The Resend (FEh) command is generated by the microprocessor if an
error is detected in any data received from the keyboard. The
-command is sent to the keyboard before the next data is allowed to
be sent. When the keyboard first receives the Resend command, it
resends the previous output. If the Resend command has been
received before, the keyboard resends the byte that was sent before
it received the first Resend command.

Reget (FFh) Command

The microprocessor sends a Reset (FFh) command to initiate a
keyboard subsystea reset and self-test. The keyboard responds to
the Reset command by returning an Acknowledge (ACK) response and
then ensures that the microprocessor has accepted the ACK before
executing the Reset command. The microprocessor responds to the
ACK by raising the clock and data lines for at least 500
microseconds. The keyboard subsystem is effectively disabled from
the time it receives the Reset command until the ACK response is
accepted, or until another command is received that overrides the
Reset command.

KEY DEFIRITIONS

For the built-in keyboard, the keyboard controller scans and senses
the keystrokss and generates scan codes whenever a key is depressed
and also wvhenever the key is released. A "make” code is generated
vhen a key is depressed and a "break”™ code is generated when a key
is released. The scan codes are subsequently translated into the
appropriate ASCII codes by the ROM-BIOS. The translation process
allows software to define keyboard operations.

An externally connected keyboard or keypad also generates scan
codes vhenever a key is depressed or released. These external scan
codes are sent to the keyboard controller in the form of 8-bit
serial data. The keyboard controller converts the external scan
codes from serial to parallel format. The scan codes are
subsequently translated into the appropriate ASCII codes by the
ROM-BIOS.
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The scan codas generated by the makse and break cperation of each
ksy are datermined by bit 6 of the keyboard controller command byte
as follows (refer to Table 8-2):

Bic 6 Keyboard Mode Scan Code Set
0 Not IBM PC Compatible Keyboard Scan Codes
1 " IBM PC Compatible System Scan Codes

When the system scan code set is selected, the keyboard controller
translates the keystrokes from the built-in keyboard, or scan codes
from the external keyboard, into the IBM PC compatible system scan
code set. For the system scan code set, the break scan code is
obtained by adding 80h to the make scan code. Most make and break
scan codes require one 8-bit byte. To provide different scan codes
for duplicate operations on enhanced keyboards, the scan code for
the duplicate key i3 prefixed with extended code ECh.

1f the keyboard scan code set is selected, no translation takes
place at the keyboard controller level and the non-IBM AT
compatible scan codes are sent to the ROM-BIOS for translation.
For the keyboard scan code set, the break scan code is obtained by
adding an FOh prefix to the make scan code, so that every break
scan code is at least two bytes wide. Refer to Table 8-5.

An enhanced keyboard supperts three sets of scan codes. The three
scan codes sets are selectable via the keyboard command FOh (refer
to Table 8-3). Two of the enhanced keyboard scan code sets are the
system scan codes and keyboard scan codes previously described.

The scan code set 3 is similar to the keyboard scan code set except
that each key sends only one scan coda and no keys are affected by
the state of other keys. Also, scan code set 3 allows use of the
keyboard commands to Set All Keys (F7h-FAh) and Set Key Type (FBh,
FCh, and FDh). Refer to Table 8-6.

The ROM-BIOS initiates the keyboard to the IBM PC compatible mode,
so that after power turn-ON, the system scan code set is the
default set for all keyboard configurations including the enhanced
keyboard. The system scan code set remains selected for the
enhanced keyboard unless a different scan code set is specifically
selected via keyboard command FOh.

All of the built-in keyboard keys and most of the externmal keyboard
keys are typematic. That i3, their operation repeats as long as
the key is held down. While a key is repeating, multiple make
codes are generated, but only one break code is generated when the
key is released.

The GRiDCase 1500 Series computer 72-key keyboard emulates an IBM
AT B84-key keyboard. In most cases, the emulation is provided by
depressing similarly marked keys. Where the GRiDCase 1500 Series
computer does not have a similarly marked key, combinations of keys
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are depressed to generate the same scan cods as the IBM AT keys.
Figure 8-2 shows the GRiDCase 1500 Series computer keyboard layout
and the labels on each key. Table 8-5 lists the keys on the IBM AT
keyboard, the equivalent keys on the GRiDCase 1500 Series computer
keyboard, and the scan codes generated by system scan code set and
the keyboard scan code set when the key(s) is depressed (make) and
released (break). All of the scan code values are given in
hexadecimal.

In the GRiDCase column of Table 8-5, a plus sign (+) between two
characters indicates that keys listed on both sides of the plus
sign are depressed to generate the required scan code. The key to
the left of the plus sign is depressed and held while the key to
the right of the plus sign is being depressed and released.

In Table 8-5, additional information such as the key location,
color of marking on the GRiDCase keyboard if other than white, and
multiple keystrokes are also listed. The key locatiom, such as
left or right, is listed in braces. The color of key marking if
other than white is shown in parentheses. Where multiple
keystrokes are required to generate the scan code, such as Fn + §
to generate Scrlk, the multiple keystrokes are given in brackets.
The color markings on the GRiDCase keyboard are as follows:

1. Standard keyboard letters and mumbers, function keys
Fl through Fl0, punctuation symbols, and the Ins and
Del keys are marked with white lettering.

2. Standard keyboard control keys such as Tab, Return,
Shift, and BkSp are marked in yellow (Yel).

3. Keys used to emulate IBM AT compatible keyboard
functions such as Pause, Scrlk, Nmlk, and PgDn are
marked in blue (Blu). These keys are enabled by
first depressing and holding the Fmn key, which is
also marked in blue, and then depressing and
releasing the key for the desired functionm.

4. The imbedded keypad keys are marked in red (Red).
These keys are enabled by the Number Lock function.
Number lock (Rmlk) is an ON/OFF toggle function.
When ON, it allows the use of the internal keypad
(red nmumbers) for data entry. This operatiomn is
handled in the keyboard controller and can be
overridden by the MODE NUMPAD=ON/OFF command.

The IBM keypad is defined as the rightmost block of 17 or 18 keys
on the IBM AT compatible keyboards. The IBM keypad keys used for
cursor movement are contained within the keypad. On enhanced
keyboards, the same cursor movement keys are repeated in an
adjacent keyboard location, but with scan codes prefixed wich EOh.
The GRiDCase computer keyboard does not support the extra set of
cursor movement keys and scan codes.
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Algso, the GRiDCase keyboard supports one each of the Ctrl, Alt, and
Enter (Return) keys where the IBM AT compatible keyboard supports
two sach. In addition, the GRiDCase keybocard supports an "Fn" key
that is used for mapping the GRiDCase keyboard to the IBM AT
compatible keyboard. The "Fn" key, when depressed by itself, does
not generate a scan code.

Since most shift operations are handled in the ROM-BIOS, only the
unshifted operation of each key is listed in Table 8-5.

ROTE: In the keyboard scan code set given in Table 8-
5, the # symbol is used to indicate the "make”
scan codes that are not translatable via
keyboard controller command OAh. Refer to the
previous description of Key Translatien.

i F2 F3 (23 | 4] [ ] Fr [ ] Fe F10 ins .
F11 F12

R AE IR IE TR IR IR IR IR IR 1.

it Io H: HE l R T ||y U i 0 P el (o -
[ Pause Prle Cahe 4 L [ - Home ne
A S D

Tkl F G H 4 K L i Borurn o ‘
Serti 1 2 3 Poo. Pon
sninnd| {2 X c v 8 N M 5 { HE Shift g
Brose| |Memix sl {° * /
=0 l‘; ar wFa = SysPeq

= e

Figure 8-2. GRiDCase 1500 Series Computar Keyboard lLayout
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Scan Codes

Table 8-5.
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| Break

Make

I
I

cRid
Key(s)

|Key(s)

| IBM

e e e e iy — — e — — A — — S — S S D i e e o it i i st i S s g i it Mt ot et St Sy s et i s T S

0 ~ fa]
29S0NIRNITYRE £2238KARIIGA B A1 2% 2F s2Paag
PRRRRRRRRRRRRRE PREAREREERREREERER & eR mm mm Rl 58~

3 2 P
A2 ~ ~ ~
eouenueauennne gnagagnddies a4 g2 2 5 3 uag
5 8 8
HNM PN OO RCMOAN MOHNMINONW0O L 0 VN a a a o@mo
0 00 ©0 00 0D 00 ©0 0O 00 00 OO 00 °) 0O OO ONOONONON OOV o on Oh o [+, on oo L
~ " o
= el 3
588358532382 3888 BE249%33%5%a S s = 9 2 9 Mus
i e s =a = =
3 3 . == =='83 3 _4 @&
z S % m« mh ¥Z @7 2% 23
N’
: SN
AN POV .m~ .w.Q"n.b.xm;V¢nv1.0_ffl:\ — h.u m_m m_m u.m.nqgn
e e el L B e B W B e
U ‘v @ r.l..—m. .c @ .u
h.;oax_é.:.owln.o.nv. M u“m.Q"upun“reY“uf;n.P.t — u u,u 1.“ m n“a < v N
m W h.b1¢ u o U
I - 0 (¥ O

e e T G —— — — — — — — — — — T —— S—— —— — —r. S Sy S S —— . —— — — —— S—— — — C— —— S — — o (o — — ——

8-39



GRiDCase 1500 Series Computer Technical Reference

Table 8-5. Scan Codes {(Continuad)

P N Ll b Kl i e e R R et T bk Ry g I P,

| IR | GRid | System Scan Codas | Keyboard Scan Codes |
{Rey(s) | Key(s) | Make { Break | Make i Break |
| F | F | 21 I = Al | 2B | FO 2B |
| G | G | 22 i A2 | 34 | FO 34 |
| H | H | 23 . | A3 | 33 | FO 33 |
] J | J | 24 ] Ab | 3B J FO 3B |
| K | K | 25 | AS | 42 | FO 42 |
| L | L | 26 | A6 | 4B | FO 4B |
I 3 - | 27 | A7 | 4c | FO 4C |
i ’ | | 28 | A8 ] 52 | FO 52 |
| | * (Blu) | 29 i A9 | OE } FO OE |
| | (Fa+ '} | | | | |
| | i I | | I
| Shift |[Shift (Yel)| 2A | AA | 12 | FO 12 |
j[lefz] :[loft] : : ; : :
|
I X I\ | 2B | AB | 5D | FOSD |
i A | 2 | 2C | AC i 1A | FO 1A |
| X | X | 2D | AD | 22 ] FO 22 |
| c | € | 2E | AE | 21 | FO 21 |
I v 1V | 2F | AF | 2a | FO2a |
| B | B ] 30 | BO | 32 | FO 32 |
| N | N [ 31 | Bl | 31 | FO 31 |
i M | M i 32 | B2 | 3A | -FO 3A |
| ’ I | 33 | B3 | 41 | FO 41l |
| ~ o | 3 i B4 | 49 | FO 49 |
I/ I 7/ | 35 | BS |  4A | FO4&A |
| Shift |Shift (Yel)| 36 | Bé | 59 | FO 59 |
el el | i | |
|Sys Req |SysReq(Yel)| 54 | D4 | 7F | FO 7F |
| (Note) :/Conﬂl(ked) [ l [ 1 |
| } | ! I |
|Print- |PreSe (Blu)j] 36 37 | B6B7 | S9 7C# | FO 59 |
jSereen |{Fn + w} i | I | FO 7C |
| (Note) | | | | | |
* | * (Blu) | 37 ] B7 | 7C | FO 7C |
}EKOYPMI} {Fn + 0} | | | | :
| | | [
| Ale |Alt (Blu) | 38 } B8 | 1l | FO 11 |
: {/cm (Red) | I | | }
| | | !
| space | space ] 39 | B9 | 29 | FO 29 |
|Capslock|Cplk (Yel) | 3A | BA |. 58 | FO 58 |
| NOTE: Sys Rq is generated by Alt-PrtSc and PrintScreen is |
] generated by Shift-* [keypad] on some IBM compatible |
|

| keyboards.
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L R L X e X R R R e b b I

| Lock

[{Fn + s}

Table 8-5. Scan Codes (Continued)
| I2M | Grid i
|Key(s) | Key(s) | Make |
| Fl | F1 | 3B
| F2 | F2 | 3C
| F3 | F3 | 3D
| F& | F& | 3E
| FS | FS | 3F
| F6 | F8 | 40
| F7 | F7 | &1
l | |
| F8 | F8 | 42
| F9 | F9 | 43
| F10 | F10 | 44
[Num Lock|{Nmlk (Blu) | 45
| [Reypad} | (Fn + n} i
| | '}
|Seroll- |Scrlk (Blu)| 46
|
|

| Home

|Home (Blu) | &7

| [Keypad] | {(Fn + left |
| |eursor key}|

I .
|Upcursor|Upcursor | 48
| [Reypad] | (Yel) |
| | |
|Pg Up |PgUp (Blu) | 49
| [Reypad] [{Fn + up |
H |eursor key)|
| | |
P I - | 4a
| [Reypad] | (Fn + p} |
| | o
[Laft- |Leafe- ] 4B
jcursor |cursor(Yel)]|
o T
I 5 |{Fn + Retn}| 4C
| [Reypad] | !
| | |
|Right- |Right- { 4D
|cursor |cursor(Yel)|
! ] |
| + [{Fn + =} | 4E
| [Reypad] | |
| |
End | End (Blu) | 4&F

[Keypad] | (Fn + right]
jcursor key}|

—— e — W S —— ——— — S — — — T o it oot S Sy B Y G D s e s G S S G Ghm SN S e v SA S i SAS G S —— —

Break

cé
c7

c8

c9

cc

CE

CF

— — i — . S i e ek M S Geem) S G e SOUSS G S Gt e Al S S RO GED S G—— S AT e —— — AR — ——— o — — — — it oo

Make

-------------------------------------------------------------------

6C

75

70

- 7B

6B

73

74

79

69

or 2

— e S S — . S S G S Aot Gakn S S S GAmS S Gm eE Mamm TS ST G e SRS M — —— e et T — S e s St o Sy — ot e

Break

FQ 6C

FO

FO

FO

75

7D

7B

6B

73

74

79

69
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Table 8-5. Scan Codes (Continued)

P L X R R . kT L L LT

{Fn + Del} |

| I8 | Grid | System Scan Codes | Keyboard Scan Codes |
|Key(s) | Key(s) | Make ] Break | Make | Break |
|Down- | Down- | 50 | DO | 72 | FO 72
|eursor |cursor(Yel)| | | ]
el | | | |
| Pghn |Pghn (Blu) | 51 | D1 |  7A | FO 7a
| [Reypad] | (Fn + Down- | | I |
| | curser) | | I I
| 1 [ | | |
| Ins | Ins | 52 | D2 | 70 | TFO0 70
Lol U SO I AN
|Delete | Del | S3 | D3 I 71 i FO71
| [Reypad] | } % ; :
|
F11 | F11 (Blu)| 57 | D7 | 78 | FO 78
|{Fn + Ins} | | | ]
| 1 | | |
F12 | F12 (Blu)| 38 | D8 | 07 | FO 07
| | i |
| | i

|
NOTE: The following keys are the GRiDCase keyboard
imbedded keypad (red ksys) when the Nmlk function-
is OFF. When Bmlk funetion is ON, 36h and B6éh
are not prefixed on the scan cods.

| I
|7 59 6C# |FOS9 FO6C

Ll e — — — — — it i Bk St e o . $atn o — — — — —— At oy i . i, e i s et St et s et Mot . S, et s e

|

|

I

|

|

I

]

|

|

|

|

| | |

| | 3647 | B6CT |

| [(Fn+ 7} | [ | |

i 8 | 3648 | B6C8 | S9 75+ |FO59 FO75S
I |{Fn + 8} | ! | |

| I 9 | 3649 | B6§C9 | 59 7D |[FOS59 FO7D
] [{Fn + 9} | | | |

] I & | 3648 | B6CB | 59 6B# |FOS59 FO6B
| [{Ffn + U) | | | |

| | S ] 364 | BS§CC | S9 73» |F059 FO73
| 1{Fn + I} | ] ] ]

| I 6 | 364D | BSCD | S9 74# |FO59 FO74
| [{Ffm + 0) | } | !

! D § | 364F | B6CF | 59 69# |F059 F069
I |{Fo + J | I | |

| I 2 | 3650 | B6DO | S9 72# |FOS9 FO72
| 1{Fn + K} | | . |

| R | 3651 | B6DL | S9 7as |F059 FO7A
| |{Fn + L | I i i

I | o© | 3652 | B6D2 | 59 70 |[FO59 FO70
| [{Fn + M [ { | |

-------------------------------------------------------------------
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Default Key State
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Scan Codes

Scan Code Set 3 (Enhanced Keyboard Only)
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Table 8-6.
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Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typeaatic
Typematic
Typematic
Typematic
Typematic
Typematic
Make/Break
Make only
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typemacic

Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic

Typematic
Typematic
Typematic

Typematic
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Break

Scan Code Set 3 (Enhanced Keyboard Omly)

Continued

T X L L R e e

| Keyboard Scan Codes
Maks
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Table 8-6.
|Rey(s)

| IBM
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Typematic
Typematic
Make /Break
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typematic
Typenatic
Typematic
Maks/Break
Maks onl

Make onl

Make/Break
Make only
Typematic
Maks/Break
Make only
Maks only
Maka only

Typematic
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Table 8-6. Scan Code Set 3 (Enhanced Keyboard Only)

Continued
| IBM | Keyboard Scan Codes | |
[Key(s) | Make | Break | Default Key State |
|[Pg Up | 7D | FO 7D | Make only
| [Keypad] | 1 |
- | 8& | FO 8 | Make only
| [Reypad] | I a
|Left- | 6B | FO 6B | Make only
jeursor | i |
| [Keypad] | | |
| 5 | 73 | FO 73 | Make only
| [Keypad] | | |
|Right- | 74 | FO 74 | Make only
jcursor | | |
|+ | 7C | FO7C | Typematic
| [Reypad] | I |
| End | 69 | FO 69 | Make only
| (Reypad] | I |
| Dowm- | 72 | FO 72 | Make only
|cursor | | |
| (Reypad] | | I
|Pghn | 7A | FO7A | Make only
| (Keypad] | i I
| Ins | 70 | FO 70 | Make only i
| (Reypad] | | I
|Delete | 71 | FO 71 | Make only
| [Reypad] | | |
I F11 | 56 | FOS6 | Make
| F12 | SE | FOSE | Make only

| NOTE: The following scan codes are for duplicate
| function keys located on the extra keypad

[

|

I

!

|

I

|

!

|

l

I

|

I

|

I

|

|

|

|

|

|

|

_ I

|

only |
!

|

| of an enhanced keyboard. |
|
I
|
I
|
|
!
I
I
!
|
|
!
I
|
|
|

|Insert | 75 | FO 75 | Make only
|Delete | 76 | FO 76 | Typematic
|Laft- | 61 | FO 61 | Typematic
| curser | | |

| Home | 6E | FO 6E | |Make only
| End | 65 | FO 65 | Make only
| Up- | 63 | FO 63 | Typematic
| cursor | | |

| Down- | 60 | FO 60 | Typematic
| cursor | | |

|Page Up | 6F | FO 6F | Make only
| Page- | 6D | FO 6D | Make only
| Down | | I

[Right- | 6A | FO 6A | Typematic
| cursor | | |

| / | 77 | FO 77 | Make only
| Enter | 79 | F) 79 | Make only

i R e R R R I
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EXTERNAL KEYBOARD CONNECTOR
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An external keyboard comnector is provided on the back panel of the
GRiDCase 1500 Series computer. The keyboard connector is a 3-pin
DIN type receptacle that is coxz- :nly used for keyboard interfaces.

Figure 8-3 shows the comnector pin layout and the connector pin
definitions are provided in Table 8-7.

Figure 8-3. External Keyboard Connector Pin lLayout

Table 8-7. External Keyboard Conmnector Pin Definitions

Pin No.

1
2
3
4
5
(keyway)

Description

RCIK (Reyboard Clock)
KDATA (Keyboard Data)
Not Used .
Ground

+5V de

Shield



CHAPTER 9: TFLOPPY DISK DRIVE SUBSYSTEM

The GRiDCase 1500 Series computer Floppy Disk Drive Subsystem

supports two internmal 1.4M byte, 3.5-inch floppy disk drives and an

external peripheral port for comnecting an external drive (see

Figure 9-1). One or both of the internal floppy disk drives can be

replaced by an optional hard disk drive with storage capacities
from 10M bytes to 100M bytes. The external peripheral port
supports one external device, which can be either a 3.5-inch or
5.25-inch floppy disk drive or a 40M byte backup tape unit. The
standard and optional disk drive configurations and formatted
capacities are listed in Table 9-1.

This chapter (9) describes operation of Floppy Disk Drive Subsystem
and PC XT compatible Hard Disk Drive configurations listed as items

1 through 3 in Table 9-1. Chapter 10 describes operation of the

Hard Disk Drive Subsystem containing IEM PC AT compatible hard disk

drives, which are listed in Table 9-1 as items &4 through 6. The

external peripheral port comnnector is described at the end of this

chapter. Operations of the extermal peripherals (items 7 through

10) are described in separate manuals, which are supplied with the

listed devices.

UPD72065
L/\ Floppy Disk
Controtier
137900, | ‘ Floppy Disk
<:}—— iazan | Drive A:
e 3.5-inch
FDD (3.5-inch.
Conft 1.4M Bytes)
Read
3F4h=Stiatus 9239 Data S Floppy Disk
SFSh=Data . Separator Orive B:
Fh=inpw D] and Wrhte (3.5-inch.
Controt Precomp 1.4M Bytes)
= External
Drive Select ;:?pmmm.
Motor ON emal Drive,
\/* @i CONNECIOr
Address,
Data. and
Control

Figure 9-1. Floppy Disk Drive Subsystem Block Diagram
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Table 9-1.

Disk Drive Configurations

R R R e ettt e R e

D e e e e R e L L L T e,

1 Standard 2

2 320

[l o

o

3.5-inch Fleppy Disk Drives

(IBM-PC AT Compatible)

3.5-inch Floppy Disk Drive
10M byte Hard Disk Drive
(Not IBM-PC AT Compatible)

3.5-inch Floppy Disk Drive
20M byte Hard Disk Drive
(Not IBM-PC AT Compatible)

3.5-inch Floppy Disk Drive
20M byte Hard Disk Drive
(IBM-PC AT Compatible)

40M byte Hard Disk Drive
(IBM-PC AT Compatible)

100M byte Hard Disk Drive
(IBM-PC AT Compatible)

Extesrnal 3.5-inch Floppy
Disk Drive (1.4M Byte
Pocket Floppy)

External 5.25-inch Floppy
Disk Drive (360k Byte
Pouch Floppy)

External 40M Byte Backup
Tape System

External 5.25-inch Floppy
Disk Drive (1.2M Byte
Pouch Floppy)

1.4M bytes each
2.8M bytes total

1.4M bytes
10M bytes
11.4M bytes total

1.4M bytes
20M bytes
21.4 bytes total

1.4M bytes
20M bytes
21.4 bytes total

40M bytes total

100M bytes total

Adds 1.4M bytes
to any drive
configuracion

Adds 360k bytes
to any drive
configuration

Adds disk backup
capabilicy

Adds 1.2M bytes
to any drive
configuration

EE R R T PR R P P LR L R e et T LT L R L R Rl il it

3 321
& 321
5 324
6 325
7 3401
B 3402
9 3403
10 3404
This
1.
2.
3.

Floppy Disk Drive (Standard)

chapter is divided into three major sections as follows:

IBM XT Compatible Hard Disk Drives (Options 320

and 321)

Floppy Disk Drive Expansion Port

The IBM PC AT compatible Hard Disk Drive Subsystem is described in
Chapter 10.



Floppy Disk Drive Subsystem

FLOPFY DISK DRIVE

The 3.5-inch floppy disk drive used in the GRiDCase 1500 Series
computer is double-sided and double-density with a formatted
capacity of 1.4 megabytes. The disk is data compatible with the
5.25-inch, 9 sector, double-sided, double-density (48 tracks-per-
inch) disk drives.

Floppy Disk Software Interface

The program interface to the internal floppy disk drives is through
a standard set of ROM-BIOS calls. These calls mask the differences
between the intermal 3.5-inch disk drives and an externmal 5.25-inch
disk drive so that both types of drives are supported by the same
controller. The disk drive software also provides a device driver
interface to support a hard disk drive for GRiD Systems software
compatibilicy.

The floppy disk controller scftware is functionally identical o
that used on the IBM PC AT and the controller interface scoftware is
the same as the IBM PC AT at the ROM-BIOS level. To directly
access the floppy disk controller, refer to the I/0 register
description later in this chapter.

Floppy Disk Drive Service Routine

The ROM-BIOS supports the following disk-rolated functions in its
interrupt service routine:

Interrupt Function
(Hex) ©No. (AH reg) Description

13 00 Reset Disk Drive Controller

13 01 Read Disk Drive Status from Last Operation
13 02 Read Data from Desired Sectors Into Memory
13 03 Write Data from Memory to Desired Sectors
13 04 Verify that Disk Sectors are Valid

13 Qs Format Desired Track on Disk

13 06 Unused

13 07 Unused

13 08 Read Current Disk Drive Parameters

13 09-14 Hard Disk Only

13 15 Read DASD Type

13 16 Disk Change Line Status

13 17 Set DASD Type for Format

13 18 Set Media Type for Format

The following paragraphs summarize the operation of the floppy disk
drive functions. The functions that support the hard disk drive
operation are described later in this chapter.

9-3



GRiDCase 1500 Series Computer Technical Reference

9-4

Floppy Disk Drive Service Routine Descriptions

The 80286/80386 Microprocessor register inputs and ocutputs for the
disk drive interrupt service routine functions are listed in the
following paragraphs. For the read, write, and verify functions,
the contents of registers DS, BX, CX, and DX, are preserved, and
register AL returns the number of sectors actually read, written,
or verified. Register AH determines which function within the
service routine is invoked, while other microprocessor registers
further define the action to be performed. The register contents

~are specified in hexadecimal (h). On exit, register AH may contain

an Error Codse. The Error Codes are listed following the interrupt

-service routine descriptions.

AH = 00h Reset Floppy Disk Drive Controller

On Exict:
AH = Error cods
Carry = 0 (no error)
Carry = 1 (error)

AH = 0lh Read Disk Drive Status From Last Operation
DE = Head number (0-1)
DL = Drive number (0-2)
CH = Track number ROTE: For track and sector values,
CL = Sector number refer to Table 9-2.
AL = Number of Sectors to Read
ES:BX = Memory address of destination buffer

On Exit:
AH = Status from last disk operation
Carry = 0 (no error)
Carry = 1 (error)

AH = 02h Read Data from Desired Sectors into Memory

DH = Head number (0-1)

DL = Drive number (0-2)

CH = Track number

CL = Sector number

AL = Number of sectors to Read

ES:BX = Memory address of destination buffer
On Exit:

AL = Number of ssctors read

AB = Error code

Carry = 0 (no error)

Carry = 1 (error)
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AH = Q3h Vrite Data From Memory to Desired Sectors
DH = Head number (0-1) ‘
DL = Drive number (0-2)
CH = Track number
CL = Sector number
Al,L = Number of sectors
ES:BX = Memory address of source buffer
Cn Exic:
' AL = Number of sectors written
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)

AB = 04h Verify That Disk Sectors Are Valid
DH = Head number (0-1)
DL = Drive number (0-2)
CH = Track number
CL = Sector number
AL = Number of sectors
On Exict:
AL = Number of sectors verified
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)

AH = 0Sh Format Desired Track on Disk

ES:BX = Points to multiple address fields. One field

is required for each sector on the track. Each
field has four bytes called C, H, R, and N. The

bytes contain the following data:
= Cylinder Number
= Head Number (0-1)
= Sector Number
= Number of Bytes per Sector
O0h = 128 bytes
Olh = 256 bytes
02h = 512 bytes
03h = 1024 bytes

Z O

This information is required to find the requested

sector during read/write access.

NOTE: When formatting a drive that supports more than
one media capacity, the functions called by aAH
= 17h or AH = 18h must be used to set the
desired capacity. If the capacity is not set,
the format operation assumes the maximum
capability of the drive.
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DISK_BASE is a set of parameters required for floppy
disk operation. The parameters are pointed to by

the double word variable called Disk Pointer at <
absolute address 00:78h. Two values in the
DISK_BASE (GLP and EOT) must be changed to format a
specified media as follows:

Media Drive GPL EOT

360 kB 360 kB/1.2 MB 50h 9

720 kB 720 kB/1.4 MB 50h 9

1.2 MB 1.2 M8 S&h 15 (default)
1.4 MB 1.4 MB 6Ch 18

The GPL parameter sets the gap length for format,
and the EOT (End of Track) parameter sets the last
sector available on the track. When format
operations are complete, restore the parameters to
their default values as previously listed. To
modify the parameters permanently, build another
parameter block and point to it instead of to Disk
Pointer.

08h Read Current Disk Drive Parameters

Input Register

DL = Drive Number (0-2)

Output Registers

AX = 0

BH « 0

BL = Valid drive type in CMOS (Bits 3-0, Bits 7-4 = 0)
CH = Low order 8 of 10 bits for maximm number of tracks
CL = High order two bits (7 and 6) for max. number of tracks
DH = Maximum Head Number (0-1) y

DL = Number of Floppy Disk Drives Installed

ES:D1 = Points to Drive Parameter table

The following conditions cause changes in the
Current Disk Drive Parameters.

1 If the Drive Number is not valid or the Drive
Type is not known and CMOS is not present,
defective, or invalid then the registers aX,
BX, CX, DH, and ES:D1 all contain O and
register DL contains the number of drives in
the systenm.

2. If no drives are present, registers AX, BX, (X,
DX, and ES:Dl all contain O, the Diskette
Status is 0, and the Carry bit is resect.
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AH = 15h Read DASD Type
Output Registers
On Exit if Carry Flag is not set; otherwise, an error
AH = 00 Drive not present :
01 Floppy Disk, No change line available
02 Floppy Disk, Change line available
03 Reserved
DL = Drive Number (0-2)

AH = 16h Disk Change Line Status
Output Registers
AH = 00 Disk Change Line not active -
06 Disk Change Line active and carry bit on.
DL = Drive Number (0-2)
On Exic:
AH = Error code
Carry = 0 (no error)
Carry = 1 (errvror)

NOTE: The Disk Change Line Status is checked when the
media is specified as other than 360k bytes.

