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1: INTRODUCTION 

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 connectors. The information in this manual was 
carefully prepared to provide a complete operational guide for the 
peripheral design engineers, programmers, and others vho require 
technical information about the computer functions. 

HOW THIS UMUAL IS ORGANIZED 

This technical reference manual is organized in chapters vith each 
chapter describing features or a subsystem of the GBiDCase 1500 
Series Computer. The balaace of Chapter 1 contains an ovetviev of 
the computer. Chapters 2 through 6 provide more detailed 
information &out the computer functions as follws: 

Chapter 2: Describes system operation and memory 
configuration including perfornance 
characteristics with 16-bit and 32-bit 
microprocassors, system operating modes, 
andmemorynapping. . 

Chapter 3: Describes ~ut/output features including 
aa overview of the 1/0 register assign- 
mots and rhe serrrice routines provided by 
+he ROI4-contained Basic Input/Output 
System (ROK-BIOS) driver and device 
handler. Detailed information about the 
I/O registers and ROM-BIOS routines is 
contained in the chapters provided for 
each subsystem of the computer. 

Chapter O:  Describes Direct Memory Access (Dm) 
operation. 

Chapter 5: Describes operation of programmable 
interrupts 

Chapter 6 : Describes operation of the Timer, Speaker, 
and Beal-Time Clock 

Chapters 7 through 13 describe subsystems of the GRiDCase 1500 
Series Computer. Each subsystem chapter begins vith a block 
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diagram md an overviev of the subsystem functions. Next, 
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 if the RON-BIOS routines 
are bypassed. The subsystems described in chaprers 7 through 13 
are as follovs: 

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

GRIDCASE 1500 SEBfES COlIPVTEB SYSTEM OVERVIEW 

The GRiDCase 1500 Series Computer is an e8sily-transported, brief- 
case size poruble coquter. The computer architecture is 
compatible with the IBM AT personal computer and it runs the S-DOS 
Operating System. The computer is also conpatible vith other 
operating systenr including Xenix. OS/2, ate., and it supports a 
variety of "off the shelf" application programs. 

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

The GRiDCase 1500 Series Corputer is a fully-functional computer 
vith a self-contained operating system, memory, display, standard- 
size keyboard, iaput/output control, and power supply. The 
conputer uses a lw-paver, high-perfomaxice version of a 16-bit or 
a 32-bit microprocessor rad CPIOS components vhere practical for low 
power consumption. A m r i c  Coprocessor is available as an option 
to enhaace the microprocessor performance for arithmetic functions. 

Dapaadiry upon its wdel number, the GRiDCase 1500 Series Computer 
is equipped with a 16-bit 80286 type microprocessor or a 32-bit 
80386 type nieroprocessor. The optional liwric Coprocessor is the 
80287 type or 80387 type, respectively. The microprocessors and 
coprocessors 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 camponents also reduces the 
overall size and increases the reliability of the computer. 
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Figure 1-1. OUDC.se 1500 Seriu -er System Block DL.gru 

The highly integractd cfrcuiu include a four-com$aant set 
manufactured by F a r d a y  El.ctronics. Inc.. S m e .  CA. lhis set 
include* tha folloviag CoDpOMOw: 

FUOOOA, CRI Provfdu eoacrol for the address and 
Controller data buses. 1/0 parity checks, and 

clock cootrol fmrtfoms. 

FE3OlO Peripheral Provides the f u n c t f d  equivalent of 
Controller wo 8237 DEU Controllers connected in 

cascade no& vith DMA page registers. 
t w  8259 Programable Interrupt Cont- 
rollers cormaeted in cascade mode. an 
8251 P r o g r d l e  Intern1 Timer, 
Speaker and Timer Chamcl concrol 
port, and th refresh address counter. 

Ff3020 .Address Provides buffering for the address 
Buffer lines and th orsocfatad control lines. 

FU030 Data Provides buffering for the data lines 
Buffer and their associated control lines. 
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Ihe s u n d u d  GRfDCase 1500 Series computer is equfpped vfth 1024k 
(lU) bytes of D p a d c  W m  Access M8mory ( D m ) .  The DRAM can be 
optiorully increased t o  2X bytes or &I4 bytes, and the Model 1530 
-ry can be increased up to 8H bytes. The system also supports 
up t o  256k bytes of b a d  Only Kemry (W) for application 
programs, 32k bytes of S u t i c  (SW)  for the Display Subsystem, 
200k bytes for peripheral drivers and user %OKs, and 32k bytes of 
BOn contained B.sic Input/Output Systea (BIOS). 

Both microprocessors aoploy virtual memory addressing to  access 
memory locations beyond the instal lad BM/EH capacftp. The 16-bit 
dcroprocessor rutometically maps up to one gigabyte (1G byte) of 
vi r tual  e e s s e s  per task into 8 16 aegabyte ( l a  byte) real 
address space. The 32-bit ricroprocessor dfrectly addresses up to 
OC bytes of r e d  address qmce md addresses up to 64 terabytes 
(6*T bytes) of -1 uroy. System memory Ls described in more 
deta i l  i n  Chapter 2. 

The GRfDCua 1506 Series Coaputer display subsystem contains a 
specfa1 display controller that rugports A choice of internal f l a t  
p a l  displays or m extend video dfspl.1. The fnternrl flat 
p a l  displays provide A 10-inch di.goail. 80 character by 25 line, 
640 x W)O pixel resolution, bit-upped graphic d i s p l q  m i l i t y ,  
vith oru of the follouiBg three screen qpes: 

1. Tr8.nsraflective, backlit, -&st LCD (st.Pd.rd) 

2. GAS p l u v  (option 282) 

A F - b w C U t i r o p . m f s + .  LCD # t i o n r n )  

A color video bi.pl8y up.b&li ty  is r lso  a v a i l d l e  through m 
e x t e n d  comnctor to drive A vfdeo &tor. Additional Display 
Subsyste~ apabilitp is described i n  Chapter 7. 

The (glDCue S O 0  Series Caplter provfdas A r e d - s i z e ,  72-key 
b y b o d  that emal8tes a l l  84 keys of tha st6ndud IM AT keyboard. 
The keyboard h y s  are color coded to aid i n  learnfng and using the 
keystrokes required for emulation of the IlPI AT keyboard. For 
exaspla, tha 'Fam b y  hu blur lettering. and fs &pressed to 
e d l e  tha functions indicated by blue lettering on other keys. 
The blue let tered functions ineluda R i n t  Screen (PrtSc), Scroll 
Lock (SerUc), Number LPck (Nmlk ) ,  etc. The keyboard also includes 
a row of 12 function keys (Fl through Fl2). 
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In  addition t o  the b u i l t - i n  keyboard, the Keyboard Subsystem 
supports an e x t e n u l  IBK AT compatible (I*-key keyboard, an enh.nced 
koyboud v i t h  10U102 keys, o r  8n extenUl  keypad for  numbers and 
math..tic functions. The external keyboard o r  keypad is connected 
v i a  8 5-pin D I N  typc receptacle tha t  is located on the back panel 
of tha computer. A description of the Keyboard Subsystem 
capabi l i ty  is provided i n  Chapter 8 .  

Flopw Dirk Drive Subsystem 

The standard GBiDCase 1500 Series computer is equipped v i t h  NO 

i n t e rna l  floppy-disk drives,  vhich are located on the s ide of the 
c v t e r  (see Figure 1-2). The interrml floppy-disk drives accept 
double-sided, 3.5-inch disket tes  v i t h  a formatted capacity of 1.4s 
bytes o r  720k bytes. Support f o r  an external 3.5-inch or 5.25-inch 
floppy disk dr ive is provided via m external disk drive port  
l o u t e d  on tb. back of rh. eomputor. A -re d a u i l e d  Floppy Disk 
Drive Subsystem description is conufned in  Chapter 9. 

Compatible E u d  Disk Drive Subsptem 

Tho CRfXaso 1500 Series Computer is optionally available v i th  
several  in te rna l  hard d isk  drive configurations. The optional hard 
disk. drives include a 2M byte drive th8t is I M  XT compatible but 
not IBM AT coapatibla (Option 321). A different  20K byte drive 
(Canners) chat is I M  AT compatible (a lso Option 321) is a lso  
available.  E i t h e r  20K byte drfve is i n r u l l e d  i n  place of one 3.5 -  
inch floppy d i sk  driw. Ih IBW XT c o ~ e a t i b l e  disk drive provides 
8 -b i t  &u transfers  wing WU. Ihe ISM AT compatible disk drive 
provides 16-bi t  dau t ransfers  using Progr-d Input/Output (PIO).  

LEFT-%€ VIEW F!lQHTSlDE VIEW 

Figure 1-2. -so 1500 Series Cmputar 
Uft and Right Side V i m  



Interad bard dirk drives viCh formatted capacities of &OX byce ano 
10Bl byte u e  also m i l a b l e  (options 321 and 325, respectively). 
Both of these larger caprcitp disk drives are I M  AT c-atible and 
are instal led i n  place of both internal floppy dirk drives. 

In  any of the disk drive configuratioar, an external disk drive 
port locared on the. back of the eooputer is available. The disk 
drive port can be used to connect an external 3.5-inch or 5.25-inch 
floppy disk &in. Also, the port can be wed to connect a &on 
byte backup tape unit. A detailed description of the Compatible 
Xud Disk Drive Subsystem i s  provided tn Chapter 10. 

The Paral lel  Port Subsystem is functionally equivalent t o  the IBM 
AT printer  .drpur vith ulditiaul futuru for  the GPfbClse 1500 
Series computer rpplicationa. Ih. port supports CanUonics-type 
(paral lel)  p r i n u r s  md also c m  be urod u a general purpose. 
-11.1 1/0 pore. As a bidirectional port, the paral le l  printer 
intatface can be coanact.d to dovices that require a paral lel  data 
port.  The interface cormaction is providad chroqh a 25-Pin, D- 
shel l .  f a l a  comuetor located oa the roar panel. The Parallel 
Port Subsyacem is -%bed furtho? ib Chapter 11. 

Ser ia l  I/O Port 

The GRiDCasa 1500 Series Wuter provides a serial interface 1/0 
port ,  vhich we8 a UART typ. &viu t o  nrpport uyadrtonoYr 
c d c a t i o r u .  Tho serial I/O port i. XS-2324 c a p r t i b l e  and it 
a l l o w  user progr..uble control of parameters such la transmission 
rate, character sire, stop b i u ,  and parity. l'ha interface 
eocmactor is r )-pin D-shall n l e  c-ctor l o u t e d  on the rear  
p u n 1  (see Figure 1-3). llm S e e i d  I/O Po= is dueribad fn 
Chapter 12. ' 

BQR: In r tuuJud  eonfigur.tioru, CON 2 provides the 
Serb1 Port Inu r f ac t  m d  COW 1 provides the 
Modem Inurf&.  This configuration u y  be 
svrpprble depending upon the revision level of 
th MS-DOS operating system. 
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A choice of No factory installed i n t e n d  Hayes-compatible modems 
is optionally available for the GBfDCase 1500 Series cooputer. 
hd.1 330 provides Baud rates of 1200 and 300 and Hod01 331 
provides Baud rates of 2400, 1200, and 300. Both models are Bell 
21U and 103 compatible, and tho lIodcl 231 is also V.22bis- 
conpatiblm. Tho insu l led  modem cormacts to a cor~nrrcial telephone 
notvork by diract a t ~ t  through eithsr  of tvo W-11 female 
c-cars on +h. r e u  of tho compumr. Ih. nodcl is further 
described in Chapter 12. 

Within tho povor pack s l o t  on the r e u  of tho computer, there i s  
om 60-pin and oae 60-pin edge c-ctor. These conwctors 
interface w i t h  specially designed 1/0 expansion cartridges chat can 
be insorted in the pover pack s l o t  whenover an external pover pack 
is bow wed. Addftiorul information on the 1/0 Expansion Bus i s  
provided in Chapter 13. 
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Povar 

The ClllOCue 1500 Series Computer operatas on dc povcs. The 
computer operates on an integral battery pack chat is installed a t  
the back panel (see Figure 1-3). A povar receptacle near the 
battery pack allows the -tee t o  be comuctad to  an external 
source of dc pover. The external power source can be another 
battery pack or an r - t o - d c  converter. Tha external pover source 
must provide +LO. 5-J to  +18V dc. 

The standard I n t e r n a l / E x t e d  Povar Supply provided with the 
computer is an autosanriry ac-to-dc converter. Tha converter 
cormacts to a 110/220 Volt ac power source and supplies +16V dc t o  
the computer. This standard power supply can be inserted i n  the 
battery pack s l o t  for  direct  cormection t o  the co.putar, or may be 
cormccted through the dc input c-ctor using a dc-to-dc cable. 

Computers with 32-bit ~croprocassors  combined vith a gas plasma 
display and and byte hard disk, require more povar than is provided 
by the internal battery pack or standard ac-to-dc converter. For 
these coquters ,  a heavier du+J e x t e n d  autosensing ac-to-dc 
converter is supplied (Modal No. 34170). This external power 
supply is c-cted to  the c q t e r  through the dc input connector 
using a dc-to-dc cable. 

Controls urd Iod5utors 

The GWDCase 1500 S e r i u  -tar providas controls and indicators 
that u e  accessible to tha colputar w e t .  The controls consist of 
the Pover ON/OFP switch on tha back panel of the computer and two 
brightness controls. When operacing the computer from battery 
povar, the brightness controls should be s a t  to the lovast level 
possible that is conriateat with good vis ibi l i ty .  Less power is 
c-d at lover brightness levels and therefore 6 battery will  
retain its charge longer. 

The computer indicators cou8i.t of a colrm of four Light Fd t t i ng  
D i o d e s  (LED$) located jut abova the Keyboud Back Space (BkSp) 
key. Th. IED. glow red o r  green t o  provide specific indications, 
a d  in oil. w e ,  rhaP both the red and green u e  on, the LED 
apprus t o  glow orange. 

Table 1-1 lists the controls md indicators and provides a brief 
description of thair purpose. See Figure 1 - 2  for  location 
information. 
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Tablo 1-1. GRW%ao 1500 Serios -tar Controls m d  Indicators 

8... Dascription 

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

Back-Light Brightnoas (LCD) Controls back-light brightness on LCD 
display screens. The brighter the 
bock-light. the greater the pover 
conntnption by the display. 

Contrast/Brighumss Controls brightness of the displayed 
image. Tho brighter the image, the 
greater the pover consumed. 

Indicates battery pack condition: 

h d  indicates that the battery pack 
power is lw aud requires a recharge. 
A power fai lure i s  h i n e n t .  

Greur indicates that thr battery is 
being recharged. 

Vhcn the indicator is not l i t ,  the 
battery output is within operating 
rango or no battezy is installed. 

t a r / k t o n u l  Disk In Us. Crour indicates that a disk access i s  
uking place on the lover disk drive 
i f  wo drives are installed. The 
lower disk drive can be either a 
floppy or a hard disk drive. 

h d  indieates that a disk access i s  
taking place on an external drive. 

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

Uppar Disk In Us. 

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

Grooa indicates that a disk access is 
taking place on the upper disk drive 
vhan tvo  drives are installed. Not 
used i f  only one drive is installed. 



CHAPTER 2: SYSTEM OPERATION AND MEXORY COWICVRATION 

This chapter describes the CBLDC.se 1500 Series computer system 
4V operation and performance characteristics vith a 16-bit or 32-bit 

nicroproeessor, optional numeric coprocessor operation, and systen 
operattly nodes. Also, this chapter contains information about the 
system wnory configuration and options, -ry mapping, and 

. system pover mode control. The system Input/Output (I/O) 
information including assignments for all of the 1/0 Registers, is 
s-bed in Chapter 3. 

The CBiDCase 1500 Series computers use either of two micro- 
processors depending upon the system node1 number. The tvo 
microprocessors are as follows: 

w e 1  HLcro- 
Numbat Processor Descriprion 

1520 806286 16-bit High-Perfo-• Xicroprocessor 
vith Memory Management and Protection 

1530 80386 32-bit digh-~erfbrrrace Microprocessor 
vita Integrated Hemory Haragepent and 
Rotaction 

Tha 80C286 Microprocessor is r lw-power (a) version of the 
80286 Microprocessor. The 806286 Wicroprocessor provides an 
advanced, 16-bit. 10 PMt (100 nsec), high-performance processor 
tlut integrates multiuser/~ltitasking support, -ry management, 
and four levels of ruory protection on one printed circuit 
assembly. Depending upon the application, the 806286 
Xieroproeessor is up to six tints faster than the standard 8086 
Microprocessor, while providing complete upvard sof~are 
compatibiliry. 
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Tho 806286 ~croprocessor  contains the s a w  basic se t  of registers, 
iiutnaetiaru. a d  addressing modes as the 8086 and 8088 Micro- 
proce8sors and the 806286 i s  object coda compatible vi th  existing 
8086/8088 s o f ~ a r e .  

In addition, the 80C286 t4icroprocessor can map one gigabyte ( 1 G  
byte) of virtual addresses per task into a 16 megabyte (16M byte) 
real address space. The additional caplbility also provides *ory 
prouc+fon t o  f~018+. tbo oprr8%fry -8- and ensure the privacy 
of programs and data for each task. 

Parfo-e characteristics for  806286 illcroprocassor ntrming i n  
the Hodel 1520 Computer are as follovr: 

1. The microprocessor runs a t  10 1Mz (100 mec) 
clock ra te  vith 1 w a i t  s t ~ t e .  

2.  l l m  microprbcusor uucutes one 16-bit vide 
transfer in 300 mec for 8 maxfm~ bua 
bandvidth of 6.67n Bytes/sec. 

. The following L i s t  provides data transfer rates 
for different c o a d i t i o ~  om the data bua. 

These values u- vord or double vord 
alignnsnt. Kbaligned trawfers can double the 
umber of clock cyclos reqkred to perform the 
operati on. 

*. When transferring data betveen an external 
peripheral device and the I/o address space. 
the ilardwu. slov8 Qvn the timing so that the 
dmica hu tlm to respond, unless the device 
asserW th. ZeBaSIS- signal on its o m  device 

-knte*r,--------  

5. Data transfer rates for external devlces that 
do not assert u e  providad in thc 
follouing list. 

U l c ~ r s o r  Destination mmbu of 
Lans* -+a CPU Closks 
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The 80386 ~icroprocessor provides a 32-bit. 12.5 lQIr (80 nsec), 
high-performance processor that integrates multiurer/miltitasking 
support, mmory 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 r a m  bue architecture as the 
8086/8088 LUcroptocessora md uses a siailsr addressing mechanism. 
memory size. a d  interrupt handling. This base architecture allows 
the 80386 to be object co& compatible with existing 
8086/8088/80C286 software. 

In addition, the 80386 Microprocessor contains 8 general purpose 
32-bit registers and supports 32-bit addresses and data types. 
Ihis processor addresses up to four gigabytes of physical memory, 
and 66 terabytes (2") of virtual -ry. The integrated memory 
muug-t md protection uchiteeture ine1ud.s address translation 
regirtera, advanced nultit.sklag hudwue,  md a protection 
meehauisn to allow sIPU1taneour nnming of OUltiple operating 
system. 

Performance characteristics for 80386 Lllcroprocessor nmafng in the 
-1 1530 Computer are u folloua: 

1. The nicroproeessor nnu at 12.5 lPIz (80 mac) 
clock rate with 1 v d t  state for interleaved 
M. 

. The microprocessor .ucutes one 32-bit wide 
transfer in 260 nsee for a maxima bus 
bandwidth of 16.7M Bytadsac. 

. The folloving list provides data transfer rates 
for different conditionr on the data bus. 

nicroprocusor Destfnation Htmber of CHI Clocks 
Length Interl-d Hot Interleaved 

These values as- word or double word alignment. 
Misaligned transfers c m  double the mmber of clock 
cycles required to perfom the operation. 

".r z. 
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4. When transferring data betveen an AT-compatible 
device .nd the 1/0 address space, the bardvare 
slova down th. tfifiy so that the device has 
t i m e  t o  respond. 

5. ' The follovfng lfst provides data transfer rates 
for AT compatible devices. 