When the Disk Change Line is active, the following
actions occur: )

js The program attempts to reset the Disk Change
Line to the inactive state.

2. If the attempt is successful, the DASD Type for
Format (AH = 17h) is set and the Disk Change
Error Code is returned.

3. If the attempt fails, the DASD Type for Format
is set to a state meaning media type is unknown
and a Timeout Error Code is returned.

1f the Disk Change Line is inactive, the Set DASD
Type for Format (AH = 17h) operation is performed.

AH = 17h Set DASD Type for Format (AH = 5)
Input Registers
AL = 00 Not Used
01 360 kB Media in 360 kB drive
02 360 kB Media in 1.2 MB drive
03 1.2 MB Media in 1.2 MB drive
04 720 kB Media in 720 kB drive
DL = Drive Number (0-2)
On Exict:
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)
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AH = 18h Set Media Type for Format (AH = §5)
Input Registers '
CH = Low order 8 of 10 bits for maximum number of tracks
CL = High order two bits (7 and 6) for max. number of tracks
and maximum sectors per track (bits 5-0)
DL = Drive Number (0-2)
Output Registers
AH = 00h and Carry = 0 if track/sector combination is wvalid
AH = Olh and Carry = 1 if function is not available
AH = OCh and Carry = 1 if incorrect track/sector combination
ES:D1 = Pointer to the parameter table for the drive that
supports the desired media type. The value is

unchanged if AH = 0.

Track and Sector Values for Floppy Disk Drive Service Routines

Track and sector values are entered in microprocessor registers AL,
CH, and CL for the floppy disk drive service routines. The values
to be entered are dependent on the capacity of the media (floppy
diskette) and the capability of the floppy disk drive. The values
required for the Read, Write, Verify, and Format Operations are
listed in Table 9-2.

Table 9-2. Track and Sector Valuss

Media Drive Max. Bo. of Track Sector
Capacicy Capability Sectors (AL) Fo. (CH) No. (CL)

360 kB 360 kB 8/9 0-39 1-8/9
360 kB 1.2 M8 8/9 0-39 1-8/9
720 kB 1.4 MB 9 0-79 1.9

1.2 M8 1.2 M8 15 0-79 1-15
1.4 MB 1.4 MB 18 0-79 1-18

LR R R L L T R T T R
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Floppy Disk Drive State Machine

The floppy disk drive state machine is located at absolute address

40:90h for drive A:, 40:91h for drive B:, and 40:7Bh for drive E:.

During execution of any BIOS operation for a floppy disk drive, the
state machine for the applicable disk drive contains the following

information: -

NOTE: The IBM AT uses absolute address 40:7Bh to
store the timeout value for a third line
printer port (LPT 3). The LPT 3 port is not
used by GRiDCase 1500 Series computers.

coscssessssssse essseasssseseesae

171615141312 ]1]0] Bits

|
| |---80 Track Capability
----- | (Always valid regardless of drive
| .
|+--Multidata Rate Format Capability
(Valid when drive is determined)

---Multidata Rate Capability
(Determined by drive)

---Reserved (Refer to the following
Drive Indicators paragraph.)

---Madia Determined/Established

---Media Double Stepping Required
(Valid when media is determined)

---Data Transfer Rate
(Refer to the following data transfer save area paragraph.)
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State Machine Compatibilicy

To ensure compatibility with older lower capacity disk drives, the
State Machine contains the following information when returned to
the caller of the Floppy Disk Drive BIOS operation:

e Seo® sSee meae mee eSeececsecesass

E70 6 15 1A I8 (o2t bal0ul o i

e ceoe eee eoe eeos ecososesassew

..............

| ---Present State

000 = 360 kB media in 360 kB drivel
001 = 360 kB media in 1.2 MB drive:
010 = 1.2 MB media in 1.2 MB drive!
= 360 kB media in 360 kB drive’
100 = 360 kB media in 1.2 MB drive?
101 = 1.2 MB media in 1.2 MB drive’
110 = Reserved
111 = None of the above

|

]

|

|

|

|

|

| 011

|

|

I

:

| : Not an established value
| 2 Established value
| --Reserved
--Media/Drive Established

---Double Stepping Required
(360 kB media in 1.2 MB drive.)

--Data Transfer Rate for the Selected Drive

00 = 500 kbs
0Ol = Reserved ROTE: The 300 kbs data transfer rate
10 = 250 kbs is not supported.

11 = Reserved
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Drive Indicators

The Drive Indicators for drive A: and B: are located at absolute
address 40:8Fh. Before returning, and before translating the State
Machine information to compatibility mode, the drive indicator
information is copied from the State Machine location to the Drive
Indicators location. The Drive A: indicators are copied into the
lowest four bits and Drive B: indicators are copied into the
highest four bits of the Drive Indicators location as follows:

| 7161514131211 |0] Bits

cosssccssccccsee Socecoceeccoesees

|
] |--80 Track Capability

| (Always valid regardless of drive
I

I

---Multidata Rate Format Capabilicy
(Valid when drive is determined)

---Multidata Rate Capability
{Determined by drive)

---Reserved

--80 Track Capability )
(Always valid regardless of drive

---Multidata Rate Format Capabilicy
(Valid wvhen drive is determined)

---Multidata Rate Capability
(Determined by drive)

---Reserved
The Drive Indicators for drive E: are located at absolute address

40:A6h. The drive E: drive indicator contents and operation are
identical to drive A:.
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Data Transfer Rate Save Area

The data transfer rate save area is located at absolute address
40:8Bh and contains the Data Transfer Rate information as follows:

171651413 })2]1]0] Bits

I | I | | | |

| | | | 1 | | |--Drive Adapter Type
| 0 = Single Drive Adapter
| 1 = Multiple Drive Adater
|
|

---Reserved

|

|

|

| ---Data Transfer Rate That
| the Operation Started In
| 00 = 500 kbs

I 01 = Reserved

| 10 = 250 kbs

| 11 = Reserved

|

|

---Last Data Transfer Rate
Sent to tha Controller

00 = 500 kbs

0l = Reserved ROTE: The 300 kbs data transfer

10 = 250 kbs rate is not supported by the
11 = Reserved - GRiDCase 1500 Series computers.
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Floppy Disk Drive Service Routine Error Codes

The floppy disk drive service routines, on exit, may return an
error code in microprocessor register AH. Bit definitions for the
8-bit register are given in the following description.

The appropriate response to an error code is to reset the Disk
Drive Controller and then retry the operation. Since no motor
start delays are taken for a read operation, three retries are
required on a read operation to ensure that the motor start did not
cause the error.

ceee eoee see S ssssscsecesseaew
---------------------------

-------------

|

|

|

| [ -Ezzor Byte

| 0001 = Bad Command

| 0010 = Address Mark Not Found

| 0011 = Write Protected Diskette
i 0100 = Sector Not Found
| 1000 = DMA Overrun
| -
|

|

|

1001 = DMA Attempted over 64k byte

boundary

-Cyclic Redundancy Check (CRC) Error
0 = Not CRC Error
1l « Invalid CRC

-Coutrol Error
0 = Not Control Error
1 = Control Failure

| -Seek Error
0 = Not Seek Error
1 = Seek Failure

| -Attach Error

0 = No Attached External Drive Error
1 = Attached Drive Failure
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Floppy Disk Drive Configuration

In the standard configuration, the GRiDCase 1500 Series computer
internal floppy disk drives are designated as drive A: in the upper
position and drive B: in the lower position. The extermal floppy
disk drive designation depends upon its address switch settings and
on the number of internal floppy disk drives installed. For the
address switch settings refer to the GRiCase 1500 Series Owner’s
marmial. The external drive designations based on the mumber of
internal floppy disk drives are as follows:

No. of External External
Internal Drive Physical Drive logical
Drives Designation Designation
(4] A B:
1 B: or A: E:
2 E: or A: N/A

The I/0 registers located at addresses 375h and 37Ah are used to
determine the configuration and operating characteristiecs of the
external floppy disk drive as follows:

I/0 Address Funetion
379h (Bit 0) External Disk Drive Address

0 = External Drive is A:
1l = External Drive is B: or E:

379h (Bit 2) External Fleoppy Disk Drive Type
0 = 5.25-inch
. 1 = 3.S-inch
37Ah (Bit S5) External Floppy Disk Drive Attached

0 = Extermal Drive
1 = No External Drive

37Ah (Bit 6) External Backup Tape Drive Attached
0 = External Tape Drive
1 = No External Tape Drive

37ah (Bit 7) External High Density Drive Attached
0 = External Drive is High Density
1l = External Drive is Normal Density

NOTE: The ocutput of register 37Ah is inverted so that
& "0" in any bit position send a "1" to the
microprocessor.
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The floppy disk drive configuration is also indicated by the ROM-
BIOS Equipment Check Service Routine. The service routine invoked
via interrupt INT llh returns a 1l6-bit word to microprocessor
register AX. Register AX bits 0, 6, and 7 provide floppy disk
drive status information as follows:

Register
AX Bits Description
0 Floppy Disk Drive (FDD) Identifier
0 = No FDD Installed
1 = FDD(s) Installed
7, 6 Number of FDD(s) Installed
00=1FDD
01«2 FDDs
10«23 FDDs

1 1 = Reserved

There are also two BIOS Subsystem Functions that affect the Floppy
Disk Drive Subsystem configuration. These subsystem functions are
accessible through interrupt 15h, and are used to determine the
external floppy disk drive designation and to check for a Backup
Tape Unit (Pouch Tape) in the disk drive subsystem. Refer to
Chapter 3 for a description of the BIOS Subsystem Functions.

Floppy Disk Controller Interface

The uPD72065 Floppy Disk Controller (FDC) is used by the GRiDCase
1500 Series computer to support operations of both the 3.5-inch
internal drives and to provide the interface to an external drive.
The FDC provides four I/0 registers that are used to monitor and
control all of the floppy disk drive operations. The I/0 registers
used to support drive operations are:

I/0 Address Function
3F2h Digital Output Register (Write Omly)
3F4h Main Status Register (Read Only)
3FSh Floppy Disk Data Register (Read/Write)
3F7h Digital Input Register (Read) or

Floppy Disk Control Register (Write)

To maintain compatibility with the IBM PC AT, the four registers at
I1/0 addresses 3F2h, 3F4h, 3FS5h, and 3F7h are used to handle
requests for all disk drives in the system. Since only one drive
can be active at a time, the same set of registers is used for all
floppy disk drives in the system. Data contained within the
registers determine which drive is addressed and the operation to
be performed. A description of each FDC 1/0 registers is provided
in the following paragraphs.
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Digital Output Register (3F2h)

The Digital Output register (3F2h) is an 8-bit, write-only register
that controls the drive, drive motor, and special feature
selection. Bit definitions for the register are as follows:

cemsese Sew S Sse weoe eeoe S

171615 413]2}1]0] Bits

ceosseas see See eon ees sSee oae

feeemmee Drive Enable

I

|

|

| 00 = Drive A: enabled
i 0l = Drive B: enabled
| 10 = Drive E: enabled
i 11 = Not Applicable

f

[---FDC Reset

0 = Reset FDC
1 = Enable FDC

---Enszble Interrupt and DMA
0 = Interrupt and DMA not enabled
1 = Enable IRQ6 and DMA Channel 2

--------

|eeeee=- Motor Enable

000 = No drive motors enabled =
001 = Drive A: Motor enabled

010 = Drive B: Motor enabled

011l = Invalid

100 = Drive E: Motor enabled

101 = Invalid

110 = Invalid

111 = Invalid

---Raacrvtd
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Main Status Register (3F4h)

The Main Status Register (3F4h) is an 8-bit read-only register that
contains the status information to support the transfer of data
between the FDC and microprocessor. The Main Scatus register can
be accessed at any time. Bit definitions for the register are as
follows:

.........................

| 7161514312 |1]0] Bits

cTee eoe oo oce SceTTTON S S

|

| |--Drive A: In Seek Mode
| | 0 = Not in Seek mode

|

|

I

|

|

| Resarved 1l =« In Seek Mode

|

i ---Drive B: or E: In Seesk Mode
| 0 = Not in Seek mode

| 1l = In Seek mode

!

| ~=-FDC Busy

0 = Not Busy
1l = FDC is performing a read or write operation

---NonDMA Mode
0 = FDC is in DMA mode
1 « FDC is executing a nonDMA mode operation

---Data Input or Output
0 = Data Transfer from microprocessor to FDC (Output)
1 = Data Transfer from FDC to microprocessor (Input)

---Request for Master
0 = No Request is Active
1 = Data Register (3F5h) is ready to send or receive data.
Bits 6 and 7 along with bit 0 or 1 perform the handshake
functions for "Ready for Data® and "Direction of
Transfer."®

Floppy Disk Data Register (3FSh)

The Floppy Disk Data register (3F5h) is an 8-bit read and write
buffer. Data buffering occurs as commands, data, and result
information transfers in either direction between the FDC and the
80286/80386 Microprocessor. Prior to each data transfer, a series
of command bytes are written through the buffer. And, following
each data transfer, a series of status bytes are read through the
same buffer. Bits 6, 7, and 0 or 1 in the Main Status register
(3F4h) are used to sequence the transfer of data bytes through the
Floppy Disk Data register. The data transferred through the Floppy
Disk Data register is described in subsequent paragraphs under
Programming the Floppy Disk Controller.
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Digital Input/Floppy Disk Control Register (3F7h)

The register at I/0 address 3F7h i{s an 8-bit dual-purpose register
with its purpose depending upon whether a read or a write operation
is being performed. During a read operation, the register is a
Digital Input register used for diagnostic purposes. As a Digital
Input register, bits 6 through O are reserved for hard disk
applications and bit 7 only is used to indicate Floppy Disk Change
as follows:

Bit 7

0 = Disk Change Line is not active
1 = Disk Change Line is active. The Disk Change Line is
checked when the specified media is not 360k bytes.

During a write operation, the register at I/O address 3F/h is a
Floppy Disk Control Register. As a Floppy Disk Control register,
bit 7 through 2 are reserved and bits 1 and 0 are used to select
the media density and the data transfer rate in Bits Per Second
(bps). The media density data transfer rates are as follows:

Bits Medis Data Transfer
1 0 Density Rate
0 0 Normal 500k bps
0 1 Normal Not Supported
1 0 High 250k bps
1 1 High Invalid -
NOTE: The 300k bps data transfer rate (bits 1, 0 =

01) is not supported on the GRiDCase 1500
Series computers.

Programming the uPD72065 Floppy Disk Controller (FDC)

9-18

If the ROM-BIOS is not used for floppy disk operations, the
uPD72065 FDC can be directly accessed through the I/0 registers.
The FDC has two registers that are accessed by the 80286/80386
Microprocessor. The Main Status Register (3F4h) provides
information about the activities of the floppy disk drives and of
the FDC. The Diskette Data Register (3FSh) provides an 8-bit
buffer for transferring data, commands, and status information
through the FDC to the microprocessor or disk drive. Both of these
I/0 registers were previously described.

Many FDC commands require that the contents of the Main Status
register be read prior to each byte of the multibyte command
sequence to determine if the FDC is ready to receive the next byte.
Therefore, bits 7 and 0 or 1 of the Main Status register perform a
handshake function to implement a software interface between the
microprocessor and the FDC.
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In addition to the Main Status register, there are four Command
Status registers (STO, ST1l, ST2, and §T3). These Command Status
registers are accessed through the programmed command operations
and return information about command execution. The Command Status
registers are described following the command deseriptions.

FDC Commands

The FDC provides 16 different programmed commands. The commands
are initiated by a multibyte transfer from the microprocessor
through the Floppy Disk Data Register (3F5h). Each command has
. three phases as follows:

1. Command phase

In the Command phase, the microprocessor
initiates a command by writing a specified
sequaence of bytes to the FDC.

27 Execution phase

After all of the required command bytes have
been sent to the FDC, it proceeds to the
Execution phase where the operations specified
by the commands are executed. No attention to
or supervision of the FDC is required during
the Exscution phase.

=i Result phase

When execution is complete, the FDC enters the
Result phase and the microprocessor then reads
a series of bytes back from the FDC to obtain
status information about the cperations just
performed. Status information for the commands
is read from Command Status registers STO
through ST3 through the Floppy Disk Data
Register (3FSh).

Table 9-3 lists each of the 16 commands supported by the FDC and
Table 9-4 defines each FDC command in the same sequence that the
comaands are listed in Table 9-3, In Table 9-4, a 1 means a
logical "1" for that bit, a 0 indicates logical "0%", and an X means
"don‘t care.” Table 9-5 lists the abbreviations that are used in
the command definitions.
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Table 9-3. PFloppy Disk Controller Commands

Command
Command Kame Code
Read Data x€éh

Read Deleted Data xEh

Write Data x5h

Write Deleted Data 0%h

Read ID xAh
Read a Track x2h

Scan Equal 11h
Scan low or Equal 1%h

Scan High or Equal 1Dh

Format a Track xCh
Recalibrate x7h
Sense Interrupt x8h
Status

Specify 03h

Sense Drive Status =x4h

Seek xFh

Invalid cae

------------ R R

c e e rs e s eTe e T r T s e E S eEEE e EE" S e e - -~ =

Transfer data from the FDC to the
microprocessor

Transfer deleted data from the FDC
to the microprocessor

Transfer data to the FDC from the
microprocessor

Transfer deleted data to the FDC
from the microprocessor

Store the first correct ID on the
cylinder in the data register

Read contents of cylinder from
index hole to EOT

Compare data between FDC and
microprocessor

Compare data between FDC ana
microprocessor

Compare data between FDC and
microprocessor

FDC formats an entire cylinder
Retract head to track 0O

Determine the cause of an interrupt

Set head load time and drive step-
Ping rate

Read drive status from Command
Status register ST3

Move head to new cylinder

Any command code not listed in this
table.

P L L L T T
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Table 9-4. Floppy Disk Controller (FDC) Command Definitioms

LR T R R e et el et e R R R

DATA BUS

BR/W D7 Dé D5 D4 D3 D2 DI DO

P e R ettt T

Read Data Command (x6h)

Command

Execution

Result

Egggggoggs

wmm X m

MT MF SK 0 0

X X X

X X
Cylinder Number
Head (0/1)
Sector

Number of Bytes
End of Track
Gap Length
Data Length

Status Register
Status Register
Status Register

Zpim o0

Read Deleted Data Command (xEh)

Command

Execution

Result

g Qg

WX m xR

MT MF SK 0 1

X

X X X X
Cylinder Number
Head (0/1)
Sector

Number of Bytes
End of Track
Gap Length
Data Length

Status Register
Status Register
Status Register

2 WO

1 1 o
HD US1l USO
(€)
(H)
(R)
(N)
(EOT)
(GPL)
(DTL)

STO
ST1
ST2

1 0 0
HD USl1 USO
(<)
(H)
(R)
(N)
(EOT)
(GPL)
(DTL)

STO
ST1
ST2

Command

Codes

Sector ID
information
before command
execution.

Data transfer
from FDC to
microprocessor

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.

Command

Codes

Sector 1D
information
before command
execution.

Data transfer
from FDC to
microprocessor

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.
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Table 9-4.

Floppy Disk Controller (FDC) Command

Definitions (Continued)

P L L e L kL e e

DATA BUS
R/¥ D7 D6 D5 D& D3

B T L T [ pepp sy e e

Write Data Command (x5h)

Command

Execution

Result

Write Deleted

Command

Execution

Result

MT MF 0 O O

X X X X X
Cylinder Number
Head {0/1)
Sector

End of Track
Gap Length
Data Length

g

Status Register
Status Register
Status Register

R m DR R

Zwixo

Data Command (0x9%h)

MI' MF 0 0 1

X X X X X
Cylinder Number
Haad (0/1)
Sector
FRumber of Bytes
End of Track
Gap Length
Data Length

gugogggegqq

B Status Register
Status Register
Status Register

w oo o
ZEimo

Number of Bytes:

1 0 1
HD US1l USO
(©)

(B)

(R)

(W)

(EOT)

(GPL)

(DTL)

STO
STl
ST2

o 0o 1
HD USl USsO
(©)

(8)

(R)

(N)

(EOT)

(GPL)

(DTL)

STO
ST1
sT2

Command

Codes

Sector ID
information
before command
execution.

Data transfer
to FDC from
miecroprocessor

Status informa-
tion after com-
mand execution.
Sector 1D
information
after command
execution.

Command

Codes

Sector ID
information
before command
exscution.

Data transfer
to FDC from
microprocessor

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.
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Table 9-4. Floppy Disk Controller (FDC) Command
Definitions (Continued)

L R R el el

DATA BUS
PHASE R/W D7 D6 DS D4 D3 D2 D1 DO
Read ID Command (xAh)
Command w o) MF O 0 1 0 1 0
W X X X X X HD - US1 USO
Execution
Result Status Register STO

Status Register ST1
Status Register ST2

W

ZR™mO

Read a Track Command (x2h)

Command W 0O MF SK 0 0 0 1 ©O
¥ X X X X X HD Usl USO
v Cylinder Number (C)
W Head (0/1) (H)
w Sector (R)
v Number of Bytes (N)
w End of Track (EOT)
v Gap Length (GPL)
w Data Length (DTL)
Execution
Result R Status Register STO
R Status Register ST1
R Status Register ST2
R c
R H
R R
R N

cececscecsecensnase=

-----------------

Command
Codes

Store first
correct ID on
cylinder in
data register.

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.

" Command

Codes

Sector ID
information
before command
execution.

Data transfer
from disk to
FDC. The FDC
reads contents
of cylinder
from index hole
to EOT.

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.
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Table 9-4.

Fleppy Disk Controller (FDC) Command

Definitions (Continued)

b I R e R I i .

DATA BUS

BR/W D7 Dé D5 D& D3 D2 Dl DO

O T I A il -

Scan Equal Command (11h)

Command

Execution

Result

Scan Low or

Command

Execution

Rasult

fEgongnegsy

WX oD

X

MIT MF SK 1 O
X X X X
Cylinder Number
Head (0/1)
Sector
Number of Bytes
End of Track
Gap Length
Scan Test

Status Register
Status Register
Status Register

WO

Equal Cozmand (19h)

gL

ﬂ'ﬂ’ﬂ’?’ﬂlﬂiﬂiw

MT MF SK 1 1

X

X X X X
Cylinder Number
Head (0/1)
Sector

Number of Bytes
End of Track
Gap Length
Scan Test

Status Register
Status Register
Status Register

ZAamO

0 o0 1
HD Usl USO
(C)

(H)

(R)

(M)

(EOT)

(GPL)

(STP)

STO
ST1
ST2

0o 0 1
HD Usl USO
(©)

(H)

(R)

(W)

(EOT)

(GPL)

(STP)

STO
ST1
ST2

Command

Codes

Sector 1D
information
before command
execution.

Compare data
between FDC and
microprocessor

Status informa-
tion after com-
mand execution.
Sector ID
information
after command
execution.

Conmand

Codas

Sector ID
information
before command
execution.

Compare data
between FDC and
microprocessor

Status informa-
tion after com-
mand execution.
Sector 1D
information
after command
execution.
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Table 9-4. Floppy Disk Controller (FDC) Command
Definitions (Continued)

LR T R R R R R R

DATA BUS
PHASE R/W D7 D6 D5 D& D3 D2 D1 DO

--------------------------------------------------

Scan High or Equal Command (1Dh)

Command W MI MF SK 1 1 1 0 1
¥ X X X X X HD USl UsO
w Cylinder Number (C)
W Head (0/1) (H)
w Sector (R)
w Number of Bytes (N)
w End of Track (EOT)
v Gap Length (GPL)
%] Scan Test (STP)
Execution
Result R Status Register STO
R Status Register ST1
R Status Register ST2
R C
R H
R R
R N

Format a Track (xCh)

0O MF 0 0 1 1 0 O

Command w
¥ X X X X X HD USl USO
‘v Number of Bytes (N)
v Sectors per Cylinder (SC)
v Gap Length (GPL)
w Data to be Written (D)
Execution
Result R Status Register STO
R Status Register ST1
R Status Register ST2
R c
R H
R R
R N

ceessscssmesesse=-

Command

Codes

Sector ID
information
before command
execution.

Compare data
between FDC and
mieroprocessor

Status informa-
tion after com-
mand execution. .
Sector ID
"information
after command
execution.

Command
Codes

FC formats an
entire cylinder

Status informa-
tion after com-
mand execution.
Sector 1D
information
after command
execution.
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Table 9-4. Floppy Disk Controller (FDC) Command
Definitions (Continued)

R R R L Ll T T T T T T R R .

DATA BUS
PHASE R/W D7 D6 D5 D4 D3I D2 Dl DO REMARKS

B L e e E R L e

Recalibrate (x7h)

Command W 0 0 0 0 0 1 1 1 Command
w X X X X X o USl Uso Codes
Execution Retracts head
to track O.
No Result
Sense Interrupt Status (x8h)
Command v 0 -0 ] 0 1 0 0 0 Command
¥ X X X X X o0 Usl Uso Codes
Execution Determine cause
of an interrupt
Rasult R Status Register STO Status info
R Present Cylinder Number about FDC at
end of -seek.
Specify (03h)
Command w 0 0 0 4] 0 0 1 1 Conmand
W |e----SRT----- | {-=---HOT----- i
W |eeeecccaaa- HLT-vvvcccse=- | ND|
Execution Set head load
' time and drive
stepping rate
No Result
Sense Drive Status (x4h)
Command w 0 0 0 0 0 0 1 0 Command
¥ X X X X X HD US1 UsO
Execution Read drive
status from
register STI3
Result R Status Register ST3 Startus info

about drive.
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Table 9-4. Floppy Disk Controller (FDC) Command
Definitions (Continued)
DATA BUS :
PEASE R/W D7 Dé D5 D& D3 D2 DL DO REMARES
Seek (xFh)
Command ¥ ¢ 0 0 0 1 1 1 1 Command
¥ X X X X X HD Usl UsO
w New Cylinder Number
Execution Move head to
new cylinder.
No Result
Invalid
Command v Any Invalid Codes Any command
code not listed
in Table 9-3.
Execution FDC goes to
standby mode.
Result R Status Register STO Contains 80h
Table 9-5. FDC Command Definition Abbreviations
Abbr Raze Description
o] Cylinder Contains the current or selected
Number cylinder number in binary notation.
D Data Contains the data pattern to be
written to a sector.
DTL Data When N = 00, DTL indicates the length
Length of data to be read out of or written
into the sector.
EOT End of The last sector number on a cylinder.
Track
GPL Gap Length The length of the space between sectors,
excluding VCO sync field.
H or HD Head Number The selected head number, 0 or 1.
HLT Head Load Load time for drive as follows:
Time For 360k byte drive, 4 to 512 ms in

4 ms increments.
For 1.2M byte drive, 2 to 256 ms in
2 ms increments.
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Table 9-5. FDC Command Definition Abbreviations (Continued)

ssssssececcssmcccsenssseanees e e

Abbr Name Description -
HUT Head Unlocad Unload time after read or write:
Time For 360k byte drive, 0 to 480 ms in

32 ms increments.
For 1.2k byte drive, 0 to 240 ms in
16 ms increments.

MF FM or MFM Mode Selected: 0 = FM, 1 = MFM
MT Multitrack A "1" selects multitrack operation to

read or write a2 cylinder under both
heads (0 and 1) at once.

N Number of The number of bytes written in a sector:
bytes per 00h = 128 bytes
sector 0lh = 256 bytes

02h = 512 bytes
03k = 1024 bytes

8

Nondata Indicates a nondata mode operation.

R/WN  Read/Write Read (R) or Write (W) operation.

SK Skip A "1" indicates skip deleted-data address
mark.

SRT Step Rate Provides four-bits to indicate the drive
stepping rate as follows:
4-Bit , Drive Stepping Rate
Value 360k/720k byte 1.2M/1.44M byte
1111 2 ms 1l ms
1110 4 ms 2 ms
1101 6 ms 3 ms

STP Scan Test 1If 1, STP compares data in contiguous

sectors with data sent by the micro-
processor during the scan operation.
If 2, STP reads and compares data in
alternate sections.

Uso, Unit Select Selected drive number encoded the same as
Usi bits 0, 1 bits 0 and 1 of the Digital Out reg (3F2h)

vco Voltage The VCO provides a nominal 2.0 MHz output.
Controlled The VCO frequency increases when a high-
Oscillator density disk is inserted in the drive, and
decreases when a normal density disk is
inserted in the drive. The VCO output is
used in the data recovery circuit to syn-
chronize the data and speed up rise times.

At e e R R R R R R it et
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FDC Command Status Registers

In addition to the Main Status Register that was previously
described, there are four Command Status Registers that return
status information after a command has been executed. The Command
Status Registers (STO, ST1l, ST2, ST3) are examined only during tche
command result phase after a command has been successfully
completed. The Command Status registers provide additiomal
information about the operations that occurred during command
execution. The Result Phase of each command in Table 9-4 indicates
which registers are available for examination at I/0 address 3FSh
after each command. Tables 9-6 through 9-9 define the contents of
the four Command Status Registers.

Table 9-6. FDC Command Status Register (STO)
1716|5144} 3]12111]0] Bits

--------------------------

|

] | ---Unit Select Bits (US1l, USO)

| Indicates the drive selected at
| interrupt as follows:

1 0 O = Drive A:

| 01 = Drive B:

] 1 0 = Drive E:

| 1 1 = Unused

!

|

---Head Address (HD)
0 = Head 0 selected at interrupt
1 = Head 1 selected at interrupt

---Not Ready Flag
0 = Drive is ready to accept data
1 = A Read or Write command was issued
when the drive was not ready.

---Equipment Check Flag
0 = Normal operation
1 = The drive sent a fault signal or the Track 0
signal did not occur in Recalibrate command
after 77 step pulses.

---Seek End Flag
0 = Seek command in process
1l = Seek command complete

0 = Normal termination of command

1 = Abrupt termination of command, incomplete execution
0 = Invalid command was issued, execution was not begun
1 = Abnormal termination because disk drive READY signal
changed states during command execution
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Table 9-7. FDC Command Status Register (ST1)
| 716} 51 4]3]2]|1]10] Bits

ses oow aoe - seeow ecos esee o= - ooe

|
| --Missing Address Mark

|
|
| 0 = Normal operation

| 1 = No ID address mark was detect-
| ed (Bit O of ST2 is also set)
!
I

---Not Writable
0 = Normal operation
1 = A Write Protect signal was
received during a write, write
deleted data, or format a track
command.

---No Dats

0 « Normal Operation

1 = A sector specified in the ID register
vas not found during a subsequent
read data, write deleted data, or a
scan command. Or, during a Read ID,
the ID field cannot be read without
an error, or the starting sector can-
not be found while executing a Read
Cylinder command. )

---Hot Used, Alwvays Set to 0

--=-Overmum
0 = Normal operation
1 = The FDC wvas not serviced by the micropro-
cessor within a certain time limit during
a data transfer.

---Dats Error
0 = Normal operation
1 « The FDC detected a CRC error in either
the ID or data field.

|---NHot Used, Always Set to 0.

I
I
|
|
|
|
I
|
I
I
I
I
I
|
I
|
|
I
|
|
|
I
I
I
I
I
|
I
|
I
|
|
|
|
I
T

---End of Cylinder
0 = Normal Operation
1 = The FDC tried to access a sector beyond
the last sector of a cylinder.
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Table 9-8. FDC Command Status Register (ST2)
|71 61516131 2]1] 0] Bits
[ R A R R
| | --Missing Data Field Address Mark
i 0 = Normal operation
| l = The FDC camnot find a data
] address mark or deleted data
] address mark when reading data
| from the disk.
!
!

---Bad Cylinder Flag
0 = Normal operation
1 = The cylinder number read from the
disk differs from that stored in
the ID register and the cylinder
number is FFh. See ST1l, Bit 2

---Scan Not Satisfied
0 = Normal operation
1 = The FDC cannot find a sector on the
cylinder that meets the conditions
specified in the scan command.

i
|
I
l
|
|
!
I
|
I
I
I
|
I
I

---Scan Equal Hit
0 = No data match found.

1 = The contiguous sector data matches the
data from the microprocessor during
execution of the scan command.

---Wrong Cylinder Flag

0 = Normal operation

1 = The contents of the sector ID on the disk do
not match the cylinder number stored in the
ID register. See ST1, Bit 2.

---Data Error in Data Field
0 = Normal operation
1 = The FDC detected a CRC error in a data field.

---Control Mark Flag
0 = Normal operation '
-1 = The FDC encountered a sector containing a deleted
data address mark during execution of a Read Data or
Scan command.

---Not Used, Always Set to 0
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Table 9-9. FDC Command Status Register (ST3)
7161354131211 ]0] Bits

| I -1 | | I I
| | | --Unit Select 0 Flag
| 0 = Disk drive "unit 0 select”
| signal is low.
| 1l = Disk drive "unit 0 select®
|
|
|

signal is high.

I
|
|
|
!
|
| ---Unit Select 1 Flag

| 0 = Disk drive "unit 1 select" signal
| is low.

| 1l = Disk drive "unit 1 select® signal
| is high.

|

|

| |
| |
|
! |
|
o
I
[
I
.
[
| |
| | ---Head Address Flag
] | 0 = Disk drive "side select® signal
i | is low,
| | 1 = Disk drive "side select®” signal
| i is high.
P
| j---Two Side Signal Flag
| O = Digk drive "two side®™ signal is low.
| 1l = Disk drive "two side® signal is high.
|
j---Track 0 Flag

0 = Disk drive "track 0" signal is low.

1 = Disk drive "track 0" signal is high.

--Ready Flag
O = Disk drive "ready” signal is low.
1 = Disk drive “"ready” signal is high.

l
o
P
[
(.
P
(.
I
(.
I
(I
[
I
o
I
I
o
P
I
oo
P
I
I
o
(.
P
I
I

|

|

I

I
I
|
|
|
I
|
|
|
I
I
|
I
|
|
|
|
I
I
I
!
|
I
|
I
|
|
|
|
| ---Write Protect Flag
| 0 = Disk drive "write protect® signal is low.
| 1 = Disk drive "write protesct® signal is high.
|
|---Fault Flag

0 = Disgk drive "fault" signal is low.

1 = Disk drive "fault® signal is high.
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HARD DISK DRIVE

An IBM XT compatible internal hard disk drive (Option 320 or 321)
can be factory installed in place of the lower intermal floppy disk
drive. The hard disk drive is a 3.5-inch Winchester technology
drive with a formatted capacity of 10M bytes (Option 320) or 20M
bytes (Option 321). Other hard disk drive characteristics are
listed in Table 9-10. Information provided in this chapter is
applicable to XT-compatible hard disk drives only.

NOTE: The Option 320 and some optiom 321 hard disk
drives are not IBM AT compatible since they
support 8-bit wide DMA data transfers. IBM AT
compatible hard disk drive options are
described in Chapter 10.

Table 9-10. Hard Disk Drive Specifications

D kT X R I I

Characteristic 10M Byte 20M Byte
(Option 320) (Option 321)

B b b b R R e e e e e

Capacity (Formatted)

Sectors Per Track: 17 .34
Bytes Per Sector: 512 512
Bytes per Track: 8704 - 17408
Bytes per Surface: 5.34 10.6M
Bytes per Disk: 10.64 21.1M
Data Transfer Rate (Mbytes/Second) .
Maxioum: 3.2 7.5
Access Time (milliseconds) -
Minimum: 8 _ 18
Average: 100 78
Maximum: 230 130
Functional
Rotation Speed (RFM): 2322 2597
Recording Density (bpi): 13083 27410
Track Density (tpi): 849 849
Cylinders: 612 615
Tracks: 1224 1230
Encoding Method: MFYM RLL
Head Positioning: Head Access Head Access
Motor and Motor and
Embedded Embedded
Servo Servo
NOTE: Throughout this chapter, hexadecimal values are

shown with & letter *h” suffix.
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Hard Disk Drive Software Interface

9-34

The hard disk drive is accessed by the same ROM-BIOS that is used
by the floppy disk drive. Most of the service routine functions
used by the floppy disk drive are also used by the hard disk drive.
But, the hard disk drive has additional functions that are not
required by the floppy disk drive. The routine sharing is
accomplished by using 80h and 81h as hard disk drive numbers. The
DL register in the 80286/80386 microprocessor is then used to pass
the disk drive number.

Hard Disk Drive Service Routines

The ROM-BIOS supports the following hard disk-related interrupt
service routine functions:

Interrupt Function
(Hex) No. (AB reg) Description

13 00h Reset Hard Disk Drive Systea

13 Olh Read Disk Drive Status from Last Operation
13 02h Read Data From Desired Sectors Into Memory
13 03h Write Data From Memory to Desired Sectors
13 04h Verify that Disk Sectors are Valid

13 05h Format Desired Track on Disk .

13 06h Unused

13 07h Unused

13 08h Read Current Disk Drive Parameters

13 0%h Initialize Drive Pair Characteristics

13 O0Ah Read Long '

13 OBh Write long

13 och Seek

13 Obh Reset Hard Disk Drive System

13 OEh Unused

13 OFh Unused

13 10h Test Drive Ready

13 11lh Recalibrate

13 12h Unused

13 13h Unused

i3 14h Controller Intermal Diagnostic

13 15h Read DASD Type

The following paragraphs summarize the operation of the interrupt
service routine functions.

Hazrd Disk Drive Service Routine Description

The 80286/80386 Microprocessor register inputs and outputs for the
disk drive interrupt service routine functions are listed in the
following paragraphs. For the read, write, verify, and format
functions, the contents of registers DS, BX, CX, and DX, are
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preserved, and register AL returns the number of sectors actually
read, written, or verified. Register AH determines the funcion
within the service routine that is invoked, while the other
microprocessor registers further define the action to be performed.
On exit, if an error occurred, the Carry flag is set to "1" and
register AH contains an Error Code. The Error Codes and their
descriptions are listed following the interrupt service routine.

The hard disk drive parameters are requested by using 80h or 81lh as
the hard disk drive numbers. The microprocessor DL register is
then used to pass the disk drive number as follows:

On Input
DL < 80h indicates Floppy Disk Drive Operation
DL «> 80h indicates Hard Disk Drive Operation

On Output (Exit)

DH = Maximum useable value for head number

DL = Number of comnsecutive acknowledging
drives attached (1-2)

CE = Low-order 8 bits of the maximum useable value for
the 10-bit cylinder number

CL = Two high-order bits for the cylinder number maximum
useable value and six bits (bits 5-0) for the sector
number maximum useable value.

AE = 00h Reset Hard Disk Systea
Refer to the following paragraph on Hard Disk System Resect.

AE = 0lh Read Disk Drive Status From lLast Operation
DL = Drive number (80h-81h)
On Exit:
AH = Error code ("0" if no error)
AL = Disk Status
Carry = 0 (no error)
Carry = 1 (error)

AH = 02h Read Data From Desired Sectors Into Memory

DL = Drive number (80h-81h)

DH = Head number (0-1)

CH = Cylinder number (0-512/315)1

CL = Sector number (1-17/34)

AL = Number of sectors to read

ES:BX = Buffer Address for Reads and Writes
On Exit:

AL = Number of sectors read

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)
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— — Om Exirc:
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AE = 03h Vrite Dats from Memory to Desired Sectors

DL = Drive number (80h-81h)

DH = Head number (0-1)

CH = Cylinder number (0-612/315)1

CL = Sector number (1-17/34)¢

AL = Number of sectors to write

ES:BX = Buffer Address for Reads and Writes

On Exic:

NOTE:

AH =

AL = Number of sectors written
AH = Error cods

Carry = 0 (no error)

Carry = 1 (error)

3 b For cylinder and sector numbers, the virgule
(/) separates the maximum values for each
option (320/321).

2. The two high order bits of the 10-bit cylinder
number are provided by bits 7 and 6 of the
sector number register CL.

04h Verify That Disk Sectors are Valid
DL = Drive number (80h-81h)

DH = Head number (0-1)

CH = Cylinder number (0-612/315)1

CL = Sector number (1-17/34)

AL = Number of sectors

On Exit:

AL = Number of sectors verified
AH = Error coda

Carry = 0 (no error)

Carry = 1 (error)

0O5h Format Desired Track on Disk

DL = Drive mumber (80h-81h)

DH = Head number (0-1)

CH = Cylinder mumber (0-612/615)%

ES:BX = Points to a 512 byte buffer (NOTE)

Al = Number of sectors verified
AH = Error code

Carry = 0 (no error)

Carry = 1 (error)
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NOTE: In the 512 byte format buffer, the first
2x(sector/track) bytas contain values F and N
for each sector. The value F represents 00h
for a good sector or 80h for a bad sector. The
value N is the sector number. For an
interleave of 2 and 17 sectors/track the buffer
contains:

00h,01h,00h, 0AH,00H,02H, 00H, 0Bh, 00k, 03h,00h,0Ch
00h, 004,00k, 0Dh,00h,05h, 00k, OEh, O0h, 06h,00h, OFh
00h,07h,00h,10h,00h,08h,00h, 11k, 00R, 0%k

AH « O8h Read Current Disk Drive Parameters

DL = Drive number (80Ch-81h)

ES:BX = Buffer Address for Reads and Writes
On Exit: ‘

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

AH = 0%h Initialize Drive Pair Characteristics

DL = Drive number (80h-81lh)

ES:BX = Buffer Address for Drive Characteristics
On Exit:

AH = Error codse

Carry = 0 (no error)

Carry = 1 (error)

NOTE: Refer to the following paragraph on
initializing the drive characteriscics.

AH = 0Ah Read Lomg

DL = Drive number (80h-8&lh)

DH = Head mumber (0-1)

CH = Cylinder number (0-512/315)1

CL = Sector number (1-17/34)

AL = Number of sectors to read

ES:BX = Buffer Address for Reads and Writes

Reads 512 data bytes and 4 ECC bytes

On Exit:

AL = Number of sectors read

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)
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AH = OBh VWrite Long

DL = Drive number (80h-81h)

DH = Head number (0-1)

CH = Cylinder number (0-512/215)1

CL = Sector number (1-17/34)

AL = Number of sectors to write -

ES:BX = Buffer Address for Reads and Writes

Writes 512 data bytes and 4 ECC bytes

On Exit:

AL = Number of sectors written

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

AE = OCh Seek

DL = Drive number (80h-81lh)
DH = Head number (0-1)
CH = Cylinder number (o~612/315)1
CL = Sector number (1-17/34)
On Exit:

AH = Error code
Carry = 0 (no error)
Carry = 1 (error)

AE = ODh Raset Hard Disk Systea
Refer to the following paragraph on Hard Disk System Reset.

AE = 10h Test Drive Ready

DL = Drive number (80h-8lh)
Exice:

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

]

=

= 11h Recalibrate

DL = Drive number (80h-81h)
Exit:

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

AE = 14h Controller Internal Diagnostic
DL = Drive number (80h-81h)
Exict:
AH = Error code
Carry = 0 (no error)
Carry = 1 (errer)

g

g
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AH = 15h Read DASD Type
On Exit if Carry Flag is not set: o
= 00 Drive not present

01 Floppy Disk Drive, No

ERER

03 Hard Disk Drive

NOTE:
number of 512 byte blocks

Hard Disk System Reset

Two interrupt service routine funect
provide a disgk system reset. Eithe
write a reset value to a Hard Disk
After a reset, all HDC registers ar

Floppy Disk Drive Subsystem

therwise, an error

change line available

02 Floppy Disk Drive, Change line available

When AH = 03, registers CX,DX provide the

-

ions (AH = 00 and AH = 0D)
r reset causes the ROM-BIOS to
Controller (HDC) register.
e set to their default values.

Hard Disgsk Drive Service Routine Error Codas

The hard disk drive service routine functions, on Exit, may return
an Error code in microprocessor register AH. An error is indicated
if the Carry flag is set to "1" and the error code can then be read

from register AH. The error codes
Table 9-11. If an error is returne

are listed and described in
d, the appropriate action is to

first reset the disk and then retry the failed operation.

Table 9-11.
Error Code

(Hex) Error Naze
00 No Error
o1 Bad Command
02 Bad Address Mark
04 Record Not Found
Q5 Bad Reset
07 Initialize Failed
09 DMA Boundary
oA Bad Sector
0B Bad Track
10 Bad ECC
11 Data Corrected
20 Bad Controller
40 Bad Seek
80 Time Cut
AA Not Ready
BB Undefined Error
cc Write Fault
EC No Error
FF Sense Failed

i e T T

Hard Disk Drive Service Routine Exrror Codes

R R A e

EE R T R R R R Y ettt

No error detected

Bad command passed to disk I/0
Address mark not found
Requested sector not found
Resetr failed

Drive parameter activity failed
Data extends too far

Bad sector flag detected

Not used

Bad ECC on disk read

ECC corrected data error
Controller failed

Seek operation failed
Attachment failed to respond
Drive not ready

An undefined error occurred
Write fault on selected drive
Status error/Error Register=0
Not used

L R R i e
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Hard
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Error code 1llh indicates that a data read had a recoverable error
that was corrected by the ECC algorithm. The data may be good.
Howvever, the BIOS service routine indicates an error to allow the
controlling program to determine if it is good data. With good
data, the error is not repeatable.

Initializing Drive Characteristic

To initialize the drive characteristics per interrupt service
routine function 09 (AH=09), the ROM-BIOS issues an interrupt.
Interrupt 41lh points to a data block for drive O (DL = 80h) and
interrupt 46h points to a data block for drive 1 (DL = 8lh). 1In
either case, the interrupt is vectored to a 16 byte memory location
for the Fixed Disk Parameter Table. The Fixed Disk Parameter Table
contains the following information:

Number of
Bytes Description

Maximun number of cylinders

Maximum number of heads

Not used

Starting Write Precompensation cylinder

Maximm ECC Error Data Burst length

Control Byte )
Bit 7 Disable disk-access retries
Bit 6 Disable ECC retries
Bic 3 More than & heads

Not used

Landing Zone

Number of Sectors/Track

Reserved

NN N

W

To define a new set of parameters, first build a table for up to 15
types. Then, place the corresponding vector into interrupt &4lh
(drive 0) or interrupt 46h (drive 1).

Disk Controller Intsrface

The GRiDCase 1500 Series computer, with options 320 and 321, uses a
JVC Model 5523, 3.5-inch Winchester Hard Disk Controller (HDC).
The Model 5523 HDC has a different dash number suffix depending
upon the type of disk drive that it supports. The dash numbers and

related drive types used in the GRiDCase 1500 Series computers are
as follows:

Dash Disk Drive
Ro. Type
-1 10M Byte JVC
-2 20M Byte JVC
-3 20M Byte ALPS
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The 20M byte JVC and the 20M byte ALPS disk drives are interchange-
able when their respective HDCs are also interchanged. Unless
otherwise noced, the following paragraphs are applicable to all HDC
dash nunbers.

The primary interface between the computer and HDC is provided by
four I/0 registers. The four registers are bidirectional to allow
the computer to send commands and data to the HDC and also to
receive data and status information from the HDC. The four
registers and their bidirectional functions are given in the
following list and they are described in the subsequent paragraphs.

I/0
. Address Register Name Read Function Write Function
320h Data Register R@caivo data or Send commands
status from the or data to the
HDC. HDC.
321h Hardware Status/ Read hardware Reset HDC
Reset Register status
322h Configuration/ Read configuration Select and
Control Select information initialize che
Register HDC for access
323h Interrupt and DMA Not used Write DMA and
Enable Register interruptc mask

Data Register (320h)

The Data register at I/0 address 320h provides an access port to
the 8-bit wide bus that connscts the microprocessor to the HDC.
All data, command parameters, and status information to be written
to, or read from the disk, are transferred between the HDC and
microprocessor via this port. The HDC also contains a separate
Sector Buffer that supports data transfers between the disk drive
and the HDC. Using separate buffers allows data transfers between
the HDC and disk drive to be executed indspendently of the dacta
transfers between the HDC and microprocessor.
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Hardware Status/Reset Register (321h)

When the register at I/0 address 321h is read, it recturns the
following status information:

Bit Signal Description
5 - IRQl4 0 = No hard disk interrupt pending
1 = Hard disk interrupt pending
4 DRQ3 0 « No DMA request
1l = Controller ready for DMA transfer
3 Busy 0 = HDC i{s idle
1 = HDC is executing a command
2 Control/ O = Data transfer in progress
Data 1 = Command or Status transfer in
progress
1 Input/ 0 = Transfer from computer to HDC

Output 1 « Transfer from HDC to computer

0 Request Handshake for byte transfers
0 = Not ready for transfer
1 = Ready for transfer

Configuration/Control Select Register (322h)

Reading the register at 1/0 address 322h returns the factory-set
hard disk drive configuration information. The configuration
information indicates the disk capacity. When the same register is
written, the HDC is prepared to accept a command and the BUSY bit
in register 321h is set. - ‘

Interrupt and DMA Enzble Register (323h)
The register at I/0 address 323h is used to enable interrupt

requests and DMA data transfers. The two-bit register is used as
follows:

Bics

1 0 Description

0 O No interrupt or DMA

0 1 Enable DMA request (DRQ3)

1 0 Enable Interrupt Request (IRQl4)
1 1 DMA and Interrupt Request Enabled
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Hard Disk Comtroller (HDC) Cperatiomn

The four registers that were previously described provide the
primary interface between the computer and the HDC. The
bidirectional registers are used to transfer commands, status
information, and data between the computer and HDC. Operation of
the I/0 registers and their affect on HDC operation is described in
the following paragraphs.

The HDC supperts 15 operational commands (Class Code 0) and 5
diagnostic commands (Class Code E). A summary of the operations
required to use the commands is given in the following steps.
Table $-12 provides a summary of the commands. For additional
command information, refer to the manufacturer’s (JVC) User’s
manual.

e A write to I/0 address 322h selects the HDC and sets
BUSY (BSY) and REQUEST (REQ) in the Status register
(321h). The computer completes the selection
process by reading the status register.

2. Vhen the computer reads the status register (321h)
with REQ set, it proceeds to send the first byte of
a six-byte command block. After each byte is
received by the HDC, REQ is cleared and then set
again for the next byte.

3. The command is sent to the HDC via the Data register
at I/0 address 320h. This is the same register that
is used to read or write data following a Read Data
or Write Data command.

4., After each six-byte command, the HDC clears BSY and
sends a Command Completion Byte to the Data register
(320h). The computer reads the Hardware Status
register (321h) to determine when Input/Cutput = 1
and then reads the Command Completion Byte from the
Data register.

5. Only bits 5 and 1 of the Command Completion Byte are
significant. Bit 5 is set to 0 to indicate that the
drive received the command. Bit 1 is set to 1 if an
error occurred while the command was being
transferred.

6. If the Command Completion byte indicates that an
error occurred (bit 1 = 1), the computer should
issue a Read Status command for the specified drive
before any other commands are executed to prevent
the loss of error status. The error status is read
in four consecutive bytes from I1/0 register 320h.
Error codes that indicate the cause of an error are
read from bits 0 through 5 of byte 0. A list of
possible error codes is given in Table 9-13.
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7. Read Data or Write Data commands are used to
transfer data via the I/0 register at address 320h.

e L L R E R R R R R R R R R R L R R R T

Class Op
Code Code Command Name Description
0 00 Test Drive Ready Selects and verifies that a
drive is ready.

0 01 Recalibrate Positions the read/write head on
track O.

0 03 Read Status Returns cne status byte and a
three-byte logical address for
the specified drive.

0 04 Format Drive Formats all sectors with ID and
data fields and then writes 6Ch
into the data fields from the
starting address to the end of
the disk.

0 05s Verify Sectors Checks specified cylinder for
correct ID and interleave.
Does not read data.

0 06 Format Track Formats a specified track and
writes 6Ch into the data
fields. AiAlso clears bad-
sector flags if the track was
previously formatted with the
Format Bad Track command.

0 07 Format Bad Track Formats a specified track and
sets the bad-sector flag in
each sector header. The data
fields are not written to.
0 o8 Read Data Reads the specified number of
sectoxrs starting with the
initial Sector Address cont-
ained in the control byrte.

0 oA Write Data Writes the specified number of
sectors starting with the
initial Sector Address cont-
ained in the control byte.

0 0B Seek Seeks to the track specified
in the control byte. The
drive must be formatted.
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Table 9-12. HDC Command Summary (Continued)

BT R R R R e T

Class Op

B . e e T R e L T

0 ocC
0 oD
0 OE
0 OF
E 00
E 03
E 04
E 0s

Set Parameters

Last Corrected
Burst Length

Read Sector Buffer

Write Sector Buffer

Initializes the HDC to con-
figure up to two drives with
different capacities and
characteristics. Both drives
must have the same manufact-
urer and mode number. Para-
maters are sent with an 8-byte
Parameter Block.

Returns one byte of data cont-
aining the length of the last
corrected error burst. If no
burst was corrected since the
last Power ON or Reset, the
byte is all zeros.

Returns the contents of the
HDC Disk Controller Sector
Buffer. The computer must
accept as many bytes as there
are in a sector in drive 0.

Initializes the format data
used optionally by the Format
commands. It writes enough
data bytes to the HDC Disk

" Controller Sector Buffer to

Execute Sector

Execute Drive
Diagnostic

Execute Controller
Diagnostic

Read long

£fill a sector on drive 0. The
bytes are not sent to a drive.

Performs a data patterm test
Buffer Diagnostic on the sector
buffer.

Tests the drive and drive to
HDC interface.

Tests the HDC and HDC to
computer interface.

Similar to Read Data (08)

except ECC bytes are read

directly from the disk and
passed to the computer.
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Table 9-12. HDC Command Summary (Continued)

LR R e I R ke e e

B e O T iy S

E 06 Write Long Similar to Write Data (0A)
except that ECC bytes are
passed unaltered to the
controller which writes them
on the disk following the
data.

7 04 Controller Initializes routines that test
Diagnostic all HDC functions.

7 05 Read Long Reads a specified number of
consecutive sectors and the
four ECC bytes with each
sector. Errors are not
corrected

7 06 Write Long Writes a specified number of
' consecutive sectors and the
four ECC bytes for each
sector.

Ll L R R R A e ettt

Table 9-13. Controller (HDC) Error Codes

B e X

Error Code
(Hex) Error Namas Description

00 ' ‘No Error No error was detected.

03 Write Fault HDC received a Write Fault
from the drive.

04 Drive Not Resady HDC did not receive a ready
signal from the drive or drive
has been selected.

06 Track 0 Not Found Recalibrate command failed

o8 Drive Still Seeking Drive is still performing a
buffered seek.

11 Uncorrectable Data The ECC detected an error

Error burst greater than its
correction capability.
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Controller (HDC) Error Codes (Continued)

Deseripeion -

LR A L L L L cTeccenssee L T R R ] e e - csseeo-

Error Code

(Hex) Error Name

12 Data Address Mark
Not Found

15 Seek Error

18 Correctable Data
Error

19 Track is Flagged
as & Bad Track

20 Invalid Command

21 Illegal Sector
Address

30 Sector Buffer
Error

k31 Controller RCM
Checksum Error

32 ECC Error

......

Sector 1D was read but Data
Address Mark was not readable.

Sector ID was not found on the
selacted track or a CRC error
occurred on the ID field.

The ECC detected an error that
was subsequently corrected.

A sector was read with a Bad
Block Mark in its ID field.

A command was received with an
invalid class or op code.

A sector was addressed beyond
the capacity of the drive.

Sector buffer diagnoscic (EO,
E4) error. _

Checksun error during
Controller Diagnostic (E&4).

ECC generator failed Control-
ler diagnostic (E&4).

FLOPPYY DISK DRIVE EXPANSION PORT

The Floppy Disk Drive Expansion port is supported with either the
standard 3.5-inch floppy disk drives or an optional hard disk drive

as the internal drive.

disk drive.

computer.

1500 Series computer to support an external 3.5-inch disk drive or

The direct transfers are accomplished through a
dedicated interface commector located on the rear panel of the

This external drive bus

structure allows the GRiDCase

5.25-ineh disk drive that is compatible with the IBM PC/AT. Also,
a 40M byte Backup Tape System is available for commection through

the extermal bus.

Refer to Table 9-1 for configurations.

The GRiDCase 1500 Series computer transfers
data directly between its intermal disk controller and an external
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The program interface to the internal disk drive is through a
standard set of ROM-BIOS calls, which mask the differences between
the 3.5-inch disk drive and the 5.25-inch disk drive. To provide
compatibility with the internal disk, there are switches on the
external drive that allow the user to designate it as the A:, B:,
or E: drive. The switch setting is readable by the ROM-BIOS. The
hardware then sets the chip select to the correct value for the
drive select and motor on bits. The value of the switch setting is
readable at I/0 location 37%h bit 0. Refer to the floppy disk
drive configuration paragraph.

External Peripheral Connector (5) Pin Definitiomns

9-48

The External Peripheral connector (No. S) is dedicated to the
floppy disk drive interface. The connector is a 25-pin,
subainiature, D-type shell, female connector mounted on the rear
panel of the GRiDCase 1500 Series computer. The Extermal
Peripheral comnector is identical to the Parallel Printer connector
(No. &), except that the Extermal Peripheral commector has a
plastic insert in pin 13. The plastic insert keys the connector
for use by GRiD Systems cables and peripherals such as floppy disk
drives and the tape backup unit. Keying the commector in this
manner discourages the cross-connecting of cables from other types
of peripheral devices. Connecting other types of devices such as
printers to the External Peripheral conmnector can seriously danage
the main logic board in the computer.

CAUTION

The External Peripheral commector contains
a plastic insert in pin 13. DO ROT REMOVE
THE INSERT. The insert keys the comnector
for use by GRiD Systems cables and periph-
erals such as floppy disk drives. DO NOT
USE FORCE when making comnections. Con-
nection of peripheral devices such as
printers can seriously damage the comput-
er and peripheral device.

The Extsarnal Peripheral commector layout is shown in Figure 9-2,
and the interface comnsctor pinouts and signal names are given in
Table 9-14. All signals are TTL Compatible.

Figure 9-2. External Peripheral (Floppy Disk Drive Interface)
Connecter Pin Layout
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9-14. Externsl Periphersl Commector Pin Definitions

D e T I e L L L I

e e L e L T

10

CORDDCPWR

B or A~

EFLOPPY~

Ground

WRITE PROTECT-

HDDRIVE-~

Signal Ground

TAPEDETECT

DIRECTION=-

DISKCHANGE~

Input

Qutput

Output

Input

Input

Output

Do Not Use (Refer to NOTE 1)

Indicates the setting of the drive
designation (address) switches on
the external drive as follows:

00 = A: drive

0l = B: or E: drive
Pin 2 is readable at I1/0
address 379k, Bit O.

Goes low to indicate that

an external drive is
connected. Pin 3 is readable
at address 37ah, Bit 5.

Signal Ground

This line goes low if a write-
protected disk is inserted in
the external drive.

Goes low if a high density drive
is attached to the external
peripheral comnector. Pin 6 is
readable at address 37Ah, Bit 7.

Signal Ground

Goes high if a Model 3403 Tape
Backup System is attached. Pin
8 is readable at address 37Ah,
Bit 6.

Determines the direction that

the stepper motor goes to

position the read/write heads

wvhen a STEP~ pulse is received.

I1f this signal i{s low, the heads
are moved toward the spindle by the
STEP~ pulse. If this signal is
high, the heads are moved away from
the spindle by the STEP~ pulse.

Goes low when a floppy disk is
renoved from the active disk
drive. The signal goes low when
power is turned ON and is reset
by the STEP~ signal.
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Table 9-14. External Peripheral Connector Pin -
Definitions (Continued)
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11  LOWDENSITY Output Sets the drive for normal or high
density disk opertion.
0 = High-density operation
1l = Normal-density operation

12 LOWDENSITY- Output Inverse to pin 11.

13 Keyway c-- Plastic insert to guide instal-
lation of the extermal peripher-
al drive cable.

14 + 5V de +/-108 --- Provides power to the 3.5-inch
digsk drives.
15 30RS~ Input A factory set jumper in the

external drive sets this line
low for a 5.25-inch drive and
pulls the line high for a
3.5-inch drive. A status bit
is readable frem I/0 location
379h, bit 2. -

16 SIDE SELECT Input ‘Selects the upper read/write
: head when low and the lower
read/write head when high.

17 FLOPPYRDATA~ Output Carries data read from the
disk. The data is a combina-
tion of data and clock pulses.

18 TRKOO-~ " Output Goes low when the head is
positioned over track 00
Track 00 is the outermost
track on the disk.

19 WRITE GATE~ Input Goes low if write data is
valid. Goes high if the floppy
diskstte is write-protected.

20 FLOPPY WDATA~ Input Carries data to be written
onto the disk. The read/write
head current is reversed when

this signal changes from high

to low.
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Table 9-14. External Peripheral Connector Pin

Definitions (Continued)
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22

23

24

25

NOTES:

STEP~ Input This line is pulsed low to

move the heads one step in the
direction determined by the
DIRECTION=~ signal.