The 1500 Sarias computers u e  available Vith an optional 
-rLc coprocessor. The numeric coprocessor enhances the 
p e r f o m  of the primary mfcropmceaaor by performing 
m a t h a m a t i d  inrtruetiop. in  parallel w i t h  othor operatio- of the 

mathematical instructioru to th coprocessor whenever they are 
eneouatercd. Coprocessors used w i t h  tha GUDCaae 1500 Series 
coaputers depend upon ctm system mod01 aumber and options as 
follovr : 

Mod01 Micro- Option Co- 
19llrb.r Rocoaaor Plnbu Rocosaor hmuk 

1520 80C286 340 80287 User 16-bit vi& bus 
L530 80386 341 80387 Uus a 32-bit vide bur 

The 80287 Coprocessor uses th same clock generator as the 80C286 
Kicropmzuwr, but vorka a t  one- third tho frequency. The 
coprocoaaor fuactiona u ur I / O  dovice through 1/0 addresses OF8h. 
OF&. and O m .  Tho .fcropracuaor sax& OP codes utd operands 
through those 1/0 porta md roceivoa and stores results through the 
same porta. 

The coprocessor detects s ix  different exception conditions that can 
occur during instruction execution. I f  an exception occurs, and 
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iu exception mask is not s e t .  the coprocessor generates an error 
sf&. Th. error  s i p 1  i n  turn, generates interrupt INT 75h and 
seu th. coprocessor BUSY f lag.  The Coprocessor BUSY flag is 
cleared by a URIIE command t o  the 8-b i t  1/0 regis ter  OFOh. vi th  a l l  
b i t s  (DO-D7) s e t  to  "0.' 

The coprocessor has w o  operating nodes similu t o  the operating 
modes of the microprocessor ( refer  t o  the subsequent paragraphs i n  
th i s  chapter). The coprocessor entsrr  its default Real Address 
KO& folloving a system rese t  or  power turn ON md also folloving a 
WRITE colllnand to the 1/0 regis ter  a t  address O m .  This Real 
A d d r e s s  Mode is compatible with softvare that uses the 8087 
Coprocessor. 

The 80287 Coproc~ssor enters Rotacted Virtual Address Mode by 
executing the SETPn ESC instruction. To return t o  the Real Address 
Mode, a VRITE c o d  is issued t o  tha 1/0 regis ter  a t  address OFlh 
v i t h  a l l  b i t s  i n  the 8 -b i t  reg is te r  (DO-D7) s e t  t o  *O: 

During a system rese t  or power turn ON, the system enables 
iaterrupt 7% m d  s e t s  the interrupt Vector to point t o  a routine 
i n  the BCWI-810s. The routine i n  BOLI-BIOS first clears the BUSY 
f l ag  and then t ransfers  control t o  the address pointed to by the 
NKI interrupt vector. Ibr N l U  interrupt handler nust read the 
coprocessor seatus t o  determine i f  it caused the interrupt.  I f  the 
coprocessor did not cause the interrupt,  control m u s t  be returned 
t o  the original NKI interrupt  handler. Refer t o  the NKI Interrupt 
description i n  Chapter 3. 

80387 Coprocessor 

The 80387 Coprocessor is d i rec t ly  coupled t o  the 80386 
KLcroprocessor through a 32-bit synchronous data bus. When the 
80386 encounters a coprocessor instruction, it automatically 
generates one or  more 1/0 cycles to  addresses 800000F8b and 
800000FCh. Address 800000FSh i s  the v r i t e  c o m  address and 
800000FCh is tb. read d write data address. 

Tha microprocessor performs a l l  necessary bur cycles t o  neoory and 
transfers data t o  and from the coprocessor. Read cycles, which 
t ransfer  data from the coprocessor to the microprocessor, require 
a t  - l o u t  - - one - w a i t  - - state,Yrfrrcyfles - zo r h . - - c o p ~ ~ s e d o  mr 
require any wait s t a t e s .  

The microprocessor i n i t i a t e s  coprocessor operations under program 
control and during execution of a coprocessor (ESC) instruction. 
The coprocessor uses a PEEQ s i p 1  t o  request operand transfers to 
or from system -ry. Since these operand transfers occur whem 
the coprocessor requests them. they are synchronous to the 
instruction execution of the microprocessor. 
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the ricroproeessor executes an ESC instruction that requires 
the transfer of operands to or from the coprocessor, the 
mlcroproeusor automatically perfornr 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 requesta operand transfers by drlving its 
PEBEQ oueput to the active auto while it is executing an 
instructions (BUS?+ is active). Each operand transfer requires 
fron two to five bus cycles to coaplete depending upon the type of 
operation being performed as follows: 

1 Transfers vith aligned operands require one 
coproeessor cycle and one memory cycle. 

2. Trausfers with &aligned operands require ow 
coproeusor cycle and two memory cycles. 

3. Transfers of 32-bit opermds to 16-bit memory 
requtres o m  coprocessor cycle and eithar mm 
or three mmory cycles. 

4. Transfers of 64-bit operarub to 16-bit =wry 
requires one coprocessor cycle and four memory 
cycles. 

Coprocessor data transfers have the same bus priority as 
microprocessor progr-d data transfers. 

Operation of a GWWaae 1500 Series computer is con+rolled by irs 
operating pod.. The operating mode &terrfncs the system 
addressiq ma-. addressable memory size, interrupt handling. 
a d  h+rurtion eucution. The two operating modes are called: 

1. h a 1  Address Xod. (Default) 
2. Protoetad Virtual Address !40& 

R u l  Address Ilod. 

Uhcn the system is reset or pover is turned ON, the microprocessor 
is initialized in -1 Address ib&. vhich is the default mode. In 
Real Address Mode. both the 80C286 and the 80386 lUcroprocessors 
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hrrn th. s.lls base architecture as m 8086 licroprocessor. All of 
the 8086 instructions can be perfosmed and program use real 
addresses vi th  up to byte of addressable space. Physical memory 
is limited to  600k bytes. Hov.oar, Et4.S typ. expandable memory can 
be used to  increase physical memoy space up to 6li bytes. 

- 
Protected Virtual Address Uode 

In Protected V i d  Address &do, the full capabilities of the 
advanced microprocessors are available to  the system. In this  
mode, operation of the computer is &pendent upon a e h  
microprocessor is being used. Operation in  the Protected Virtual 
Mdress Mode is described separately for each nfcroproeessor in the 
folloving paragraphs. 

The 80486 l4icroproeessor eaters Rotacted V i r t u a l  Address Mode 
from Real address Node by setting the Ptotect W l e  (PE) b i t  of 
the machine status vord vith the Load lI.chiae S t a t u s  Word (LWSU) 
instruction. Protected node offers extended physical and virtual 
address space, -ry protection mecbmias, aad support for the . 

operating systu .ad v i d  w r y .  

A l l  of the registers, instructions. d addressing used in  Real 
Address Mode remain the same. Horaver, the maximum addressable 
space is increased fron 1M byte to l b l  bytes. Up to  one gigabyte 
of v i r tual  address spaee per task can be mapped into the 16n bytes 
of space. The vi r tual  address space can be larger than the 
physical address space because any address that does not map to a 
physical memory location causes a rastartable exception. 

l'he 80386 Uicroeomputer enters Protected Virtual Address Mode from 
Red Address Uode by loading Control Regisur 0 vith the Protection 
Enable (PE) b i t  sa t .  After enabling the Protected Mode, the next 
instruction should execute an intersepent jump (JW)  to load the 
Coda Segment (CS) register and flukh the instruction &cob queue. 
Finally, a l l  of the Data Segment registers are loaded vith the 
initial selector values. 

Within Protected V i r t u a l  Address Hode the linear address space is 
increased to  four gigabytes (10 bytes) and virtual &wry is 
increased to  66 terabytes (641 bytes). Protected Mo& allovs the 
80386 to  run a l l  of the 8086/80C286 program while providing a more 
advanced memory management and a hardvare-assisted protection 



-ma. Protectad Mode alao a l l o w  tho ure of additional 
instruetioru that support lultitasking operating systems. The main 
differences betveen the Real KO& and Protected KO& for the 80386 
are tho increased address space md a different addressing 
nachanism. 

Also, within Protected Mode the sof tvue  can perfoxm a task witch  
t o  enter Virtual 8086 mode. In V i r r r u l  8086 mode, each task is  
parformed u 8086 instructions, which allows all 8086 software t o  
be exacuted. V i r t u d  8086 tub can be isolated from one another 
a d  from h 80386 operating sysrar by tha use of paging and the 
1/0 Permission b i t  map. 

Wain mamoxy for the standard CPfDCue 1500 Series computer aystem 
ia contained in 1024k (W b p a  of l2O nr RAM. Tha 
dynufc EAM main w r y  un ba o p t i d l y  increased to 2M bytes 
(Option 302) or 624 bytes (Option 3W). l'he Hodel 1530 uwry can 
be optionally increased to 81I bytes (Option 308). The system also 
supports up t o  512k bycar of appl iut ion BQI. 32k bytes of s t a t i c  
EAM to support the display subsystem. a 200k byte address space for 
peripheral drive- md option BO1I., rod 64k bytes of BOLI-BIOS. 
E u h  of hu addrassable s e p m t s  of s y s w  w r y  are &scribed 
in the following paragraphs. Refer to the system block diagram in  
Figure 1-1. 

The GBfDCraa 1500 Series co8puters CUI contain up to  El4 bytes of 
inten181 w r y  (RAK) .nd have tb. wpabil i ty of addressing up to  
16U bytes (80C286) or 4C Bytes (80386) of s y s t u  w r y .  Three 
factors determine hor the system -ry is mapped. 'Ihe f i r s t  
factor is the physical wwq 8-0. 4d t& second factor is rha 
s ize  of the RAM ICa used to lu*. up the physical memory. The thfrd 
factor th+ determines how the main system memory is mapped is che 
microproussor typo. 

For tho 8-66 Illeroproeessor, the intern81 moin s y s t e m  memory is 
16-biU wf& d each lM byte of memory is configured as 512k x 16 
----- 

bi ts .  l%b rarory-- at- F e a o r E M - e l -  - 

w i t h  1 v r i t  state. I f  additional memory (up to  4M bytes total)  is 
attached via the AT bus. its parfo-e wi l l  be -slaver. 

The 80386 Hicroprecessor internal main system memory is 32-birr 
wida and each lM byte of -rg is configured as 256k x 32 b i t s .  
This memory runs a t  the speed of the 80386 cycle (12.5 PMt) vi th  1 
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v d t  state and pipelined accessor. If additional mewry (up to 8M 
bytu total) is attached via th. AT bus, its performance vill be 
s l a r .  

Additional information on memory m~pping for each microprocessor 
type is provided in the folloving paragraphs: 

80C286 Xicroprocessor Memory Happing 

The 16-bit 80C286 Microprocessor (Model 1520 Computer) addresses up 
to 16M bytes of main system memory. The lovest 6 a k  bytes are 
directly addressable memory loutions, and all memory above the 
660k byte boundary is treated as either Extended RAM or Expanded 
BAPI. Extended RAM is the IBLI AT compatible (EXT) memory 
configuration. Whereas, the Expanded BIVI requires an Expanded 
Memory Specification (EMS) sotware driver t h t  meets the 
specification developed by totus/Intel/Kierosoft (U). The 
Expanded memory (EMS) operation is described in subsequent 
paragraphs of this chapter. 

The user selects hov w r y  above 6 a k  bytes is treated via an 
interrupt (INT 15) as described in Ctupter 3, or via the MODE 
c o d .  The command MODE HEM-EXT specifies Extended (AT 
compatible) U U  and the MODE PIM-MS c o d  specifies Expanded 
(EKS compatible) RAM. Refer to the M-DOS Reference: Release 3 . 2  
and subsequent. 

For PIM-EXT. the lov order bit of Real-The Clock memory Location 
3Fh is reset to '0.' For PIM-EMS, the same bit is set to '1.' At 
system initialization or reset, the system checks the same bit to 
determine the hardware confipration of the system. Table 2-1 
lists a typical 80286 Kicroprocessor-based ~ o r y  map to address up 
to 1611 bytes of w r y  using both AT compatible Extended (EXT) BAn 
and EXS conpatible B1UI. The actual w r y  map is listed in Table 
2-3. W r y  loutions are given in hexadecimal (h). 

The 32-bit 80386 Microprocessor (Uodel 1530 Computer) directly 
addresses up to 46 bytes of -ry. IIovevcr, mapping of the memory 
dap.nb upon h w  much memory is actually installed. The Hodel 1530 
c0aput.r provides main mewry in incr-ts of 1, 2. 4, and 8K 
bytes depending upon the installed options, and addressable system 
memory laations up to 16l4 bytes. Memory locatio~ above 610k 
bytes u e  accessed u AT compatible Extended m r y  (AT). Table 2- 
2 lists a typical 80386 Kicroprocessor-based m?mry map to address 
up to 16M bytes of system mewry using AT coapatible Extended (EXT) 
RAM. The actual m e e o r y  map is listed in Table 2-3. 11emory 
locations are given in hexadecimal (h). 
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IfODZ I LI? n m  ww8tiOB 
Loution lU Byte 2X B p r  4U B]ne 8u w e  

~u (h) Decimal 256k BAUa 256k U h  lU U lU U X s  

User U s e r  User User 
video video video vidao 
CGA Display BAM in all configurations 
Peripheral Drivers .ad Option ROXa 
BOLI-BIOS in all configurations 
k+aadad (Em) IWI S u r t  
User User User User 
A T m  U s e r  User User 
A r / P c  U..t User U s e r  
AT/= U s e r  U s e r  User 
A T m  am U s e r  User 
ATm ATm am user 
lU NA a/= AT/PC 
fi8000h thro- FFFFFSk ia 
ROU-BIOS in all conffgurationr 

110DBm-MS W-ation 
tautiom 111 Byte 21I -0 4U Bpe 88 -0 

H u  (h) D e c a l  256k BIIlL. 256k BIIlL. lU lU BIIlL. 

OOOOOOh Ok 
080000h 512k User User User US-u 
OAO00Oh 64Ok User U s e r  User U s e r  
OBOO00h 7- CGA Display BAH in all configurationr 
ODOOO0h 832k Peripheral Driorn and Option ROUs 
OmOOah 96Ok m. (243 XSS (88) ELls 4128) EltS ( U S )  
1ObOOOh I34 BQI-BIOS fn ill eopfiguratioru 

HoTzs: 
1. User - User or Main w r y  
2. NA - Not applicable for the l i s ted IWI I C  size. 
3 .  AT/= - lbaory locations usable by IBU AT s tyle  (16-bit vide) 

o r  IM PC s tyle  (8-bits vide) RAK. 
O.  Applicrtion BQlr Ue bank switched into the Display RAU area 

bonnen AOOOOh and BFFFFh. Refer t o  the &scription in the 
f o l l v f n g  parogr.ghr. 

5 .  (9)- - Extended m r y  Specification BAM is-mapped in  four 
16k byte pages to  physical memory locations OE0000h-Om.  
The (ar) represents the mxhm number of 16k byte pages 
supported by each EUS EAU corrfiguration. 
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Table 2-2. TJp iu l  80386 Hicroprocesaor-&sod ilomory Hap 

xaaoq Config~tatioo 
Byto 211 B s e  411 Byte 8M Byte 

User User User User 
video Video video video 
CCA Displhy RAN in a l l  configurations 
Peripheral Drivers .ad Usar BOLlr 
ROn-BIOS in a l l  coPfigurationr 
Extan&d (m) BAM S t a r t  
User* User User User 
Not Used User User User 
AT User* User U s e r  
AT Not Used User User 
AT AT User User 
AT AT User U s e r  
AT AT Not Used User 
AT AT AT User 
AT AT AT User 
AT AT AT User 
AT AT AT User 
AT AT AT User* 
AT AT AT AT 
AT AT AT AT 
AT AT AT AT 
AT AT AT AT 
AT AT AT AT 
AT AT 4 AT 
AT AT AT AT 
FF800Oh through (32k)f.s high 
-ry W-11x0s in a l l  eonfigurati& 

1. User - Usor or Main memory 
2. User* - User or Pkin -ry that can be disabled. Disabling 

causes a loas of 3 W  of Main memory but a l low the contiguous 
lU byte of address space to be used by Extended (m) nenory. 

3.  Not Used - PIarory locations that are not accassible. 
4. AT - Hmoxy usable by I N  AT sstyle (16-bit vide) RAN. 
5 .  Application BOlIs are bank .witched into the Display EAM area 

betmeen AOOOOh aud BFFFm. Refer to the description in the 
following paragraphs. 



GBIDCue 1500 Series Computer TechnLcal Referonce 

Hain r a o r y  is allocated starting a t  the lov end of the available 
addrus  s p u a  (address 000000h). The standard Ln bytes of user 
-ry are s p l i t  beonen low and high areas. The lov area is 
located between address OOOOOOh and OAOOOOh (640k). The high area 
of user memory is located betveen address lOOOOOh and 160000h 
(384k). The lov memory between 640k and 1PI bytes is allocated ro 
display RAM, peripheral drivers, and the lw portion of thc RON- 
BIOS. The f i r s t  U4 byte portion of -ry is allocated in  the same 
vay for all configurations (refer to Tables 2-1 and 2-2. 

Tho high area of the .tr.ilablo address spaca con* tha EKS or 
RAK and the high portion of tha BOLI-BIOS. A more deu i l ed  

listing of the main memory lou t io ru  is provided in fable 2-3. 

Table 2-3. O.iDCuo lS00 Sarios Computer lkh lhaory Lkp 

Systen Interrupt Vectors 
Ban-BIOS BAK Check 
MS-DOS and User Programs 
EGApGA Display RIUI (Optional) 
Monochrome Display BILPI (Sot Used) 
CGA Display BAPI (32k Bytes)' 
Peripheral Drivers and Option ROMs2 
m-BIOS (Low Newry) 
Extaad.d (EH) R A U p  RIUI 
m-810s (mgh ~caorp) 

1. Up to 128k bytes of appl iut ion BOLI can be bank 
switchad f ror  a i t b r  of No BOlI socket. into the 
128k byte Display RAK uar. Tha BOLI is configured 
8-bits vide md its coaraPu u e  b i u e d  toward the 
top of tha avdlablc  area bennaa addresses hOOOOh 
and Mma. 

2. Eqmuhd (ELIS) mewry for  thc Modal 1520 Computer is 
balk rvltched into a portion of the area ressmed 
for porlph.r.1 drlvars md option BDWI. The 64k 
byte portion usad for EUS is leeatad from address 
EOOOOh through EFFFFh. 

The computer supports up to  256k bytes of application BOn. vhich is 
contained iu up to two ROl4 or EPROn Integrated Circuits. The R W  
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c m  be installed in soekets under a special cover, which is just 
above the keyboard Function keys (n - no). Figure 2 - 1  shows the  
loeation of the RCP( sockets. The ROSS are user installable. 

The -bum application ROX size is supported with one 128k byte 
EPRW installed in  each of the wo sockets. The application ROPIs 
are activated through a bank svitchiag structure that maps one or 
more of the ROHa into a 512k byre block of memory address space 
that is a o d l y  used for Dispby M. The portion of system 
memory that is used for appl iut ion ROK is located a t  address 
AOOWh through I ) M .  l'he are rlv8ys b f u e d  mvard the top 
of the available address space so that ur 8k byte ROK would appear 
a t  addresses A0000h through hlF*Oh. 

Only one BOn socket is mapped (active) at a time. The %OK is 
accessed by writing to fh. 1/0 Register a t  address W h .  This 
register is eight b i t s  wide d capable of selecting any one of 256 
different BaKI. 

Vhen either ROll socket concainr a ROH, the RON Enable Register a t  
1/0 Mdress 40% must be s e t  t o  '1. to exuble tha system address 
space for rue by the ROW. Yha the ROW sockets u e  eq. the BOn 
Enable Register should be reset t o  'Om so that thc 512k byre 
address space is available for use by system memory. Ihe ROPI 
Enable Register is se t  or reset thou& sofnnr .  -. Refer to 
the paragraphs on ROM Sockeu la ter  i n  this chapter. 



GRlDCUa 1500 %tier Computer Technical Reference 

The 32k byte display subsystem buffer is separate from and in 
addition to the system w r y ,  but is addressed by s m  
microprocessor as tha system memory. The display subsystem buffer 
for CGA displays is located from address B8000h through BCO00h. 
Additional address space is available for the optional SCA/VCA 
display, which can ba connected through the conputer back panel. 
This rdditiod address space is located in the user memory area 
froo address OA0000h through OhFFFm. Detailed infomation on the 
Diaphy Subsystem is conteined in Chpter 6. 

Peripheral Drivers m d  Optioo PXOM M8ppiag 

A block of up to 128k bytes in tha nicroprocessor addressable space 
is reserved for peripheral drivers a d  option m. Option ROl4s 
are required by so= external dcvtces for p r a p m n g  control 
functions. Typical devices that require option R O h  are printer 
~poolers and nenrorkbg interfaces. The address .p.ca is louted 
from address DOOOah through m. A portion of this addressable 
space (E0000-EFFFF) c m  be m o d  by MS type -ry also. 