MOTOR2~ Input Goes low to start the spindle

motor. Normal spced is reached
within 500 ms.

DRIVE2~ Input VWhen low, the drive responds to

all lines from the output
interface except motor enable.

FDDINDEX- Output One low pulse is generated per

revolution of the spindle.

The falling edge of the pulse
indicates the beginning of the
track.

CORDDCPWR .- Do Not Use (Refer to NOTIE 1)

Pins 1 and 25 were originally commected to a
source of +16V dc power for use in powering an
external device. In later computer models and
models that were subsequently revorked, pins 1
and 25 are open (no cormection). This change
prevents damsge to the computer main logic
board if a device is improperly commected.

The tilde symbol (~) indicates active low (lov-
true) logic.

L ettt ettt ettt didh
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CHAPTER 10: COMPATIBLE HARD DISK DRIVE SUBSYSTEM

The GRiDCase 1500 Series computer Compatible Hard Disk Drive
Subsysten supports IBM AT compatible, Winchester technology hard
disk drives. These compatible hard disk drives have a formatted
capacity of 20M bytes, 40M bytes, or 100X bytes depending upon the
system option that has been factory installed. The compatible hard
disk drives support 512-byte sectors; high-speed, Programmed
Input/Cutput (P10) data transfers; an error correction code (ECC)
of up to five bits on data fields; multiple sector operations
across track and cylinder boundaries; and on-board diagnostic
tests. Table 10-1 lists the compatible hard disk drive
configurations by their option number.

Tabls 10-1. Compatible Hard Disk Drive Configurations

-------- L R R Rk L B

Item Option Qty = Configuration Capacity
1 321 1 3.5-inch Floppy Disk Drive 1.4M bytes
1 204 byte Hard Disk Drive 20M bytes
(1BM AT Compatible) 21.4M bytes total
2 32 1 40M byte Hard Disk Drive 40M bytes total

(IBM AT Compatible)

3 325 1 100M byte Hard Disk Drive 100M bytes total
(IBM AT Compatible)

NOTES: A complete list of disk drive configurations is
provided in Table 9-1.

Opcion 321 provides a 20M byte hard disk drive.
Computers with tracking numbers greater than
K15000 are supplied wich AT compatible drives.

B el e e R R R R

In the configurations listed in Table 10-1, an intermal floppy disk
drive is includad with the 20M byte hard disk drive (Option 321).
Operation of the floppy disk drive, the options that do not centain
a compatible hard disk drive, and the external disk drive port are
described in Chapter 9. This chapter (10) describes operation of
the IBM AT compatible hard disk drives only.

Additional options that include other AT compatible hard disk
drives and intermal floppy disk drives may become available. This
chapter contains information that is applicable to all AT
compatible hard disk drives unless othervise specified. Where
extensive information is required that is unique to a particular
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10-2

disk drive, the information is supplied in an appendii attached to
the back portion of this manual. Refer to the Table of Contents
for a list of applicable appendices.

AT compatible hard disk drives are different from drives that are
XT or PC compatible mainly in the method of transferring data. AT
compatible hard disk drives transfer data in 16-bit words using
Programmed Input/Output (PI0) instructions. The disk drives
previously used in GRiDCase computers (XT and PC compatible)
transfer data in 8-bit bytes using Direct Memory Access (DMA)
instructions. Operating characteristics of the AT compatible hard
disk drives are listed in Table 10-2.

Table 10-2.

Compatible Hard Disk Drive Specifications
Option 321 Option 324 Optiom 325
Characteristic (204 Byte) (40M Byte) (100M Byte)

Nl L e T T T R PR L L L P PR L L T P ] ceessscssescssceew

Capacity (Formatted)

Total (Megabytes): 21.4 42.6 104
Tracks Per Surface: 616 976 776
Track Density (tpi): 1150 1000 1150
Track Capacity (bytes): 16,896 13,312 16,896

Sectors per Track: 17 17 33
512 .

Bytes per Block: 512 512

Blocks per Drive: 41,976 83,270 204,864

Read/Write Characteristics:

Interface: Task File Task File Task File

Recording Method: 2 of 7 2 0f 7 2 of 7
RLL Code RLL Code RLL Code

Recording Density (bpi): 21,59 21,379 23,441

Flux Density (ID) _

Flux Reversals/inch: 14,396 14,253 15,627
Buffer Size (bytes): 512 bytes 8k bytes 32k bytes
Data Transfer Rate (kBytas/Second)

Maxigum: 280 575 280
Functional
Interleave: 3:1 1:1 1:1
Seek Times (in ms at nominal de)

Track to Track: 8 10 8

Average Access: 27 27 25

Maximum: 50 50 45
Latency (average): 8.40 8.33 8.40
Rotational Speed (+/-0.1%): 3575 rpm 3600 rpm 3575 rpm



Table 10-2.
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Compatible Hard Disk Drive Specifications (Continued)
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Option 324 Option 325

option 321

(204 Byte)

(40M Byte)

(100M Byte)

PR R Rk R e L L L L L T T T R

Punctional (Continued)

Controller Overhead (ms):
Start Time (Power ON)

0 rpm to READY
Typical (sec):
Maximum (sec):

Stop Time (Power OFF)
Typical (sec):
Maximum (sec):

Start/Stop Cycles:

Physical
Actuator Type:

Servo:
Number of
Disks:
Data Surfaces:
Data Heads:
R/W Head park at Power OFF:

Powsr Consumption (Watts)
Read/Write Mods:

Idle Mode:
Standby Mode:

1

10k

Rotary
Voice Coil
Embedded

1
2
4
Automatic

Environmental Characteristics

Teaperature (°Centigrade)
Operating:
Non Operating:
Thermal Gradient
Maximum:
Humidity (8% Noncondensing)
Operating:
Non Operating:
Max Wet Bulb
Temp (°C):

5 to 55
-40 to 60

20/hour

8 to &0
8 to 80

26

Altitude (Relative to Sea Level)

Operating Range (kft):
Nonoperating (kft):

-0.2/10
40

Rotary
Voice Coil
Embedded

2
4
4
Automatic

on &
v N

5 to 55
-40 to 60

20/hour

8 to 80
8 to 80

26

-0.2/10
40

15
20

15
20

Rotary
Voice Coil
Embedded

4
8

8
Automatic

5 to 55
-40 to 60

20/hour

8 to 80
8 to 80

26

L R Lk L L L R ettt

shown with a letter "h® suffix.

Throughout this chapter, hexadecimal values are
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COMPATIBLE HARD DISK DRIVE ROM-BIOS INTERFACE

Hard

10-4

The compatible hard disk drive is accessed by the same ROM-BIOS
interface that is used for the hard disk drives described in
Chapter 9. The interrupt service routine used by the noncompatible
hard disk drives are also used by the compatible hard disk drives.
The compatible hard disk drive ROM-BIOS service routine is
different mainly in the number of heads, cylinders, and sectors
that can be specified.

The hard disk drive 1s addressed by using 80h as the hard disk
drive identifier. The DL register in the 80286/80386
microprocessor is used to pass the disk drive identifier. With any
value in the DL register, the low seven bits (6-0) provide the
drive number and the eighth bit (7) is set to "0" to indicate a
floppy disk drive operation, or to "1" to indicate a hard disk
drive operation.

Disk Drive Service Routine

The ROM-BIOS supports the following hard disk-related interrupt
service routine functions:

Interrupt Function
(Hex) No. (AH reg) Description

13 00h Reset Hard Disk Drive System

13 ~ 01h Read Disk Drive Status from Last Operation
13 02h Read Data From Desired Sectors Into Memory
13 03h Write Data From Memory to Desired Sectors
13 04h Verify that Disk Sectors are Valid

13 05h Format Desired Track on Disk

13 06h Unused

13 07h Unused

13 08h Read Current Disk Drive Parameters

13 0%h Initialize Drive Pair Characteristics

13 OAh Read Long

13 0Bh Write Long

13 OCh Seek

13 ODh Reset Hard Disk Drive System

13 OEh Unused

13 OFh Unused

13 10h Test Drive Ready

13 11lh Recalibrate

13 12h Unused

13 13h Unused

13 14h Controller Internal Diagnostic

13 15h Read DASD Type

The following paragraphs summarize the operation of the interrupt
service routine functions.
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Hard Disk Drive Service Routine Descriptions

The 80286/80386 Microprocessor register inputs and outputs for the
disk drive interrupt service routine functions are listed in the
following paragraphs. For the read, write, verify, and format
functions, the contents of registers DS, BX, CX, and DX, are
preserved, and register AL returms the number of sectors acctually
read, written, or verified. Register AH determines the service
routine function that is invoked, while the other microprocessor
registers further define the action to be performed. On exit, if
an error occurred, the Carry flag is set to "1" and register AH
contains an Erroer Code. The Error Codes and their descriptions are
listed following the interrupt service routine.

The hard disk drive parameters are requested by using the DL
register in the 80286/80386 microprocessor to pass the disk drive
number as follows:

On Input
DL « Disk Drive Number
Bits 6-0 contain the drive number (0 for one hard
disk drive) and bit 7 indicates floppy disk (0) or
hard disk (1). For one hard disk drive, the drive
nunber is 80h. If a second hard disk drive is added,
its drive number would be 8lh.

On Cutput (Exit)

DH = Maximum useable value for head number

DL = Number of attached hard disk drives (1)

CH = Low-order 8 bits of the maximum useable value for
the 10-bit cylinder number

CL = Two high-ordar bits for the cylinder number maximum
useable value and six bics (bits 5-0) for the sector
nuaber maximum useable value.

AH = 00h Reset Hard Disk System
Refer to the following paragraph on Hard Disk System Resec.

AH = Olh Read Disk Drive Status From Last Operation
DL = Drive mumber (80h-&lh)
On Exit:
AH = Error code ("0" if no error)
AL = Disk Status
Carry = 0 (no error)
Carry = 1 (error)
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10-6

ROTES:

1.

AH = 02h
DL =
DH =
CH =
CL =
&-

For head, cylinder, and sector numbers, the
virgule (/) separates the maximum values for -
each option (321/324/325).

The two high order bits of the 10-bit cylinder
number are provided by bits 7 and 6 of the
sector number register CL.

Read Dats From Desired Sectors Into Memory
Drive number (80h-81h)

Head number (0-3/3/7)

Cylinder mmber (0-635/80&4775)1

Sector number (1-33/26/33)

Number of sectors to read

ES:BX = Buffer Address for Reads and Writes

On Exic:
AL =
AH =

Number of sectors read
Error code

Carry = O (no error)
Carry = 1 (error)

AH = 03h
DL =
DH =
CH =
CL =
AL =

Vrite Dats from Memory to Desired Sectors
Drive number (80h-8lh)

Head number (0-3/3/7) 1
Cylinder mumber (0-635/8044775)

Sector number (1-33/26/33)

Number of sectors to write

ES:BX = Buffer Address for Reads and Writes

On Exit:
AL =
AH =

Number of sectors written
Error code )

Carry = 0 (no error)
Carry = 1 (error)

AH = Q4h
DL =
DH =
CH =
CL-
AL =
On Exit:
Al =

AH =.

Verify That Disk Sectors are Valid
Drive number (30h-81h)

Head mumber (0-3/3/7) 1
Cylinder number (0-635/80&5775)
Sector mumber (1-33/26/33)

Fumber of sectors

Number of sectors verified
Error code

Carry = 0 (no error)
Carry = 1 (error)
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AH = 05Sh Format Desired Track on Disk

DL = Drive number. (80h-81h)

DH = Head mumber (0-3/3/7)

CH = Cylinder number (0-635/804/775)1

ES:BX = Points to a 512 byte buffer (NOTE)
On Exit:

Al, = Number of sectors verified

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

ROTE: In the 512 byte format buffer, the first 2x
(sector/track) bytes contain values F and N for
each sector. The value F represents 00h for a
good sector or 80h for a bad sector. The value
N is the sector number. For an interleave of 2
and 17 sectors/track the buffer contains:

00h,01h,00Ch,0AH, 00H,02H,00H, OBh,00h, 03k, 00k, OCh
00h, 004, 00h,ODR, 00h,05h, 00h, OEh, 00h, 06k, OCh, OFh
00h,07h,00h, 10h,00h,08h,00h, 11k, 00h, 0%k

AH = 08h Read Current Disk Drive Parameters
DL = Drive number (80h-81h)
ES:BX = Buffer Address for Reads and Writes
On Exit:
" AH = Error code
Carry = 0 (no error)
Carry = 1 (error)

AH = 0Sh Initialize Drive Pair Characteristics

DL = Drive number (80h-81h)

ES:BX = Buffer Address for Drive Characteristics
On Exit:

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

NOTE: Refer to the following paragraph on
initializing the drive characteristies.

AH = OAh Read long
DL = Drive number (80h-81h)
DH = Head number (0-3/3/7)
CH = Cylinder number (0-535/3045775)1
CL = Sector number (1-33/26/33)
AL = Number of sectors to read
ES:BX = Buffer Address for Reads and Urites
Reads 512 data bytes and 4 ECC bytes
On Exit: :
AL = Number of sectors read
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)
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AE = OBh Write long

DL = Drive number (80h-81lh)

DH = Head number (0-3/3/7)

CH = Cylinder number (0-635/80&5775)1

CL = Sector number (1-33/26/33)

AL = Number of sectors to write

ES:BX = Buffer Address for Reads and Writes

Writes 512 data bytes and 4 ECC bytes

On Exit:

Al = Number of sectors written

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

AE = OCh Seek
DL = Drive number (80h-81h)
DH = Head number (0-3/3/7)
CH = Cylinder number (0-635/8045775)1
CL = Sector number (1-33/26/33)
On Exie:
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)

AH = 0Dh Reset Hard Disk Systea ‘
Refer to the following paragraph on Hard Disk System Reset.

AH = 10h Test Drive Ready

DL = Drive number (80h-81lh)
On Exict:

AH = Error code

Carry = 0 (no error)

Carry = 1 (error)

AH = 1lh Recalibrate

DL = Drive number (80h-8lh)
On Exit: :

AH = Error cods

Carry = 0 (no error)

Carry = 1 (error)

AH = 147h Controller Internal Diagnostic
DL = Drive number (80h-81lh)
On Exit:
AH = Error code
Carry = 0 (no error)
Carry = 1 (error)
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AH = 15h Read DASD Type

On Exic if Carry Flag is not set: otherwise, an error
AH = 00 Drive not present 2
AH = 01 Floppy Disk Drive, No change line available
AH = 02 Floppy Disk Drive, Change line available
AH = 03 Hard Disk Drive

NOTE: When AH = 03, registers CX, DX provide the

number of 512 byte blocks.

Hard Disk System Rsset

- Two interrupt service routine functions (AH = 00 and AH = 0OD)
provide a disk system reset. Either reset causes the ROM-BIOS to
write a reset value to an HDC register. After a reset, all HDC
registers are set to their default values. Interrupt service
routine function AH = 00 also resets the floppy disk driwve if one
is installed.

Hard Disk Drive Service Routine Error Codes

The hard disk drive service routine functions, on Exit, may return
an Error code in microprocessor register AH. An error is indicacted
if the Carry flag is set to "1" and the error code can then be read
from register AH. The error codes are listed and described in
Table 10-3. If an error is returned, the appropriate action is to
first reset the disk and then retry the failed operation.

Table 10-3. BEard Disk Drive Service Routine Error Codes

B L L L e L L T T T T T T e R

Error Code
(Hex) Error Name Descriptiocn
00 No Error No error detected
o1 Bad Command Bad command passed to disk I/0
02 Bad Address Mark Address mark not found
04 Record Not Found Requested sector not found
0s Recalibrate Failure Reset failed
07 Initialize Failed Drive parameter activity failed
09 Data Size Boundary Data extends too far
0A Bad Sector Bad sector flag detected
OB Not used Not used
10 Bad ECC Uncorrectable data error
11 Data Corrected ECC corrected data error
20 Bad Controller Controller failed
40 Bad Seek Seek operation failed
80 Time Out Attachment failed to respond
AA Not Ready Drive not ready
BB Undefined Error An undefined error occurred
cc Write Fault Write fault on selected drive
EO No Error Status error/Error Register=0

D e L L L L L L R R R Rl it
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Error cods llh indicates that a data read had a recoverable error
that was corrected by the ECC algorithm. The data may be good.
However, the BIOS service routine indicates an error to allow the
controlling program to determine if it is good data. With good
data, the error is not repeatable.

Initializing Drive Characteristic

To initialize the drive characteristics per interrupt service
routine function 09h (AH=0%9h), the ROM-BIOS issues an interrupt.
Interrupt 41lh points to a data block for drive 0 (DL = 80h) and
interrupt 46h points to a data block for drive 1 (DL = 8lh). In
either case, the interrupt is vectored to a 16 byte memory location
for the Fixed Disk Parameter Table. The Fixed Disk Parameter Table
contains the following information:

Number of
Bytes Description

2 Maximm number of cylinders

1 Maximum number of heads

2 Not used

2 Starting Write Precompensation cylinder

1 Not used

1 Control Byte
Bit 7 Disable disk-access retries
Bit 6 Disable ECC retries
Bitc 3 More than 8 heads

3 Not used

2 Landing Zone

1 Number of Sectors/Track

1 Reserved

To define a new set of parameters, first build a table for up to 15
types. Then, place the corresponding vector into interrupt 4lh
(drive 0) or interrupt 46h (drive 1). The hard disk drive type is
sslectable through Real-Time Clock I/0 register 19h (Drive C
Extended Byte) and register lAh (Drive D Extended Byte. Refer to
Table 6-1.

COMPATIBLE HARD DISK CONTROLLER INTERFACE

The GRiDCase 1500 Series computers support the compatible hard disk
drives listed in Table 10-4. Unless otherwise specified,
information in the following paragraphs is applicable to all
compatible hard disk drives.

10-10



Compatible Hard Disk Drive Subsystem

Table 10-4. Compatible Haxrd Disk Drives
Drive Capacity

Model No. Type (Formatted) Controller Remarks

CcP3022 5 20M Bytes IBM AT Manufactured by Conner
Compatible Peripherals, Inc., San
Adapter Jose, CA 95131

CP342 6 42M Bytes IBRM AT Manufactured by Conner

(Low- Compatible Peripherals, Inc., San

Power) Adapter Jose, CA 95131

CP344 4 42M Bytes IBM AT Manufactured by Conner

(High- Compatible Peripherals, Inc., San

Power) Adapter Jose, CA 95131

CP3104 7 104.9M Bytes IBM AT Mamufactured by Conner
Compatible Peripherals, Inc., San
Adapter Jose, CA 95131

L L PR Y P P R R P R R R P L L R L R LY R LR R R R L L R ¥ cSeewescscoescanecweee

The compatible hard disk drive uses a Task File interface between
the microprocessor and the drive. The Task File interface is a
set of registers that allow the ROM-BIOS to execute the drive
commands and transfer data between the drive and computer memory.
The drive adapter decodes microprocessor I/0 addresses 1F0 through
1F7 and 3F6. These addresses are used to access the Task File
registers.

The microprocessor addresses the drive using Programmed Input and
OQutput (PIO). With PIO the general sequence of operation is as
follows:

e The microprocessor loads the Task File
registers including a Command register.

2. The disk drive then locates the correct
cylinder on the disk.

3. An interrupt (IRQl4) is generated by the drive
to indicate that service is required.

4, A data transfer takes place.
Table 10-5 lists the Task File registers by their I/0 address and

function, and then the operation of each register is described in
the subsequent paragraphs.
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Table 10-5,

Task File Registers

L R L L F e N

I/0

Address

Read Function

R R R T T I

1FOh
1Flh

1F2h -

1F3h
1F4h
1FSh
1Féh
1F7h
3F6h
3F7h

NOTE:

Data

Error

Sector Count
Sector Number
Cylinder Low
Cylinder High
Drive/Head (SDH)
Status

Alternate Status
Not Used

Data

Write Precomp
Sector Count
Sector Number
Cylinder Low
Cylinder High
Drive/Head (SDH)
Command

Digital Output
Not Used

Write Precomp register (1Flh) is not

used on the 20M Byte drive.

Also, the

Read Drive Address register (3F7h) is

not used

Lt L L T R P P R R L P A R R R R R R R R ]

Data Register (1FOh)

The Data register (1FOh) is a 16-bit, high-speed, read and write

register.
through the Data register.

All data transferred to or from the disk drive must pass
The register is alkso used to transfer

the sector table during format commands and the data associated
with the identify command. All data transfers are 16-bits wide
except for ECC bytes, vwihich are transferred during read-long and
write-long commands. The ECC bytes are slower 8-bit operations
that occur after the transfer of data. :

Each word of data is stored on the disk with the Least Significanc

Byte (LSB) first and the Most Significant Byte (MSB) last.

This

first to last relationship is important to rememc~er during ECC

tests.
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Error Registar (1Flh)

The Errer register (1lFlh) is an 8-bit, read-only, register that
contains the status from the last command executed by the drive or
a status code. The status from the last command is valid omly if
Status register (1F7h) bit O is set to "1." The register contains
an error code if the drive has just been turned on or has just
completed the internal diagnostic. The internal diagnostic and
resultant error codes are described later in this chapter under the
Drive Diagnostic command. The status bits from the last command
are defined as follows:

| 716151413121 1]0]| Bits

ceEe ecees eee eee eee ece So= eso

[ R N N A
| [---Not Used

I
P

| |---Track O (TKO)

| 0 = No TKO Error

| 1l = Track 0 not found during a
| recalibrate command

l
I -

I
|
|
|
I
|
| --Aborted Command (ABRT)

| 0 = Normal command execution

| 1 = Command aborted due to drive status
| error (not ready, write fault, etc.)
| or the command code is inwvalid.

I

!

(I
(.
| |
P
| |
I
| |
| |
| I
I
| |
I
I
| i ---Not Used

|

] | ---Requested ID Not Found (IDNF)

| 0 = Sector ID located

| 1 = Requested Sector ID not found
I .

|-

--NHot Used

---Uncorrectable Data Error (UKC)
0 = No uncorrectable errors
1l = Indicates that a data error was not
correctable by the ECC

-L—t—o-—l———-—n—-—u——u—-—-————-———_——.—-—-—"——

---Bad Block Detected (BBK) — —
0 = No bad data blocks
1l = Indicates that a bad block mark was encountered
in the sector ID field. A bad block is created
with the format command.
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Write Precompensation Register (1F1lh)

The Write Precompensation register (1Flh) is an 8-bit, write-only,
register that is used with the Set Buffer Mode command to control
the Read Look-Ahead operation. The register is loaded with AAh to
enable the operation or with 55h to disable the operation. The Set
Buffer Mode command is described later in this chapter.

The wricé-only function of this register is not used with the 20M
byte drives (Option 321).

Sector Count Register (1F2h)

The Sector Count register (1F2h) is an 8-bit read/write register
that is used to define the number of sectors of data to be read or
written. A count of 256 sectors is specified when the register
contents are zero. The count is decremented as each sector is read
so that the register contains the number of sectors remaining to be
accessed if an error occurs in a multisector operation. This
register also indicates the number of sectors per track when
executing an initialize drive command.

If Power Commands are implemented (refer to Table 10-6), this
register is used to provide power down and time-out parameters and
status, '

Sector Number Register (1F3h)

The Sector Number register (1F3h) is an 8-bit read/write register
that contains the starting sector number for any disk access.
During multiple sector data transfers, if the previous sector read
or sector write was successful, the Sector Number register is
updated to point to the next sector that will be read or written.
At the completion of each sector access, and at the completion of a
sector access command, the register contents are updated to
indicate the last sector correctly read or the sector where an
€error occurred.

Cylinder Low/Cylinder High Registers (1F4h/1F5h)

The Cylinder Low and Cylinder High registers (1F4h and 1F5h,
respectively) ars read/write registers that contain the 10-bit
starting cylinder muxber for any disk access. The Cylinder Low
register contains the eight low order bits while the Cylinder High
register contains the two high order bits. At the completion of
each sector access, and at the completion of a sector access
command, the Cylinder Low and Cylinder High register contents are
updated to indicate the last cylinder correctly read or the
cylinder where an error occurred.
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SDE Register (1F6h)

The SDH register (1F6h) is an 8-bit read/write register that
contains the drive and head numbers. At the completion of each
sector access, and at the completion of a sector access command,
the SDH register contents are updated to indicate the currently
selected head. The register bit definitions are as follows:

-----------------------------

| 7165141312110 Bits

!

| |eee=- Head Select Number (HEAD)
| 0000 = 0O

| 0001 =
| 0010 =
i 0011 -
l 0100 =
l =
|

|

!

I

|

0101

0110 =»
0111 =
lxxx = Not Used

1
2
3
4
5
6
7

---Drive Select (DRV)
0 « Master Drive
1 = Not Used

Status Register (1F7h)

The Status register (1F7h) is an 8-bit read-only register that
contains disk drive and controller operation information. The
register contents are updated at the completion of each command.
The status register is cleared whenever it is read. If an
interrupt is pending at the time the register is read, the pending
interrupt is also cleared. If the Busy bit (bit 7) is active, all
other bits of the register are invalid. The microprocessor is then
inhibited from accessing the other Task File registers, and the
Status register is read instead. The Busy conditions are described
in subsequent paragraphs.

The Status register bit definitions are as follows:
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eme woee S eee sme eee see see

| 7161S}1413]2]1]0] Bits

e ®8S e oo see eoe ecoe eoo

| I | I | | | J
| ---Brror (ERR) Bit

!

i Goes active (high) to indicate

| that the previous command ended

| in some type of error. The cause
| of the error is indicated by

| other status bits or the Error

l register (1Flh).

I
|

[ N
(. |
oo R
oo | B
[ T
[ N
[
D
[ R ---Index (IXD) Bit
] | | | | Goes active (high) once for each
| | | | | revolution of the disk.
I
| | | | | ---Corrected Data (CORR) Bit
| | | | Goes active (high) when a correctable
| | | i data error has been corrected. This
| | | | condition does not terminate mulciple-
| | | | sector read operations.
| I R
| | ] | ---Data Request (DRQ) Bit
| | | Goes active (high) when the disk drive is
| | | ready for a data transfer between the
| | | microprocessor and Data register (1FO0).
| B :
| | | =-+-Dzive Sesk Complete (DSC) Bit
| | Goes active (high) when the heads are correctly
| | positioned over a track and the drive is ready to
| | accept commands. Following an error, this bit is
| | unchanged until the Status register is read.
| |
| | ---Dzive Write Fault (IWF) Bit
| Goes active (high) vhen an error occurs while writing
| to the disk. Following an error, this bic is
] unchanged until the Status register is read.
|
| ---Dzrive Ready (DRDY) bit
Goes active (high) to indicate that the drive is up to
speed and ready to accept commands. Following an error,
~_this bit is unchanged until the Status register is read. — —

--Busy (BSY) Bit
When active (high) all other status register bits are
invalid. Refer to the description of Busy conditions
provided is subsequent paragraphs.

|
|
|
I
|
I
|
|
|
!
|
I
|
I
I
|
I
I
I
!
|
|
I
I
|
I
|
|
I
I
|
I
I
I
|
!
I
|
|
I

Command Register (1F7h)

The Command register (1F7h) is an 8-bit write-only register that is
used to pass commands from the aicroprocessor to the disk drive.
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Command execution begins immediately after the Command register is
written. The executable commands, their command codes in binary
and hexadecimal (h), and the parameters used with each command are
listed in Table 10-6. Each command is further described in the
subsequent paragraphs under Command Descriptions.

Table 10-6. Compatible Hard Disk Drive Commands

LR R R R R b T L L

| Command Code | Parameters Used
Command Name [7]6]5]4]3]2]1]0] Hex | SC SK CY SDH
Recalibrate 0001lxxxx ix n n n 4d
Read Sector(s) 001000LTCT 20-23* y Yy ¥y ¥
Write Sector(s) 00o01100LTC 30-33* vy vy y ¥y
Read Verify Sector(s) 0100000TCT &0/81* v v ¥y ¥
Format Track 01010000 50 n n y 3y
Seek 01llxxxx 7= n.n y vy
Execute Drive Diag 10010000 90 n n n 4
Infrialize Drive Params 1 0010001 91 y n n .y
Read Multiple 11000100 Cin Yy ¥y Yy v
Write Multiple 11000101 CS# Yy ¥y Y ¥
Set Multiple Mode 11000110 Co» y n n d
Read Sector Buffer 11100100 E4 n n n d
Write Sector Buffer 11101000 ES n n n 4
Identify Drive 11101100 EC n n n d
Set Buffer Mode 11101111 EFs n n n 4d
Power Command(s)20/40 MB 1 1 1 O ppp p Ex y n =n d

Where:

* = with retries disabled
= These commands are not applicable to 20M byte drive.
= Register contains a valid drive parameter, but the head
parameter is not valid. Refer to y.
n = Register does not contain valid drive or head parameters
' for this command.

y = Register contains valid drive and head parameters for
this command.

L= long bit. If L = 1 R/W long commands are executed.

When L = 0 normal R/W commands are executed.

r = retry bit., r « 0 enables the retry bit for ECC and data
errors. r = 1 disables retries. If retries are disabled
at the start of command, they are automatically enabled at
the end of the command.

= Valid bit only for Power commands 94h through 9%h.
= Sector Count register (1F2h)
= Sector Number register (1F3h)
CY = Cylinder register (1F4h/1F5h)

os

Drive/Head register (1F6h)
Don‘t care, bit value is not significant.

e el R R R e it e B it
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Alternate Btatus Register (3F6h)

The Alternate Status Register (3F6h) is an 8-bit read-only-register
that provides the same status information as the Status register
(1F7h). However, reading the Alternates Status register does not
clear a pending interrupt. Refer to the Status register (1F7h) for
definitions of. the status bits.

Digital Output Register (3F6h)

The Digital Output register (3F6h) is an 8-bit write-only register
in which only two bits are used to provide to provide interrupt and
reset control. The two control bits and their operation are given
in the following bit definitions: :

cececceeccscnsseeseee Soe eoee SO

] 716|514 )]3})2})1]0] Bits
[ P I
---------------- | }j=-- Bot Used
I I
Not Used | | ==-Interrupt Enable (IEN)

|
|
|
| 0 = If the drive is selected,.
| interrupt IRQl4 is enabled
| 1 = Interrupt IRQl4 canmot be enabled
|
|---System Software Reset (SRST)

0 = Disk drive not in reset state

1l = Disk drive is held in reset state

Drive Address Register (3!7&)
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COMMAND DESCRIPTIONS

The compatible hard disk drive commands are issued and executed via
the Command register (1F7, write-only). For each command to be
completed the following operations are performed:

1. The microprocessor sends the selected parameters to
the Task File interface registers (1F0 -1F7). The
required parameters for each command are listed in
Table 10-6.

2. The Interrupt Enable bit (-IEN) in the Digital
Output register (3F6h, bit 1) is reset to "0" to
enable interrupt request IRQl4.

3. A command is then loaded into the Command register
and execution begins as soon as the command is
loaded.

4. When command execution is complete, status
information is returned to the microprocessor.

At the start of command execution, the Command register is checked
for conditions that may cause an aborted command. When no errer
conditions are found, execution of the command is attempted. If
any subsequent errors are found, the command is termimated at that
point. The types of errors that can be returned during command
execution are listed in Table 10-7. The same table lists the
register address and bit position where the particular error is
returned. The two registers that return command errors are the
Error register (1Flh) and the Status register (1F7h). Table 10-8
lists the commands with their hexadecimal code and the mmemonics
for the valid errors that can be returned for each command.

The Drive (DRV), Head (HEAD), Cylinder (CY), Sector Number (CN),
and Sector Count (SC) are parameters that may need to be set before
a command can be executed. Separate registers are used to set the
Cylinder (1F4h/1FSh), Sector Number (1F3h), and Sector Count
(1F2h). The Drive/Head register (1lF6h) is used toc select both the
head and drive parameters. The drive is selected by resetting the
Drive Select bit (bit 4) to "0" and by setting a jumper on the
drive that designates its use as "master” or "slave." Since the
GRiDCase 1500 Series computers use only one hard disk drive, the
drive jumper is factory set to designate it as the "master” drive.
Drive selection then refers to the Drive Select bit (1F6h, bit &),
which must be cleared to select the "master” drive.
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Table 10-7. m-s of Errors Reported During Command Execution

Returning

Reg,Bit Mnemonic Description

1Flh,2 ABRT Aborted Command

--- AMNF Address Mark Not Found
1F1h,7 BBK Bad Block Detected

1F7h,2 CORR Corrected Data Error

1F7h, 6 DRDY Disk Drive Not Ready

1F7h,4 DSC Drive Seek Complete Not Detected
1F7h,5 DWF Disk Drive Write Fault
1F7h,0 ERR Error Bit in Status Register
1Fih,4 IDNF Requested ID Not Found
1F1h,1 TKO Track Zero Not Found Error
1Flh,6 UNC Uncorrectable Data Error

B L L L L L T o R A TR R L

Table 10-8. Commands and Their Associatsd Valid Errors

Command
Huo Code Associated Valid Errors

Execute Driva Diagnostic 90h Not Specified

Format Track 40h/41h  ABRT, DRDY, DSC, DWF, ERR, IDNF

Idencify Drive ECh ABRT, ERR

Initialize Drive Params 91h ABRT, ERR

Invalid Command -== ABRT, ERR

Pover Command(s) Exh Not Specified

Read Multiple C4h ABRT, BBK, CORR, DRDY, DSC, DWF,

‘ ERR, IDNF, UNC

Read Sector Buffer E4h ABRT, ERR

Read Sector(s) 22h/23h  ABRT, BBK, CORR, DRDY, DSC, DWF,

‘ ERR, IDNF, UNC

Read Verify Sector(s) 40h/41h  ABRT, BBK, CORR, DRDY, DSC, DWF,
EBR, IDNF, UNC

Recalibrate 10h ABRT, DRDY, DSC, DWF, ERR, TKO

Seek 70h ABRT, DRDY, DSC, DWF, ERR, IDNF

Set Buffer Mode EFh ABRT, ERR

Set Multiple Mode céh ABRT, ERR

Write Multiple CSh ABRT, BBK, DRDY, DSC, DWF, ERR,
IDNF

Write Sector Buffer E8h ABRT, ERR

Write Sector(s) 32h/33h ABRT, BBK, DRDY, DSC, DWF, ERR,
IDNF

el b St R ettt L R B R R R I ]
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Recalibrate Command (10h)

The Recalibrate command (code 10h) moves the read/write heads to
cylinder 0 (the outermost track). When the Recalibrate command is
received, the disk drive sets the Busy (BSY) bit (Status register
17Fh, bit 7) and then executes a seek to cylinder 0. Following a
successful seek, the disk drive updates the Status register, clears
the BSY bit, and generates an interrupt request. With the command
successfully completed the other Task File register contents are as

follows:
Rame Addr Contents
Error Register (1Flh) 00h
Sector Count Register (1F2h) Unchanged
Sector Number Register (1F3h) Unchanged
Cylinder Low Register  (1F&4h) 00h
Cylinder High Register (1F5h) 00h
Drive/Head Register (1F6h) Unchanged

If the disk drive did not find cylinder 0, the Status register ERR
bit is set (1F7h, bit 0) and the Error register TKO bit is set
(lFlh, bit 1). Alsc, the Error register ABRT bit is set (bit 2) if
the command was aborted because the drive was not up to speed or
the head was not on the selected track.

Read Sector(s) Command (22h/23h)

The Read Sector(s) command (code 22h or 23h) reads from 1 to 256
sectors as specified in the Sector Count resister (1F2h) and
beginning at the sector specified in the Sector Number register
(1F3h). A maximum count of 256 sectors is specified by a Sector
Count register contents of 0. The Status register BSY bit is set
(1F7h, bit 7) and command execution begins as soon as the command
is loaded. To execute the command, if the drive is not already on
the correct track, an implied seek operation is performed to seek
to the desired track, and then the drive searches for the
appropriate ID field. When the ID is read correctly, the data
field is read into the Sector buffer, the Status register DRQ bic
(3) is set, and an interrupt request is generated. Following
successful completion of the command, the Task File reglster
contents are as follows:

Name Addr Contents
Error Register (1Flh) 00h
Sector Count Register (1F2h) 00h
Sector Number Register (1F3h) Last Sector Read
Cylinder Low Register (1F4h) Last Sector Read
Cylinder High Register (1F5h) Last Sector Read
Drive/Head Register (1F6h) Lagst Sector Read
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Write

10-22

A Read Long command is executed by setting the long bit (bit 1) in
the command code. With the long bit set, the command reads the 16-
bit data vords and also reads the four ECC bytes in the data field.
During execution of a2 a Read Long command, the disk drive does not
check the 8-bit ECC bytes to determine if there has been a data
transfer error.

The 40M byte and 100M byte drives employ a 1l:1 interleave and a
larger Sector buffer to provide a read look-ahead capability. When
read look-ahead is active, any read causes the 40M byte disk drive
to read a minimum of 16 contiguous sectors of data and the 100M
byte disk drive to read a minimum of 64 contiguous sectors of data.
All subsequent reads operations then test to see if the requested
data is already contained in the buffer before performing another
read operation from the disk. If any command other than a read is
issued subsequent to the first read command, the buffer is purged
before the command is executed. The read look-ahead capability is
enabled by the Set Buffer Mode command (code EFh), vwhich is
described in subsequent paragraphs.

When more than one sector (multiple sectors) is being read with the
Read Sector(s) command, the Status register DRQ bit (bit 3) is set
and the Sector buffer is filled at the completion of each sector.
The microprocessor then reads the Sector buffer, which immediately
sets the Status register BSY bit (bit 7) and resets the DRQ bic.
The Text File register (cylinder, head, and sector) are then
updated to point to the next sequential sector and the operation is
repeated until all of the selected sectors are read.

If a Read Sector(s) command is attempted and bits 2 and 3 of the
comsand code are not 0, the command is aborted and the Error
register ABRT bit (bit 2) is set. A different error bit is set if
an error occurs during a data transfer. The Status register Data
Request bit (DRQ, bit 3) is always set at the end of a sector read
regardless of the error condition. If an error occurs during a
multiple sector read cperation, the read terminates at the sector
wvhere the error occcurred. The Task File registers can then be read
to determine what error occurred and in what sector. The data read
from the sectors is loaded into the Sector buffer regardless of
whether the error is a correctable data error or a non-correctable
data error. However, if the error was a correctable data error,
the read operation is not terminated.

Sector(s) Command (32h/33h)

The Write Sector(s) command (code 32h or 33h) writes from 1 to 256
sectors as specified in the Sector Count resister (1F2h) and
beginning at the sector specified in the Sector Number register
(1F3h). A maximum count of 256 sectors is specified by a Sector
Count register contents of 0. When the command is issued, the disk
drive waits for the microprocessor to fill the Sector buffer with
the data that will be written. No interrupt operation is required
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to start the buffer fill operation. When the buffer is full, the
disk drive set the Status register BSY bit (1F7h, bit 7) and begins
command execution.

To execute the command, if the drive is not already on the correct
track, an implied seek operation is performed to seek to the
desired track, and then the drive searches for the appropriate ID
field. When the ID is read correctly, the data that was previously
loaded into the buffer is now writtem to the data field of the
sector. Following successful completion of the command, the Task
File register contents are as follows:

Name Addr Contents
Error Register (1F1h) 00h
Sector Count Register (1F2h) 00h
Sector Number Register (1F3h) Last Sector Read
Cylinder Low Register (1F4h) Last Sector Read
Cylinder High Register (1F5h) Last Sector Read
Drive/Head Register (1Féh) Last Sector Read

A Write long command is executed by setting the long bit (bit 1) in
the command code. With the long bit set, the command writes the
16-bit data words and also writes the four ECC bytes directly from
the Sector buffer to the data field on the disk. During execution
of a Write Long command, the disk drive does not generate the four
8-bit ECC bytes.

When more than one sector (multiple sectors) 1s being written with
the Write Sector(s) command, the Status register DRQ bit (1F7h, bit
3) is set and an interrupt request is generated each time the
buffer is ready to be filled. Once the buffer is full, the DRQ bit
is reset and the Status register BSY bit (1F7h, bit 7) is set. The
Text File registers (cylinder, head, and sector) are then updated
to point to the next sequential sector and the operation is
repeated until all of the selected sectors are written.

The 4CM byte and 100M byte drives employ a 1l:1 interleave
capability, which results in slower operations for sequential
single sector data transfers because of missed interleaves.
However, multiple sector operations will be much faster since all
the sectors except the last one are transferred in a sequential
block . Then, while the last sector is written, the next block of
data is received. After the last block of data is received, the
disk drive sets the Status register BSY bit (bit 7) until it is
done writing the data.

If a Write Sector(s) command is attempted and bits 2 and 3 of the
command code are not 0, the command is aborted and the Error
register ABRT bit (bit 2) is set. A different error bit is sec if
an error occurs during a data transfer. If an error occurs during
a sultiple sector write operation, the write terminates at the
sector where the error occurred. The Task File registers can then
be read to determine what error occurred and in what sector.
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Read Verify Sector(s) Command (40h/41lh)

The Read Verify Sectors command (code 40h or 4lh) operates in the
same way as he Read Sectors command except that no data transfer
occurs. This command reads and verifies from 1 to 256 sectors as
specified in the Sector Count resister (1F2h) and beginning at the
sector specified in the Sector Number register (1F3h). A maximum
count of 256 sectors is specified by a Sector Count register
contents of 0. After each sector is verified, the Task File
registers are update, but no data request or interrupt request is
generated. After all the selected sectors are verified, an
interrupt request is generated to indicate that wverificatiom is
complete. The Sector Count register indicates the number of
registers verified (a count of 00 indicates 256 sectors were
verified). For the 40M byte and 100M byte disk drives, the read
look ahead capability is enabled for the Read Verify Sector(s)
command.

Format Track Command (50h)

The Format Track command (code 50h) formats the track specified by
the Cylinder registers (1F4h/1FSh) and the Drive/Head register
(1F6éh). After the command is issued, the disk drive waits for the
microprocessor to £ill the Sector buffer with the format data.
When the buffer is full, the disk drive resets the Status register
Data Request (DRQ) bit (1lF7h, bit 3), sets the Busy (BSY) bic
(1F7h, bit 7), and begins the command execution.

To execute the command, if the drive is not already on the correct
track, an implied seek operation is performed to seek te the
desired track. When the specified track is found, formactting
begins and the data that was previously loaded into the Sector
buffer is now written to the disk. During the formatting
operation, each sector is designated as "good" or "bad," and for a
sector designated as "bad,” an altsrnate sector can be
"assigned/unassigned.” Following successful completion of the
command, the disk drive resets the BSY bit and requests an
interrupt.

The format information must contain two bytes of data for each
sector on the specified track. The least significant byte (LSB) is
the Descriptor Byte, which is described in the following paragraph.
The most significant byte (MSB) contains the sector number. When
the data bytes are written to the Sector buffer, the LSB is written
first and followed immediately by the MSB. After the information
is written to all of the sectors on the logical track, the
remaining bytes of each sector should be filled with zeros. The
sectors can be arranged in any order, but each sector must contain
the two bytes of data as previously described, and the format
;uforna:ion must be sent to the Sector buffer as the first 34 or 52
ytes.
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The Descriptor Byte is the LSB of the two bytes written to each
sector during the format operation, and is used to designate the
sector status as follows:

b A value of O0h specifies a "good" sector.
738 A value of 80h specifies a "bad" sector.

3. A value of 40h causes the drive to logically
"assign® the sector to an alternate sector in its
set of spares.

4. A value of 20h causes the drive to logically
"unassign® the alternate sector and recover the
original sector.

If a sector was previously formatted as a "bad" sector, and is then
reformatted as "good," the disk drive will attempt to format the
sector as "good." However, if a previously "assigned" sector is
"unassigned,” the spare sector that vas assigned is lost. This
provides the capability to replace a bad sector, but following the
"unassign® operation, the spare sector is not recovered.

CAUTION

Do not perform a diagnostic that "assigns®
and then "unassigns® sectors across the
disk. This type of diagnostic will use up-
the spare sectors so that none are
available as spares for bad sectors.

If a Format Track command is attempted and bits 0 through 3 of the
command code are not 0, the command is aborted and the Error
register ABRT bit (bit 2) is set. When a zero sector number, or
any number greater than the maximum for the mode, is sent, whether
or not it is the logical number, the Error register Requested ID
Not Found (IDNF) bit (1Flh, bit 4) is set. In the event that there
are multiple bad sector mumbers, the smallest illegal sector number
is stored in the Sector Number register (1F3h). However, before
the error is indicated, all legal sectors are formatted as
specified by the descriptor byte.

Seek Command (70h)

The Seek command (code 70h) executes a ssarch to the track
specified by the Cylinder registers (1lF4h/1F5h) and the Drive/Head
register (1F6h). After the command is issued, the Seek command
operations are executed whether or not the drive has been
formatted. To execute the Seek command, the disk drive sets the
Status register Busy (BSY) bit (1F7h, bit 7), begins the Seek
operation, resets BSY, and requests an interrupt. The disk drive
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does not wvait for the sesk to be completed before requesting an
interrupt. When the seek operation is complete the Status register
Drive Seek Complete (DSC) bit (1F7h, bit 4) is set.

If a new command is issued to the disk drive while a Seek command
is being executed, the disk drive waits, with BSY active, for the
DSC bit to become active before executing the new command. The
validity of the sector number or head value is not checked as part
of the Seek coumand operation. If the cylinder value is not valid,
the Seek command is not executed, but the DSC bit is set. The ERR
bit (1F7h, bit 0) is not set.

Execute Drive Diagnostic Command (90h)

The Execute Drive Diagnostic command (code 90h) initiates and
internal diagnostic test that is implemented and controlled by the
disk drive. To execute the command, the disk drive sets the Status
register Busy (BSY) bit (1F7h, bit 7), performs the diagnostic
operations, saves the test results, resets BSY, and then requests
an interrupt. The diagnostic test results are stored in the Error
register (1Flh) so that the register contents are viewed as a
result byte rather than as discrete error flags. When the
diagnostic test is complete, all of the Task File registers are set
to their default values, except the Error register. The Error
register is set to indicate the diagnostic test results as follows:

Register

Contents Description
0lh No diagnostic error detected
03h Sector Buffer error destected

8xh Reserved

Initialize Drive Parazmeters Command (91h)

The Initizlize Drive Parameters command (cede 91h) allows the
microprocessor to set the head switch and cylinder increment points
for multiple sector operations. To execute the command, the disk

~ drive sets the Status register Busy (BSY) bit (IF7/h, bit 7), saves

the current parameters, activates the translate mode, resets BSY,
and requests an interrupt. The disk drive can activate the
translate mode only if the Sector Count register (1F2h) contains
17h wvhen the command is issued. In the translate mode, the logical
value in the Sector Number register (1F3h), Cylinder registers

(1F&h/1F5h), and Drive/Head register (1F6h) are translated to their
default values.

The default values for the Task File registers (1F2h through 1Féh)
depend upon the capacity of the drive being used as follows:
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Drive Sectors Rumber of Number of
Capacity Per Track Heads Cylinders
20M Bytes 17 4 615
40OM Bytes 17 4 (NOTE) 976
100M Bytes 33 8 776
NOTE:. The 40M byte drive has 5 heads when used in

translate mode.

To specify the maximum number of heads for this command, always
write one less than the maximum. For example, for a 40M byte
drive, specify 3 as the maximum number of heads. The maximum
number of sectors is specified as the actual number. For example,
26 is specified for a maximum of 26 sectors. Cylinder and head
increments on subsequent commands occur after an access of the
naximum cylinder and head values specified by this command.

The sector, head, and cylinder values in the Task File registers
are not checked for validity by this command. Therefore, if they
are not valid, no error is reported until an illegal access is made
by another command.

For 100M byte disk drives, this command has been changed for use in
systems with no exact device type. For these drives only, any head
and sector values are accepted. The disk drive then computes the
maximum cylinder from the values provided for the head and sector
as follows:

Max Cylinder = 204,864/(head value x sector value)

Where: 204,864 is the total sec:or; on the
disk drive.

CAUTION

The maximum number of cylinders expected
by the device type cannot exceed the
number possible for the drive. Specifying
too many cylinders can cause errors during
system boot operations.

Read Multiple Command (C4h)

The Read Multiple command (code C4h) is used for .the 40M byte and
100M byte disk drives only. Operation of the Read Multiple command
is similar to the Read Sector(s) command previously described, but
it allows several sectors to be transferred as a block to the
microprocessor without interveaning interrupts. For the Read
Multiple command, the Status register Data Request (DRQ) bit (1F7h,
bit 3) 1is set once at the start of the block count on each sector.
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Long transfers, with ECC bytes, are not allowed. The number of
sectors to be transferred as a block is specified by the Set
Multiple Mode command (code C6h), which must be executed first and
is described in subsequent paragraphs.

To execute the Read Multiple command, the Sector Count register
{1F2h) must contain the number of sectors requested, not the number
of blocks or the block count. If the number of sectors requested
is not evenly divisible by the block count, this command transfers
as many full blocks as allowed, and then transfers a partial block
with the remaining sectors. The partial block transfer will be for
"n®" sectors, where:

n = (sector count) moduleo (block count)

Interrupts are requested when the DRQ bit is set at the beginning
of each block or partial block. The read-look ahead operations are
not active with the Read Multiple command.

An Aborted command (ABRT) error (1lF1lh, bit 2) is generated if
execution of the Read Multiple command is attempted before the Set
Multiple Mode command (code C6h) is executed, or when the Read
Multiple command has been disabled.

Disk errors that occur during execution of a Read Multiple command
are reported at the begimning of a block or partial block transfer.
1f a disk error is reported, the DRQ bit is still set and the data
transfer takes place as it normally would, including transfers of
corrupt data. However, subsequent blocks or partial blocks of data
are transferred only if the error was a correctable data error.
All other errors cause the command to stop execution afcn: transfer
of the block that contained the error.

Write Multiple Command (C5h)

The Write Multiple command (code CSh) is used for the 40M byte and
100M byte disk drives only. Operation of the Write Multiple
command is similar to the Write Sector(s) command previously
described, except that the Status register Busy (BSY) bit (1F7h,
bit 7) is set immediately when the command is issued. Also, the
data transfers occur in multiple sector blocks and the long bit in
the command code is not valid. Several sectors are transferred as
a block without interleaving interrupts and the Status register
Data Request (DRQ) bit (1F7h, bit 3) is set at the start of each
block transfer, not sector. An interrupt request is not generated
prior to the first block transfer, but is generated when the DRQ
bit is set for all subsequent block or partial block transfers.
The number of sectors to be transferred as a block is specified by
the Set Multiple Mode command (code C6h), which must be executed
firsc and is described in subsequent paragraphs.
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To execute the Write Multiple command, the Sector Count register
(1F2h) must contain the number of sectors requested, not the number
of blocks or the block count. 1If the number of sectors requested
is not evenly divisible by the block count, this command transfers
as many full blocks as allowed, and then transfers a partial block
with the remaining sectors. The partial block transfer will be for
"n® sectors, where:

n = (sector count) modulo (bloeck count)

An Aborted command (ABRT) error (1Flh, bit 2) is generated if
execution of the Write Multiple command is attempted before the Set
Multiple Mode command (code C6h) is executed, or when the Write
Multiple command has been disabled.

Disk errors that occur during execution of a Write Multiple command
are reported after the attempted disk write. The write operation
terminates at the sector where the error occurred even if it is in
the middle of a block. Subsequent blocks are not transferred.

Set Multiple Mode Command (C6h)

The Set Multiple Mode command (code C6h) is used for the 4O0M byte
and 100M byte disk drives only. This command establishes the block
count for the Read Multiple and Write Multiple commands, and must
be executed before either of the multiple commands are executed.

To enable the Set Multiple Mode command, the Sector Count register
(1F2h) is loaded with the number of sectors to be contained in the
block. The number of sectors, or block sizes, supported by this
command are 1, 2, 4, 8, 16, 32, and 64.

When the Set Multiple Mods command is executed, the disk drive sets
the Status register Busy (BSY) bit (1F7h, bit 7), and then reads
the Sector Count register (1F2h) contents. If the Sector Count
register contents is one of the supported values, the value is
stored for comparison during subsequent execution of the Read
Multiple and Write Multiple commands. Also, the Read Multiple and
Write Multiple commands are enabled. The disk drive then resets
the BSY bit and requests an interrupt.

If the Sector Count register (1F2h) contains an unsupported value
when the Set Multiple Mode command is executed, the Error register
Aborted (ABRT) command bit (1Flh, bit 3) is set and the Read
Multiple and Write Multiple commands are disabled. The multiple
commands are also disabled if the Sector Count register contains a
0 when the Set Multiple Mode command is executed.

Following power turn-on and hardware or software resets, the Read
Multiple and Write Multiple commands are disabled. This Set
Multiple Mode command must be successfully executed in order to
enable the Read Multiple and Write Multiple commands.
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Read Buffer Command (Eéh)

The Read Buffer command (code E4h) allows the microprocessor to
read up to 512 bytes of data from the Sector buffer in the disk
drive. All data transferred between the microprocessor and disk
drive is passed through the Sector buffer, so the buffer always
contains the last 512 bytes that were written to the buffer. To
execute the Read Buffer command, the disk drive sets the Status
Tegister Busy (BSY) bit (1F7h, bit 7), sets the Sector buffer for a
Tead operation, sets the Status Register Data Request (DRQ) bit
(1¥7, bit 3), resets the BSY bit, and then requests an interrupt.
The microprocessor then controls the data read operation.

Write Buffer Command (E8h)

The Write buffer command (code ESh) allows the microprocessor to
write up to 512 bytes of data in any pattern into the Sector buffer
of the disk drive. All data transferred between the microprocessor
and disk drive is passed through the Sector buffer, so the buffer
always contains the last 512 bytes that were written to the buffer.
Operation of the Sector buffer can be checked by writing data
patterns the buffer to and then reading the same data patterns from
the buffer. To execute the Write Buffer command, the disk drive
sets up the Sector buffer for a write operation and then sets the
Status register Data Request (DRQ) bit (1F7h, bit 3). The
microprocessor then controls the writing of data to the buffer.

Identify Drive Command (ECh)

The Identify Drive command (code ECh) permits the microprocessor to
read specific disk drive paraneter information through the Sector
buffer. To exscute the command, the disk drive sets the Status
register Busy (BSY) bit (1F7h, bit 7), stores its parameter
information in the Sector buffer, sets the Status Register Data
Request (DRQ) bit (1F7h, bit 3), and generates an interrupt. The
microprocessor then reads the parameter information from the Sector
buffer. In the Sector buffer, the parameter information is
arranged sequentially in 16-bit words with the reserved bits and
words set to all zeros. The parameter words and its contents are
listed in Table 10-9.
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Table 10-9. Identify Drive Parameter Words

Word Contents
00h A constant value of OASAh
0lh Number of Fixed Cylinders
02h Number of Removable Cylinders
03h Number of Heads
04h Number of Unformatted Bytes per Physical Track
0S5h Number of Unformatted Bytes per Sector
0éh Number of Physical Sectors per Track
07h Number of Bytes in Intersector Gaps
08h Number of Bytes in Sync Fields
0%h 0000n
10h-19h Serial Number
20h Controller Type:
20M byte drive = 0001 single-ported sector

buffer 2:1

40M byte drive = 0003 dual-ported multiple
Sector buffer with read look-
ahead capability

100M byte drive = Same as 40M byte drive

21h Sector buffer Size in 512 byte increments

22h Number of ECC bytes passed for Read Long
and WUrite Long Coxmands

23h-26h Controller Firmware Revision LlLevel

27h-46h Model Number

47Th Number of Sectors/Interrupt Flag

0 = Not Supported
1 or > = Operation Supported
48h Double Word Transfer Flag
0 = Disabled
1 « Enabled
49h Assign Alternate Flag
0 = Disabled
1 = Enabled
Used for 40M byte and 100M byte drives only.
This word is reserved for 20M byte drives.
50h-255h Reserved

R T L L L PR T P P P R P R R L R L S L L L LR TR R Rk

Set Buffer Mode Command (EFh)

The Set Buffer Mode command (code EFh) is used for the 40M byte and
100M byte disk drives only. This command enables or disables the
read look-ahead capability for the Read Sector(s) command
(22h/23h). Before issuing the Set Buffer Mode Command, the Write
Precompensation register (1Flh) is loaded with AAh or 55h. The
value AAh enables the read look-ahead capability and the value 55h
disables the capability. When the Set Buffer Mode command is
subsequently issued, the disk drive sets the Status register Busy
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(BSY) bit (1F7h, bit 7), reads the contants of the Write
Precompensation register, and sets the appropriate mode for the
read look-ahead capability. The disk drive then resets the BSY bit
and requests an interrupt.

At system power turn-on and following a hardware or software reset,
the read lock-ahead capability is enabled. If the Set Mode command
is issued with any value other than AAh or 55h in the Write
Precompensation register, the Error register Aborcod Command (ABRT)
bit (1Flh, bit 2) is sec.

Power Commands (Exh)

The 20M byte drive and the 40M byte drive both use power commands
to control the current disk drive operating mode. The five disk
drive operating modes are described in Table 10-10.

Table 10-10. Disk Drive Operating Modes

R e e T Y Y P P T P P P P P L P P R P E R R ]

1 Read/Write This mode occurs when data is being written to
or read from the disk

2 Seek This mode occurs while the heads are searching
for a track and the actuator arm is in motion.

3 1Idle In idle mode, the drive motor is up to speed
'~ and the Status register Drive Ready (DRDY) bit
(1F7h, bit 6) is set. Howevar, the drive is
not reading, writing, or seeking and the heads
are positioned over the last track that was
accessed. Idle mode is the default condition
following initial power turn-ON.

4 Standby In standby mode, the disk drive motor is
stopped, the heads are parked at track 0, and
the logic circuits, except for interface

—— — —control, are turned OFF. Also, the Status
register Drive Seek Complete (DSC) and Drive
Ready (DRDY) bits (1F7h, bits &4 and 6,
respectively) are set. The disk drive enters
standby mode if a programmed time-out occurs
after the last disk access. The disk drive
leaves the standby mode when it receives a
command that requires disk access and if it
receives a disk spin-up command.
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Table 10-10. Disk Drive Operating Modes (Continued)

L R R R R R e R

L e A R e R T K e,

5 Sleep The sleep mode is similar to standby mode
‘ except that the interface control logic is also
turned OFF. The disk drive enters the sleep
mode when it receives a sleep command. To
leave the sleep mode, the disk drive must
receive a hardware reset.

When reset, the drive leaves sleep mode and
enters standby mode. It does not reenter the
mode it was in when the sleep command was
issued.

T N L e T R P R PP LR L PR L P R R L R Y T TR

To control the disk drive operating modes the 20M and 40M byte
drives uses command codes EOh-E3h, ESh, and ESh. The following
paragraphs provide the applicable command code, command name, and a
description of operation power command.

All of the Power commands except E6h execute when issued and return
an interrupt request after the spin up or spin down sequence is
initiated. Returning the interrupt request does not indicated that
the command execution is complete, except when entering the sleep
mode. When entering sleep mode, an interrupt request is returned
after the drive has spun down and stopped.

While in idle mode, if a spin-up command is issusd when the drive
is already spinning, the spin-up sequence is not initiated. In
standby mode, if a spin-down command is issued when the drive is
not spinning, the spin-down sequence is not initiated.

When the Auto Power-OFF feature is enabled, the wvalue in the Sector
Count register (1FZh) specifies the number of 5-second increments
used 2s the timeout value. If the drive does not receive a command
within the time limit specified by the timeout value, the drive
automatically enters the standby mode. The default and minimum
valus for the Sector Count register is OCh (12 x 5 seconds) to
provide a timeout value of 60 seconds. The maximum allowable value
is DCh (220 x 5 seconds) to provide a timeout value of 1100 seconds
or 18.3 minutes. If the Sector Count register contains the value
00h, the Auto Power-OFF feature cannot be enabled. Table 10-11
lists the disk drive Power commands.