The 6*k byte Ban-BIOS, bootstrap instructions, and other start-up 
data are contained in the addressable space from address FOOOOh 
through address FFFF'Fh. The RCU-BIOS contains service routines to 
suppoit tha MS-DOS Operating System and GRfD Dewlopemexit software. 
A s v  of the BOn-EIOS senrice routines is contained in Chapter 
3 and pore detailed &scriptions u e  provide; in the following 
chapters where the specific routines u e  described. 

The Expanded m r y  Specification (MS) operation provides a nethoa 
for expanding the syst8a memory addressing capabilitp of GBiDCase 
3.500 Series computers that w the MS-DOS Operating System, since 
HS-WS limits the addressing cqacity to 640k bytes. In computers 
that use axpurdad -ry, the system memory from 0 to 640k bytes is 
called conmntioml memory. Systu memory above 640k bytes is 
addressed via t h  EXS .Qd is called expanded m e m o r y .  For the Hodel 
1520 Computer, is inplcnanted in a har&are/software 
configuration specified by Lotus/Intel/Kicrosoft (LIK). MS is 
also referred to as Ui memory. 

The Model 1530 Computer normally uses the AT type Extended memory 
(EXT) and not MS. Hwever, can be emulated by che Ho&l 1530 
computer using available application softuare. The folloving 
paragraphs refer specifically to tha implementation of MS for the 
Model 1520 Computer. 
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w s  a bank switching structure where a portion of the system 
- momorp beyond the directly addressable 610k bytes is switched into 

a 60k byta addressable space that is reserved for peripheral 
drivers and spacial R O h .  Ihe 61k byte portion used for bank 
svitehing Expanded Memory is located from address EOOOOh through 
EFFFFh . 
Four 1/0 registers control b a d  switching of expurded 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 61k byte block, which is bank switched through the 
microprocessor addressable space from EOOOOh through PFFFFh. By 
bank svitching the l6k byte pages of expanded newry, the 
conventional memory appears to be larger than 6Uk bytes. 

The EMS 1/0 registers are 8 bi ts  vide. B i t  sawn (HSB) of each 
register is m indicator for Page Enable (1) or Page Disable (0). 
The remaining seven b i t s  (0 through 6) of each register represent 
any 16k byta page of Expanded b r y .  The registers also handle 
both read and ur i t e  operations. The 1/0 addresses and memory 
addresses of the registers are as follovs: 

Pbyaical I/O 
Pago Address 

0258h EOOOOh - E3fFFh 
62583, ElOOOh - E 7 m  
8258h e8000h - EBFFm 
C258h ECOOOh - EFFFm 

The system pover mode control provides a unique method of pover 
conerrvation. Vriting a .I9 to 1/0 register 116h cruses the 
microprocessor to nm a t  a reduced speed, which reduces the pover 
consumption. Also, the microprocessor clock rate is reduced by a 
paver of 2. When 1/0 register 116h i s  reset to  *0," the default 
s ta te ,  the microprocessor runs a t  i t s  normal speed. During 
operation, the microprocessor speed is normally controlled by a 
BQW-BIOS serrrice routine through interrupt INI 15. The BIOS 
subsystem functions invoked by interrupt INT 15 are described in 
Chapter 3. 

tiQFE: Copy protected and ol&r versions of sow 
application programs may require a slower clock 
speed i n  order to operate effectively. Never 
releases of the same programs w i l l  usually 
operate properly a t  the faster clock speed. 



CHAPTER 3: ROM-BIOS AND 1/0 REGISTERS 

The GBiDCase 1500 Series computer provides 32k bytes of System Ron. 
The System ROH contains the BOn-BIOS service routines that  support 
the MS-DOS Operating System. The System RW also provides lov- 
level routines that support the IntsCBfD Application Emrfroument 
and CBfD Development software. System BOW is lou t ed  i n  the 
80286/80386 Kicroprocessor addressable space from address F8000h 
through address FFFFFh (low memory) and from address FF8000h 
through address FFFFFEZl (high memory). 

This chapter provides a s v  of the BOW-BIOS service routines 
that support WS-WS for the GRiDCase 1500 Series computer 
subsystems, a d  also provides a summary of the I /O registers used 
by the subsystems. Ihe service routines and registers s-ized 
i n  th i s  chapter are described i n  more detail  in the subsequent 
chapters that describe the subsystaps. 

The ROW-BIOS ensures compatibili+p vith thc IBM AT and also 
ineludes some extended service routines that are unique to the 
CBfDCue 1500 Series computer. The RW-BIOS routines allov 
assembly h a p a g e  progr-rs to perform block or character level 
operation8 vithout knoving the p r o g r d  device address 
characteristics. 

The I /O registers sumuized in t h i s  chapter are used in  the 
CBfDCue 1500 Series capute r  to incerfoce v i t h  and control the 
operation of the computer subsystaps. 

In addition to tho suad . rd  W-BIOS,  there are CBfD Subsystem 
Rmctioas, viricb provide a logical interface for  d p u l a t i o n  of 
specif ic  features of the Subaptem hardware. The GRiD 
Subsystem Rtractiona are described la ter  i n  this  chapter. 

Access t o  the ROW-BIOS service routines is provided via thc 
80286/80386 liicroprocessor sof tvue  interrupts in real-address 
mode. Each of the entry points to  the BOEI-BIOS is available 
through a specific interrupt vector. The interrupt service-routine 
t o  be executed is specified by the programmd interrupt number, and 
subroutines vi thin the service routine are specified by the 
function rnnbar placed i n  register AH. (Register AH is the highest 
eight b i t s  of the 16-bit 80286/80386 accumulator register AX.) The 
RW-BIOS service routines save the contentr of a l l  microprocessor 
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registers except AX and the flags. The- Pfcroprocessor register 
contents are modified only i f  they return a value t o  the caller .  

The BOn-BIOS service routine interrupts for  the GRiDCase 1500 
Series computer are l is ted i n  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 rh.t contain 
additional information are referenced where applicable. When the 
interrupt nrmbar is followed by m asterisk (*), the interrupt 
Euxwtion arnbars for specifyLng subroutines u e  l i s tad  in Table 3-2 
for  quick reference. For completeness. the non-810s software 
interrupts u e  l i s ted in Table 3-3, but are not drscribed further 
in th i s  -1. In the tables, a l l  thr -rical values are given 
in  hexadecimal (h). 

Iatetrrrp+ 
Number -------------- 

00 
01 
02 
03 
04 
0s 
06, 07 
08 
09 
OA 
08 
oc 
OD 
OE 
OF 
lo+ 
11 
12 
U* 
14* 
ls* 
16* 
17* 
18 
19 
U* 
lB 
1 C  
lD 
1 E  
1F 
20-3F -------------- 

V c X M  
Address - W e  - the  Description ..................................................... 
00:03 Divide by Zero 
06:07 Si@e Step 
08:OB Non-Ihshble Interrupt (Chapter 3) 
0c:OF BtarSrpoin+ 
10 i 13 Overflow 
14: 17 Print Screen ( m e )  (Chapter 8) - 
18:lF Ras0ip.d 
20:23 Time of Day. T890, (Chapter 6) 
24: 27 Keyboard Interrupts, -1, (Chapter 8) 
28:D Cucsded Interrupt Coot, -2, (Chapter 5)  
2C:W Serial Port. COIQ, -3. (Chapter 12) 
30:33 m, a, fB94, (Chapter 12) 
%:37 Re8ermd. a 5  
38:3B Floppy Dbk Drive Cont, IRQ6, (Chapter 9 )  
%:3F Parallel Printer Port. I 4 7 .  (Chapter 11) 
m:b3 DirpI.8~ (Ch8pt.r 6 )  
44 : 47 EquLp.wt Check (Chapter 3) 
48:bB Memory Size (Chapter 3) 
U:4F Floppy Disk- Disk (Chapter 9/10) 
SO: 53 Serial 1/0 Port (Chapter 12) 
54: 57 Ban-810s Extensions (Chapter 3) 
58:SB Keyboard 1/0 (Chaptar 8) 
5C:SF Parallel R i n t e r  Port (Chapter 11) 
60: 63 Resemed 
&:67 Bootstrap 
68 : 6B Tim of Day (Chapter 6) 
6C: 6F Keyboard BreakIAbort Handler (Chapter 3) 
70:73 Timer Tick Interrupt W a r  (Chapter 3) 
74: 77 Display Parameters (not used) 
78 : 7B Floppy Disk P u w t e r s  (not used) 
7C:7F Graphic Chuuter E x t m s i ~ ~ .  (not used) 
80:FP Nos-BIOS Interrupt Rmctious (Table 3-3) ..................................................... 
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Table 3-2. MM-BIOS Service Routiru Iaterrrrpts urd 
Sobroutiru tcroctian m r s  ................................................................... 

Iat.rmpt Punetioa Service Barrtfn. 
hnb.r Bo. (A8 Reg) Subhmctian Description ................................................................... 

Display Service h t L n a s  (Chapter 7 )  

Set Display Lbda 
Set Curaor Type 
Set  Cursor Position 
Read Curaor Position 
Select Active Display Windov (Alpha Mode) 
Scroll Active ULadov Up 
Scroll Active Uindov Dovn 
Read Ateribute/Character a t  Cursor 
U r i u  At t r ibute/Qu.cter  a t  Cursor 
U r i t a  Character Only at Cursor 
Set Color Palette 
U r i t a  P f u l  
Bud Pixal 
W r i t e  to Active W i n d o w  
Return C u r ~ c p t  Display State 
Rose& 
Wriu Character String 

Disk Drive Senice &ntirus (Cbptus 9 md 10) 

Wet  Disk Drive Controller 
R u d  Disk Drive Status fron Laat Operation 
Road Data from Desired Sectors Into Memory 
Write Data frem Memory to Desired Sectors 
Verify that Disk Sectors are Valid 
Fo-t Desired Track on Disk 
Wusod 
vmy.d 
Bud Current Disk Drive Parameters 

IPl t idILe Drive Pair Characteristics 
*-w 

Write bag - for Hard 
*seek Disk Only 

Alternate Disk Reset 
* Unused 
* Unured 

Test Drive Ready 
Recalibrate 

13 * llnrued 
* Controller Internal Diagnostic 
Bard DASD m e  @ - for Floppy 
@ Disk Change Line Status Disk Only 
@ Set DASD Type for Foznat 
@ Set Hedia Type for Fornat 
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Table 3-2. mx-BIOS serrice lorrtiaa In+.rrrrpu .od 
Subroutin. Function Ismbsrs ................................................................... 

Intornapt Function SotrLce Routine 
W r  Ho. (U Rag) Subfuuceion Description ................................................................... 

Serial 1/0 port Serrfce Bgptiams (Chapter 12)' 

14 00 Ini t fa l ize  Serial 1/0 Port 
14 01 Send 6 Character to Serial 1/0 Port 
14 02 Receive a C h u u t e t  from Serial 1/0 Port 
14 03 Bead S t o w  of Serial 1/0 Port 

BIOS Extaruiop. (Gluptor 3) 

Device Oprn 
Device C l 0 8 . d  
R o g r u  Tezmbation 
Event  u6it 
Joystick Support 
Systen Request Key Ressed 
w a i t  
Block Isolm 
Determine Size of Errended Memory 
Rocassor in Vfrtrt.1 Mode -- B-Y Laop 
Sot Ply for  Interrupt Complete - 

Return Configuration Parameters Pointer 
BIOS Subsystem Rmctions 

16  00 Bud 8n ASCII Character from Keyboard 
16 01 Set Flag if ASCII Character Ready to  Read 
16 02 Bud Shift S u h u  from Keyboard 
16 05 P1- ASCII Chuacter and Scan Code in  

K e y b u d  Buffer as if lcay was pressed. 
16 10 Exten&d R u d  (Om) for Eahanced Keyboard 
16 11 Extended S t a t u s  for Enh.nced Keyboard, 

(otlnmfisa l ike 02h) 
16 12 Bud Extended Shift Status for Enhmced 

Keyboard 

Printer (?axallel Port) Serrice Routinas (Ch.p+er 11) 

17 00 Send a Chuuter to Printer 
17 01 Ini t ia l ize  Printer Port 
17 02 Store Printer S t a t u s  i n  Register 
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Table 3-2. ROX-BIOs S-ce MatiP. Interrupts and 
Subroutin. Function Ikabers ................................................................... 

Intam~pt  Function Service Routin. 
m r  No. (A8 Rag) Subfunction Description ------------------------------------------------.------------------ 

Time of Day Cloe+/c.lsPd.r Service Porrtfaea (Chapter 6) 

00 Read Tima of Day Clock Setting 
01 Set Tfne of Day Clock 
02 Read Real Tima Clock 
03 Set Real Tfoe Cloek 
04 Read Date from Real Tima Clock 
05 Set Data in Real Tima Clock 
06 Set Alarm to Interrupt at Specified Time 
07 Reset thc Alarm Interrupt Function 

,--.--***--.--------------------------.-----.------------ 

Table 3-3. Softuue (aoa-BIW) Interrupts and 
Vector Addresses 

-----------------------------------------------*------------------- 

Interrupt vector 
Number Addross Inretrrrpt mactfan ................................................................... 

20 80:83 DOS Progpa Te*nate 
21 84: 87 DOS hrnction call 
22 99:8B DOS Terminate m e s s  
23 8C:BF W S  Control Break Exit Address 
24 90:93 DOS Fatal Error Vector 
25 94:97 DOS Absolute Dfsk Bard 
26 98 : 9B DOS Absolute Disk W d t e  
27 9C:9F DOS Terrfnate. Fix in Storage ................................................................... 

NOTZ: Throughout this chapter. numerical values are 
givaa in hexadecimal. The bcxadaciorl values 
have an 'hg suffix d e s s  otherwise specified. 
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The ROX-BIOS serrrfce routine interrupts l i s ted in  Table 3-1 include 
several interrupts with special functions. These special function 
interrupts are  given i n  the following list. The l i s t  is then 
followed by brief daacriptioea of the special functions. The 
special ftmction interrupts u o :  

Interrupt 
Ho. (Hex) PIIlrctiorr 

11. 12 System Configuration 
15 BIOS Extenaioru/GBiD Subsystem 
l.B Keyboard Break/Abort Handler 
1 C  Timer Tick Interrupt M a r  
lD Display Parameters 
1E Floppy Disk Parameters 
lF Graphic Character Extensions 
40 Reserved (Floppy and Hard Disk) 
41. 46 Hard Disk Parameters 

Interrupt service routines 1I.h and 12h return information that 
describes the equipment and mesow inrailable in the system. 

Ih. equipneat check serrrLce routizn vector (In+ llh. AH - 00) 
returns the folloving information in r egh te r  AX: 

15. 14 t h a b ~  of Parallel R ln t e r s  A t e  
13 W d  (dvaya 0) 
E? - (dw]n 0 )  
11. 10. 9 1Prrb.r of & p c b m w a  -cation Ports 
8 lJnusod (dm 0 )  
7 ,  6 Numbor of Floppy ~ i s k  wives Attached to System: 

00 - 1 Drive 
01 - 2 Drives 
10 - 3 Drivea 
11 - Reserrnd 

5, 4 video Mode: 
00 - Vrmsed 
01 - 00x25 Black and Uhfte with Color KO& 
10 - 80x25 Black and Uhite with Color KO& 
11 - 80x25  noc chrome Mode 

3 .  2 Unused (alvays 0 )  
1 Math Coprocessor 

0 - No Coprocessor, 1 - Coprocessor installed 
0 Floppp Disk Drive (FDD) identifier: 

0 - No FDD, 1 - FDD(s) installed 
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Tho v l o r y  size service routim voctor (Int  .12h, A&- 00) 
d o u n i n t s  tha h e r  of contiguous l k  b locb  of memory (up to 
W k )  that are i n  the system. The number is baed on the Pover On 
Self Test (POST) performed during the power turn ON. The n d e r  of 
contiguous lk  blocks of memory is retuned i n  register AX. 

BIOS Exte~~ionr/OPiD Subaystsr (INT If) 

Interrupt service routine 1% ms previously used for a cassette 
interface. Hovever, i n  the CBiDCere 1500 Series computers, 
interrupt 15h is used for t w  se t s  of special f w t i o n s .  Uhtn 
interrupt 15h is used vfth func+ian numbers 80-9lh or COh in the AH 
register. it invokes IBM AT cuapatible BOEI-BIOS extensions. The 
BOX-BIOS extensions are l is ted in tha Table 3-6. Interrupt 15h 
vith ftmetion E4h in the AH registar f z ~ ~ ~ l u r  spacial C U D  subsystem 
functions. Tba sp.ei~I GRiD Subsyaw frmctions are described 
separately under BIOS Subsysteo Punctions later in this chapter. 
In Table 3-6, al l  - r id  values are given in  hsudcchal .  

Table 3-4. M11-BXOS Er+.p.iolls w i t h  Iaterrpp+ 1% ................................................................... 
Punct ion 

Bo. (A8 Peg) ~anr ion /Ducr ip+lon  ................................................................... 
Device Open 

Bx - Dovice I D  
CX - Process I D  

81 M c e  Closo 
Bx - Device I D  
CX - Process I D  

d3 Rrrnt V d t  
AL-OOb Sot Interval 
CX.DX - m Mnbar of microseconds 

t o  lapse before posting. 
ES:DX - p Pointer to  a byte in user 

w r y  that has the high 
order b i t  s e t  soon af ter  
the interval expires. 

hL-  0th C a n c e l  w a i t  

,- Joystick Support 
Hot Used 

85 Emulate System Bequest (Sys Req) Key 
AL-OOb Key Pressed (nake) 
AL-0th Key Released (break) 



Tabla 3-4 .  m-BIOS Extanaiom r i c h  Intarmpt 1Sh (Canciacud) ................................................................... 
Itmceion 

Iso. (AH Bag) Ertanaion/Oeacriptian .................................................................. 
86 Wait 

CX,DX - ru Number of nicroseronds 
t o  lapse before return 
to u s e .  

, 87 Block Ilop. 
. . .. . L .I 

bfer to tho following paragraph on 
. ~ .  . ' ;  - :  block m e .  

88 Detemfiu Rtondod llsltory Size 
Befar to tho following paragraph on 

, L Exteadad Wclorp Site. 

89 Rocessor to  V i r t u a l  Uodo 
Bafer to tho follovfry paragraph on 
Rocuso r  to  V i r c u l  &do. 

91 Sat Interrupt Coqlota Flag 
U - Davic. Code* 

W c e  Cod.. for Rmetiolu 90 and 91. 
Doric. 
Code D.acription 
00-7F Sorial reusable*&vices where access 

i a  serialized by tho operating system. 
-lea: 
od - ILrd Disk (Requires Timeout) 
01 - Floppy Disk (Requires Timeout) 
02 - Keyboard (No Theout) 

80-BF Ba.p+fant dovicu. Where simultaneous 
I/O 4 1 s  are alloCnd. ES:BX is used 
t o  distinguish the different cal ls .  
Example: 
80 - Network (No Timeout) 
ES:Bx - NCB 

CO-FF Wait only calls .  These are timeouts 
only .nd t h s  are frmction dependent. 
Eunples : 
FD - Floppy Disk Motor Star t  
FE - Ptincor 

CO Configuration Parameters Pointer 
AH - OOh and Carry Flag - 0 i f  valid 
ES:BX - Parawter table address pointer 
M -  86h and Carry Flag - 1 i f  not valid ................................................................... 
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Block move al low the program i n  r e d  mode to oova data to or from 
meme locations above the Ill byce address range by witching t o  
protected m&. A Global Descripmr Table (CDT) must be bui l t  by 
the uaer before issuing interrupt 15h w i t h  function 87h. The 
descriptors u e  used to  perform the block move in protected mode. 
The segment length for the source and target descriptors must be 
evo times the vord count mi- one ( 2 G - 1 )  o r  peacer.  the 26-bit 
address (byte high, word lov) is set  to ehc target/source. No 
interrupts are allowed during transfer. Upon completion a l l  
registers are rostored except AII. 

NOTE : To avoid timing conflicts, do not perform block 
moves during ser ia l  c o d c a c i o n s .  