ROTE: For low-power 20M byte and 40M byte compatible
hard disk drives, a spin-down mode is supported
by the ROM-BIOS at AX = E44%h. Refer to the
Hard Disk Drive Spin-Down Mode in Chapter 3
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Table 10-11. Disk Drive Power Commands

PR L R R ettt b k. T e

Command Code Command Name Opezration
EOh Standby Mode The drive immediately enters the
standby mode.
Elh Idle Mode The drive immediately enters the
idle mode.
E2h Standby Mode The drive immediately enters the
with Auto standby mode and enables Auto
Power-OFF Power-OFF if the Sector Count

register contains a non-zero value.

E3h Idle Mode with The drive immediately enters the
Auto Power-OFF idle mode and enables Auto
Power-OFF if the Sector Count
register contains a non-zero value.

E5Sh Mode Test Inserts the value FFh in the Sector
Count register (1lF2h) if the drive
is in the idle mode. The wvalue 00h
is inserted in the Sector Count
register if the drive is in standby
mode. -

Eéh Sleep Mode The drive immediately enters the
' sleep mode.

------ —Toessecoresscsscc o sesTeesesseSscsseStaTEaScTeTeeEseeSeseSSaasa

RESET, BUSY, AND RETRY OPERATIONS

Reset, Busy, and Retry are disk drive operations that occur as a
result of other operations. The Reset, Busy, and Retry operations
and their affect on disk drive operation are described in the

following paragraphs.

Reset Operation

The Reset operation sets the Status register Busy (BSY) bit (1F7h,
bit 7), and initializes the disk drive to a known state in
preparation for receiving commands and transferring data. The
Reset operation is generated in two ways as follows:

1. Hardware Reset. The hardware reset is generated by either
the microprocessor or the disk drive. The
microprocessor generates a reset by
sending an active low reset signal to the
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digk drive during the power turm-ON
operation. The disk drive generates a
reset via its power sense circuits. In
either case, the reset condition is
removed to allow normal operation when
microprocessor and the drive acknowledge
that power to the drive is within the
normal range.

2 Software Reset The software reset is generated by setting
the System Software Reset bit in the
Digital Output register (3F6h, bit 2).
This reset condition is removed only by
resetting Systea Software Reset bit.
ROTE: Software reset is not implemented
in all versions of the ROM-BIOS.

When the reset condition is subsequently removed, the BSY bit
rezains set while the disk drive is enabled and the drive performs
the hardware initialization. The hardware initialization includes
clearing any previously programmed parameters, resetting default
conditions, loading the Task File registers with their initial
values, and then resetting the BSY bit. No interrupt is generated.

The initial values for the Task File registers are as follows:

Name Addr Contents
Erzrer Register (1F1h) 01lh
Sector Count Register (1F2h) 0Olh
Sector Number Register (1F3h) 0lh
Cylinder low Register (1F4h) 00h
Cylinder High Register (1FSh) 0Ch
Drive/Head Register (1F6h) 00h

Operation

A Busy operation is indicated by the set state of the Status
register Busy (BSY) bit (1F7h, bit 7). The Status register Busy
bit is activated by the following conditions:

252 A system reset at power ON or the software reset bit
is sect in the Digital Cutput register (3F6h, bit 2).

2. The microprocessor initiates one of the following
commands (refer to Command register 1F7h):

Read Sector(s)
Read Long

Read Sector Buffer
. Seek

Recalibrate

[ 2 <M eI - o
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Initialize Drive Parameters
Read Verify Sector

Identify Drive

Execute Drive Diagnostic

0 Mhe o

3. Whenever 512 bytes of data are transferred by
execution of the following commands (refer to
- Command register 1F7h):

a. Write Sector(s)
b. Format Track
c. Write Sector Buffer

4. UWhenever 512 bytes of data and seven ECC bytes are
transferred by execution of a Write Long Command.

Retry Operations

For commands that read data, execution requires a plan for handling
events where data is missed on the first attempt. When these
events ars detected, a preprogrammed sequence of operations is
performed in an effort to capture the missed data, correct the data
using the ECC, and to report the event. The preprogrammed sequence
of operations, or algoritham, varies depending upon the disk drive
characteristies. In the GRiDCase 1500 Series computers with
compatible hard disk drives, the algorithm used for the 20M byte
disk drive differs from the algorithm used for the 40M byte and
100M byte disk drives. The following paragraphs describe both
algorithms.

Retries with 20M Byte Disk Drivs

With the 20M byte compatible hard disk drive, retries are handled
on a global basis. Operations where errors are detected in the ID
field are retried 10 times and may not be disabled from the
interface. Operations vhere errors are detected in the data field
may be disabled from the interface and are retried in the following
sequence up to 128 times.

1% A second read operation is attempted on the
same track.

2. A third read is attempted with a servo offset.

3. A fourth read is attempted with a servo offset
in the opposite direction.

4. The ECC is applied in an attempt to correct the
data. The ECC is applied with offsets in the
opposite directions on successive tries. The
offsets rotate between +-60 microinches and
+-120 microinches.
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I1f any of the preceding steps are successful, the retry operations

are terminated, the data is sent to its destination, and the Status
register Corrected Data (CORR) bit (1F7h, bit 2) is set. The CORR

bit provides a flag so that corrected data can be further check for
errors.

When the data cannot be corrected, retry operations are terminatced,
-the command is aborted, and the Error register Uncorrectable Data
Error (UNC) bit (1Flh, bict 6) is set. Additional errors may also
be reported depending upon the cause (refer to Table 10-8).
Retries with 40M Byte and 100M Byte Disk Drives
The 40M byte and 100M byte compatible hard disk drives provide
separate retry operation for data fields and header fields. Both
retry operations are described in the following paragraphs.
Data Field Retries
With the 40M byte and 100M byte hard disk drives, errors detected
in the data field during read operations initiate the following
retry operations:

1. The data read operation is retried three times.

2. On the third retry, ECC is applied in an
attempt to correct the data.

3. The data read operation is retried with a +65
microinch offset.

4, The ECC is zpplied in an attempt to correct
data from the offset read.

S The data read operation is retried.

6. The ECC is applied in an attempt to correct
data from the previous read.

7. The data read operation is retried with a -65
microinch offset.

8. The ECC is applied in an attempt to correct
data from the offset read.

9. The data read operation is retried six times.
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10. The preceding steps are repeated up to eight
times for a total of 128 retries. If 17
milliseconds are allowed for each read recry,
and 75 milliseconds are allowed for each ECC
operation, the total retry time is 4 seconds.
Except for disabling retries, retry count = 0,
the number of retries (128) canmnot be changed.

If any of the preceding steps are successful, the retry operations
are terminated, the data is sent to its destination, and the Status
register Corrected Data (CORR) bit (1F7h, bit 2) is set. The CORR
bit provides a flag so that corrected data can be further checked
for errors.

When the data cannot be corrected, retry operations are terminated,
the coumand is aborted, and the Error register Uncorrectable Data
Error (UNC) bit (1F1lh, bit 6) is set. Additional errors may also
be reported depending upon the cause (refer to Table 10-8).

When the Read/Write heads are switched or a seek is completed, and
the heads are less than 200 microinches from the center of the
track, tha drive attempts an offtrack read. 1If the attempt is
successful, 17 milliseconds of latency are saved and the drive
axceeds its seek performance specification. When the attempt is
not successful, the drive reads the selected sector on the next
pass as in a nornmal read operation and the seek performance
specification is met.

Header Field Retries

With the 40M byts and 100M byte hard disk drives, errors detected
in the header field during read operations initiate the following
retry operations:

1. The header read operation is retried 20 times.

2. 1f any retry is successful, the header retry
counter is reset and the data field is read.

3. If the retries are not successful, the read
command is aborted and the applicable error is
returned (refer to Table 10-8).

The total time required for 20 retries is 0.34
seconds. The headsr reties camnot be disabled
from the interface and the headsr retry count
cannot be changed.
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CHAPTER 11l: PARALLEL PORT SUBSYSTEM

The Parallel Port Subsystem is functionally equivalent to the IBM
AT printer adapter and also includes a parallel 1/0 capabilicy.
The parallel port interface is designed to attach to parallel
Centronics-type printers. Additionally, a second group of

registers allows input via the parallel port comnector so that the

interface can be used as a general purpose, parallel input/output
port. :

The Parallel Port controller is a custom gate array device with
GRiD System Part Number 300613. The controller consists of nine
registers and their control logic. Descriptions of the registers
are provided in subsequent paragraphs of this chapter. A block

diagram of the Parallel Port Subsystem is provided in Figure 11-1.

PABRALLEL PORT ROM-BIOS SERVICE ROUTINE

The GRiDCase 1500 Series Computer ROM-BIOS provides the following
interrupt service routine functions to interface to parallel
printer.

Interrupt Function
(Hex) ©No. (AH reg) Descriptiom

17 - 00 Print a character
17 01 Initialize the printer
17 02 Read printer status
Strobe ™,
Paraltel ! Autofeed ™,
Data 3
Imertace ::::i>hm".
<:> Buffers Tristate Sictin~

Drivers/
<o (D -

Sict,
Error~
l‘_iiilf.‘rr I
A{m. Data7-0
Oata. ang
Controt

Figure 11-1. Parallel Port Subsystem Block Diagram

Gate Receivers To/From
Addrmo :> Array No. gsusy ' ara;Iet Port
e 300613) : or Printer
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Parallel Printer Port Service Routine Description

The 80286/80386 Microprocessor register inputs and outputs for the
parallel printer port interrupt service routine functions are
listed in the following paragraphs. In each of the functions, only
register AH is modified; all other registers are unchanged.
Register AH determines the function that is invoked. The register
contents are specified in hexadecimal (h).

Register DX specifies the printer to be used (0, 1, or 2). In the
GRiDCase 1500 Series computers, 1/0 registers are provided to
support printer 0 only. The ROM-BIOS can handle additional printers
if the appropriate I/0 registers are provided extermally.

Register AH is also used to return the printer status information.
Refer to the Printer Control and Status register for a description
of the status information that is returned.

AH = 00h Print Character
AL = Character to print
DX = Printer to use (0)
On Exit:
AH = Printer status

Bit Indication When Set to "1."

Time out :
2 Not used

1/0 error

Selected

Out of paper

Acknowledge

Not busy

NN P WO

AH = 0lh Initialize Printer Port
DX = Printer Port to initialize (Always 0)
On Exic:
AH = Printer status
Same as function OCh.

AH = 0Zh Read Printer Status
DX = Printer whose status is returned (0)
On Exit:
AH = Printer status
Same as function OOh.

PARAILF] PORT SUBSYSTEM REGISTERS
The parallel port controller consists of nine registers and their
control logic. Ome group of five registers is used for printer
operation and system status checks. Another group of three
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registers supports a parallel inmput/output port interface. One
separate register selects between the printer registers and the
parallel port registers. All of the registers are accessed
through I/0 addresses.

The printer operation and system status registers are accessed
through 1/0 addresses 378h through 37Fh. The parallel I/0 port
Tegisters are accessed through I/0 addresses FF8h through FFDh.
One of the parallel I/0 registers (port B) has separate addresses
for read and write operations.

The I/0 register at address 423h is used to select either the
printer registers or the parallel I/0 registers. Table 1l-1 lists
the Parallel Port Subsystem registers and their I/0 addresses.
Descriptions of the registers are provided in the following
paragraphs.

NOTE: Throughout this chapter, 1I/0 register addresses
and contents are given in hexadecimal (h).

Table 11-1. Parallel Port Subsystem Registers

B . LT T T T T T T R T R T R R

Address I/0

423h Address 1/0 Register Name

0 378h 1 Read Printer Data

0 379%h I Read Status Register B
(o} 37Ah 1 Read Status Register C
0 37Bh - Undefined '

0 37Ch 0 Write Printer Data

0 37bh - No Operation

0 37Eh 0 Printer Control Register
(o} 37Fh - Undefined

1 FF8h I Read Port A

1 FF9h I Read Port B

1 FFAh I Read Port C

1 FFBh - Undefined

1 FFCh - Not Used

1 FFDh - 0 Write Port B

B e e L L R L R

- — — — — — Printer Registers (378h-37FR)

The printer registers are used to control operation of an extermal
printer that is connected to the computer through the parallel port
connector on the rear connector panel. Three registers are used to
read data and status information and two registers are used to
write data and control information. The five printer registers are
all 8-bit registers, which are accessed only when the register at
address 423h is set to "0."
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To send data or control information to the printer, the respective
data or control register (37Ch or 37Eh) is loaded with an 8-bitc
byte and a strobe signal is activated. The printer status
registers are then monitored to determine the response from the
printer. When the printer acknowledges that the data or control
byte was received, a hardware interrupt request (IR7) is generaced.
The hardware interrupt initializes the ROM-BIOS interrupt service
routine at interrupt OFh. The interrupt service routine completes
the operations required to send data to the printer.

The following paragraphs provide the bit dafinitions for each of
the printer registers.

NOTE: A tilde (~) symbol following a bit name
indicates active low (low-true) logie.

Read and Write Printer Data Registers (378h and 37Ch)

The Parallel Port controller uses separate registers to read and
write data. The registers are located at 1/0 addresses 378h and
37Ch, respectively. These 8-bit buffers provide an interface
between the microprocessor data bus and the parallel printer port.
Bits 7-0 of the data registers correspond to data bits DATA7-DATAO
of the microprocessor data bus.

?rinter Concrol Register (37Eh)

The Printer Control register is located at I/0 address 37Eh. This
8-bit buffer provides a write only interface between the
microprocessor and the parallel printer port. Bit definitions for
the Printer Control register are as follows:

mTsescacsseeee secossssssesccecessmes

1716151 &)1312)]1]0] Bits

|
| |]--- STROBE

| Enables valid data onto the
|

|

Not Used microprocessor data bus.

Autofeeds one line of paper after
printing has stopped.

- - m-
Initializes the printer.
-- SLCTIN~
Allows printer to accept data.
-- IRQEN

Enables Interrupt Request IRQ7.
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Printer and Systeam Status Registers (0379h and 037Ah)

The Parallel Port Subsystem uses two status registers in the
parallel port controller. Both registers are used to determine the
printer status, and are also used for system status information.
Status register B is located at I/0 address 37%h and status
register C is located at I/0 address 37Ah.

Both status registers are 8-bit buffers with three bits of each
register used for system status information and the remaining bits
are reserved for printer status information. For status register
B, the three least significant bits (2-0) are system status bits.
For status register C, the three most significant bits (7-5) are
system status bits., Bit definitions for the two status registers
are given in the following paragraphs.

Printer Status Register B (379h, Read Only)

Printer Status register B (37%h) is an 8-bit read-only buffer that
provides three bits of system status information and five bits of
printer status information. The three least significant bits (2-0)
are the system status bits and the remaining bits (7-3) are used
for printer status. Bit definitions for Printer Status register 3
are as follows:

---------------------------------

1716151413 12]110] Bits

---------------------------------

[
| |=-- BORA~
| External Disk Drive Address
| 0 = External Drive is A:
| 1 = External Drive is B: or E

| -- MAINPWRLO=~

A "1®" indicates that the battery
voltage is below +10.5 Vde.

-- 30RS~

External Floppy Disk Drive Type

0 = 5.25-inch

1 = 3.5-inch
-- ERROR=-

Indicates a printer error has occurred.
-- SLCT

Indicates that the printer is selected.
-- Paper Error (PE)

Indicates that the printer is out of paper.
-- Ackmowledge (ACK=)

Indicates that the printer is ready to accept data.
-- BUSY

Indicates that the printer is not ready to accept data.
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11-6

Printer Status nsgistog C (37Ah, Read Only)

Printer Status register C (37Ah) is an 8-bit read-only buffer chac
provides three bits of system status information and five bits of
printer scatus information. The most least significant bits (7-5)
are the system status bits and the remaining bits (6-0) are used
for printer status. Bit definitions for Printer Status register C
are as follows:

NOTE: Printer Status register C has inverted outputs
so that a "0" in any bit position sends a "1"
to the microprocessor. For example; if
EFLOPPY~ =« 0 (Extermal Drive Attached), bit S
would be a "1" at the microprocessor.

cesecssesssecsrseesTTeReerTaSs T amane

| 7161514131211 0] Bies

cesscacssccesreovaecsvcessscatcastes e

I
| |===- STROBE

| Indicates valid data on the
| printer data bus

I

Indicates that Autofeed is ON, which
feeds one line of paper after
printing is complete
-+ INIT=- -
Indicates printer was initialized
-+ SLCTIN~
Indicates that the printer has accepted data
-- IRQER
Indicates the Interrupt Request IRQ7 in enabled
-- EFLOPFY~-
External Floppy Disk Drive Attached
0 = External Drive Attached
1 = External Drive Not Attached
-- TAPEDETECT
External Backup Tape Drive Attached
0 = External Tape Drive Attached
1 = No External Tape Drive Attached
-- HDDRIVE
External High Density Drive Attached
0 = External. Drive is High Density
1 =« External Drive in Normal Demsity
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Parallel I/0 Port Registers (FF8h-FFDh)
The parallel I/0 port registers are used vhen the parallel I/0
comnector on the computer rear panel must function as an 8-bit
parallel input/output port. Any 8-bit parallel device attached to
the port can send data and status information te the microprocessor
and can receive data and control information from the computer.

" The three parallel I1/0 registers can be used to read data or status
information. One of the registers (Port B) can be used to write
data and control information. The registers are all 8-bit
registers, which are accessed only when the register at address
423h is set to "1.°

The three registers have the same conventional 8-bit map as
follows. Their only differences are in their addresses and
function.

Port A Register (FF8h, Read Only)
Port B Register (FF9h for Read, FFDh for Write)
Port C Register (FFAh, Read Only)

cscesesseceessessssrereesaaseTeesoee

1716151413121 1]0] Register Bits

coseeseesssesseceeesseTasetEeesSe®

D7 D6 [D5 |[Dé [D3 |D2 |Dl |DO | Data Bits

csseccecssccsstconecsssemsiessesasaee

PARALLEL FRINTER/PORT CONNECTOR FIR DEFINITIONS

The parallel printer/port comnector is a 25-pin, subminiature, D-
type female receptacle, which is mounted on the rear panel of the
GRiDCase 1500 Series computer. In the following list, "Out® and
"In" are referenced to the GRiDCase 1500 Series computer interface,
and not to a printer or other device connected to the computer.
For example, pin 1 is an output from the computer to an extermal
device. Figure 11-2 shows the pin layout for the parallel
printer/port connector and the comnector pin definitions are given
in Table 11-2.

Figure 11-2. Parallel Port Connector Pin lLayout
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Table 11-2. Parallel Port Connector Pin Definitioms

EE L L B R R B X R T T B R R R R T T R R R

Pl L L A R L R R R R R R R

1 STROBE~- OQut Pulsed low to indicate output is
available for printer. Set high
during data input operations to hold
the ACK~ line (pin 10) low.

2 DATA O 1/0 Data bit 0

3 DATA 1 1/0 Data bit 1

4 DATA 2 1/0 Data bit 2

S DATA 3 1/0 Data bit 3

6 DATA 4 1/0 Data bit 4

7 DATA 5 1/0 Data bit 5

8 DATA 6 I/0 Data bit 6

9 DATA 7 1/0 Data bit 7

10 ACK~ In Pulsed low by the printer to
indicate that it has received data

. and is ready for the next byte.

11  BUSY In Goes high to indicate that printer
cannot receive data.

12 PE In High when printer is out of paper.

13 sLeT In High when printer is selected.

14  AUTOFDXT~ Out The printer feeds one " ine of paper
each time auto feed signal goes low.

15 ERROR~ In Low when the printer is off-line,
out-of-paper, or in an error state.

16 INIT- Out A lov pulse resets the printer and
clears its print buffer.

17 SLCTIN~ Out Set low to enable data transfers to
the printer. For data input, this
line is set high (+5V) to raise the
sender’s BUSY line to a high level.

18-25 GND Twisted-pair signal return (GND).
ROTES:

355 Direction is relative to the computer.

o The tilde symbol (~) following a signal name
indicates active low (low-true) logiec.

3. The DATA 0-7 lines are the eight parallel data bits.
A high level indicates a logic "1" out, a low level
indicates a logic "0" ouct.

R L R Y Ty ey R R R R I R ittt
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CHAPTER 12: SERIAL I/0 PORT AND MODEM SUBSYSTEM

The GRiDCase 1500 Series computers provide an RS-232-C asynchronous
serial I/0 port and an optional internsl mcdem. In the Model 1520
computers (80C286 Microprocessor), an Intel 82C50 Universal
Asynchronous Receiver-Transmitter (UART) is used to control the
serial I/0 port and a second UART is used to control the moden.

The UARIs are designed to interface with asynchronous serial
devices such as modems and and other RS-232-C compatible devices.
Each UART provides full duplex, double-buffered asynchronous serial
communications capability. In addition to the two UARTs, the
subsyster includes the logic circuits required to interface between
the microprocessor and the external serial I/0 devices.

For Model 1530 (80386 Microprocessor) computers, the serial I/0
port and modem are both controlled by a VL16C452 Dual Asynchronous
Communications Element (DACE) manufactured by VLSI Technology,., Inc.
The DACE is designed to simultaneously interface with two
input/output serial davices such a3 modems and other RS-232-C
compatible devices. Each chammel of the DACE provides a full
duplex, double-buffered asynchronous serial communications
capability. 1In addition to the DACE, the subsystem includes the
logic circuits required to interface between the microprocessor and
the external serial I1/0 devices. Figure 12-1 is a block diagram of
the serial I/0 port and modem subsystenm.

NOTE: Throughout this chapter, register addresses and
contents are specified in hexadecimal (h).
Address, Internai
Data, and Modem:
Control Option 330= To/From
va 1200/300 Baud,  [em=RUTIC
' Option 331= Connector
184MHz 2400/1200/
300 Baud
- - y = - S
V16C452 DS14C88 TxD,
Deeoaor DACE for Drivers » RTS,
Modef 1530, . ( DTR
Two 82CS0 RxD. To/From
Data 7-0 UARTS for DS14CE9 CTS.o( Seret Port
IRQ3 for Serial Port : e gf"-,
IRQ4 for Imernal Modem Note:
\/'1!‘ The /O Addresses are:
2FBh-2FFh for the serial port and

3F8h-3FFh for the internal mogem.
Figure 12-1. Serial I/O0 port and Modem Block Diagram

12-1
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Operation of the DACE is similar in operation to two UARTs since
both subsystems provide two independent serial communications
chammels. Therefore, the following descriptions apply to either
the DACE or UART based subsystems, unless otherwise specified.

The internal modea is available as either of two options: Option
330 operates at 1200/300 Baud and Option 331 operates at
2400/1200/300 Baud. Both options are Bell 212A and 103 compatible
and Option 331 is also V.22 bis compatible. Both modems are also
compatible with the Hayes 1200 Smartmodem command set.

The internal modem and the serial I/0 port use separate I/0
channels so that both devices can operate simultaneously. In the
standard configuration, the internal modem is configured as COM1
and the serial I/0 port is configured as COM2. However, this
configuration is program swvappable in some versions of the MS-DOS
operating systea..

SERIAL I/O PORT ROM-BIOS SERVICE ROUTINE
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The ROM-BIOS provides a set of service routine functions to handle
the serial 1/0 port communication requirements. The functions are
summarized in the following list and described in the subsequent

paragraphs.

Interzupt Functionm
(Hex) No. (AH reg) Descriptien

14 00 Initializes the serial port device

14 o1 Sends a character to the serial port

14 02 Receives a character from the serial port
pE N 03 Reads status of the serial port device

The microprocessor registers determine how the service routine
functions are used. Register AH determines which function is
invoked, wvhile the other registers further define how the action is
performed. The contents of Register DX specify the port number.
The internal port is always port 0. If an external communications
device is used, a port other than port 0 must be specified.

On exit, service functions 00h through 03h return the contents of
the Line Status register (2FDh) to microprocessor register AH.
Function 02h returns the character received in microprocessor
Tegister AL. Functions O0Oh and O3h return the contents of the
Moden Status register (2FEh) to microprocessor register AL.
Descriptions of the status registers are provided in subsequent
paragraphs.
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AH = O0h Initislize the Serial I/O Port

DX = Port Number

AL = Initialization Parameters (Refer to following paragraph)
On Exit

AH = Line Status Register (2FDh) contents

AL = Modem Status Register (2FEh) contents

= 0lh Send Character
" DX = Port Number
AL = Character To Send
On Exit
AH = Line Status Register (2FDh) Contents

AH = 02h Receive Character
DX = Port Number
On Exit
AL = Character Received
AH = Line Status Register (2FDh) Contents

AH = 03h Read Status
DX = Port Number

On Exit
AH = Line Status Register (2FDh) Contents
AL = Modem Status Register (2FEh) Contents

Serial I/0 Port Initiaslization Parameters

To initialize the Serial I1/0 Port (AH = OOh), the following
parameters are loaded into 80286/80386 Microprocessor register AL:

TeTeoscssweeese Teoeaaas swe ETETeeeewe

1716514 13121110] Bit

cEescsssaacacse SeeTees sme Seessscee

............. csacee

I

!

1 |-----Word Length
| 10«7 bies
!

!

|

i
:

11«8 bics

---Stop Bits
0 =1 bit
1 =2 bits

[V

o

o
'

ty

PR O0O000

HHOOKHHOO
HOMOMHOHO

-Pari

0 0 = None
01=0dd
1 1 = Even
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CONTROLLER OPERATION

In the Model 1530 computers, the Dual Asynchronous Communications
Element (DACE) provides two independent full-featured asynchronous
communications channels in one integrated circuit. The operation
of each chamnel is similar to the operation of each 82C50 Universal
Asynchronous Receiver Transmitter (UART) used by the Model 1520
computers. Each channel in either subsystem performs serial-to-
parallel conversion on data characters received from peripheral
devices or the internal modem, and also performs parallel-to-serial
conversion on characters received from the 80286/80386
Microprocessor.

Both subsystems (DACE or UART based) provide two separate chamnels,
and the status of either chammel can be read by the microprocessor
at any time during operation. Each channel also includes a
programmable Baud rate generator that divides the 1.84 MHz timing
reference clock input by any divisor from 1 through 65,534.

The internal modem and the serial I/0 port use separate chammels so
that both devices can operate simultansously. In the standard
configuration, the internal modeam is configured as COMl and the
serial I/0 port is configured as COM2. This configuration is
progran swappable with some versions of the MS-DOS operating
system,

I1/0 Interrupt Capability
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Both serial channels also have indspendsnt interrupt capability.
Channels 0 and 1 support interrupt requests IRQ4 and IRQ3,
respectively. Within each serial channel, the conditions that
cause an interrupt are enabled and prioritized through programmable
registers. When a programmed interrupt condition occurs, the
respective interrupt request (IRQ4 or IRQ3) is generated and sent
to the microprocessor interrupt controller. The ROM-BIOS then
provides the service routine that processes the interrupt.

The optional internal modem uses serial cﬁann.l 0 and the serial
I/0 port uses serial chammel 1. In the standard configuration, the
two channels are connected as follows:

MHoden Channel 0 coM1 IRQ4 INTOCh

I/0 Port Channel 1l coM2 IRQ3 INTOBh
ROTE: The serial channel configuration is swappable

with some versions of the MS-DOS operating
system.
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I/0 Register Assignments
Since the subsystem provides two identical channels, there are two
similar sets of addressable I/0 registers. The microprocessor
distinguishes between the registers by their I/0 addresses. The
Serial I/0 port registers are located at I/0 addresses 2F8h through
2FFh and the internal modem I/0 registers are located at 1/0
addresses 3F8h thought 3FFh. Both sets of registers include Modem
Control and Modem Status registers. The modem registers on the
serial I/0 port allow an external modem to be connected to the
subsystem.

The primary addresses of the I/0 registers used by both serial
channels are provided in the following list. The register bit
definitions are provided in the following register descriptions.
The serial I/0 port connector pin definitions are provided at the
end of this chapter.

NOTE: In the following list, the column labeled
*DLAB" refers the Divisor Latch Access Bit in
the Line Control register. The DLAB bit
determines whether I/0 addresses 2F8h and 3F8h
reference their respective transmitter and
receiver registers or their Baud divisor latch
registers.

I/0 Address Read/

Port Modem  Write Function DLAB
2F8h 3Fgh v Transaitter Holding Register 0
2F8h 3Fgh R Receiver Buffer Register 0
2F8h 3F8h R/ Baud Divisor Latch LSB 1
2F%h 3F9h R/ Baud Divisor Latch MSB 1
2F9%h 3F9h R/W Interrupt Enable Register 0
2FAh 3FAh R Interrupt Identification x
2FBh 3FBh R/W Line Control Register %
2FCh 3FCh R/W Moden Control Register x
2FDh 3FDh R Line Status Register x
2FEh IFEh R Modez Status Register X
2FFh 3FFh R/ Scratchpad Register x

Transmitter Operation

The transmitter operation of each channel uses the Transmitter
Holding register (2F8h/3F8h), a Transmitter Shift register, and
associated control logic. The status of the transmitter registers
is indicated by two bits in the Line Status register (2FDh/3FDh) .
The two bits indicate Transmitter Holding Register Empty (THRE) and
Transmitter Shift Register Empty (TEMT).

To transmit, a byte is written via Data Lines DU through D7 to the
Transmitter Holding register. The byte is automatically
transferred from the Transmitter Holding register to the
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Transmitter Shift register. During the transfer, when the start
bit is sent, the THRE status bit is set (high). Once THRE is set,
the microprocessor performs a vrite operation to shift the byte ouc-
of the shift register one bit at a time through the I/0 port to the
serial device.

When the transmitter operation is idle, both status bits (THRE and
TEMT) are high. Writing the first byte resets THRE to low, but
when the transmission is complete, THRE returns to high. The TEMT
bit also goes lov at least until transmission is complete. If a
second byte (character) is written to the Transmitter Holding
register, the THRE bit is again reset low.

" The byte cannot transfer from the Transmitter Holding register to

the Transmitter Shift register until the shift register is empty.
Therefore, the THRE bit remains low until the write operation is
complete. When the last data bit has been written, the TEMT status
bit is set high, and the THRE bit i{s set high one transfer time
later.

Receiver Operation
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The receiver operation of each channel uses the Line Control
register (2FBh/3FBh), Line Status Register (2FDh/3FDh), Receiver
Buffer register (2F8h/3F8h), Receiver Shift register and associated
control logic. A start bit detect circuit is continually searching
for a high to low transition from the receiver idle state. When
the transition {s detected, a counter is reset, and counts a 16x
clock to 7.5. The count of 7.5 represents the center of the startc
bit. The start bit is valid if the input line is still low at the
center of the start bit. Verifying the start bit in this manner
prevents a noise spike on the input from being detected as a start
bie. '

The Line Control register is programmed to determine the number of
data bits in a character (byte), the number of stop bits, if paricy
is used, and the parity polarity. The Line Status register
provides the Data Ready (DR), Overrun Error (OE), Parity Error

'(PE), and Framing Error (FE) bits. These status bits indicate the

receiver operation as follows:

3 e The DR status bit is set high when a data byte
(character) is strobed a bit at a time into the
Receiver Shift register.

2. The Data byte (character) is automatically
transferred into the Receiver Buffer register.

ap The DR status bit is reset to low when the micro-
processor reads the Receive Buffer register through
Data Lines DO through D7.
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4. If the Data Lines (D0-D7) are not read before a new
character is transferred from the Receiver Shifc
register to the Raceiver Buffer regiscer, the OE
status bit is set. )

S. The parity bit, which precedes the first stop bit,
is checked against the programmed value. If the
values do not match, the PE status bit is set.

6. Finally, the last stop bit is tested. If the last
stop bit value is not high, the FE status bit is
set.

Bit definitions for all of the registers are provided in the
following paragraphs.

Reset Operation

After power is turned ON, the RESET input is held low for a minimum
of 500 ns to ensure that the serial channel enters and remains in
the idle mode until it is subsequently programmed. When the serial
channel is reset, the following operations occur:

1. The transmitter and receiver internal clocks are
initialized.

2. The Line Status Register is cleared, except for the
Transmitter Holding Register Empty (THRE) and
Transmitter Shift Register Empty (TEMT) bits. The
THRE and TEMT status bits are set to "1" by a reset
operation.

)8 When interrupts are subsequently enabled, the THRE
status bit causes an interrupt to occur.

4, The Modem Control Register (2FCh/3FCh) is cleared.

on All discrete lines, memory elements, and associated
register bits are either cleared or turned OFF.

6. The Line Control Register, Divisor Latch registers,
Receiver Buffer register, and Transmitter Holding
register are not affected.

To reset either serial channel to a known state without resorting
to a complete system reset, first write to the Line Control
register, Divisor Latch registers, and Modem Control register.
Next, read the Line Status register and Receiver Buffer register to
clear out any residual status or data bits. Finally, enable
interrupts through the Interrupt Identification and Interrupt
Enable registers. The channel will resume normal operation when
the Interrupt Enable register is set.

12-7
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I/0 REGISTER DESCRIPTIORS

The subsysten provides twe serial communication channels that
interface between the 80286/80386 Microprocessor and two
independent RS-232-C compatible devices. One chamnel is dedicated
to an optional internal modem and the other channel can be
connected through a serial I/0 port to an external device. The
external device can be & modem or any other compatible serial
device. In the following register descriptions, address locatioens
begimning with "2" are the serial I/0 port register addresses, and
address locations beginning with "3" are the optional intermal
modea addresses.

The service routine provided by the ROM-BIOS are adequate for most
serial cocmmunications applications. However, the ROM-BIOS can be
bypassed via the I/0 addresses in order to interface directly with
the registers. The following paragraphs describe the registers
that are accessible via the 1/0 addresses.

For additional details, refer to the applicable manufacturer’s
information as follows:

1. The 82CS50 UART is manufactured by Intel Corporation,
Santa Clara, CA 95051.

e The VL16C452 DACE is manufactured by VLSI
Technology, Ine., Phoenix, AZ 85044,

The registers within each chamnel can be programmed in any order,
except that the Interrupt Enable Register should be programmed
last. After a chammel has been programmed and is operational, its
registers can be updated at anytime the chamnel is not transmitting
or receiving data.

NOTE: The following register descriptions are given
in ascending order of their I/0 addresses and
not in the order that they would be programmed
and used.

Transaitter Holding Register (2F8h/3F8h)
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The Transmitter Holding register (2F8h/3F8h) is a write-only buffer
that holds a 5-bit to 8-bit character byte. The buffered character
byte is automatically transferred to s Transmitter Shift register
and then serially transmitted a bit at a time to a compatible
serial device. The compatible device may be the internal modem or
the character can be transferred through the serial 1/0 port to an
external I/0 device.
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If the character byte is less than eight bits wide, the bits are
right justified so that any unused bits are on the lefr. Bit 0 of
each character byte is the first serial data bit to be transmitzed
and received. The format of the character byte is contrelled by
the Line Control register (2FBh/3FBh), and the DLAB bit in the Line
Control Register must be set to "0" for access to the Transmicter
Holding register.

Receiver Buffer Register (2F8h/3F8h)

Baud

The Receiver Buffer register (2F8h/3F8h) is a read-only register
that holds a 5-bit to 8-bit character byte. The character in the
buffer was received through a Receiver Shift register and Serial
1/0 Port from a compatible serial device. The compatible device
can be the internal modem or the character can be received from
through the serial 1I/0 port from an external I1/0 device.

If the character byte is less than eight bits wide, the bits are
right justified so that any unused bits are on the left. Bit 0 of
each character byte is the first serial data bit to be transmitted
and received. The format of the character byte is controlled by
the Line Control register (2FBh/3FBh), and the DLAB bit in the Line
Control Register must be set to "0" for access to the Receiver
Buffer register.

Divisor Latch Registers (2F8h/3F8h and 2F9h/3F9%h)

The Baud Divisor Latch is two read/write registers (2F8h and 2F%h
or 3F8h and 3F%h). The contents of the registers specify the
output frequency of the Baud Rate generator contained within each
serial chamnel. The DLAB bit in the Line Control Register
(2FFh/3FBh) is set to "1" for access to the Baud Divisor Latch
registers. Otherwise, the registers at addresses 2F8h/3F8h and
2F9h/3F%h are used to access the Transmitter Holding register,
Recsiver Buffer register, and the Interrupt Enable register,
respectively. ‘

The contents of the two 8-bit Baud Divisor Latch registers are
treated as one l6-bit word. The register at address 2F8h/3F8h
contains the least significant 8 bits, and the register at address
2F9h/3F%h contains the most significant 8 bits. The contents of
the registers are used to divide the clock input (1.8432 MHz) to
the serial channel. The divisor values used to obtain different
baud rates are listed in Table 12-1.

12-9
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Table 12-1. Baud Rates Determined by the Baud Divisor Latch
Register Values

-—--—----

Desired Divisor Latch
Baud Rate Register Contents % Error
50 900h -
75 600h S

110 417h 0.026

134.5 ' 35%h 0.058

150 300hn -

300 180h -

600 0COh -
1200 060h -
1800 040h -
2000 03Ah 0.569
2400 030h -
3600 020h -
4800 018h -
7200 010h -
9600 00Ch -

19200 006h -
38400 003h -
56000 002h 2.86

-----------------------------------------------------------

For Baud rates that are not listed, the Divisor latch value is
calculated as follows:

Divisor Latch Valus = (1.8432 x 10% / Baud Rate x 16)
(Rounded 0ff)

Interrupt Enable Register (2F9h/3F%h)
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The Interrupt Enable Register (2F9h/3F%h) is an 8-bit read/write
buffer. It is used to independently enable up to four sources that
can cause a serial chamnel to activate its interrupt request line.
An active interrupt request for the serial I/0 port generates IRQ3.
An active interrupt request for the internal modem generates IRQ4.

Before the Interrupt Enable register is effective, the DLAB bit in
the Line Control Register (2FBh/3FBh) must be set to "0" for access
to the Interrupt Enable register. Then, bit 3 of the Modem Control
register (2FCh/3FCh) must be set to "1" to enable all interrupts.

When an Interrupt Enable Register bit is set te "1," the
corresponding interrupt is enabled. If the bit is reset to "0.°
the corresponding interrupt is disabled. If bits 0-3 are all set
to "0," all interrupts from the selected chammel are disabled and
the interrupt request signal is inhibited. The bits in the
Interrupt Enable Register are assigned as follows:
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Teececoecssseseses mae See see es=

17161 S|4]312|1]0]| Bits

Teceeeccssesseese moe eos sse ese

|
------------- ] | == Received Data Available
| 0 = Interrupt Disabled
|
|
I

Set to "0O"
Not Used

1 = Interrupt Enabled

-- Transamitter Holding Register Empty
0 = Interrupt Disabled
1l = Interrupt Enabled

-- Receiver Line Status
0 = Interrupt Disabled
1l = Interrupt Enabled

- Medem Status Interrupt
0 = Interrupt Disabled
1 = Interrupt Enabled

Interrupt Identification Register (2FAh/3FAh)

Each serial channel has an Interrupt Identification Register
(2FAh/3FAh), which is an 8-bit read-only buffer. For its
associated channel, bit 0 of the register indicates that an
interrupt is pending. Bits 1 and 2 indicate which of four possible
sources generated the interrupt. Bits 7 through 3 are always reset
to "0." The register is polled by the system whenever more than
one of the interrupt sources is enabled. The bits in the Interrupt
Identification register are read as follows:

| 716151 44131211]10] Bits

crcocseecccccessececse sssesses seo

I
|-= Interrupt Pending
0 = Interrupt is Pending
1 = No Interrupt is Pending

-----------------

HOMHOR®—————

Always "0O®
Not Used Interrupt Scurce
0 = Modem Status (Lowest Priority)
0 1 = Transmaitter Holding Register Empty
1 0 = Received Data Available
1 1 = Receiver Line Status (Highest Priority)
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Line Control Register (2FBh/3FBh)

The Line Control Register (2FBh/3FBh) is an 8-bit read/write buffer
that controls the format of the data character in each channel. It
can be used to examine as well as to specify the format of the
asynchronous data character transferred between the channel and its
associates serial device. The Line Control register bit
description is as follows:

—eEms seoe Seo® Ssee eee eoeoe SCeeass

| 7161 5) 461312 11)]0] Bits

Tees cew eeoe scoe See ees SSeesss

|

| | -Word Length

| 00 =35 bits

| 01«6 bits

| 10 =7 bits

] 11=28 bits

I

| ---Number of Stop Bits
bit

0=1
1 = 1.5 bits for 5-bit word length
1 = 2 bits for all other word lengths

---Parity Enable
0 = Parity Disabled .
1 = Parity Bit Generated and Checked

---Parity Selesct
0 = 0dd Parity Selected
1 = Even Parity Selected

—— — — ——— O ——— — —— — — — — — — — — —  _—

---Stick Parity Enable
0 = Stick Parity Disabled
1 = Forces Parity to the State Opposite the State
Selected by Bit 4.

---Break Control¥ote
0 = Break Control Disabled
1 = Forces Serial Output to Spacing (0) State

---Divisor Access Latch Bit (DLAB)NOte
0 = Access to Buffer and Interrupt Enable Registers
1 = Access to Divisor Latches of the Baud Rate Generators

NOTE: The following paragraphs further describe the
Break Control and Divisor Access Latch bits.
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Break Control Procadurs

The Break Control (2FBh/3FBh, bit 6) works with the serial out data
only and has no effect on the transmitter operation. The micro-
processor uses the Break Control to signal a device in a communica-
tions system. The following procedure prevents erroneous or
extraneous characters from being transmitted as the result of a
break.

45 Load an all zeros (0) pad character in response to
the active Transmitter Holding Register Empty (THRE)
bit in the Line Status Register (2FDh/3FDh).

2. Set BREAK in response to the next active THRE bit.

3 Wait for the transmitter operation to be idle as
indicated by an active Transmitter Shift Register
Empty (TEMT) bit and when normal transmission
operation has been restored, clear BREAK.

Divisor Latch Access Bit (DLAB)

The DLAB (2FBh/3FBh, bit 7) selects the registers to be accessed by
addresses 2F8h/3F8h and 2F9%h/3F9h. When DLAB is reset to "C," the
Transmitter Holding register and Interrupt Enable register are
accessed by an I/0 Write command. Also, the Receiver Buffer
register and the same Interrupt Enable register are accessed by an
I/0 Read command. I1f DLAB is set to "1," the Baud Divisor latch
LSB and Baud Divisor Latch MSB are accessed. These two latches are
used to set the data communicatioen (Baud) rate as previously
described.

Modem Control Register (2FCh/3FCh)

The Modem Control Register (2FCh/3FCh) is an 8-bit read/write

buffer. It is used to examine and to specify the interface to a

modem or a data set. Both serial channels have Modem Control

registers sc that both internal and external modems can be used for

data communication. The bits in the Modem Control register are

used to manipulate and examine the typical signals required as

inputs by a modem. The Modem Control register bit description is — — —
. as fellews:—— ——  — —

NOTE: In the Modem Control (2FCh/3FCh) and Modenm
Status (2FEh/3FEh) registers the sense of some
bits is inverted so that a bit set to "1¢
forces the corresponding output to "0® and vice
versa. Signals with an inverted sense are
indicated by a tilde (~) suffix.
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Line

--------------------------

| 7161 S| 4(312}11]0] Bits

ceesscsenewe wee SO coee eee moe

Not Used j==- Data Terminal Ready (DTR~)

| I | |
| I I
Always set | ] | ] 0 = DTR~ Output High
to "0" | i | | 1 = DTR~ Output low
| R
| | ] |-- Request To Send (RTS~)
| 0 = RTS~ Output High
| | ] 1 = RTS~ Output Low
[
| i [=- Not Used
| | Always Set To "0°
(. -
| | == Interrupt (INT) Comtrol
| 0 = Interrupt Disabled
| 1 = Interrupt Enabled
|
[-- Loop Mode ControlNote
0 = Loop Mode Disabled
1 = Loop Mods Enabled
NOTE: Loop mode control is further described in the

following paragraph.

Loop Mode Comtrol

Loop mode control (2FCh/3FCh, bit 4) supports diagnostic testing of
the associated channel. If lLoop mode is enabled, the Serial Data
In is disconnected and Serial Data Out is set to a marking (1)
state. The Transmitter Shift register output is then looped back
into the Receiver Shift register.

Also, modem control inputs CIS~, DSR~, and RI- are disconnected.
Modea control outputs DTR- and RTS~ are then internally connected
to the modem control inputs, and the modem control output pins are
forced to their inactive (high) state.

Status Register (2FDh/3FDh)

The Line Status register (2FDh/3FDh) is an 8-bit read/write buffer,
which is used to indicate the status of transmitter/receiver
operations in each serial channel. The Line Status register is
usually the first register read by the microprocessor to determine
the cause of an interrupt from the associated channel. The
register bits are defined as follows:
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ceos eeos soae eee See See eee e

] 71 6] 51413121110 Bits

I R D R

| |==~-- Receiver Data Ready

i 0 = Microprocessor has read a

| character from receive buffer
| 1 = A character was received and
|
|
|

loaded into the receive buffer

| | | I | |
! | I | |
| ! I ! I I
R R R R
I
[
o [ T R
i | | | | | 0 = Microprocessor has read the

| | | | | | register contents

| | | | | ] 1l = A character in the receive buffer
| | | | | i was not read before the next

| | 1 | | | character was received
o

I I I | | |---Pazity Erzor

| | } | | 0 = Microprocessor has read the register
| | i | | contents

| | ] i | 1 = A character was received with bad

| | | ] | parity as previously selected

[ R A

| | | i | ---Framing Error

| | | | 0 = Microprocessor has read the register

| | | ] contents i

| | | i 1l = A character was received without a wvalid
| | | | stop bit or the last bit received was

| | i | detected as a "0"

(I I

| | | | ---Break Interrupt

| | | 0 = Microprocessor has read the register

| | | contents

| ] | 1l = The receive data input was held in the

| | | spacing (0) state for longer than the

| | | full word transmission time

|

] | | ---Transaitter Holding Register Empty (THRE)

| ] 0 = Microprocessor has loaded a character into the

| | Transaitter Holding register

| | 1 = A Character was transferred from Transmitter

] | Holding register to Transmitter Shift register

| | (Transmitter Holding Register is Empty)

I

| | ---Transmitter Shift Register Empty

| 0 = The Transmitter Holding resister contains a

| character

| 1 = The Transmitter Holding register and Transmitter

| Shift register are both empty

|

|

---Not Used: Alwvays reads as "0"
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NOTE: Bits 4-1 indicate error conditions that cause
'~ Receive Line Status (Priority Ome) interrupts.
Bits 6 and 5 are not reset by reading the
register contents.

Modem Status Register (2FEh/3FEh)

12-16

The Modem Status Register (2FEh/3FEh) is an 8-bit read/write
buffer. The register contents provide the status of control lines
from the internal modem or from a peripheral device attached to the
serial I/0 port. Register bits 3 through O indicate a change in
the line status since the last time the register was read and are
called delta bits. Register bits 7 through 4 always reflect the
current state of the input lines and are called status bits.
Reading the register clears the delta bits but does not affect the
status bits. The delta bits do not change states if they are set
to "1" and a change in line status occurs during a read operation.
If the delta bits are set to "0" and a change in line status occurs
during a read operation, the change of state is indicated after the
read operation is complete. When any of the delta bits are set to
"1," a modem status interrupt (priority 4) is generated. The
register bit descriptions are as follows:
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71615141312} 1]0]| Bics
R R R A D A
| | | |---Dalta Clear-to-Send (DCTS)

| 0 = CTS valus has not changed

| 1 = CTS value changed since the
| register was last read
I

|.

--Dalta Data-Set-Rsady (DDSR)
0 = DSR value has not changed
1 = DSR value changed since the
register was last read

i I |
I [
| | | B
! | I
A N
[ R B P
[
| [ | I
| | '
| R
T ---Trailing Edge Ring Indicator (TERI)
] ! | | | 0 = RI valus has not changed or the value
| | | | | changed from *0" to "1°
| | | | | 1 = RI value changed from "1" (om) to
| | | | | *0" (off)
| | | | |
| | | | | ---Delta Receive-Line-Signal-Detect (DRLSD)
| | | | 0 = RLSD value has not changed
] | | | 1 = RLSD value changed since register was
| | | | last read
| | | |
| | | |+--Clear-to Send (CTS~) Status
| | | 0 = Device is not ready to receive data
| | ] 1 = Device is ready to receive transmitted data
R In lLoop Mode, CIS~ = RIS~
| | |
| | |---Dats Set Resady (DSR~) Status
| | 0 = Device is not ready to send data
| | 1 = Device is ready to send data to the channel
| ] In Loop Mode, DSR~ = DIR-
! I
| |---Ring Indicator (RI~) Status
| 0 = Ringing signal was not received
| 1 = Ringing signal was received
| In Loop Mode, RI~ = no connection
|
| ---Receive Line Signal Detect (RLSD~) Status
0 = Data carrier not detected
1 = Data carrier (DCD) was detected by device
In Loop Mode, RLSD- = QUT2
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INTERNAL MODEM (OPTIONAL) DESCRIPTION

The intermal modem is available as either of two options: Option
330 operates at 1200 and 300 Baud, and Option 331 operates at 2400,
1200, and 300 Baud. Both modems operate in full-duplex mode with
autodial and autoanswer capabilities. The modems are Bell 2124 and
103 compatible and the Option 331 is also V.22bis compatible. The
modems are also compatible with the Hayes 1200 Smartmodem command
set, Additional information provided in this section is applicable
to both modems (330 and 331) unless specified otherwise.

The external modem interface is provided through two modular RJ11C
phone jacks on the back panel of the GRiDCase 1500 Series computer.
The two phone jacks are comnected together in parallel to provide
the external connection to either a data or voice quality telephone
line. If one phone jack is connected to the telephone line, the
second phone jack can be used to connect an external telephone to
the same line. However, the telephone cannot be used while the
meden is active.

Modem Control

NOTE: The following modea control information is .
applicable to Optiom 330 only. Option 331 does
not use the 1/0 registers. Control of the
Option 331 modem is provided through the use of
the modem commands described later in this

chapter.

Control of the Option 330 internal modem is provided through three
one-bit I/0 Registers as follows:

I/0 Address Funection
420h 0 « Normal Operation
1 = Analog Loopback (Diagnostic Mode)

421h 0 = Smart Terminal Mode
1 = RS-232-C Handghake Moden

For the Option 330 modem, the I/0 Register at address 421h
determines how the Data Set Ready (DSR) and Data Carrier Detect
(DCD) lines operate. When the register is set to "0," the state of
DSR and DCD follows the state of the Data Terminal Ready (DTR)
line. This mode of operation is required to operate some "smart”
terminals. If the register is set to "1," the state of DSR and DCD
follows the state of the data carrier, and the Clear to Send (CTS)
line is always active. This is the normal RS-232-C handshake mode
and also the Hayes modem compatible mode.
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Modea Extensions

The Option 330 internal modem provides several extensions to the
Hayes 1200 Smartmodem. The extensions provided by the GRidCase
1500 Series Option 330 internal modem are as follows:

L5 Electronic Call Progress Tone Detection. Four
status messages (6-9) were added to enable the modem
to determine the condition of the telephone line.
The messages are enabled by using Modem Command X2
(refer to Table 12-3).

2. Autoselection of Tone or Rotary Pulse Dialing. The
modem provides autoselection if Modem Command X2 has
been issusd since the last system reset.

3. Additional Test Mocdes for Diagnostics. Five test
modes were added to Modem Register S16 for telephone
lins and modem diagnostics. The Modem Registers are
described later in this chapter.

Moden Commands

The internal modem accepts commands after it has been selected via
the ROM-BIOS interrupt service routine or via the I/0 registers.
Commands are sent to the modem through the Transmit Holding
Register of the serial channel where the modea is commected. The
commands are sent as command characters by using the ROM-BIOS
interrupt service routine or a write operation to I/0 address 3F8h.
Address 3F8h assumes the default modem interface (COM1l). To
address a modem commected to the serial I/0 port, use I1/0 address
2F8h.

Each moden command character must be prefixed with the two-
character sequence AT (abbreviation for attention) and followed by
the Return character (0Dh). The prefix AT must be in upper case
letters as shown, but the command characters can be either upper or
lower case. For example, a reset command is sent to the modem by
writing the following command to I/0 register 3F8h:

ATz (Return)

In the previous example, AT is the required prefix, z is the reset
command character, and (Return) represents the Return character
(ODh). Multiple commands can be sent as long as the command string
is prefixed by the AT characters, does not exceed 40 characters,
and a Return character is used to terminate the string. The
internal modem supports the following command characters (command
characters can be either upper or lower case):
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Command
Character Command Descriptiom
A Answer Mode. The modem is place in answer mode even

though it has not received an incoming call. Modem
Register S7 specifies how long to wait for a carrier.

A/ Repeat the last command string. This command is typiecally
used to redial a number that was busy. The command does
not require a prefix or a (Returnm).

Cn Carrier Control. If n = 0 the carrier is turmed OFF. If
n = 1 the carrier is turned ON. The modem is initialized
with the carrier on/off state controlled automatically.
The Cn command over-rides the automatic control.

D Dial the telephone number that follows. Option commands
used with the Dial (D) command includé: P, T, R, W, @, ,
;s "..., and !. The option command descriptions are

included in the following list.

En Echo Control. If n = O echo is off. If n = 1 all
keyboard commands are echoed to the display.

Fn Duplex Control. If n = O local echo is on (half duplex)
and the modem sends a copy of transmitted data to the
display. If n = 1 local echo is off (full duplex) and a
remote terminal can send data to the display.

Hn Control ON/OFF hook. If n = 0 receiver is on hook (hung
up). If n = 1 receiver is off hook.

In Inquiry Code. Returns the status information specified by
n as follows:

0 Returns product cods.

1 Returns Checksum.

2 Run moden memory (RAM) test. _
3 Returns call duration or real time.
4 Returns current modem settings.

n
n
n
n
n

B

Modem clock. Not used.
Mn Modea speaker control. Controls the speaker as follows:

n = 0 Turns speaker OFF.

n = 1 Turns speaker ON until carrier is
established (defaulc).

n = 2 Speaker is always ON.

n = 3 Turns speaker ON after the last digit is dialed
and until the carrier is established.

0 Return to on-line state after command execution.
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Command
Character Command Descripticn
P Pulse dialing. Used alone or with the D command.

n Quiet mode. Modem result messages are displayed if n = 0
(default). If n = 1 messages are suppressed.

R Reverse frequency for answer-mode handshake after dialing.

Sn Modenm Register commands. n = 0 thru 16 (refer to Table 12-
2).

T Touch-tone dialing. Used alone or with the D command.

Va Verbal/numeric display of result codes. n = O selects
mmeric mode to display Result Codes. n = 1 selects
verbal mode to display messages (refer to Table 12-3).

Wait for second dial tone (Option 331 only).

Eﬂ =

Selects result code options (refer to Table 12-3).

(]

Resets modem to default configuration.

(]

Wait for answer. Used with the D command.

: Return to command mode while on line. Used with D
command.

. (Comma) Specify a 2 second pause .in command string. Used
with D command.

+ Specify pause for dial tone (Optien 330 only).

i Escape Command. Takes modem off line and returms it to
the command state. This command is not preceded by the
attention command (AT) or followed by a returnm command.

®*... Dial the letters that follow. Used with D command for
Option 331 only.

! Transfer call. Used with D command for Option 331 only.

> Repeat Current Command. Used with D command to cause the
coamand to be repeated until the cormection is made, the
command is repeated 10 times without an answer, or any key
is depressed to cancel the command. When used with any
other command, the command is repeated until any key is
depressed.
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Modem Ragisters

12-22

The internal modem (optional) provides 17 registers as described in
Table 12-2. All of the registers are initially set to a default
value. The Option 330 default values are the same values used by
the Hayes 1200 Smartmodem. To change the register values, the
register to change is first selected by sending an S command
character followed by the register number. Then, a write operation
is performed. For example, the number of seconds that the modem
waits for a dial tone before dialing is changed from the default
value of 2 to the new value of 4 with the following command:

ATsé=4(Return)

In the preﬁious example, AT is the required prefix, s6 is the modem
register number, =4 writes the value 4 into the register, and
(Return) represents the Return character ODh.

The S-register functions and commands provide greater flexiblity in
controlling modem operations. Table 12-2 lists and describes the S
registers, and provids the default setting for each register in
ASCII equivalent decimal and hexadecimal values. Operation of the
S registers is similar in both the Option 330 and 331 modems. Any
specific differences in operation are noted in Table 12-2.

Table 12-2. Internal Modem (Opticnal) Register Descriptions

R Rk L L L L L L T T R R

Register Default Value
Designation Register Description " Dec EHex
S0 Sets the number of rings allowed before 1 1

the modem autoanswers incoming calls. If
set to dafault (0), the modem does not

: sutoanswer.

Ss1 Counts and stores the number of rings na
for incoming calls.

s2 Sets ASCII value of escape code sequence. 43 2B

s3 Sets ASCII value of Carriage Return. 13 0D

S& Sets ASCII value of Line Feed. 10 0a

SS Sets ASCII value of Backspace g8 08

1 Sets time delay in seconds that the modem 2 02
waits for a dial tone before dialing.

s§7 Sets time delay in seconds that the modem 30 1E
waits for the carrier from a remote modem.

S8 Sets time delay in seconds to pause for a 2 02
comma inserted in a dial command.

s9 Sets time delay in tenths of seconds to 6 06
wait for a carrier from a remote modem.

s10 Sets time delay in tenths of seconds to 707

wvait before disconnecting after a remote
moder hangs up.

S1l1 Sets the speed in milliseconds of the 70 46
touch-tone dialer.
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Table 12-2. Internal Modeam (Optional) Register
Descriptions (Continued)

LR N e L L L L e L

Register Default Value
Designsation Register Description Dec Hex
s12 Set the Escape Guard Time:
In seconds for Option 330 1 01
In 50ths of a second for Option 331 50 32
513 Not supported. Used by the Smartmodem as 0 00
a bit-mapped status register.
Sl4 For Option 330, register S1l4 is not 0 oo

supported. S14 is used by the Smartmodenm

as the bit-mapped Option register.

For Option 331, S14 sets the product code 24n 18n
returned by the ATi0O command

S15 Not Supported. Used by the Smartmodem as 0 00
the bit-mapped Flag register.
sl6 Enables the modem self-test mode. 0 00

Extends the Smartmodem 1200 capability
by adding four test modes for telephone
line and modem diagnostics. The test
modes are:

0 = Data Mode (No Testing)

1 = Analog Loopback B

2 = Dial Test

4 = Test Pattern

5 = Analog Loopback and Test Patterm

-------------------------------------------------------------------

Result Code Optiomns

The Result Code options are selected by modem command Xn, where n
is any values from 0 thru 6. Each value of n selects a group of
display options, and values 2 thru 6 also select special moden
functions. For example, a group of display options and special
functions are selected with the following command:

ATx4 (Return)
In the previous example, AT is the required prefix, x4 is the
result codes option group number, and (Return) represents the
return character 0Dh.

Table 12-3 lists the messages that are displayed, and the special
modem functions that are selected, by each of the Xn commands.
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Table 12-3. Modem Result Code Options

B e R

Rasult Modem Command
Code Message Displayed X0 X1 X2 X3 X4 XS5 X6
0 OK Y Y Y Y Y Y Y
1 CONNECT ) 4 Y Y Y Y Y Y
2 RING Y Y Y Y Y Y Y
3 NO CARRIER Y Y Y Y Y Y Y
4 ERROR Y Y Y Y Y Y Y
5 CONNECT 1200 - Y Y Y Y Y Y
6 NO DIAL TONE - . Y - Y - Y
7 BUSY - - - Y Y Y Y
8 NO ANSWER - - - Y Y Y Y
(Replaces No Carrier,
requires @)

9 Reserved
10 CONNECT - Y Y Y Y b 4
11 RINGING - - - - Y Y
12 VOICE - - - - - Y Y
Special Functions

Adaptive Dialing - - Y Y Y Y Y

Wait for Second Dial

Tone (W) - - - Y Y Y Y
Wait for Answver (@) - - - Y Y Y Y
Fast Dial .- - - Y - Y

ROTE: Only one Modem Command (Xn) can be active. A
*"Y® indicates that the message and the special
function are enabled if the command at the top
of the column is active. The basic result codes
(0 thru &) ars displayed with all Xn commands.
Modea command X1 sets the default group of
messages (0 thru 5 and 10). An *-" indicates
that the message and the function are suppressed
when the command at the top of the column is
active.