ES:SI - 
On Exit: 

W - OOh 
W - Olh 
W - 02h 
W - 03h 

Block l(a 
Word count for block to  be moved. The maximum 
c a t  is 8000h for 32k vords (64k bytes). 
Location of GDT 

Successful Block Move 
Parity Error Registers Cleared (Huorg Parity) 
Another Exception Interrupt Error Occurred 
Gate Address Line 20 failed 

Carry Flag - 0 for  successful block 
Carry Flag - 1 for  error during bloelc move 

Definition of Block WOM GDT 

The follovfry puagtaphs &=crib. the block rotn Global Descriptor 
Table (GDT) tha t  is shown in  Figure 3-1. The f i r s t  four 
descriptors are ini t ial ized by th. uaer. 

1 Ih. first &scriptor is a required -, which 
is inftialized a t  0 .  

2. The second descriptor poinu to  the CDT as  a 
&u r e v t .  It is initialized t o  0 and thm 
modified by the BIOS. 

3. The third descriptor kinitiallrahtepoiat to 
. the source to  ba moved (from). 

4. The four* descriptor is initialized to point 
to the &stina+ion (to) .  

5. The f i f t h  descriptor is used by the BIOS to 
create a Protected Mode code segment. It is 
initialized to 0 by the user and then modified 
by the BIOS. 
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6 .  Tha sixth descriptor i s  used by the BIOS to 
c r e a u  a Protected Mode s u c k  segment. It is 
ini t ial ized to 0 and then modified by the BIOS 
t o  point to the user suck .  

I I 
4 0  I 

I at..Jr I I - The actual location 
4 8  ------------.---- I of the block move GDT 

I GDT Locrtion I---- is pointed to  by B : S I  
+10 .-------.-------- 

I S O U ~ ~ .  GDT I 
+18 ----------------- 

I Target GDT I 
+20 -.----*-*-------- 

I BIos  (cs) I 
+28 ------.---------- 

I SS I 
- - - - - - - - - m e - - - - - -  

1-0 3-1. B l o c k  - Global Ducriptor Table (GDT) 

Procedure : 

The following steps describe tho operations required to a 
block move function. 

1. Save entry registers mb setup for  shutdown 
exit .  

2. Build required antriar i n  GDT a t  ES:SI. 

3. Set .address l ine 20 active, Clear Interrupts 
(CLI) . amd .set shutdom codes. 

&. bad .P Interrupt Doscriptor Table Register 
(fDTB) to point to POW resident table. 

5. Lead Global Descriptor Table Register (CMIO 
f r o l  the offset pofnter (ES:SI) . 

6 .  Set nieroprocessor to  protected mode (refer to  
the folloulng procedure for function 89h) 

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

8. Execute REP KOVSP DS:SI (Source) ES:DI (target) 

9. Check for parity errors. 
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10. Restore Baal M o b  when Shutdovn (09h) is 
executed. 

11. Check for errors and set  return codes for AH. 

12. Clear address line 20 active (disable). 

13. Re- with registers restored and status 
return code. (ZF - 1 i f  ok. ZF - 0 i f  error). 

Extended memory size allows the user to  determine thc size of 
memory available starting at the he bbyte address range. This size 
is stored at memory locations &0:30h and 40:3lh during the Power On 
Self Test (#)ST). The s i t e  is based on the folloving assumptions: 

1. A l l  installed -rp is frmctional. 

I. All wrory from 0 to  610k is contiguous. 

A8 = 88h Datemfne X-ry Sire 

On Exi t :  
AX - nn The number of contiguous lk  blocks of 

available memory starting a t  1PI byte. 

Processor t o  vtrtrul nod. allovs the user to switch into v i a l  
(protected) mode. Fmm the fuaction is complete, the 
microprocessor is i n  virtual (protected) node and control is 
transferred to tho cod. s e p n t  specified by the user. A Global 
Descriptor Tabla (GDT) luat be built by the user before issuing 
interrupt 15h ui th  frmction 89h. Tha descriptors are used to  
ini t ia l ize  the IDTR. GDTR, and Stack Segment selector. The Data 
Segment (DS) and Extra Segment (ES) selectors are also initialized 
to descriptors bu i l t  by the user. 

Begbur  BH contpins the offset into the Interrupt Descriptor Table 
(IPr) to where the f i r s t  group of eight interrupts s tar t .  Register 
BL contrim the offset into the IDT t o  where the second group of 
eight interrupts start. 

AH - 89h Roesssor To 9-1 (Rotectsd) Ilode 
ES:SI - Location of GM 

Cn Exit: 
AH - ooh successfii switch to  ~ o t e c t e d  node 

NOTE: The contents of a l l  segment registers are changed 
and the contenw of registers AX and BP are 
destroyed. 
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Definition of Rocessor t o  Virtual node G D I  

The following paragraphs describe the Processor to V i r t u a l  node 
Global Descriptor Table (GDT) that is shorn in  Figure 3-2. The 
seven descriptors in i t ia l ized by the user must contain a l l  
necessary data including the limit,  base address, and the access 
r ights byte. 

1. The f i r s t  descriptor is a required dummy, which 
is init ial ized a t  0. 

2. The second descriptor is ini t ia l ized to  point 
to the COT as a data segment. 

3 .  The third descriptor is in i t ia l ized t o  point to  
the urer defined Interrupt Descriptor Table 
(IDT) . 

4. The fourth descriptor is init ial ized to  point 
to the user's Data Segment (DS). 

5.  The f i f t h  descriptor is ini t ia l ized to  point to  
the user's Extra Segment (ES). 

6. The sixth descriptor is ini t ia l ized to point to  
the user's Suck  Segment (SS). 

7. The seventh descriptor is init ial ized to point 
to tho user's Code Sapeat (CS). which is the 
Cod. S e p n t  th is  function re- to. 

8. The eightb descriptor is wad by the BIOS to  
establish a Coda S a ~ n t  fo r  i t a  o m  use. It 
is requirod so that  this function e m  complete 
its exacutiom vhilo in protected mode. 

The folloving steps provide information that should be considered 
before. perfoxmiag the procedure to switch the processor from Real 
Mode to V i r t u 8 1  (Rotectod) Node. 

1. The ROX-BIOS is not available to the user. 
Therefore, the user must handle a l l  1/0 
c-. 

2 .  The hardware interrupt controller must be 
reinit ial ized to  define new locations th8t are 
outside the processor reserved locations. 

3 .  The Exception Interrupt Table and Haudler m u s t  
be ini t ial ized by the user. 
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*. The interrupt descriptor t&le c-t overlap 
the Real Mode BIOS Interrupt Descriptor Table. 

5. The following list provides an =%ample of the 
user's code to invoke the Processor to Virtual 
(Protected) Mode function: 

"Real Mode User's Code. 
nov AX,GDT se-t 
mv =.AX 
m SI.GDTOffset 
NOV BII. Hardware Interrupt Level 1 Offset 
HOV BL. Hirrdvue Interrupt Level 2 Offset 
l4OV AH.89h 
m 15h 

*Virtual PIo& User's Code. 

---------.--- 
I ----------------  I 

I 
I ="=w I I * - The actual location -----------.----- I of the GDT is pointed 
I GDT Location I - - - -  to by ES : SI . 
--- -*- - - - - - - - - - - -  

I IDT I -----.----------- 
1 DS 1 -----------.----- 
I ES I ----------------- 
I SS I ----------------- 
I CS I --.-------------- 

Figure 3-2. Processor to V i m 1  (Protected) Mode, 
Globs1 Descriptor Table (CDT) , . 

Procedure: 

lke following sceps describe the operations required to perform a 
Processor to Virtual (Protected) Mode frmction. 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 is then transferred to the user with interrupts disabled. 

1. Build required entries in GDT at ES:SI. 
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2. Sat address line 20 active. 

3. Clear Interrupts (CLI) .  No interrupts are 
alloved W i n g  execution of th is  function. 

L. Load GDTR vith the GDT base address. 

5: Load IDTR vith IDT base address. 

6 .  Reinitialize the brdvare interrupt controller 
vfth the mv interrupt offsets. 

7 .  Ini t ia l ize  the current user Stack S e p n t  (SS) 
descriptor. 

8. Put the processor i n  V i r w l  I&& vith the Code 
Segment (CS) designated for this function. 

9 .  Lord the Data S e w a t  (DC) vi th  the user 
&finad selector for the DS register. 

10. Load the Extra Segment (ES) w i t h  the user 
defined selactor for  the ES register. 

11. Lead the Stack S e w  (SS) w i t h  tbs user 
defined selector for the SS register. 

The interrupt serrrica routine pointed t o  by interrupt lSh is 
executed vbcn the Ctrl. Bruk. a d  -Fa- keys are simultaneously 
pressed. The licroprocessor services interrupt lS vhile responding 
to the normal keyboard interrupt (09h). and control is then 
returned to the user through m fBer LPltructioa. The povcr-on 
routines i n i t i a l i ze  interrupt lBh to point to ur IBfi inst?xction. 
The operating system (XS-WS) then uses th i s  interrupt vector to 
abort progrrns when the C u l  and Bruk keys are pressed. 

To re- control following a Break. consider the follming 
possibilities: 

1. The Break may have occurred &ring interrupt 
processing, vhich requires that one or more End 
of Interrupt comads  be sent to  the hardware 
interrupt controller. 

2. 'The Break may have occurred during execution of 
an 1/0 operation. Therefore, all 110 devices 
should be reset. 



The interrupt service routine pointed to by interrupt 1Ch is 
executed a t  every t i c k  of tha sysrcn clock. The ifcroprocessor 
services interrupt 1Ch while responding to  che no& timer 
interrupt (08h). and conrrol is then re-ed t o  cha user through 
an IRET instruction. 'Xhe power-on routines i n i t i a l i z e  interrupt 
1Ch t o  point t o  m IBFP instruction. Therefore. no operatioas 
occur unless the application program modifies thc pointer. Ihe 
application program must a lso save and restore a l l  regis ters  that 
are  mdified. Uhen th is  interrupt passes control to  an application 
p rogru ,  all interrupts from the hardware interrupt controller are 
disabled. 

The pover-on routinea i n i t i a l f i e  interrupt lDh to point to display 
parameters cont.iaad in th Display BbW. These parameters are not 
used by th CBfDCue 1500 Series computers. 

~ l o p p 7  ~ i s k  Parameters (INT ILh) 

The pover-on routines in i t i a l i ze  interrupt 1Eh t o  point t o  Floppy 
Disk parameters c o a t a i d  in System ROX. These default parameters 
provide specific values for  aay IN-compatible drive connected to 
the aystm. The parameters are not used by the GBiOCase 1500 
Series conput err .  

Graphic Chuacter I k t a a s i o p .  <IWZ ilh). 

The pow=-on routfius fp t t i r l ize  interrupt 1Eh to  000:O. Thie 
vector c m  be changed by the user to point to a table of up to 1k 
bytes. The table la than used to  hold graphic character ex-ion 
information, which consists of up t o  128 code p o i n u  vith 8 bytes 
of -hie i a f o ~ t i o n  for a& point. 

floppy Dirk Drive Pointu  <IUT 40h) 

Interrupt 60h provides A senrice routine to revector the floppy 
disk drive pointer. This revectoring S f  required in systems that 
use botb hard disk and floppy disk drives. 
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The intunapt  service routines pointed t o  by interrupts &lh and 46h 
are u u u t o d  during the hard disk drive interrupt senrico routine 
used for ini t ial izing the drive characteristics (INT 13, Function 
0%).  Interrupt 4lh points to  a data  block for drive 0 (DL 
rogister contains 80h) aad intarrupt &6h points to a data block for 
&ivo 1 (DL register contains 8lh). Chaptor 10 provides additional 
information on hard disk drive operation. 

BIOS SrmSISRLI mm10HS 

BIOS subsystem iunctions are a special case of serrrico routines for 
Interrupt 1%. These subsystem functiops ware added to the ROK- 
BIOS to prwida a logical intwfaco for manipulation of GRiD 
hardware spoeffic features. The subsystem functions are divided 
into eight groups. However, only the first dues groups are 
currently dofinad as follows: 

1. RON Subsystem hmctions (OOh - 1Fh) 

2. Display Subsysteo Functions (20h - 3fh) 

3. Conffguration Subsystem Rmctions (40h - 5Fh) 

To perform a subsystem function, m interrupt 15h is performed with 
the subsystem frmction identif ier ,  OEOh. i n  the AH register and the 
frnrtion ntnbsr i n  the AL register. The combination of interrupt 
1% and the subsystem function idantif ier  OE4h provides access to  
tho BIOS subsyseu frmctions. Once inride tha subsystem, the 
specific functioa t o  be performad i s  selected via the function 
numbor in tho Y register. 

After tho sa lecud  function is performed, the urrrg f lag is cleared 
(0) or so t  (1). I f  the cuxy f lag  is clear&, the operation vas 
suceossN. When the wrp f lag is set ,  an error has occurred and 
an error xshmber is nturnod to the Atl register. If an error number 
L16h is roturnod, the selected subsystem function is not supported 
by the system hardware. 

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

BOLI soBsystu k c t i a o .  (Om - l fh)  

The ROK Subsystem Functions are identified by numbers OOh through 
In. Functions OOh through 04h are currently defined as given in  
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tho following list and described in  tha subsequent paragraphs. 
hmctioru 0% through lFb are reserrvcd. 

Raction a. Function Nam 
OOh Get ROK Subsystem Information 
Olh Init ial ize ROK Subsystem 
0% Get ROH Image Information 
03h Faable a ROW Image 
Olh Disable ROn Subsystem 
0%-1% Resewed 

Get POll Subrystem Information (Fuiution OOh) 

Function OOh returns preliminary ROU information, which includes 
the number of hardware ROM s low and the size in paragraphs of the 
data space that putt be provided when calling a l l  other functions. 

Entry: 
AH - OE&h Selects tha BOM Subsystem 
AL - OOh ROH Subsystem Function d e r  

-it: 
Carry Flag - 0 (no error) 

AL - Number of h.r&mre BOM s lo t s  
BX - Number of paragraphs nea&d for data area 

Carry Flag - 1 (error returned) 
AH - 86h Subsystem not supported 

Initia1f.Z. POll sUb..~stu (Function 0th) 

Function Olh Init ial izes the ROK subsystem. Each physical ROn s lo t  
is tested for application ROH I C s .  Vhcn two or more ROK I C s  make 
up one logical ROU image, the driver enters this data in its ROK 
table. The function then returns the number of logical ROH images. 

Entry: 
AH - OUh Selects the BOX Subsystem 
AL - Olh BOX Subsystem Function mtnbcr 
DS - xx The &u segrsnt for the ROU data area 

is provided by the calling application. 
Tha do- segment mu+ be as large as the 
value specified by function OOh. 

mt: 
C a r r y  Flag - 0 (no error) 

AL - Number  of logical ROn images 
Carry Flag - 1 (error returned) 

AH - 86h Subsystem not supported - 2 Passed data s e m n t  is invalid - 3 No ROK inages exist  
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Function 02h renvns information about the specified Bon image. 
Any RON Image number can be entered or O F m  can be entered to 
determine the information about the current ROn. 

Entry: 
AH - O U h  Selects the RON Subsysteo 
AL - 0% RCi4 Subsystem Function number 
DL - xx En+ar O F F h  for  the current RON image o r  

enter any other BOn Image rnnbar 
DS-nn The data r e p e n t  for  the ROX data area 

is provided by the calling application. 
Tho data s e v t  must be as large as the 
value specified by iuuction OOh. 

kit : 
Carry Flag - 0 (no error) 

At - Total number of BOn images 
Bx-BonID 
GX - Nunbar of puagr- in SLOLI image 
Ptr - system typa 
DL - ROH Image mnrb.r 
ES - Bon base segment 

C a r r y  Flag - 1 (error returned) 
AH - 86h Subqatca not supported - 2 Passed data r e p e n t  is invalid - 3 No ROl4 Image exists  - & Image number out of range 

Function 03h enables the selected ROX image and renrrar a pointer 
to the beginuing of the Lug.. T h i s  function also returns the size 
of the ROK hap i n  puagrapht. 

Entry: 
AH - 0% Salacu the ROX Subsprtm 
AL-0% ROX Subaptem Function number 
DL - xx E n t e r  OFRa for the current ROK image or 

enter any othcr BOn image number 
DS - nn The data s e w t  for the ROK data area 

is provided by the calling application. 
The data seepent must be as large as the 
value specified by function OOh. 

Exit: 
Carry Flag - 0 (no error) 

ES:BX - Pointer t o  tha start of the RMI Image 
CX - Huaber of paragraphs in  ROK image 

Carry Flag - 1 (error returned) 
AH - 86h Subsystem not supported - 2 Passed data segment is invalid - 3 No RMI image exists - 4 Image number out of range 

i 



ROU-BIOS and 1/0 Registers 

W t i o n  O*h disables the ROH subsystcn by clearing the current ROH 
iaage - 
NOR: This function does not turn on interrupts after  

clearing the current ROn a g e .  The calling 
procedure must determine whether o r  not to turn 
ON thcinterrupts. 

Entry: 
A H -  OEAh Selects the BDH Subsystem 
AT.-04h BOLI Subsystem Function number 
DS - nn The data s e w n t  for tho BOn data area 

is provided by the calling application. 
The &to s e p n t  must be as large as the 
value specified by function OOh. 

Exit: 
Carry Flag - 0 (no error) 

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

AH - 86h Subsystem not supported - 2 Passed data sepen t  i s  iuvalid - 3 No BDH image exists 

The Display Subsysta Functions are identified by e e r s  2Oh 
through 3%. Frmctions 20h through 23h are currently defined as 
given in  tho following list and doscribed i n  the subsequent 
paragraphs. Fimctfoos 24h through 3% are reserved. 

Rmction no. 

20h Seloet or get current display 
21h Select or get color map 
22h Select current display font 
23h Set backlight t i m e  out 
24h-3F Reserved 

Seloct or Got Current Display (Plmctioa 20h) 

hac t ion  20h selects either the internal display panel or the 
external RGB video port. o r  returns the currently active display. 
The value entered in  DL register deternines the display to be 
selected. When value OfFh is entered in the DL register, the 
current display is returned. The value returned for the internal 
panel is the panel type. 
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Eat-: 
An - OUh Selecu the ROX Subsystem 
A. - 20h Display Subsystem Frmetion number 
DL - 0 Selecw the external RGB video port - 1 Selects Che internal panel - OFm Returns the display type 

E x i t  : 
Carry Flag - 0 (no error) 

If OFm was entered in DL. thcn: 
DL - 0 External Display port is selected 
DL - 1 Internal 640x200 plasma panel selected 
DL - 5 Internal 6*0x400 plasma panel selected 
DL - 7 I n t a d  640x400 LCD panel selected 

Carry Flag - 1 (error rearmsd) 
An - 86h Subsystem not supported 

N O R  : Tha internal display is also controlled by the 
MS-DOS BODE co- DISPXAY - (ONIOFF) 

Select or Get Color ikp (Function 21h) 

Function 21h is used t o  select one of six predefined color maps and 
is also used +o activate the currently selected color map. 'Phc 
color map index i s  stored a t  absolute address *0:A7h. The value 
entered i n  che DL register deterninas which color map is selected. 
When +he valm OFEh is entered in the DL regtster,  the currently 
selecmd color map is activated. The six predefined color k p s  are 
as fo l lws :  

NOTE: nrrP 0 through llbP 5 i n  th. follovZry list 
correspond to MS-DOS KODE c o d  COLOXHAP - 
1 respaetively. . 

Color 

Black 
Blur, 
Green 
cY= 
Rod 
-a+. 
B r o m  
m i t o  

Ikp 0 Ik9 1 

Off Off 
off 2/3 
2,'3 2/3 
2/3 213 
1/3 1/3 
1/3 1/3 
Full Full 
Full Full 

m9 2 

Off 
2/3 
1/3 
1/3 
2/3 
2/3 
Full 
F u l l  

UP 3 

Off 
Off 
1/3 
1/3 
2/3 
2/3 
Full 
Full 

-P 4 

Off 
Full 
Ful l  
Full 
Full 
Full 
Full 
Full 

+P 5 

Off 
Full 
Full/ul 
Full 
Full 
Full 
Full 
Full 

IsORS: The color maps are defined in  terms of the 
.gray scale as follows: 
Off - nothing displayed 
1/3 - one third bright 
2/3 - NO thirds bright 
Full - f u l l  brightness 
/ul - tmdcrlined - inverse video is displayed vhen the 

background color i s  white 
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tlaw: 
A H - O M  Selects the BOn Subsystem 
11L- 2lh Display Subsystem Function nunbcr 
DL - rm Eater 0  - 5 t o  select thc color map 

or enter OF& to activate the currently 
selected color map. 

-it: . 
C a r r y  Flag - 0 (no error) 

I f  OIEh w a s  entered in  DL, then: 
DL - Currently u t i v a  color map 

Carry Flag - 1 (error returned) 
AH - 86h Subsystem not supported - 2 Color map valw out of range 

select  C ~ e a t  Display Font (ftmction 22h) 

Function 2% selects om of +he four fonts that ate available in 
the hardware font generator. The four available fonts and their 
selection values are as follows: 

w i s h  0 BQn: Font values 0-3 corras- 
French C a u d i u ~  1 pond to  l4.S-DOS MODE 
N o w  2 c w  FONT - 1-4, 
Hebrew 3 respectively. 

Entry: 
Ail - OWh Selects the R M  Subsystem 
AL - 22h Display Subsyston Rmction n u e r  
DL - rm Entar 0 - 3 to select the font number 

Exi t :  
Carry Flag - 0  (no error) 

No other significant r eavn  
Carry Flag - 1 (error returnad) 

AH - 86h Subsystem not supported - 2 Font valua out of range 

Set Backlight T* Out (Function 23h) 

Function 23h allows the backlight on an internal LCD display panel 
t o  bo turnd ON and OFF directly or +urnad on and timed to Nm off 
a f t u  .ooe period of keyboard inactiirfty. This function has no 
effect  on a plasma display. 
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-try: 
AH - OOEh Selects the BOn Subsystem 
AL - 23h Display Subsystu FMftion number 
DL - 0 Turns OFF the backlight - 1-60 Turns ON the backlight and starts the 

timer to turn it OFF if rhe keyboard is 
inactive for a period of 1 to 60 (decimal) 
minutes. 
Run ON backlight with no time out. 

NOTE: The DL register v.luu correspond to MS-DOS 
MODE c e  - (1-60[0NIOFF), 
respectively. 

Exit: 
Cury Flag - 0 (no error) 

No significant rentin 
! Carry Flag - 1 (error returned) 
-I I - ?  , AH - 86h Subsystem not supported 

The Configuration Subsystem ?unctions are identified by mnbers 40h . 
through 5Fh. Rmctions *Oh through 46h and 49h are currently 
&finad as given in the following list 8ad described in the 
subsequent paragraphs. Functions 47h. Uh, and &Ah through 5Fh are 
reserved. 

Get MS M size 
Cat Extended BIILI size 
Select EMS BIIlJ. or Extanted RAK 
bnnn external floppy drive number 
Check for Pouch Tape Drive 
Select Jcroprocassor speed 
Battery low power check 
Reserved 
Hard Disk spin-down lode 
Resetpad 

, . , 

cat ElLS u Size (Pmretion 4ah) , 

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

Salects the ROl4 Subsystem 
Configuration Subsystem Function number 
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&it : 
Cury Fly - 0 (no error) 

CX - nn Size of EKS RAM in kilobytes 
Carry Flag - 1 (error returned) 

AB - 86h Subsystem not supported 

hmction *Ih returns tho size in kilobytes of the AT q p e  Extended 
RAU present in the computer. 

Entry: 
AB - O W  Selects the BOX Subsystem 
AL - 41h Configuration Subsystem Function number 

Exit: 
Carry Flag - 0 (no error) 

CX - nu Size of Extended RAC4 in kilobytes 
Carry Flag - 1 (error returned) 

AB - 86h Subsystem not supported 

Select PP BdlI or Extended BdlI (PIxnetion 42h) 

Function 42h saleets either PIIS or Extended BAn to be used as extra 
memory for the Ko&l 1520 (80286 ~croprocessor controlled) 
computer. The computer must be reinitialized (booted) for any 
change in this coafigurition to uk. effect. This function is also 
used to determino vhich type of extra ruoy is currently selected. 

En-: 
1111 - OB4h Selects the BOW Subsystem 
AX. - 42h Configuratioa Subsystem Function number 
DL - 0 Selects Extended FAK - 1 Seleeu EMS RAM - O F m  Returns the curreat extra memory m e .  

?kit : 
C a r r y  Flag - 0 (no error) 

If OFFh vu entered in DL. then: 
DL - 0 Extonded RAM selected 
DL - 1 EMS RAC4 Selected 

Carry Flag - 1 (error rammed) 
1111 - 86h Subsystem nor supported 

IUOTt: The extra RAI4 type (ENS or Extended) selected 
via the DL register corresponds to tha MS-DOS 
PUlDE connands HEM - (EKSJ&?X), respectively. 
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Functioa 43h returns the ROM-BIOS drive number for  the External 
Floppy Disk Drive i f  the drive is installed in  the syscem. 

Entry: . 
AH - OE4h Selects the BOn Subsystem 
AL - 43h Configuration Subsystem Function number 

Exit: 
Carry Flag - 0 (no error) 

DL - an External Floppy ROPI-BIOS drive number. 
Caray Flag - I (error returned) 

AH - 86h Subsystem not supported - 2 External Floppy drive not installed 

Check for Pouch Tape Drirr (RmctLoa Uh) 

Function a h  t e s t s  to  determine if there is a Pouch Tape Drive 
instal led i n  the computer. 

Entry: 
1111 - OE4h Selects the ROX Subsystem 
AL-Uh Configuration Subsystem Rmction d e r  

Exit: 
C u r g  Fly - 0 (no error) 

Pouch Tape Drivo is instal led 
Catrp Flag - I (error returned) 

Ml - 86h Subsystem not supported - 2 Pouch Tape Drive is not installed. 

Select Xieroproee8sor Spoed (Amctfoo 4Sh> 

Rmction 45h allows &e Wfcroprocusor speed to  be switched between 
f a s t  and slow speed.. 

Entry: 
AH-OE6h Selects +ha BOLI Subsystem 
15t - 45h Configuration Subsystem Function number 
DL - 0 Selecu slov speed - 1 Selecu f a s t  speed 

ait: 
Curp Flag - 0 (no error) 

No significant return 
Carry Flag - 1 (error returned) 

AH - 86h Subsystem not supported 

PIOR: The DL register value corresponds to  the I S - W S  
MODE comaad SPEED - (SILIWIFAST), respectively. 
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a t t u y  L# P m r  Check (46h) 

?baction 16h provides a lw power chock for the battery. 

h t r y :  
1III - OE4h Selects the RON Subsysteo 
AL - 86h Configuration Subsystem Fuaction number 

&it : 
Carry Flag - 0 ( m  error) 

DL - 0 Battery power is within tolerance - 1 Battor power is lw 
Carry Flag - 1 (error reaxread) 

AH - 86h Subsystem not supported 

Hud Disk Spin-Dm lbde (49h) 

A hard disk spin-down mode is supported for low-power IBU AT 
compatible hard disk drives only (refer to Chapter 10). This mode 
is not supported for the IBH XT compatible hard disk drives o r  the 
high-power IBU AT compatible hard disk drives. If  the spin-down 
mode is not supported on the installed hard disk drive. an error 
indication is retuIlrsd. 

Uhen a Hard Disk Drive spinr down, it enters standby mode and its 
power co~uumption is reduced to 0.5 Uatts. Normal povar consuption 
for these drives during operation is 2 W a t t s  for  eha 20K byte drive 
and 2.5 Watts for the &OH byte drive. Since extra power is 
co-d when the drive is subsequently spun up. the drives must 
remain rpun dom for soma period of t h e  in order to actually 
conserve pornr. For axampla, tho &OK byte drive should remain spun 
down for 90 seconds in order to emserve the same amount of pover 
that w i l l  be used when the drive is subsequently spun up. 

Tho 1OOK byto drim does me *rpport tho spin-down comami because. 
due t o  its-, itvouldc- tooauchpoworvbaP it vcu 
subequently spm up. 

Selecu the ROK Subsystem 
Configuration Subsystem hmction number 
Refer to  Exit. 
Turn OFF drive motor W d i a t e l y  i f  DL i s  
greater than 0 and less  than OFFh. 
Turn ON drive motor innediately i f  DL is 
greater than 0 and less than O m .  
Selects DL register contentr 
Turn OFF drive motor LPPadiately 
Turn ON drive motor imediately 
Turn OFF drive motor af ter  n seconds of 
iaactiviry, where n - DYS. 
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DH 0 OFm 
Carry Flag - 1 

AH - 86h 
AH - Err 

Successful operation with ao error 
On entry, than: 
Contains the maximum number of 5-second 
intervals 
Contains the minimum number of 5-second 
intervals 
The z indicates the estimated number of 
startr/stops in the lifetime of the 
drive/lW. 
All registus except AX u e  preserved. 
(error returned) 
Subsystem is not supported for this drive. 
Where Err is any standard BIOS hard disk 
drive error code. 

The GRIDCIUe 1500 Series Computers provide tvo locations in the 
ROX-BIOS that con- system identification informatian. The first 
location idm+Lfies tho c q t e r  aa a GRiD Systems computer. and 
the second location provides a value that indicate the system model 
number. Tho W-BIOS loutions for these values are as follows : 

1deSltifi.a GF3D Systems as the 
nmuf.ctnr+er 

GRiDCMe 1530 (80386 Hicroprocessor) 
1520 (80286 Hicroprocessor) 

GUDLito Plus (8086 Xicroprocessor) 
-Lit8 
GRiDCMo Plus (1200 Series) 
Tompost W u e  (1300 Series) 
GRiDCMe (1200 Series) 

The CBfDC.se 1500 Series computer uses a Faraday 3010 Peripheral 
Controller that emul8tos tvo cascaded 8237A-5 D U  Controllers. The 
MA Conuoller provides up to seven DM4 channels. An eighth DHA 
chamel (DHA Chamel 4) is used to caaca& the master and slave 
controller ch.mrcrls and therefore cannot be w e d  for mA data 
transfers. The eight DHA channels are assigned as follous: 
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llOII: For additiond DMA Controller iaf-tion, 
refer t o  the Chaptor 4. 

n S p u .  (Highest Prioritg) 
n ~ a s e m e d  
K Floppy Disk Drive Controller 
I4 Hard Disk Drive Controller 
/ C u d  to ILuter Controller 
S sQ=- 
s spu. 
S Spare (Leueat Rior f ty )  
/ 

hater controller chumels 0-3 auppotc 8-bit to 8-bit &t. 
t r u u f e r s  bommen I/O Maptors &-amor). loutiozu.  Each chamel 
t r u u f e r s  dau in up to 64k b m  blocks t k o u g b u t  the ldll byte 
syseeo address spa&. Addruses for DMA &ls 0-3 are gemratad 
by coacatena~ing the 1/0 (page) address to the address for tha 
muter  DUA Controller (OOh - M). Tho toul address length is 24 
b i t s .  

S h  Contxoller Cluunols 5-7 support 16-bit t r u u f e r s  between 16-  
b i t  I /O  Adapurs and memory locatioru. Thue chrmuls c-t 
e run fe r  &U on odd byw boundaries. E.ch clunxml t ruu fe r s  data 
ia up to 128k by+. bloc& t h r o q h u t  the 16M byte system address 
space. Addrusu  fo r  DK4 chamnola 5-7 u e  g e ~ n r a t d  by 
c w u t e r u t f r y  th. high or&r 7-b iu  of th. I/O (pago) address to 
the address fo r  thr slave DK4 Controller (COh - DPh). T b  tom1 
address length is 24 bit.. 

Th. CPIDCue 1500 Series cwputer uses th. ~ - ~ k a b l e  Interrupt 
(EBLT) .ad a F8rrd.f 3010 Peripheral Controller. The 3010 
P o r i p b r d  Controller provides logic th.+ d a t e s  nro cascaded 
8259A P r o g r d l e  Interrupt Controllers (PICs) to provide 1.5 
lovela of vectored pr ior i ty  interrupts for th. 80286/80386 
Illcroprocessor. A sixteenth interrupt level (IRQ2) is used to  
cuud. the h a t e r  and S h  interrupt levels th.refore c-t 
be used to provide a separate interrupt. Along vi tb  HM, 16 
interrrtpt levels are provfdad. 

Ohan power is in i t i a l l y  applied to tha computer, the non-ruluble 
interrupt (NKI) is masked off. The systsl. proyam thon sets or 
resets the HM n u k  b i t  as followa: 



1 To amble W1I. Wit ON fa s e t  by uritfng to  I/O 
.ddt..s 070h. w i t h  b i t  7 s e t  to 0. 

2. To aubsequencly disable WI. MASK OW is se t  by 
vr i t ing to  I/O address 070h. with b i t  7 se t  to 1. 

at the completion of Che Power On Self-Test (POST), the system 
program enables NNI. 

ih. NHI proPfdrs & R e d  Mode pari ty and 1/0 Ch8nnel check routine. 
vhfch ir enabled ~ f s  fnu r rup t  INT 0%. Interrupt INT O2h accesses 
the RW-BIOS servfce routine a t  vector address 0000:0008h. This 
routtam ehecka Che b u e  &Ole ...ow loertiona in  .n st tenpt to find 
clm ~ r y  loeation v i th  bad p u t t y .  Vh.a the routfno is f i r s t  
accessed it displays tha message *Parity Check 1. or 'Pu i ty  Check 
2' u follovr: 

P u t t y  Check 1 i n d i u u r  that p d + g  fs being 
checked vithin tha f i r s t  2S6k bytes o r  512k b p s  of 
-ry, depending upon tho size of the R M  I C s  that 
are b i r y  us&. 

P u i t y  Chock 2 indiestea that p u t t y  is being 
ch.eked in mawry location above tho initirl 256k or 
sl2k bpa8 of ayaw w r y .  

Flh.n tho .ddteas l oue ion  eonuiuing tho p u i t y  error is fauud, che 
aorvfce routirv diap3.q~ tho addross s e v t .  If no parity error 
fa found, tho service routine displays tho followfag message in 
place of the addreas sopea t .  

The I/O Channel Cbek r e p o m  non-correcuble errors on tho 1/0 
ehmnul. The I/O Cham01 Ch.ck is iai t ialfzed a t  p a r  turn ON 
vbrn the Pomr On Self-Test (POST) petform the folloring 
operstf om: 

2. nn I/O QT CK liru i s  enabled. 

3. fa enabled u previously deacribod. 

If a noo-corrocuble error occura af ter  tho POST operatioar are 
eo lp l eu ,  m NUI is i n l t h t e d .  The syrup SU~P. bi ts  are read t o  
determine the source of the NNI. To detarmfne the location of the 
error. write to  m y  nanory location within a given adapter. I f  the 
error v u  from the ad8pter tbt vas vri t ten  to, the 1/0 CH CK- l ine  
is reset  to  inactive. 



Tho programable hudwuo interrupts are handled u f f  thero arm 
8 - ~ b u a n l  interrupt conffollers cormectod in  c u u d o  rod.. The 

nuur controller handles interrupt requesu 1840 through IRQ7 and 
is locatod a t  1/0 address ?Oh. Ru slavo controllor h8adles 
interrupt Bequests IP48 through IRQl5 and is located at 1/0 address 
Aoh. Oas of tho Interrupt Request lines. IRQ2. in the r u t e r  
coatrollor is ruod to c u u d e  tho No eoutrollers. Thoroforo, 
f l f u e n  separate interrupting 'dovieos or  fuuctioas w ba connected 
to request interrupu.  

Inputs on tho interrupt request lines u o  provided by tha systern 
hudulro. Interrupt roquut  liw IRQO through m 1 5  also h.oa 
correrpoablry BIOS interrupu (m). Tho interrupt requosu, 
h tomtp t ing  h u d r u e  d.oicu. .nd tho ROU-BIOS interrupt &r 
(WT) .nd th. -tor .ddnu u o  g i v e n  i n  the f o l l o v i q  list from 
the hfghe8t to tho 1-t pr io r iq .  

For additional in+urupt con+roller fpfom8tion 
refer to Chapter 5 

Kutor  IBQO Timar (82%) Output 08h 1 0000:0020 
W t e r  ml Koybwd (Output Buffer -1) - 09h I 0000:002t 
Wutor I892 Cuc& to S1.m Controller OAh 1 0000:0028 

S b v .  
Slave 
SlAve 
Shva 
S b v .  
S1- 
Sl- 
sbv. 

R u l  TL. Clock 
Softwum radiroctod to INT 
BRSorrnd' 
B.urmb 
BRSorvmd 
Math Cop-ssor (80287) 
Hud Disk ba t ro t lo r  
BRSormd 

Huur IEQ3 Cat 2 Oah I 0000:002C 
K u u r  IBQ4 COM 1 OCh 1 0000:0030 
K u u r  IRQ5 R u o m d  O W  1 0000:0034 
K u u r  mq6 nom ~ i s k  w in  coatrollor OPI 1 0000:0038 
K u u r  IRQ7 P u a l l e l  Printar Port 0% I 0000:003~ 

WOTE: In  s u n d u d  eoaf fgura t io~ .  COLI 2 provides tho 
Serial Port I n u r f u o  and COn 1 p H & .  the 
kbdo~ Interfuo.  This configuration may be 
~ ~ q p a b l e  dope* upon tho revision level of 
tha US-DOS operating system. 
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In addition to the ROX-810s sarPfce routinas, GRlDClse 1500 Series 
computer uses I/O registers to configure the system (including 
memory) and to control tha computer input/output ports. The I/O 
registars ern be used to bypass the RM-BIOS and provide direct  
access t o  tha 1/0 device interfaces. Subsequent chapters of this 
manual conuin & u i l e d  information on the uaa of tha 110 registers 
u -all as tho BQI-BIOS ramice routines. 

A a u m u y  of the I /O reslatera 1s p r M d  in  Table 3-5. Th. 1/0 
ragistors are idontifled by thoir  memory r M t e s s u ,  which are given 
in huud.cful (h). 'Ih. first p u t  of tho table llau all  1/0 
reglater. t b ~ t  u e  u a i p e d  in group. t o  a p t -  I n 1  devices. The 
r d a i n g  portioos of tho tabla lit- specific uaos of 1/0 register 
addresses by system level dovlces. Chaptor references are provided 
to  i n d l u t o  where rdditionrl information is avallabla. 

Table 3-5. I/O b p i s t e r  S v  ................................................................ 
I/O b p l a u r  
Addre8 a. (8.r) Ugia t e t  m ................................................................ 
General S y a t u  D.rLeea 

000 - OlF 
020 - 03P 
040 - OSF 
060. 064 
061 
070 
070 - 070 
OM) - 09F 
aaO - OW 
OCO - ODP 
616 
6PI) - 6PP 
E F 8 - E P T  
m. PE6 
FP7 

M& Conuoller. Cbnwls 0-3 (Chaptor 6) 
Interrupt Controller, (Chapter 5) 
m g a u b l e  Into& T i v r  (Charm1 6 )  
Keyboard Coatrol1ar (Ch.prrr 8) 
B u d  P u i t p  and lWI/Vrite Paritp Enable (Chapter 3) 
U r l t e  MtI W t e r  (Clupur 3) 
Bul Tip. Clock (Chapter 6) 
DNA Pago P.&a+.r. (Cb8pt.r O )  
xnurnrpt  omt troll or, mII-IRQlS (Chapter 5) 
Dl& Colraollor, c?krrmrls 5-7 (Gh8pt.r 6) 
Orit. Microprqcuaor S p e d :  F u t  - 0. S l w  - 1 
w r l t .  Subaystan Select. Bard Subayatar sums 
80386 U U  Chip Select 
Mnory S h e  in me&ycoa (X) : mot Defined) 
EMSPIUI-0. Enw-I 

060h Bub Uyboard Roapor~aa Cobs, sun codas, &ta, etc. 
O6Oh Vrite Keyboard Cop.ad. utd Data 
O66h Write Keyboard Coneroller C- 
066h R e a d  Uybwd S u b s g s t ~  S t a m  



ROW-BIOS and 1/0 Registers 

Tabla 3-5. 1/0 Begi8t.r ( ~ t ~ d )  ................................................................ 
I/O &gf.ter 
Address (H.x) Pagistar Hru ................................................................ 
80287/80387 mth Coprocessor (Chapter 2) 

om Clear Math Coprocbuor Busy 
O F 1  Reset M a t h  Copr-sot 
Om. OFA, O n :  bth Coproeessor D a t a  

P y .  0 Registor. E000:0000 to E000:3E'FF 
P u a  1 Redstar .  E000:1060 to  EOdO:7STF -- - --- - w-- -.  - 

8258 3-0 2 Register. U#)0:8000 to  E000:BFFF 
C258 Pyo  3 Registar, E000:COOO to  MW)O:EETP 

m-m 
320 
321 
322 
323 
379 ( B i t  0 )  
379 (Bit 1) 
379 ( B i t  2) 
37A (Bit 5 )  
37A (S i t  6) 
37A (S i t  7) 
3m, 3 n  
3F2 
3 ~ 3  
3% 
3Ps 
3F6 
3F7 

Tuk File Bagistars (Chapter 10) 
Hud Disk Data Register 
Hud Disk W & u o  Status/P.sat Register 
Hud Diak Coafiguratiom/Con+rol Saleet Register 
f n u r m p t  .nd DHA E ~ b l o  bllfster  
eturnal Disk Drivo Addross. BOBA- (Chapter 11) 
nda P m r  Uv.1. - (Chaptor 11) 
Exurnal Disk Drive Type. 3085- (Queter 11) 
External Disk D r i a  At-, EMPPY- (Chapter 11) 
Ex+.& Tap. D r i a  nttuhod. TAPmRECT (Q1.0 11) 
Hlgh Doamity Floppy Disk. EDDRIVE (Chapter 11) 
Rose E P . ~  
D i g i t a l  outptx &gistor (Write M y )  
B.urmd 
nda statua Registor (B.ib Only) 
0.u Register (Bubpriu) 
Alurruu Staau/Dlgital Output Register (Qup 10) 
D i g i t d  Ingut/Control Register ( W p  9)/Drive 
Addreas Register (Qup 10) 

3W - 3DF Displ~y Controller 
7m - 7FP Write Video 80n. Bead Video Stahu 

2 ~ ~ 3 ~ 8  T r d t t a r  Holding Register Write O n l y )  
2=/3F8 Receiver Buffer Register (Road Only) 
2=/3F8 Baud Divisor kt& LSB (Vh.n DUB-1) 
2F9/3F9 Baud Divisor kt& PISB (Yhen DUB-1) 
2F9/3F9 Interrupt Erublo Register 
2FW3FA Interrupt Identification Register (Bad Ody)  
~ F B / ~ F B  Lha Control Registor 
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Table 3-5. I/O P.gia+.r S- (Coatinuad) ................................................................ 
I/O loshut 
Address (8.r) Rogiater HUO ................................................................ 
CON 2/Cm 1 (Comtinuod) 

2FC/3FC Hodem Control Register 
~ F D / ~ F D  Lina Status Bagistor 
2FE/3FD Hodem Status Register 
2FF/3FP Scratch Bagistor 

BQn: In s tandud eonfiguratioar, COX 2 providu the 
Serial Port Intorfa aul COI( 1 provides the 
Hodem Interface. Thia con€iguration may be 
swappable dapoadiry upon tho roviaioa lev01 of 
tho MS-DOS operating system. 