Ll L b L e ittt
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SERTAL I/O PORT AND MODEM EXTERNAL CONNECTIONS

The serial I/0 port and internal modem have comnectors on the
GRiDCase 1500 Series computer back panel for connecting external
devices. The following paragraphs provide commector pin
‘definitions for the two types of connectors.

Serial I/0 port Comnector Pin Definitions

For the serial I/0 port, there is an interface comnector located on
the rear panel of the GRiDCase 1500 Series computer (conmnector 3,
Serial RS232C). The 9-pin, subminiture, D-type, male connector
provides connections to interface RS-232-C compatible signals with
external serial devices. The comnector pin layout is shown in
Figure 12-2 and the interface comnector pinouts and signal names
are given in Table 12-4. The direction of flow listed in Table 12-
2 is relative to the computer.

Figure 12-2. Serial I/0 port Comnector Pin layout

Table 12-4. Serial I/0 port Comnector Pin Definitions

------------------------------------------------------

Pin #» Function Directiom
1 Carrier Detect (DCD) In
2 Received Data (RxD) In
3 Transmitted Data (TxD) Out
4 Data Terminal Ready (DIR) Qut
S Signal Ground --
6 Data Set Ready (DSR) In
7 Request to Send (RIS) Out
8 Clear To Send (CTS) In
9 Ring Indicator (RI) In

------------------------------------------------------
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Serial I/0 port Interface Signals

The serial I/0 port interface hardware consists of one DS14C88
inverting line driver and two DS14C89 inverting line receivers.
The driver and receivers translate standard TTL or CMOS logic
levels to or from levels that conform to RS-232-C or CCITT V.24
standards. The transmit and receive signal relative timing is
shown in Figure 12-3, and signal levels required for the input and
output lines are given in the following list:

Driver Signal Level
Supply Voltage, dc: +/-4.5 to +/-12
Output Voltage, dec
Logic 0, space: _ -3 minimum, -7 typical
Logic 1, mark: +9 maximum, +7 typical
Output Current, mA
Shorted to ground: +/-25
Output Resistance, Ohms 300
Receivers , Signal level
Supply Voltage, dc: +4.5 to +5.5
Input Voltage, dc
Logic 0, space: +0.5 to +1.7
e logic 1, mark: +1.3 to +2.5
Input Current, mA -0.43 to +8.3

e NI O I ) T
= N
e _ome 50 XN _sesan

o AL / .

Figure 12-3. Serial I/0 port Transmit and Receive Signal
Relstive Timing
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Modem Commector Pin Definitions

Twe RJ11C modular telephone jacks are provided on the rear panel of
the GRiDCase 1500 Series computer. One conmector is located
directly below the other and they are electrically connected
together in parallel so that the external connections are
identical. Either jack can be used to connect the internal modem
.to a telephone line, and the other jack can be used to connect an
ordinary telephone. A telephone comnected in this manner can be
used as a normal telephone, except when the modem is sending and
receiving data. Since connections to both jacks are the same, the
pinouts for either connector are as follows:

Pin No. Description

EQL 3

EQL 2%

RING

TIP

EQL 1*

IA

*Indicates a connection via an internal
selectable jumper.

B W e
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CHAPTER 13:

I/0 EXPANSION CAPABILITY

The GRiDCase 1500 Series Computer provides connectors on its rear
panel for interfacing with external peripheral devices. Table 13-1
identifies each connector by name and the commector number as it is
marked on the rear panel. Pinout information for conmectors 1
through 7 is provided near the end of the referenced chapters.

This chapter provides detailed information about the Expansion Bus

Interface only.

Table 13-1. GRiDCase 1500 Series Computer Extsrnal Connectors

..................................

Connector Connectozr Referesnce
Number Name Chaptar
1 KEYBOARD 8
2 PHONE LINE 12
(two available)
3 SERIAL RS232 12
4 PARALLEL 11
PRINTER
S EXTERNAL 9
PERIPHERAL
[ VIDEO OUTPUT 7
7 INPUT POWER
16VDC
- Expansion Bus
Interface

(Battery Backplane)

B e A

------------------------------

Comnects to an external
Keypad or Enhanced IBM-
PC/AT Keyboard

Connects to an_external
telephone line

Connects to external
Serial 1/0 Devices

Cormects to external Printer
or Parallel I/0 Devices

Provides comnections to
portable peripheral
devices (Pocket Floppy,
Pouch Floppy, Pouch Tape)

Commects to extermal CGA
compatible monitors

Connects to an external
input power adapter

Provides the 1/0 bus
expansion capability for
connecting Expansion
Cartridges or an external
Expansion Chassis

------------------------------
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EXPANSION BUS INTERFACE

The expansion bus interface is used to extend the internmal system
I/0 bus to external devices.

The interface is located inside che
slot where a battery is normally installed.

When the batrery is

removed, any one of several expansion cartridges, which have the
same form factor as the internmal battery, can be installed on the

expansion bus interface.

The expansion cartridge provides the

interface, adapter, and controller logic as required for a specific

peripheral device or application.

Expansion cartridges for some popular devices and applications are

currently available as options.

Also,

a kit is available thac

provides the form factored parts necessary to design and build
custom application cartridges.

The available cartridges and ctheir
applications are listed in Table 13-2.

Information about operation

of the cartridges is contained in separate manuals, which are
supplied with the cartridges.

Table 13-2. Expansion Cartridz-=

cToccoaess

34010

34012

34013

Expansion Cartridge
Developer’s Kit

High Speed Serial
Expansion Cartridge

e o540 LU
¢ cu-zeolo
622"940

3270 Expansion
Cartridge

VGA Video Controller
Expansion Cartridge

Ethernet Network
Expansion Cartridge

3270 Expansion
Cartridge

----------------------------------

Contains form factored enclosure
parts for designing and building
a custom expansion cartidge.

Provides RS-232 and RS-422 com-
patible, high-speed, serial
communications. The interface
uses asynchronous, byte synch-
ronous, and bit synchronous
commeunications protocols.

Includes PCOX/ONE software for a
single host session and inter-
face to the IBM 3270 Information
Display System.

Provides an interface for the
external Video Graphics Adapter
(VGA) momnitor.

Provides an interface for the
Ethernet Network.

Includes PCOX/MULTI software for
a multiple host session and
interface to the IBM 3270 Infor-
mation Display System.

e B Bt e I e T T I I



The expansion bus interface consists of one 60-pin and one 40-pin

A Model 34102 XT-Compatible Expansion Chassis

is available.

The Model 34102 is a separate

chassis that provides mounting capacity for two

full-length PC cards.

interface hardware is required.

_connector (see Figure 13-1).
connections required to emulate the IBM XT I/0 bus. The 60-pin and

40-pin conmnectors together provide the connections required to

emulate the IBM AT I/0 bus.

connectors are listed in Tables 13-3 and 13-4, and descriptions of
the expansion bus signals are given in the following paragraphs.

The 60-pin connector provides the

No additional chassis

Signal commections to the two

I/0 Expansion Capabilicy

R L L T T R R R R R T R R R

D R e et

Table 13-3. Expansion Bus 60-Pin Connector
Pin Signal Direction |Pin
No. Name of Flow |Ro.
1 DACK2~ Qutput 131
CIEVE~ 2 SWPOWER Pover 132
' 3 DRQ1 Input 133
4 DRQ2 Input 134
5 DACK3~ OQutput |35
6 DRQ3 Input 136
7 DACK1~ Output 137
@?JAJS I10CHRDY Input |38
9 IRQS Input |39
7 .10 10CK~ Input | 40
" A4 11 +VDC Pover |4l
12 BALE Output |42
13 Signal Grd Ground 143
14 DATA7 I/0 | &4
15 Signal Grd Ground {45
16 IRQ6 Input |46
17 I0W~ Output |67
18 REFRESH~  Output |48
19 IRQ7 Input 149
20 RESET Qutput |50
21 SMEMWR~ Qutput |51
%i}}b 22 BUFAEN Output |52
23 SMEMRD~ Output 153
JA TC Output |54
25 IRQ9 Input |55
) 26 IRQ4 Input 156
Y VIR 27 GRIDBITS3WR-Output 157
28 SYSCLK Output |58
29 Pl2v Power |59
30 IRQ3 Input j60
NOTES:

1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0

Direction is relative to the microprocessor.

The tilde symbol (-) indicates active low

(low-true) logic.
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Table 13-4. Expansion Bus 40-Pin Connector

Pin No Signal Name Direction
1 Signal Ground Ground
2 IRQ12 Input
3 +VDC Power
4 IRQ11 Input
5 Signal Ground Ground
6 IRQ10 Input
7 IRQ1S Input
8 SPARE1 Spare
9 IRQl4 Input
10 1Aal7 1/0
11 MASTER~ Input
12 DRQ7 Input
i3 10CsS16~ Input
14 DACK7~ Output
15 MEMCS16- Input
16 DRQ6 Input
17 DACRO- Qurput
18 DACK6~ Output
19 DRQO Input
20 DRQS Input
21 DACKS~ Output
22 LAl8 I/0 -
23 ZEROWS=~ Input
24 LAl9 I/0
25 EBHE~ - 1/0
26 LA20 1/0
27 MEMWR- Output
28 1a23 ' 1/0
29 MEMRD- Cutput
30. 1A22 I/0
31 SWPOWER Power
32 LA21 1/0
33 DATAS8 1/0
34 DATA1S 1/0
35 ‘DATAS I/0
36 DATAl4 1/0
37 DATA10 1/0
38 DATA13 1/0
39 DATAll 1/0
40 DATA12 1/0

NOTES:
1. Direction is relative to the microprocessor.

2. The tilde symbol (~) indicates active low
(low-true) logic.

i e e e R I A I
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Expansion Bus Signal Descriptions

The following paragraphs provide brief descriptions of the signals
on the I/0 and expansion bus. All of the signals lines are TTL
compatible. I/0 adapters designed for use on the I/0 and expansion
bus should have a maximum of two low-power Shottky (LS) loads per

line.

NOTE: Where pin locations are given in the following
descriptions, the designations such as (60/10)
indicate pin number 10 of the 60-pin connector.

ADDO-ADDLY9

The ADDO through ADD19 (60-pin commector) lines provide a 20-bit
address for system memory and 1/0 devices. The 20-bit address is
gated onto the 1/0 and expansion bus when BALE (60/12) is high and
is latched onto the bus on the falling edge of BALE. Twenty-bit
addresses can be generated by any microprocessor or DMA controller
that resides on the I1/0 or expansion bus. Refer to LA17-1A23.

BALE

The BALE line (60/12) provides the Buffered Address Latch Enable
signal that controls the address line access to the I/0 and
expansion bus. BALE is also used to indicate when there is a valid
microprocessor or DMA address on the I/0 or expansion bus. Address
lines ADDO through ADD19 are latched on the falling edge of BALE,
and BALE is driven high during DMA cycles.

BUFAEN

The BUFAEN line (60/22) provides the Buffered Address Enable
signal. BUFAEN is driven high by the DMA controller to enable the
upper 8 address bits onto the address bus. BUFAEN can also be used
to prevent other systea bus drivers from accessing the address bus
during DMA transfers.

DACKO~-DACK3~ and DACKS~-DACK7~

The DACKO~ through DACK3~ and DACKS- through DACK7-~ lines provide
seven DMA Acknowledge signals, which are used to acknowledge the
seven DMA Requests. The DACKO~, and DACKS- through DACK7- lines
are on the 40-pin comnector and the DACKl- through DACK3~ lines are
on the 60-pin connector. The DMA controller drives the DACKnline
low (active) that corresponds to the highest priority DRQn signal
that is active. DACK4~ is not used because DRQ4 is not available
to the I/0 or expansion bus. Refer to DRQO-DRQ3 and DRQS5-DRQ7.
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13-6

DATAO-DATALS

The DATAQO through DATALlS lines provide a 16-bit data bus. The data
bus is used to transfer information between the microprocessor,
memory, and internal and external I/0 devices. DATAO is the least
significant bit and DATAlS is the most significant bit. Eight-bic
devices on the I/0 and expansion bus should use DATAO through DATA7
(60-pin connector) for communication with the microprocessor. To
support 8-bit devices, data on the DATA8 through DATAlS lines (40-
Pin connector) are gated to the DATAO through DATA7 lines during 8-
bit transfers. Also, 1l6-bit microprocessor transfers to 8-bit
devices are converted to two 8-bit transfers.

DRQO-DRQ3 and DRQ5-DRQ7

The DRQO through DRQ3 and DRQ5 through DRQ7 lines provide seven
Direct Memory Access (DMA) Request lines. The DRQO and DRQS
through DRQ7 lines are on the 40-pin comnector and DRQl through
DRQ3 are on the 60-pin connector. The DMA request lines are used
by microprocessors and other devices on the I/0 and expansion bus
to request service from the DMA controller. The DMA requests are
assigned priorities with DRQO having the highest and DRQ7 having
the lowest. The device that is requesting service drives its
respective DRQn line low (active) and holds it low until the
corresponding DMA Acknowledge (DACK) line goes low.

DMA requests DRQO through DRQ3 are used for 8-bit to 8-bit DMA
transfers between I/0 adapters and 16-bit or 32-bit memory
locations. DRQS through DRQ7 are used to perform 16-bit DMA
transfers between 1/0 adapters and 16-bit or 32-bit memory
locations. DRQ4 is reserved for cascading together the two DMA
controllers and is not available to the I/0 or expansion bus.
Table 13-5 lists the DMA request data for quick reference and also
lists the associated page registers, including the refresh page
register, for quick reference. Additional DMA data is contained in
Chapter 4. .

Table 13-5. DMA Request Lines

eeoeossssass sSssssescasssesesseeereee sesssssssssssasvessaanss sesssssacsscee=

DMA Page Internal Interface Bus Expansion Bus
Request Register Funetion Priority Width Connector/Pin

i L A R X L R Ll P Y P R E P R P R R R L L R PR PR R R R R R

DRQO 87h Spare 1 (Highest) 8-bit 40/19
DRQ1l 83h Reserved 2 8-bit 60/3
DRQ2 81h Floppy Disk 3 8-bit 60/4
DRQ3 82h Hard Disk 4 8-bit 60/6
DRQ4& .- Cascade Channel - --- ---
DRQS 8Bh Spare 5 16-bit 40/20
DRQé 8%h Spare 6 16-bit 40/16
DRQ7 8Ah Spare 7 (lowest) 16-bit 40/12
Refresh 8Fh Memory Refresh - --- .-

et el R i ettt et R
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EBHE~

The EBHE~ line (40/25) provides the Bus High Enable signal that
indicates a data transfer on the upper 8 bits of the 16-bit data
bus. Sixteen-bit I/0 devices use EBHE~ to condition the data bus
buffers for bits DATA8 through DATALS.

GRIDBITS3WR~

The GRIDBITS3WR- (60/27) line is unique to the GRiD Systems
computers. GRIDBITS3WR~ is derived from an address decode and an
active I/0 Write (IOW~). The resultant signal is used to select
the unique GRiD ROM-BIOS Subsystem functionms.

IOCHRDY

The IOCHRDY line (60/8) is used to lengthen the I/0 or memory
cycles. Any slow device on the I/0 or expansion bus should drive
IOCHRDY low as soon as it detects its own address and a Read or
Write command. When IOCHRDY is driven low, machine cycles are
extended by an integral number of clock cycles. The IOCHRDY line
should not be driven low for longer than 15 clock cycles.

IOCK~ -

The IOCK- line (60/10) provides I/0 and expansion bus farity error
information. If the IOCK~ line goes low (active) it indicates that
there is an uncorrectable system error.

I0CS16~

The IOCS16~ (40/13) line provides a flag if the transfer to be
performed is a 1 wait-state, 16-bit data transfer. I0CS1l6-~ is
derived from an address decode to provide the 16-bit chip select
signal for I/0 cycles. The IOCSl6~ line should be driven low
(active) with an open collector or tri-state driver that is capable
of sinking 20 mA. For memory transfers, refer to MEMCS16~.

I0R~ and IOW~

The IOR~ (pin 60/33) and IOW~ (pin 60/17) lines provide data bus
I/0 Read and 1/0 Write flags, respectively. These lines can be
driven low (active) by any microprocessor or DMA controller on the
I/0 or expansion bus. The IOR~ line is driven low to allow an I1/0
device to drive its data onto the bus. The IOW~ line is driven low
to tell an I/0 device when to accept data from the bus.
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IRQ3-IRQ7, IRQ9-IRQl2, IRQl4, and IRQLS

The IRQ3 through IRQ7, IRQY9 through IRQl2, IRQl4, and IRQLS lines
provide 11 interrupt request lines on the 1/0 expansion bus. To
request service by the microprocesser, I/0 devices drive their
asgsociated IRQ line high. The requesting device must held its
respective IRQ line high until it is acknowliedged by the
microprocesscr. Table 13-6 lists the interrupt request lines
provided by the system, the internal device connected to each
interrupt requesc, the incdrn:pt priority, and the connector pin
location. Additional interrupt request information is contained in
Chapter 5.

" Interrupt request lines IRQ3 through IRQ7 and IRQ9 are used for 8-

13-8

bit to 8-bit data transfers between I/0 adapters and 16-bit or 32-
bit memory locations. Interrupt request lines IRQLO through IRQl2,
IRQl4, and IRQLS are used for 16-bit data transfers between I/0
Adapters and 16-bit or 32-bit memory locations. -Interrupt requests
IRQO through IRQ2, IRQ8 and IRQl3 are reserved for system functions
and are not available on the I/0 or expansion bus. ’

Table 13-6. Interrupt Request Lines
Intarrupt Interface Bus Expansion Bus
Raquest Internal Device Prioricy VWideh Ccnnector/Pin

IRQO Timer (8254) Output *
IRQL Keyboard *
IRQ2 Cascade to Slave *
IRQ3 Serial Port (COM 2) 7 8-bic 60/30
IRQ4 Modea (COM 1) 8
IRQS Reserved 9
1

IRQ6 Floppy Disk Drive 0 8-bit 60/16
IRQ7 Parallel Printer Port 11(Low) B8-bit 60/19
IRQS Real Time Clock * o= None
IRQY9 Redirected to IRQ2 1(High) 8-bit 60/25
IRQ10 Reserved 2 16-bit 40/6
IRQll Raserved 3 16-bit 40/4
IRQ12 Reserved 4 16-bit 40/2
~IRQ13 Mach Coprocessor (80287) - — =<-= ~—~ — Nome

IRQl4 Hard Disk Controller 5 16-bit 40/9
IRQ1S Reserved 6 16-bic 4077
ROTE: The COM 1 and COM 2 serial I/0 ports are

svappable in some versions of the MS-DOS
operating system.
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LAl7-1A23

The LAl7 through LA23 (40-pin comnector) lines provide seven
additional address bits to increase the maximum addressable memory
space from 1M byte to 16M bytes. The seven address lines are gated
onto the I/0 and expansion bus when BALE (60/12) is high, but since
these lines are not latched during microprocessor cycles, they do
not remain valid for a vhole cycle. LAl7 through LA23 are used to
‘genarate memory decodes for 1 wait-state memory cycles. The memory
decodes should be latched by extermal I/0 adapters on the falling
edge of BALE. The seven address bits can be generated by any
microprocessor or DMA controller that resides on the I1/0 or
expansion bus. Refer to ADDO-ADD19.

MASTER~

The MASTER~ line (40/11) is used with any active DRQmn line to
acquire control of the I/0 and expansion bus. After driving DRQn
low and receiving a DACK~ to acknowledge, any I/0 processor on the
I/0 or expansion bus can drive MASTER~ low (active). With MASTER-
driven low, the 1/0 processor controls the I/0 and expansion bus
address, data, and control lines. After MASTER- is driven low, the
1/0 processor must wait one clock cycle before driving the address
and data lines, and must wait two clock cycles before issuing Read
or Write commands. MASTER~ cannot be held low for longer than 15
microseconds because it inhibits REFRESH~ and may cause loss of
system memory.

MEMCS16~

The MEMCS16~ (40/15) line provides a flag if the transfer to be
performed is a 1 wait-state, 16-bit data transfer. MEMCS1l6- is
derived from an address decode of lAl7 through LA23 to provide the
16-bit chip select signal for memory cycles. The MEMCS16~ line
should be driven low (active) with an open collector or tri-state
driver that 1s capable of sinking 20 mA. For I/0 transfers, refer
to IOCS1l6~.

-

MEMRD- and SMEMRD-

The MEMRD~ (pin 40/29) and SMEMRD~ (pin 60/23) lines provide Memory
Read flags. The MEMRD~ line is driven low (active) on all memory
read cycles. The SMEMRD- line is derived from MEMRD- and a deccde
from the lowest 1M byte of memory. The SMEMRD~ line is driven low
(active) during a memory read cycle when data from the lowest 1M
byte of memory are driven onto the data bus. Before MEMRD- and
subsequently SMEMRD~ are driven low, a valid address must be on the
address bus for one system clock cycle. The MEMRD~ and SMEMRD~
lines can be driven low (active) by any microprocessor or DMA
controller on the I/0 or expansion bus.

13-9
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MEM#FR~ and SMEMWR~

The MEMWR- (pin 40/27) and SMEMWR~ (pin 60/21) lines provide Memory
Write flags. The MEMWR~ line is driven low (active) on all memory
write cycles. The SMEMWR~ line is derived from MEMWR~ and a decode
from the lowest 1M byte of memory. The SMEMWR~ line is driven low
(active) during a memory write cycle when data from the data bus
are stored in the lowest 1M byte of memory. Before MEMWR~ and
subsequently SMEMWR~ are driven low, a valid address must be on the
address bus for one system clock cycle. The MEMWR~ and SMEMWR~
lines can be driven low (active) by any microprocessor or DMA
controller on the I/0 or expansion bus.

o 1-{+

The 0SC (60/31) line provides 14.3 MHz high-speed clock signal.

The high-speed clock is not synchronous with the system clock.
REFRESE=-

The REFRESH~ line (60/18) is driven low (active) by any
microprocessor on the I/0 or expansion bus to indicate a memory
refresh cycle.

RESET

The RESET line (60/20) provides a reset signal that restores system
logic to a known state during a system reser or initialization
during power-on time. RESET is also generated if the input voltage
falls below a preset lewel.

SMEMRD- gnd SMEMUB=~

Refer to MEMRD- and MEMWR~, respectively.

SWPOVER

The SWPOWER (60/2 and 40/31) line is unique to the GRiD Systems
computers. The line comes from the computer power ON/OFF switch
and provides switchable power for external peripheral devices. The
switchable power level is +8 to +16 Vdc at 2A peak.

SYSCLE~

The SYSCLK~ line (60/28) provides a synchronous microprocessor
cycle clock signal that should be used for synchronization only.
The SYSCLK~ line is not suitable for timing fixed frequency

applications.
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TC

The TC line (60/24) is driven high to indicate the terminal count
has been reached for any DMA channel.

ZEROWS~

The ZEROWS~ (40/23) lina providas the Zero Vait State flag.

ZEROWS~ is driven low (active) by an 1/0 device when the
microprocessor can complete the current bus cycle without inserting
additional wait states. To run a memory cycle without wait states
to a 16-bit device, the ZEROWS~ signal is derived from an address
decode with either a Read or Write ccmmand.

To run a memory cycle with a minimum of two wait states to an 8-bit
device, ZEROWS~ is driven lov (active) one clock cycle after an
address decods and a Read or Write command goes active. Memory
Read and Vrite commands to an 8-bit device are active on the
falling edge of the system clock. The ZEROWS~ line should be
driven low (active) with an open collector or tri-state driver that
is capable of sinking 20 mA.

M2v

The M12V line (60/35) supplies -12 Vde at 50 mA maximum.

P12V

The P12V line (60/29) supplies +12 Vde at 50 mA maximum.

+VDC
The +VDC line (60/11 and 40/3) provides +5 Vdc at 200 mA maximum.
NOTE: The average power drawn from all power lines

must not exceed 5- Watts total. The power
lines include SWPOWER, M12V, P12V, and +VDC.

Signal Ground

Two Signal Ground lines are provided for each comnector (40/1,
40/5, 60/13, and 60/15).

Spars

A spare (unused) line is provided at 40/8.
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Figure 13-1. Expansion Bus Connector Pin Layout
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APPENDIX A: IBM AT COMPATIBILITY

The hardware and software interfaces provided in the IBM™® Personal’
Computers (IBM AT) are recognized as industry standards.

Therefore, a large volume of application programs have been written
to operate with these interfaces. The GRiDCase 1500 Series
Computer is hardware and software compatible with the IBM AT.
Therefore, any hardware or software designed to run on the IBM AT
should run equally well on the GRiDCase 1500 Series computer.

NOTE: Throughout this chapter, hexadecimal values are
given with a letter "h" suffix.

The GRiDCase 1500 Series computer is compatible with the IBM AT
while providing additional capabilities that are not found in the
IBM AT. These additional capabilities are unique to GRiD Systems
computers. Many of the addtional capabilities that the GRiDCase
1500 Series Computer provides can be enabled/disabled by using a
special case of ROM-BIOS service routines for interrupt 15h. These
special BIOS Subsystem Functions provide additional conmtrol of the
system ROM, Display Subsystea, and System Configuration (refer o
Chapter 3).

The following paragraphs summarize the GRiDCase 1500 Series
Computer additional capabilities to the I3BM AT standard.

_ GENERAL SYSTEM DIFFERENCES
o A cassette interface is not supported.
o A game controller is not supported.

° A light pen interface is not supported.

DIRECT MEMORY ACCESS (DMA)

For GRiDCase 1500 Series computer operations, only the single-
transfer mode is used for DMA data transfers. In single-transfer
mode, up to 512k bytes can be transferred, but an interrupt and

wallM i3 & Trademerk of ths IEM Corporaticnm.
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acknovledge sequence is required for each byte. The DMA controller
keeps track of how many bytes were programmed to transfer and how
many vere actually transferred (refer to Chapter 4).

DISPLAY SUBSYSTEM

Most of the modes of the IBM AT color card are supported by the
GRiDCase >500 Series Computer Display subsystem. The following
operating modes of the IBM color card are mot supported:

1. The low resolution 160x200 Graphics mode. The IBM
AT documentation makes no mention of how to use the
160x200 Graphics mode and the IBM ROM-BIOS does not
support it. The GRiDCase 1500 Series Computer
hardware architecture is very similar to the IBM AT.
Thersfore, any applications that use the 160x200
Graphics mode, and are designed to run on the IBM
AT, should not experience difficulty running on the
GRiDCase 1500 Series Computer.

28 Interlace modes of the 6845. IBM does not use
interlace mode on either of their display boards.
Also, when the interlace sync mode i{s selected on
the color card with the IBM color monitor the
display appears to vibrate.

3 Display Parameters and Graphic Character Extensions
invoked via software interrupts 1Dh and 1Fh,
respectively. These functions are implemented by
the display controller. )

The Yamaha V6366 Display Controller emulates all of the features
and functions found in the 6845 Display Controller used by the IBM
AT. 1In addition the V6366 provides Preset Data registers for
switching between different software and monitor combinations.
Additional registers are also supplied for up to 16 color palettes
and discrete control functions. Additional display subsystem
information is contained in Chapter 7.

KEYBOARD SUBSYSTEM

The GRiDCase 1500 Series computers support a built-in keyboard with
72-keys that emulates all 84-keys of the IBM PC standard keyboard.
In addition, an external IBM AT compatible 84-key keyboard,
enhanced 101/102-key keyboard, or mumerical keypad is supported via
a 6-pin DIN connector. Additional keyboard subsystem information
is contained in Chapter 8.



IBM AT Compatiu

DISK DRIVE SUBSYSTEM : }

The GRiDCase 1500 Series computer supports two internal 1.4M byte,
3.5-inch floppy disk drives and an external peripheral port for
connecting an extermal drive. Operation of all floppy disk drives
is compatible with the IBM AT except that the Floppy Disk
Paraneters (interrupt lEh) and the revectoring interrupt 40h are
not supported.

Depending upon the installed options, the one or more floppy disk
drives can be replaced by a hard disk drive. The hard disk drive
options provide either IBM XT compatible or IBM AT compatible disk
drives. The XT compatible drives support 8-bit wide DMA data
transfers. The AT compatible drives support 16-bit wide Programmed
I/0 (PI0) data transfers.

Additional information for the floppy disk drives and IBM XT
compatible hard disk drives is contained in Chapter 9. Additional
information for the IBM AT compatible hard disk drives is contained
in Chapter 10.

PARALLEL PRINTER PORT SUBSYSTEM -

The parallel port control logic contains nine registers. OCme group
of five registers is used for printer operation and system status
checks. A second group of three registers supports a parallel
input/output port interface.

Registers at I/0 addresses 378h through 37Ah, 37Ch, and 37Eh are
used to control and monitor printer operation. In the GRiDCase
1500 Series Computer, the three least-significant bits of cthe I/0
register at address 37% (bits 2-0), and the three most-significant
bits of the 1/0 register at address 37Ah (bits 7-5), are used to
provide system status information that is not related to operation
of the printer.

The second group of three registers at I/0 addresses FFBh-Fffh
provide bidirectional parallel data transfers. Parallel I/0 data
transfers are unique to the GRiDCase computers. This group of
registers is accessed only when I/0 register 423h is set to "1.7
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T

SERIAL I/0 PORT SUBSYSTEM

The GRiDCase 1500 Series computer provides an RS-232-C asynchronous
serial I/0 port and an optional internal modem. In the Model 1520
(80C286 Microprocessor) computers, the serial I/0 port and optional
moden are controlled by two separate 82C50 Universal Asynchronous
Receiver-Transmitters (UARTs). The serial I/0 port and modem for
the Model 1530 (80386 Microprocessor) are controlled by a VL16C452
Dual Asynchronous Communications Element (DACE). The DACE is
designed to simultaneously irterface with two serial I/0 devices
and is equivalent to the two 82C50 UARTs used by the Model 1520
computers. '

The internal modea is available as either of two options: Option
330 operates at 1200/300 Baud and Option 331 operates at
2400/1200/300 Baud. Both options are Bell 212A and 103 compatible
and Option 331 is also V.22 bis- compatible. Both modems are also
command compatible with the Hayes 1200 Smartmodem.

The internal modem and the serial I/0 port use separate I/0 .
channels so that both devices can operate simultanecusly. In the
default configuration, the internal modem is configured as COM1 and
the serial I/0 port is configured as COM2. This serial port
configuration is :uuppablc with some versions of the MS- DOS
opsrating system.

o

MSG 221520H
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