Line Printer md Parallel Port (Chaptor 11) 

378 
379(Bits 3-7) 
37A(Biu 0-4) 
37s 
37C 
370 
37K 
37F 
&23 
FF8 
m 
FPA 
m 
FFC 
FFD 

Bud Printer Data 
B.rd S u m  Ragistor B 
Bud s u m  R0gist.r C 
Ond.f frud 
Wriu Printor Data 
No oporatloa 
R W r  Control Regireor 
Ond.fitud 
Parallel I/O Port: 0 - OFF. 1 - OH 
R u d P o r t A  
R u d  Pore B 
P u d P o r t C  
lh&&nd 
No o p u t i o n  
W r i u  Port  B 

RCU Socketa kuble: 0 - Di.sb1.d. 1 - Enabled 
RCU Soclut Select 

Not  Us& 
Write Hicroprocassor Speed: 0 - Fat, 1 - S l w  
Not Uud 
Analog Loop Back: LIod.l Diagnostic (-1 1520) 
II0d.p Mod.: 0 - Smart Terminal. 1 - RS232-C 
lhadshk. U (-1 1520) 
Not  w a d  
Not  Used 
not US& ........................................................... 



CEIAPTER 4: PROGRAIMABLE m CONTROLLER 

The GRiDCasa 1500 Series Computer uses an FE3010 Peripheral Control 
Logic circuit muaufactured by F u h y  Electronics. Inc. The n3010 
cantriru tho functional equivalent of wo Intel 8237 Programmable 
Direct Memory Access (Dm) Controllers cormacted in cascade mode. 
These DW15 Controller circuits allov devices on the data bur to 
directly transfer dau to and fron system -ry (see Figure 6-1). 

Tho tvo DNA Controller circuits provide up to seven DW15 channels 
for &u transfer operations. & eighth DNA cbamol is used to 
casud. tho No controller circuiu and therefore cannot be used 
for M A  &u transfers. Cuuding tha conuoller circuits makes 
thrP appur u OIU seven chrmul D U  Controller (DHAC). 

Tho UfM is a dynamic &vice t h t  is clockod at tho system clock 
ram to provide th. following operatioar: 

Eaubla/dis&le control of independent D l U  Requests. 

M A  reqrusu via hrdvue or software. 

In addition, th. FE3010 contains r dual ported IWI that provides 
th. DNA Page Registor. Ru pago register is w e d  to generate 
address b i u  for DtU transfers md refresh cycles. 

DMA C8AEHtL ASSI- 

Th. CPFDCUe 1500 Series computer supports seven DMA channels, by 
ruing tho functional equivaloat of ~o 8237 DHA Controllers 
C-.d fn ~ C d 4  M&. & eighth ChSXUd (-1 4) is 
w o d  to euud. tho master and slaw con+roller circuits and 
thorefore cannot bo used for DK4 dau transfers. The eight DPU 
cbmnels are assigned u follows: 



iZOU: Ikoughout thir chap+.r. numbers given in  
h d c i m a l  notation have a l e t t e r  "h' suffix. 

Dm Page 
ch.nnel Register System Function 

0 
1 .  
2 
3 
4 
5 
6 
7 

Refresh 

Spue (Highest Priority) 
Resemed 
Floppy Disk Drive C4ncroller 
H8rd Disk Drive Controller 
Cascade Ghrrmtl (No DMA Transfers) 
Spu. 
s p u e  
Spue (Lovest Prioritp) 
RAK Refresh Address Register 

Xutef  Coneoller Chunuls 0-3 rupOort (I-bit to  8-bit &u 
uanafers  between 1/0 *tors an& aptem -ry locatioaa. Each 
channel transfers data in  64k byte block. throughout the 161 byte 
system address rp-. 

Slave Controller Chazmels 5-7 support 16-bit transfers betvaen 1 6 -  
b i t  1/0 Adapters and system memxy locationr. Ihsse chumals 
c-t tranafer data on odd byte bounduiea. Each chumel 
transfers data in 128k byte block. +hroughout th. 16X byte system 
address sp8Ce. 

The DKA Page Register is m 8-bit  by 16-by- Qul-ported RAK. One 
pore of tho p8ge r e g i s u r  is a read-only pore wed to generate 
address b i t .  fo r  both (I-bit and 16-bit DHA t rrrufars,  md to 
generate memory refresh cycles. For 8-bit  DMA transfers, the page 
register  generatea address b i u  16 &rough 23. For 16-bit W.4 
uaaafers.  tho pago regiator gunrates  address b i t .  17 &rough 23. 

Ihe second port of the  page regfatar RAU is a read/write port used 
by th. rfcroprocessor. 

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

Depending upon the selected e-1, the MAC addresses blocks of 
&ta tht are  eithor 64k b y t u  vide (0-3) or 128kbytes vide (5-7) .  
-far to tho previous list of DMA Ch.Prul u s i ~ t s .  In  order to 
access the f u r l  16H bytes of s y s t u  address space, the page 
regis ter  addressu are combined vfch +he DHA chanael address as 
follovs : 



R 0 g d l e  DXA Controller 

Mdressea for Dm chumals 0-3 are generated by 
coocatenating th. Page Registar (I/O) address to  th. 
address for the n u t a r  D M  Controller (OOh - l m ) .  
Tha to ta l  address length is 24 bi ts .  

Addresses for MU chumels 5-7 are generated by 
coautenating th. high order 7-bits of the Page 
Ragistor (I/O) address to th. address for the slave 
D!4A Controller (COh - Dm). Tha to ta l  address 
length is 24 b i u .  

Page addresses for a11 DlVL channels do not increase 
or docreue through page boudufes .  

Figure 4-1. Dm Controller Block D i r g r o  
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Operations of the D M  are performed i n  two device cycles, called 
the Idle cycle and th. Active cycle. I f  none of the sewn channels 
are requesting servkce, the D W  is in the Idle cycle. Uhile in 
the Idle cycle, the EU4C samples ehe DPU Requast (DRQO thru DRQ7) 
l i ru s  on wary clock cycle to determine i f  m y  chrrmsl is 
requesting service. Also, ehe Chfp Select (CS) l ine is sampled to  
determine if th. Uicroproeossor i s  ~ ~ c e s s l n g  the W .  

The DK& enters m Acttve cpelo whoa it is not being progr-d and 
a DMA &quost is doucted from om of th. revon channels. Vhen a 
DHA Request is received from one of the channels. the MUU: returns 
tho applicable DLIb Ackwulodp (DACKO thru DACK2) signals. The 
DACRO thru MCK2 liau u o  decoded by a b inuy  one-of-eight decoder 
eircuft  to  provide om . c ~ l ~ d g o  line for  each of the seven DPU 
charln.1. (DAaw - DAm7). The DHAG tban cakes coa+tol of the 
addross 8ad data buue to b e e  Q &u t r u u f e r  operation. 

Dam transfers co md from a d.ofce require a minimum of four 
staus (S1 thru a) w i t h  u c h  state requiring ouo f u l l  clock cycle. 
Stet. S1 is +h. fniCi.1 .tau ub.lr the DACK signal ia U k n .  Seate 
S4 i s  the f ina l  reate when elm Ead of Orocoss (EOP) sipal is true 
or  tho w r d  count ia doeru.ntod to  zero. If a d d i t i d  tima is 
wodod to complete elm t ruu fa r .  w a i t  scatas u o  inrereed beeveen 
su+u S2 md S3 or b o m n  suus S3 utd S4. 

a chPnul r .quu sorrrico E r a  tho D U G .  the &a cransfer 
ulcu place in Q OIlbC Singlo Transfer nod.. Tho Singlo Tr-fer 
rod. f. the only MAC transfer sodo ruod by th. CBiDCPsa 1500 
Series coqutor.  

In  Singlo h-fu IIod.. ciao devieo th.t roquesu a &ta t rmr fe r  
is programmd t o  transfer o m  byte of data for  esch DHA request. 
As a r d t  of Q u a u f o r .  chi address ia her-nted o r  
deer-tod md tho w r d  cornre ia docremant.d toward zero. When 
tb. word -e is zero. DUA soirr2ee is termizuted. 

Cuud. mod. is not a dat. +na+fer nod., but a nod. used when N o  
four-chrrmal DHA concrollar circuits  are connected together. By 
connecting tho eircuics in cascade mode. DUA requests fram the 
slaw device are allowed to  propagate through the priori ty network 
of the master device. OM chrrmal (channel 0) of che slave device 



P r o g r u b l o  DXA Controller 

is usad to conaol  tho cueado operation and dou not output any 
.ddnss or control faformstion. In this vay, tho two Dl44 
controllar circuits  function indepondently u two four-chunrcl 
conoPllors on tho s . u  priori ty string. A Dl4A request on any of 
tho 1.orn linos (Dm 0-3 and 0845-7) is responded to in the order 
of it. priori ty from DBqO (highost) to  Dm7 (lovosc) . 

Tho nro u s u d o d  DHAC circuit. u o  identical i n  dl r w p e c u  except 
for  ttuir I/O register addressas. Tho master DIW: r e g i s u r s  are 
u s i p d  to 110 addrossu OOh through lEb. and Cho slave D H U  
n g i s t o r s  ara usignod to I/O rddroasos COh through DEh. Tho 
followhg DHAC register doscriptions apply separately t o  each four- 
clurmel controllor unless it is specifically s a t e d  otheruiso. 

Eub four-chatme1 eontrollor has 27 i nunu l  regtsters t h t v u y  in  
s i t e  from 16 bit. dova to 3 bit.. S-n of tho registers are 
c- t o  a l l  four rkmnrls, and fivo registors u a  d q u o  to  each 
of the four ch.rmsls. Tho register -, thoir site i n  &r of 
bit., md tho qumtity of registers of arch q p o  u a  l i s t ed  in  
Table 4-1. The rogbte rs  u a  describod in tho ntbsoqtunt 
puagraphr. For a mre ccmplote &scription of tho controller. 
rafor to tho infomation sugplfod for tho 8239A R o g r d l o  DMA 
Controllor in tho In te l  Hferopmcossor Pnd Peripheral Handbook. 
Val- 1. 

Tablo 4-1 also lists tho 1/0 Rogistor addross for  each of the 
cootroller intarxu1 registars and i11dluto8 if tho eontroller 
ragistor is r r u d  only (R) or vr i t e  only (W). Tho last cot- i n  
tho tabla iadiutes who* tho addrossos on tht lh u o  for the 
PIutor controllor (!I) or  tho Slave controllor (S). Tho ipfornntion 
givon for  the ruur  conerollor r ag i su r s  applios to tha slave 
controller registars. oxcopt fo r  Cho registar addresses. 

Tho Kuk register hu three I/O addresses (refer to the note a t  the 
ond of tho tabla). Tho T m o r u y  Address a d  Tompory Vord 
hgistors e ~ m o t  bo read or v r i t t cn  by tho microprocessor. 

Buo Irbdnss and Buo Vord  Cocmt Pagfstors (000h-007h or OCOh-OC7h) 

Eah chamel h u  r pair  of vrite-only registors. called Bua 
Address and Bua Word Couut, which store tho original address and 
word count values. Tho v 8 l u  c l a  bo then bo rostorad ia tho 
Curront Address md Currant Word rogbtors  whoaevor required. The 
valuoa eontafuod in tho Buo Addrass utd Bus Word Count registers 
u o  vrft ton into the r e ~ i s t e r s  by tho nicroprocesaor during the 
progr .mfq  oparations. Ttm v8lw is vr i t ton i n  mm successive 8- 
b i t  bytes a t  tho ssmo tfne that tho Current A d d r o s s  and Current 



Table 4-1. DMAC fntenml Resisters and Sprckl Corrcrd. 

1/0 Addreas ---------------- 
cbmael m. 

8.u Sire Qty 0 1 2 3 m e  X/S ............................................................... 
DlW Intonml h g i r t r r r  

Base Address 

me Word Count 

Current Address 

Currmt Vord 

T u p o r y  Address 
T - r y  Vord Count - 

000 
OCO 
001 
oa 
000 
OCO 
001 
m 
N/A 

00s 
oa 

002 004 
OQ oc4 
003 00s 
OC3 OCS 
002 OW 
OC2 OC4 
003 00s 
OC3 OC5 
N/A ar/a 
H/A N/A 
008 008 
Ocs o a  
S u  Nou 
00B OOB 
m OCB 
009 009 
OC9 OC9 
008 000 
o a  OC(I 
OOD OOD 
OCD OCD 

Clur Fi rs t /hs t  Fllp Flop 0 0 C O O C O O C O O C V  K 
<Byte Pointer) O C C O C C O C t O C C V  S 

Master Clur 00D00DOOD000V I 
0 c D O Q ) ~ O c D V  S 

clur ltult Register 00K 00E OOE 008 W I 
O C t o c E O C E V  S 

UOTK: 
The Bask register h a  three separste I/O register addresser. 
Tha address to w &ponds upon the required operation u follows: 

1. To nt/resee individual mask bi ts  use address OOAh 
for the o u t e r  or OCJb for the slave. 

2. To set or reset a l l  fout o u k  bi+. with ona iruauctfon 
w e  addross 00Eb for th. o u t e r  and OCm for the slaw. 

3. T o c l e u  the f o u r r u k b i t a  d r l l a D I L l o a r l l f o u r  
chumla, use address OOEh for the mumr and for th. 
slaw. 
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Word Count registers are writt.11. & i n t enu l  B y t e  Pointer R ip -  
f lop  detoxmlaos i f  tho high byte or  l a  byte is nit-. ( b i e r  to 
tho Speefrl Comradr a t  tha sob of thf. chapter.) Th values in  
tha Bue Address and Buo Vord Count registers errmat be read by 
tha rteroprocessor. Th. 1/0 address for each register is l is ted in 
Table *-I. 

Tha four cbamnls each h.9. Current Address Register chat holds 
the address value used Wing D U  transfers. Th. address valru is 
ru tooa t iu l ly  ber-ted or &cr.uated after uch  &ta t rmsfer.  
Tho amr value is reuinod Ln th. register ail tha nut data 
trmrbr o r  until tho r e g i r t u  is MoinitS.1lzod folloviry a c m e  
EOP sigul. If Autoini thlked,  tbe Currant Address Register is 
restored to iu original 0.1- from th. vdua storad in  the 
applicable Bus Address Register. Th Current Address Register is 
v r i w  or r u d  by +h. microprocessor in tw successive 8-bit 
bfu. & intenul By+. Pointer flip-flop dotemines i f  tha high 
byte or lw byta is written. (Rafer to th. Spacial Comaads a t  the 
end of th i s  chapter.) Th original uldress value L writ ten into 
th. Current Address Register and tha Iku Address Register a t  the 
r a m  tima during p r o g r e n g  oparationr. Tha 1/0 address for each . 
registor is l i s ted  in Table 0-1. 

The v8l- coauirud la tha Vord Count Ragistor dotemines hov many 
&+. t r u u f e r s  are performd. E.ch chnrul h u  a Word Count 
&gistor thrt h a p s  track of h a  uny transfers have occurred. The 
e r  of transfers parformad is a l w a y s  om g r a t e r  rhm tha n d e r  
cosluiaed i n  tha registar. Th wrd count valru is autoutically 
doeremonted after ucb &u cruufor.  Th ruw val- is then 
rerrfaod in the t e e s t a r  un t i l  tho nat data transfer, or uat i l  the 
register  is Autoinitialized follovfry a tw EOP signal. If  
Autoipitiallzod, th. Currant Word Register is rostored to  its 
original value f r a r  tho value stored i n  the applicable Base Word 
Count Bagistar. 

Uhm tho w r d  eamt  value i n  tha Current Vord Count Register is 
d o e r m t e d  through zero to FFFFh, a Terminal Count (TC) is 
gomraud to indicate that tha programed uumbor of transfers has 
-ad. The IC is used to  generate the true EOP s i p 1  and also 
to  enrble Autoiaitfrlize i f  the chumel i s  pros-d for chat 
operation. If aot ~u to in i t i r l i zed ,  the Current Word Bagister has a 
w r d  count of fiFFh follwing a TC. 



lb Currant Pard Count Ragiator fa  writton .nb road by the 
microprocessor in e m  successiw 8-bit bytes. An intern81 Byte 
Pofnut f l ip-flop datemines if tho high byte or low byte is 
d e e m % .  (Ilrfer t o  +h. Spacial C c w m d r  a t  the end of t h i s  
chapter.) Tho original w r d  count value is vri t tcn into the 
Current Word Couut Register and tho Base Word Cotmt Register a t  the 
same t h e  during programming operations. The 1/0 address for  each 
regis ter  is l i s t ed  in Table 6-1. 

Te-ruy Address .nd Vord C a m t  8ogiatot. 

Thore is onr pair  of regla te t i  called tho Temporary Address and 
Tuporuy  Word Count hgfators .  Thus registsrs are rued as 
-ruy buffers for f r r r u m t i n g  or doer.omting tho current 
addross orlw rrd for d u r u u r t i n g  ehe c u r r u ~ t  word count vrlru. 
I v t i n g  .nd doer-- u e  dorm 8utouticrSly whoa at8 
transfers occur. Thorefore, tho Tomporuy Abdrsss and Word Count 
Ragiaters -t bo urft toa or r u d  by th. rlcroprocusor. 

Tho Carrad Ragheor is m 8-bit,  vriu-only buffer. Th. Comaad 
regis ter  is usod with the Uoda Register t o  select the operating 
p a r a o u t .  of tho coneroller. Tho r eg i au r  fa lordad by 
th. ~ c r o p r o u s s o r  QPLry prow- op.ratioaa. and is c b u e d  by 
a Huter C l u r  Cormd or  8 S y s t a  Reset. Tho register  b i t s  are 
pros-d u followa: 



Programable Controller 

- - - - - - - -  
7 6 5 4 3 2 1 O B t t s  - - - - - - - -  
1 1 1 1 1 1 1 1  
1  1  I I I I 1 -------to-- Dau Transfer 
1 1 1 1 1 1 1  0 - Disable 
1 1 1 1 1 1 1  1 - Eauble (Not Used) 
1 1 . 1  I I I I 
1  1  I 1  I 1  - - - - ~ l O I r d d t u s H o l d  
1 1 1 1 1 1  0 - Diuble 
1 1 1 1 1 1  1 - &lablo 
1 1 1 1 1 1  x if B i t  0 - 1 
1 1 1 1 1 1  
1  1  I 1  1  ----coo+zol&r 
l l l l l  0 - E r u b t .  
1 1 1 1 1  1 - Diuble  
1 1 1 1 1  
I I I I ----r- 
1 1 1 1  0 - Normal 
1 1 1 1  1 - Coopraised 
1 1 1 1  x i f  B i t  0 - 1 
1 1 1 1  
I 1  1  ----Prbriw 
1 1 1  0 - Fixed 
1 1 1  1 - Bouti8lg 
1 1 1  
I I ----wxtu S.lectioP 
1  I 0 - k t .  
I 1  1 - Exund.d 
I I x if B i t  3 - 1 
I I 
1  ----DaEQSame 
1  0 - Active nigh 
I 1 - &tip. LOY 
I 
----MCK soa8e 

0 - &+Lo. br 
1 - Active aigh 

The fixed priority for 
serrrfcixtg Dm Bapuasu i s  
DaqO ( h f ~ s t )  thnr DB97 
(1-t). When rotating 
priori tg is selected, the 
highest p r i o r i q  rotates from 
DRQO thru DRQ7 and back to 
DRQO on successiva d a u  
cram fers . 

The &.k Registar is aa 8-bi t ,  write-only buffar tha t  uses only 
tht.r or  four b i t s  depending upon how i+ is prop-d. To ser or 
resot oru n u k  b i t  a t  a tiw without affecting th. ocher three 
bit.. IjO address OOAh is used for  the nuter eon+roller and 
addreu OCAh is uaed for the slave controllar. To s e t  or reset a l l  
four mask b i u  vith om instruction, I/O address WEh is used for 
the n u t a r  controller and address OCEh is used for tha slave 
controller. 1/0 address 00- is used for the nu-r controller and 
Om is used for the slave controller to clear tha four mask b i t s  
so that a11 four ehumals can requast aa in+errupt. Also, the 



-tor Ruet corvnd (I/O address OODh for th. mastar controller 
d OQlh fo r  the s l a m  controllar) sots tho mask bi t s  so that DPU 
roqruau u a  inhibitad on a11 four ch~anols. 

Tho h k  register  is used with &a Request Ragistar to  control the 
i n e d n g  D!4A Requasts (DRQO thru DRQ7) signals for a l l  seven DHA 
charmala. Iha n u k  b i t  usociated vith e u h  cturmel is s a t  to 
dfubl. tim DMA B.qcusu bad c1.u.d t o  0 ~ 1 .  tho DHA Requests. 
I f  tho ebum-1 is not programed to  Autoinitialiro, its mask b i t  is 
so t  vh.n EOP goo# true. Alw. a Syster Reset s o u  th. Pu* bi t s  
for all aovon DMA a l s  and inhibits dl DMA r e v s t s .  Uh.n 
sa t ,  tha Wuk b i t s  renain s a t  unti l  c lauod by .ddressiry tha 
rpproprfata 1/0 ragister. Dqondbg upon ha thoy u a  progr-d 
&ring p r o g . r f r y  oporatiotm, uch w k  b i t  is set and reset  
sepuately  o r  a l l  togathor as shown in the following b i t  
Qfinitioru. 

I/O Address - OOAh or O U h  ----------------- - ----- 
7 6 5 4 3 2 L O B i t S  ----------------- - ----- 

I  
Doo't Eu. 

I  I 
I  - - - -Soloctod l luk  B i +  
1 0 0 - ~ 1 0 ( D R Q o )  
I  0 1 - Qrmrul 1 (DBQl o r  DWS) 
1 1 0 - Chnru12 (0892 or  DRQ6) 
I 1 1 - -1 3 (-3 or DRQ7) 
I  - - - -lk.k B i t  

0 - Clur 
1 - Set 

I 1 1 1 1  
DmOtC.t. I  I  I  - - - - Q . m u l O & ~ k B i t  

I l l  0 - C l u r  
1 1 1  1 - se t  
1 1 1  
1 I - - - - ~ 1 1 1 I . s t B i t  
I  I  0 - C l u r  
I I  1 - Sot 
I  I  
I - -  --Chm,el 2 mak B i t  
I  0 - c l a u  
I  1 - S e t  
1 
----cbml*l 3 n0.k B l t  

0 - C l a u  
1 - Set 



R o g r d l o  D U  Controller 

A lfoda Register is used with the Command Register to  select  
operating paramoterr for e u h  chum01 of tho four-chumel 
coatzollors (I/O address 00% for tho master and OCBh for  the 
slave). A separate 8-bit. vrito-only Mode Registar is required for 
each of the four ehmnals. The registers are 1ord.d by tha 
mi~croprocessor during p r o g r d n g  operations. Tho !lo& Registers 
solect tho data transfer typ. md transfer mode, enable 
Au+oiPtti.litation, ond the address direction (increment or 
docremoat). Only oxm 1/0 address is required for a11 four eh.naels 
of o u h  coaaol lor  bocuue b i t s  l a n d  0 of tho register dotormine 
which of thm four Xode Registers is vritten. Tho node Register 
b i t s  are p r o g r d  as follows: 

I I I I 
I I I --Truufer =Typo 
I I I 0 0 - Verify 
I I I 0 1 - Urfte 
I I I 1 0 - R o d  
I I I 1 1 - I l l o y l  Val- 
I I I x x if B i t s  6 ond 7 - 11 
I I I 
I I - - - -&atoiniti81iutFan 
I I 0 - Disablo 
I I 1 - EMbl. 
I I 
I ----Address Dlrectforr Select 
I 0 - Incr-at 
I 1 - Docremoat 
I 
----at8 Traaater Mod. Select 

0 0 - O u u d n o &  
0 1 - Single no&* 
1 0 - Block nodo 
1 1 - Cuc8de node* 

Tho Single Uode and Cuc~& Mode are the only Dam Transfer 
modes used by the CBiOCase 1500 Series computer. 



Tha Requut Register is an 8-bit ,  vrita-only buffer, th.t is 
ecessed  via I /O address 009h for the mastar eontroller or OC9h for 
the slaw controller. The Request Register allova the sofeware ro 
ini t ia te  a DUA request for  sarrrice. To make a sofnrare request. 
tfre Single Transfer Uo& must be sa lecud  v ia  the Mode register .  
Then, one of the four cbmwls  is selected by three no-kable 
b i t s  of tho &.qtf.st Register. Softbmre DXA requests ard subject to 
th. s . u  priori ty eneodiag vf. th. C- register  as the hardvare 
reprusa .  To s e t  o r  reset  =A& D!4A semiem request b i t  separately. 
the Request Register is 1ord.d vfch th. &sired &tr vord by the 
microprocassor during p r o g r e n g  operations. Tho b i t  th.+ v u  s e t  
is cleared when Terminal C l a u  (TC) is g e ~ r ~ t a d ,  an external EOP 
is received, or tha register is cleared by a Master Clear co-d 
or a S y r t u  Resat. Tho b i t  deffnftforu for  ths Reqrust Register 
are as follovs: 

- ----- 
2 1 0  B i t .  - ----- 
I I 

I 
-----st ait 

0 - C l u r  
1 - Set 



P r o g r d l e  DWIL Controller 

Th. Statua Register is an 8-bit. read-only buffer rh.t providas NO 

bit8 of staw info-tion for each of the four channels i n  the 
se10ct.d controller. Th. saw information consists of om b i t  to 
i n d i u m  ufur, tha cbunel bu a DWIL Service Raqwst pending urd the 
other b i t  to fndicat. vhn tha chumel hu reached a Terminal Count 
(TC). The DXA request pending b i t  is set to  "1. whan the drumel 
i s  requesting service. tb. Dl44 request pending b i t  is reset t o  "0. 
by a Terminal Count (TC), when an external EOP is received, or when 
a Systeo Roset occurs. Th. TC b i t  is s e t  to '1. each rim the 
chumel r&s a terminal count. The TC b i t s  u e  reset  to  *O' 
sreh tima tho Statua Register is read and also by a Wuter Clear 
e o m s d  or  a Systm Roset. The S t a w  regbeer  is red via 1/0 
ddress OO& for  the nuur coneroller o r  OCBh for  the slave 
controller. Bft dafialtionr for tha S U ~ U  Raglater are u 
follOVs: 

I  
----Chnnel 1 

0 - No TC 
1 - Reached TC 

. -ch.mul2 
0 - N 9 %  
1 - Reached TC 

i i i i i  
I I I I -----1 3 

1 1 1 1  
I  I I -----1 0 
1 1 1  0 - No Request Pending 
I I  I 1 - M A  Request Pending 
I l l  
I I  ----Qma.11 
I I  0 - No &quest Pending 
I I 1 - MU Requast Pending 
I I 
I ----clulmol 2 
I 0 - No Request Pending 
I 1 - D M  Request Pending 
I 
----QulIuel 3 

0 - No Request Peading 
1 - DI¶4 Requast Pending 



CIFDCUo 1100 Series Computer Technical Referenco 

Tho T q r a r y  Ragister is an 8-bi t ,  read-only buffer that holds 
data &ring memory-to-memory data transfers. The Temporary 
Register i s  not used because memory-to-memory data transfers are 
not used by the GridCasa 1500 Series coqucar. 

There are three special commda i n  each controller that control 
h u d r u .  registors. Theso &re* spocial c- are accessed via 
b i r  1/0 regfrrtsr addresses uni do not dopand upon my specific 
b i t  pattern on tho d.u lines. The three c o m  are: 

Clear F i r s t / L u t  Flip-Flop (OOQ o r  OCQ) 

Tho F i r s t /Lu t  Flip-Plop special c e  is accessed via a vr i te  t o  
I/O address OOCb for  the auur controller or OCQI for the s l a w  
controller. 'Ih. comaad clears the Byte Pointer flip-flop that  
b o p s  tho controller upper aad lover address bytes i n  the proper 
sequence. Before writing or reading nev address or word count 
information, tho progru oucutea tho Clear P i r s t / l u t  Flip-Flop 
coPuad to inf t ia l izo the Byte Pointer flip-flop to  a known state.  
Tho f l ip-flop is also e loued  by a Mutor C 1 . u  commd. 
Subaeqrunt aceosses to th. Address and Word Count registers are 
then ard. i n  tho correct srqumee. 

-tor C l u r  (OODh or  0-1 

The Haator C l e u  spocial is accasaed via a write to I/O 
address OODh for  the n u t o r  controllor or OCDh for the slave 
controller. The c o r m d  forces the controller into ths Idle state.  
Vh.n tho co- is umcuud, it hu the SO. affect on tho 
con+rollor u a Systom Uut.  Exacuting a Muter C leu  commd o r  
is- a S y s t u  Uso t  s o u  th. Mask Bagistor to  inhibit DHA 
reqrusta on all chamo3.a and c l u t  tho following five registers in 
each controller: 

T..poruy 
FLrst/k.t Flip-Flop 

The C l u r  Mask Register comaad is accessed v ia  a vr i te  t o  I /O  
address OOEh for tho matar  controller or OCEh for tho slave 
controller. The c e  clears the  HAS^ register to  a l l w  al l  four 
chmnsls i n  the respective controller to  accept M A  requests for 
se&ce. 



Tha GRIDCue 1500 Series Computer uses an FE3010 Peripheral Control 
Logic c i rcu i t  manuiuturcd by Fara&y Electronics, Ine. Ihe E3010 
c a t r i n s  the functional equivalent of No Inte l  8259 Progranmable 
Interrupt Controller circuits  comucted in  case& no&. These NO 

interrupt  controller circuits.  a d  the microprocassor NonKaskable 
Interrupt (m). provide 16 levels of vectored priority interrupts 
fo r  the 80286/80386 Llicroproeessor. Th. NNI provides either a 
p u t t y  o r  m 110 Clunnel cheek function. 

Connectfry tho two intarrupt controller circuits  i n  cascade mode 
mku them appur to tho microprocessor u one Programable 
Interrupt Controller (PIC) vith lS levels of prioritfzed interrupts 
(see Figure 5-1). Ih. PIC marmges the interrupt-driven activi t ies 
of the computer so that the microprocessor has more time to run 
ocher programed operations. Interrupt requests are received by 
the PIC from input/output devices such u th. disk drives, printer,  
and koyboud. The PIC screena the incoming interrupt requests for 
&a highest priori ty,  and aleo chocks th. priority of ch. incoming 

Figure 5-1. Rogr-bla Interrupt Controller Block Diagram 
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reguut against +hr priority of th. dovice currently bet% 
serpfeed. I f  the incoming interrupt requast has a higher priori ty 
tban tba request being serviced. tho dcroprocessor ts allowed t o  
complete the currant instruction before servicing the higher 
pr ior i ty  interrupt. When the interrupting routine is complete, the 
microprocessor resumes execution of the previous instruction from 
the poinr where it vaa interrupted. 

Each &vice that issues interrupt requests ls cormccted to  one of 
tho PIC inputa labeled IRQO thru IKQ15. Ub.n active, the interrupt 
requests gemrate a corresponding interrupt (INT) tha t  poinw t o  an 
interrupt vector addsus. nu interrupt vector address directs the 
mfcroprocassor pro- counter to tb s tar t lag address of an 
interrupt servlce routine. When inurrupted by tho PIC, the 
microproeearor stores lea curxane addross aud +ban jumps t o  tha 
s tar t ing address of the service routiru pointed t o  by the interrupt 
vector address. The service rou tbe  is a v i a 1  program. 
usociaced w i t h  th. requesting Wee. th.t dafbes  how the davice 
is serviced by tho ~~~~~~sor. The last fnsauction in the 
service routine i a  a j w p  to  tho *sr l o u t i o n  that th. 
ofcroproeessor stored bofore it b o p  sarrrfclng tho interrupt 
request. 

If an interrupt s e r p i a  r h  is dlvidd trr+o squat.  opera- 
tione, th. InUrrupt request f a  further & f M  by a frmction 
uumbor. Vhm reqtmstiq an fnurrupt.  th. hmction &r is 
placed in  the rferoprocessor AH =.&tor. Tho function mdhr 
points t o  subroutlao w i t h i n  tho serrriee routine for  th. requesting 
device. Zh4 requesting device m y  require differant subrautincs 
for road data. mriu data, r u d  s u t u a .  .ad vriu control 
oporatioaa. The aervice r o u w  br.nchu to .-Su subroutbe t o  
porforn tho requosud operatton (refer to Table 3-2). 

For +ha -e 1500 Serisr colplters, tb interrupt tnctor table 
ia l o u t e d  in tba f f r s t  l k  by+u of sys+ar memory. Thtr u e a  
providu room for 256 dlatlnet lntunqu, vhich tr more tlua are 
routtrmly w d .  Tho -tor for Lnurnrpt 0 is 1- a t  memry 
l o u t i o n  0. S i w  ..ch -tor uldres. fs four bytes wid. ,  tho 
-tor for  any IPUrrupt nwbar (1) is l o u t e d  at address n times 
6. Ih. eddraases i n  tim f n u q t  vector u b l e  point t o  an area of 
tho poll-BIOS or to m addrea in tlin ulory where tho interrupt 
service roucixn is locaw. -rally, intorrupu invoked by 
brdvuo hwo thmir interrupt routhas  louted in the RCU-BIOS. and 
Interrupts l m k e d  by software have their interrupt routines 
l o u u d  in 8yat.l mow-. 



I 
PtOgt.luble Interrupt Controller 

Tlm CBIDCUe 1500 Series computer uses the functional equivalent of 
two cucadod 8259 Programable Interrupt Controllers to  provide up 
to 15 interrupu.  includlag oru interrupt from the counter-timer. 
A o u t e r  interrupt controller circuit  conaols i n u r r u p u  INTO 
through INT7 and is l o u t e d  a t  1/0 address 20h. A slave interrupt 
controller c i rcui t  c o n a o k  interrupts INT8 through fK115 and is 
l o u t e d  a t  1/0 address AOh. Ona fnurrupt  requost l i r u  (IRQ2) is 
used for cascading tho slave controllor interrupt requests to  the 
nu-r controller. I 
mom: I 

l'hrayhout this c t q t e r ,  numbers given in 
h o x u i e c W  nout ioa  hr9. a l e t u r  'ha suffix. 

Inur rup t  requests t o  du inurrupt  conaollers are providod by the 
system hardware md peripheral &vices. Ru interrupt requests 
(IRQO-IRQlS), the interrupting budwue devices. and the ROLJ-BIOS 
controlled interrupt addreas (IRT) 8nd vector start address 
dosignations are given in the followfag list froo th. highest to  
tb. lornst  priority. I 

W t e r  
Master 
uasur 

Slava 
S l m  
S h  
Slaw 
Slave 
S h  
Slavm 
Slave 

Hastar 
Hastar 
Master 
war 
-tor 

m-BIQS I Vector 

Timor (8251) Output 
Uyboud ( O u t p u t  Suffer Full) 
C u d  t o  S h  Coatroller 

I 
R o d  Tip. Clock 1 
 ofo or are. re&r.c+.6 to I B ~  O A ~  
Reserad 
R e a e a d  
Buerved 
X.th Coprocusor (80287) 
Bard Disk Copooller 
Basemed 1 

IRQ3 COH 2 0% 1 0000:002C 
=1  I OCh 1 W00:003. 

IRQ5 Resemed ODh 1 0000:0034 
IRQ6 floppy Disk Drive Controller OEh 1 0000:0038 
-7 Parallel Printer Port OFh I 0000:003C 

AOR: In  suadard configurations. CQI 2 provides the 
Serial  Port Intarface and CQI 1 provides ths 
Plodar Interface. This configuration may be 
svsppable depending upon the revision level of 
tha KS-WS operating system. 



PIC  OPEPIROHO 

The PIC provides No independent interrupt cont ro~ler  circuits  that 
are eormccted i n  cascade lode to  -ge 15 levels or requests for 
inu tnrp ts .  Tho interrupt output (INT) of the slave controller 
c i rcu i t  is c-cted to m inur rupt  request input (IBQZ) of che 
master controller circuie. In thf. -7, the evo interrupt 
controller circuiCs fuacelon fndaoanQntly 8s t m  eight-channel 
Progr-la Inmrrupt Controllers on eha same prioricy string. 

Th. tvo PIC circuits  ore hmctionrlly identical in a l l  respects 
ucepe  for their  1/0 addresses. Ihe maseer PIC circuits are 
uafgnod r.o I/O .ddressos OOh through 1Fh and tha slave P I C  
c i rcui ts  ore assigned to  I/O addresses AOh through BFh. The 
follovfiy PIC reg f su r  descriptLoar q p l y  separ8tely t o  uch of the 
eight-chamel coacroller circuits  d e s s  it is specifically stated 
0 t h . d ~ .  . 
The P I C  is progr- by th. system software as an 1/0 device. 
Prfority nodas of the PIC are p r o g r d l o  so thrt tha wry requests 
ore processed is codigured to ruceh the sysCm requir-nts. The 
pr ior i ty  ood.8 can bo changed at  any tL. uhilo nxming the MS-DOS 
Opmrat~ Syscoa. which allova ch. interrupt strucnu. to br 
rodofinad u required. 

For +h. GBiDCuo 1500 Sodas -tar. the PIC operations are 
divided into thr folloviry tuactioar: 

1. Dau Bua a f a r  
2. Rud/Wriu/C4n+fOl Logic 
3. Iurntpt bquut bgister (IBB) 
4. ~n SOAU itagismr (I=) 
5. ' Priority Waolvmz 
6. Inu t rup t  iluk Regbur 
7. C u u b  Buffer md Compuator (CB/C) 

%-Data B u  Buffer is a 3-suto,  b i b t r a c t i d  8-bit  register. 
Tho register provides dm tpurface boNcp dm PIC aud the spscem 
d a t a  bus. The convPd word. used t o  program tha PIC are 
t ruufar red  througlt the Dau Bus Buffar. 



Programable Into-t Controller 

fh. Rud/Urite/Control logic receives the mieroprocessor control 
s ig r r l r  and provides the registers used to  program t& PIC. She 
programable registers store the priority modes and control formats 
required for  device operation. ATso, the PIC status information is 
stored in the registers unt i l  it is transferred through the Data 
B u s  Buffer to  the microprocessor. 

Tho Interrupt Request Register (DX) receives tho Interrupt Request 
signals (IRQO-IRQ7 or IRQ8-IBq15) from the interrupting devices. 
The IBB s t o r u  all of the interrupc requests for resolution by the 
Priority reaolvor. 

In  Service Register (I=) 

The In Service Register ( 1 s )  works i n  c u u d o  vfth the I%B. Ttis 
ISB stores the Interrupt Requests t h ~ t  are currently being 
serviced. Input to the ISB comes froo the Priority Resolver, which 
put8 the highest priority request into the ISR during rh. interrupt 

' 

aclmovledge (flPU) pulse from tho ricroproeessor. 

Iho Priority Resolver &termtau the p r i o r i t i u  of the b i t s  stored 
in the IBB. Tho highost priori ty lirt. is then selocted and strobed 
into the correspoading b i t  position i n  the ISR. 

Interrupt Ik.k R 0 g f . w  (I1P) 

Tho Interrupt Lkrk Register (m) screenr the inputs to  the IRR. 
h y  interrupt request can ba nuked to prevent th. associated 
dovice from requesting an interrupt. Kuking interrupts from high 
priority devices does not affect the interrupts requested by lover 
priority devices. 

Tho Cucado Buffar .ad Colparator (CB/C) is used to  store and 
conpare the identification of a l l  P ICs  i n  the system. The three 
CB/C lines called W O  through CW2 are output lines on the master 
PIC and input line8 on tho slave PIC. Tha CAS lines are used by 
the master PIC to enable the slave PIC operations. 





















































































































































































































































Keyboard Subsystem 

Table  8-6. S u n  Codr See 3 (8h.nc.d U-d O n l y )  -------------------------------------------------------- 
I=  I Scrn cod.. I I 
I*(.) I mko I Break / Default K q  Stit0 I -------------------------------------------------------- 
I Eac I 0 s  I m o s  1 Kakaonly I 
I 1 1 6  I FO 16 I Typematic I 
1 2  1 1 E  1 FO 1 E  I Typematic I 
1 3  1 2 6  I FO 26 ( Typematic I 
I 4  1 2 5  I FO 25 / Typomatic 1 
1 5  1 2 E  I FO 2E I Typomatic I 
1 6  1 3 6  I FO36 1 Typomatic I 
7 1 3 0  I F O 3 D  1 Typematic I 
1 8  I 3 E  I FO3E I Typomatic 1 
I 9  1 4 6  I FO 66 1 ryp.u=ic I 
I 0  1 4 5  I FO 45 1 ~ypomatic I 
I - I 4E I FO 4e I ryp.utfc I 
I - 1 5 5  I FO ss 1 ryp.utic I 
1-k- 1 66 I FO 66 1 -tic I 

I [ 
I I 
1-r 
I ctrl 
I [left] 
1 B r u t  



Tablo 8-6. S a m  Godo Sot 3 <tnh.rrcod Zo-d Only) 
Coatimud 

--------------------------------------*----------------- 

1 I= / Koyboud S u n  Cobs 1 I 
IKry(r)  I luh I B r u k  I ~ o f a a t  t.7 stat. I 
----------------*--------------------------------------- 

I ; I *c I FO 4C I TypeMtic I 
1 '  1 52 I FO 52 1 Typonatic I 
I '  I og I m OE I Typeastic I 
I Sh f f t  I 12 I FO 12 I )(Ju/Braak 1 
~riaf t i  I I I I 
I \ 1 5 c  I H) 5c I  ti^ I 
I z  I r a  I FQ lA I Typomatic 

I m 22 1 Typomatic 
I 

I x 1 2 2  1 
I c 1 2 1  I H) 2 1  1 Typomatic I 
I l a  I m l m.-de I 
I r 1 3 2  I 20 32 I -tic 

I H) 3 1  I Typomatic 
1 

I lo 1 3 1  
I FOU I Typeastic 

I 
I x I 3 A  
1 e 1 41 I FO 41 I Typeastic 

1 49 I m 49 1 IypeMtic I ;  I @  I PO &A 1 fyp...tfc 
I Shift 1 59 1 m 59 1 )(Jr/~ruk I 



Koyboud Subsystem 

Tablo 8-4. Sua C4d. Set 3 (Zuhscod Keyboard Only) 
Canthuod ........................................................ 

I =  I Keyboard S e a  Codas I I 
I*(.) I mka I B r u k  I Dofault Kay S u t a  I 
---------------------------------*---------------------- 

1 %  UP I JD I FO 70 1 Make only I 
I 1 W ~ a d I  l I I I 
I - 1 8 4  I F O E *  1 p ~ . l u ~ n l ~  I 
I [Kenad] l I I I 
ILft-  1 68 I FO 68 1 Hake only I 
I m o r  I I I I 
I rIC.gp.61 l I I I 
1 5  1 7 3  I FO 73 1 Hake only I 
I r find1 l I I I 
IRigtlt- 1 74 I m 7* j ~ . k .  only I 
Icursor I I I I 
I + I 7 C  I FO 7C I Typooatic I 
I [K.yp.dl l I I I 
I -  1 6 9  I FO 69 1 Xllu only I 
I 1K.YP.dI l I I I 
ID-- 1 72 ( FO 72 1 X.fu only I 
Icursor I I I I 
Ilfiyp.dll I I 

I FO 7~ I l4ako only 
I 

IPgDn I 7A I 
I [It.yp.dl l I I I 
I Iiu 1 70 I FO 70 / Uko only I 
I [gaypadl l I 
I b l e t a  1 71 

I 
I FO 71 I Kake only 

I [It.yP.dl l I 
I n r  1 56 

I 
I FO56 1 I h b o n l y  

I nz I SE I FO SE I ~ . k .  only 
JNOTE: Tho following scra codas are fo r  duplicate 
I f tmrt ioa keys l o c 8 u d  on the extra keypad 
I of ua enhnced keyboard. 
I I ruer t  1 75 I FO 75 1 pI.lu only 
I b l e t e  1 76 I FO 76 1 Typematic 
1L.f~-  I 6 1  I FO 61 1 Typooatic 
I cursor I I I 
1 -  l 6 E  I FO 6E I Hake only 
I -  1 6 5  I FO 65 1 ~ l l u  only 
I VP- 1 63 I FO 63 1 -tic 
I -r I 
I Dam- 1 60 

I I 
I FO 60 I Typematic 

I -or I I I 
IPa(l. Up I 6F I FO6F 1 -only 
IPaga- 1 60 I FO 60 1 Make only 
1 -  I I I 
IRight- 1 6A ( FO 6A 1 T y p e t i c  
I cursor I I I 
I / 1 7 7  I FO 77 1 Kaka only 
I Eater 1 79 1 F) 79 1 Kake only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



An extoma1 k8yboud conuector is provided on the back panel o f  the 
CBfDCue 1500 Series computer. The keyboard connector is a 5-pin 
DIN type recoptaclo that is co= :nly wed for keyboard interfaces. 
F ipre  8-3  shws the connector pin layout and the connector pin 
daffnitfons u e  provibd i n  Table 8-7.  

Tablo 8-7. Ext0-l byboard Coonoetor P i n  Dofinitions 

Pin UO. Doscriptiosr 

1 acut (Kayboud Clock) 
2 RMTA (It.yboud Iku) 
3 Not Used 
4 G r d  
5 +59 dc 
(-1 Shi.ld 



CEUTER 9: F L O P P Y  D I S K  D R I V E  SUBSYSTEM 

The GRiDCasa 1500 Series computer Floppy Disk Drive Subsystem 
supports two internal  1 . M  byte,  3.5-inch floppy disk drives and an 
extcrnal peripheral port f o r  cormacting an extemol drive (see 
Figure 9-1). Ona or  both of the incarnal floppy disk dr ives  can be 
replaced by an optional hard disk drive v i t h  storage capaci t ies  
from LOX bytes t o  lOOM bytes. The extcrnal peripheral por t  
supports one external device. which can be e i the r  a 3.5-inch o r  
5.25-inch floppy disk drive or  a &On byte backup tape uni t .  The 
stPndPrd and optional disk dr ive coafigurrtions and formatted 
capacities u e  l i s t e d  in Table 9-1. 

This chapter (9) &scribes operation of Floppy Disk Drive Subsystem 
and PC X I  compatible Hard Disk Drive configurations l i s t e d  as items 
1 through 3 in  Table 9-1. Chapter 10 describes operation of the 
Hard Disk Drive Subsystem containing IBX PC AT compatible hard disk 
drives, vhieh are  l i s t e d  i n  Table 9-1 as items I through 6 .  The 
external peripheral port connector is described a t  the end of chis 
chapter. Operations of the external peripherals (items 7 through 
10) u e  described in separate manu~ls ,  e i c h  are  supplied w i t h  the 
l i a t e d  devices . 

ACaws3 
D a a  and 
Conaol 

Figllre 9-1.  Floppy Disk Drive Subsyatu Bloek D k g r u  



-0 1500 S e r i r r  Computer Trchnical Rafereaee 

Table 9-1. Disk Drive Configl l rat ia~.  ................................................................ 
Itu Option Qtf Configuration Capacity 
---*------------------------------------------------------------  

1 Standard 2 3.5-inch Floppy Disk Drives 1.44 bytes each 
(IBPI-PC AT Compatible) 2 . 8 H  bytes to t a l  

2 320 1 3.5-inch Floppy Disk Drive l .U bytes 
1 10n byto Hud Dirk Drive IOU bytes 

(Not IBM-PC AT Compatible) l l . 6 U  bytes t o t a l  

3 321 1 3.5-inch Floppy Dirk Drive 1.U bytes 
1 2Ol4 byta Hud Disk Drive 20n bytes 

(Not IN-PC AT Compatible) 21.6 byres t o t a l  

6 321 1 3.5-inch Floppy Disk Drive l.U bytes 
1 20K byte Hud Disk D r i v e  20K bytes 

(IBPI-PC AT Coopatible) 21.6 bytes t o t a l  

L 6OM b p  Hud Disk Driw &OH bytes cotal  
(=-PC AT collp.tible) 

6 325 1 lOOK byce Hud Disk Driva lOOn bytes t o t a l  
(I=-PC AT Co~pat ib le)  

L FatetarJ  3.5-inch Floppy Add8 1 . 4 4  bytes 
Disk Drive (1.6U B y t e  t o  any drivt 
Pockat Floppy) copfiguration 

L External 5.25-inch Floppy Adds 360k bytes 
Disk D r i v e  (360k Byte t o  8ny drive 
Pou& Floppy) configuration 

9 3403 1 Fatema1 *(HI Byte Backup Adds disk backup 
T.pa System capabi l i ty  

10 3404 1 F a t e d  5.25-fPchFtoepy Adds l . W  bytes 
Disk D r i v e  (1.W Byte  t o  m y  drivt 
Parch Floppy) eoafigurati on ................................................................... 

This c l u p u r  is dividad in to  three m j o r  sections as follovs: 

1. Floppy Disk Drive (Standud) 

2. IN XT Compatible Hud Disk Drives (Options 320 
and 321) 

3. Floppy Disk Drive Expansion Port 

The ISK PC AT compatible Hard ~ i s k  ~ r f v e  subsystem is &scribed i n  
Chaptar 10. 



Floppy Disk Drive Subsystem 

Tho 3.5-inch floppy disk drive used i n  the CBiDCue 1500 Series 
c m t e r  is double-sided and double-density v i t h  a f o m t t e d  
capacitp of 1 . B  ~ g a b y t e s .  The disk is data coqa t ib l e  with the 
5.25-inch, 9 sector. double-sided, double-density (48 tracks-per- 
inch) disk drives. 

F l m  Disk S o f t r u .  Intorfaco 

The program interface t o  the i n t e n d  floppy disk drives is through 
a sundard  set of BCIW-BIOS calls. Those c a l l s  mask the differences 
between tho i n a n d  3.5-inch disk &ins and an external 5.25-inch 
disk drive so  that both types of drives a re  supported by the same 
controller.  Tho disk dr ive software a l so  providos a device driver 
intorface t o  support a hard disk drive fo r  GRiD Systems sofware  
c o w r t i b i  lity . 
Tho floppy disk c o n u o l l e r  s o f w u .  is funetiotully ident ical  t o  
thar used on tho I M  K AT and tho controller interface sofware  is 
the sane as tha IBM PC AT a t  the ROH-BIOS 1~01. To d i rec t ly  
access tho floppy disk cont ro l le r ,  r e fe r  to  the I /O reg is te r  
description l a t o r  i n  th fa  ch8pter. 

Floppy Disk Drive Serrico BoPefn. 

Tho RQX-BIOS supports the folloving disk-related functions i n  its 
interrupt  s e n d c e  routine: 

Reset Dirk Drivo Conttoller 
Road Disk Drive S u m  from Last  Operation 
R e a d  D a u  from Desired Sectors Into Kemory 
U r i a  Data from Uemory to  Desired Sectors 
Verify that Disk Sectors are Valid 
Format Desired Track on Disk 
Unused 
Unused 
Road C u r r e n t  Disk Drive Parameters 
Hard Disk Only 
Read DASD Type 
Disk change Line S t a t u s  
Set  DASD Qpa fo r  Format 
Sot Media Type for  Format 

The f o l l w i n g  paragraphs s-rizo the opararion of tho floppy disk 
drive functions. Th. functions that support the hard disk drive 
operation are  described l a t e r  in t h i s  chapter. 



D i s k  Drim Sorrice PootfP. Doseriprioaa ~. 

Tho 80286/80386 Kicroprocessor register iupuu and ourputs-for the 
disk Mvo interrupt seipice routino functions are l i s ted in  th. 
foll- paragraphs. For th. read, vrf ts, and verify functions, 
the contents of registers DS, BX, CX, and DX, are preserved,- and 
register  AL re- the number of sectors acau l ly  read, written. 
or verified. Rogistar AH deternines vhfch function within the 
s e d e e  routine is invoked, while other nicroprocessor registers 
iurthor &fino th. action u, be perfornod. Tho re@ster contents 
u e  specified in ha rub . ch1  (h). Oa ex i t ,  register AH may contain 
an Erxor Cod.. Tho Error Codu u e  l f s u d  folloving tho interrupt 
serrrico rou tho  dascripclolu. 

AE - OOh h s o t  Floppy Dirk Drivo Controllor , I  . '1 

On Exit: 
-, A 3  - Error cod. 
" Curp - 0 (no error) r. 

C u x y  - 1 (error) 

AE - 0 X u d  D i s k  Drivo S u u u  ham kst Opot.+ion 
DE - Hud numbbr (0-1) 
DL - Otlvo nub.+ (0-2) 
CH - Track nrrb.r 80n: For crack .nd seetor valuos, 
CL - Soctor rrmb.r rofer u, T&lo 9-2. 
AL - -or of Sectors to  R u d  
ES:BX - W r y  -baa of doatination buffer 

On mlt: 
AH - S a t u s  from last  disk operation 
Carry - 0 (no error) - 1 (error) 

AE - 008 R u d  Dsu from Dosired Soctora into 
DII - Haad number (0-1) 
DL - Drim d r  (0-2) 
CB - T r u k  rnnbu 
CL - kctor 

'-. , nt - thwbor of soctora to Pud I 

=:Ex - mmrp aarus of dutiruti09 buffer 
On kit: 

& .  AL - 1M.r of uc+ors r u d  
AU - kror cod. 
Curp - 0 (no error) 
Carry - 1 (error) 



Floppy Disk Drive Subsystem 

UI - 0% Write D8u F r a ~  Xaory t o  Dosired Sectors 
D% - Head mtnb.r (0-1) 
DL - Drive nwbor (0-2) 
CH - Track number 
CL - Sector number 
AX. - Number of sectors 
ES:BX - Memory address of source buffer 

On Exit: 
AX. - Number of sectors vri t ten 
AH - Error code 
Carry - 0 (no error) 
C a r r y  - 1 (error) 

sH - 04h V o w  That Disk Sectors &e Valid 
DiI - Haad number (0-1) 
DL - Drive number (0-2) 
CH - Track &r 
CL - Sector number 
AX. - Number of sectors 

on Exit: 
AL - N u m b e r  of sectors verified 
AH - Error cod. 
Cury - 0 (no error) 
Carry - 1 (error) 

UI - 0% Po-t Desired Track oa Dlsk 

ES:BX - Points to Pultfple address fields. 0116 f ie ld  
is required for each sector on the track. Each 
f i e ld  bas four byus d l e d  C. H. R. and 19. The 
bytes con- tha folloving data: 

C - Cy1ind.r Number 
a - Hud mmbu (0-1) 
R - *tor Uu8ber 
N - Phrkr of Bycu'per Seccor 

OOh - 128 bye- 
0th - 256 bytes 
0% - 512 bytes 
03h - 1024 bptcs 

This information is required to  find the requested 
sector during read/vrite access. 

Uh.n formatting a drive that supports more than 
ona media capaciry, the funcciono called by AH - 17h or AH - 18h must be wed to  se t  the 
&sired capacity. I f  tho capacity i s  not set .  
the format operation assumes the maxima 
crpabilfty of the drive. 



DISK-BASK is a so t  of paramour8 required for  floppy 
disk operation. Tb. puamtara  are pointod to by 
tho double word variable called Disk Pointer a t  - 
8bsoluto address 00:78h. 'Roo valuos i n  tho 
DISK-BASE (GLP arid Em) must be changed t o  format a 
specified -din as ~ O ~ ~ O W S :  

Wdi. Drivo GPL EOZ 

The GPL paramotet se ts  the gap length fo r  form8t. 
md tho EOT (End of Track) puuvur s o u  the lo s t  
sector available on the track. When format 
oporationr u o  corpleto, rsrtoro tho p u a m t e r s  to  
thoir dofault valuas as previously l isted.  To 
modify the paramotors permanently. build another 
pumote r  block aud point +o it inatead of to  Disk 
Potator. 

AE - 08h Bud Cur ra t  Disk Drivm Puamoters 
Input llogisur 
DL - Dria Numbor (0-2) 
Output B.(~isters 
Ax-0  
BH-0 
BL - Valid dria typo in CWDS ( B i t s  3-0, B i t s  7-0  - 0) 
Qi - La ordot 8 of 10 b i u  for  muimm numbor of traclu 
CL - High ordor wo b i t s  (7 m d . 6 )  for max. &r of tracks 
DH - Maximum Head Numbor (0-1) 
DL - w r  of Floppy. Disk Drives Installed 
ES:Dl - P o w  to Drivo Parameter table 

Iba follooing condations c.ur. chmgu i n  tho 
C u r r o a t  Disk Drivo Paramstors. 

1. If tho Drivo Numbor is not val id  or tba Drivo 
is not lmOllll and QlQS is not prosoat. 

&f .c t ivm,  or iav8lid thou tho registors AX. 
8X, a. DH, mb ES:Dl a l l  eonuin  0 cmd 
-tor DL co9ufas the number of drias i n  
tho ays-. 

2. If no drivma arb pres.n+, re@sters AX. X, CX, 
DX, and =:Dl  a l l  contain 0,  tho Dislratte 
S t a t u s  is 0,  and the Carry b i t  is reset. 



I 
Floppy Disk Drive Subsystem 

An-Uh l u d D A s D ~  
Output  Registers 

On Rit if C u r y  Flag is not set ;  othcnriS0, en arror 
1111 - 00 Drive not present 

01 Floppy Disk, No change l i m e  available 
02 noppy ~ i s k .  ~hrnge l i m e  .mi1&1e 
03 Reserscd 

DL - Drive Nuaber (0-2) 

~8 - lbh Disk Change Liru Sta- 
output R e g b u r s  
An - 00 Disk aurlge Lie+ not active 

06 Disk Change Lim active and carry b i t  on. 
DL - Drive M r  (0-2) 

On Exit: 
An - Error cod. 
Cury - 0 (no error) 
Cury - 1 (error) 

NOTE: Th. Disk Line Statua is checked vhan che 
media is specified u o-r than 360k bytes. 

Uhn the Disk Chmy. Line is active, the following 
rctioru occur: 

1. Th. program at tonpu to  reset  the Disk Change 
Lim to +h. ia8ctLve stat.. 

2. If the attempt is .uceusiul. the DASD Type for 
Formst (1111 - 17h) L se t  and the Disk Chmge 
Error Cod.  is renunad. 

3. If the attempt fails, the DASD Type for Fo-t 
fs r a t  to a state manlag =dia type is unknown 
ad a rimout Error Cod. i s  ntunmd. 

If the Disk Cbuye Line fs inactive, the Set DASD 
Type for Fozv t  (1111 - 17h) operation is perfornsd. 

AS - 17h Set DUD Type for  ?-t CAB - 5) 
Iaput Registers 
AL - 00 Not Used 

01 360 kB Media  i n  360 kB drive 
02 360 kB Media i n  1.2 I0 drive 
03 1.2 I 0  Media in  1.2 I0 drive 
00 720 k8 Media in 720 k8 drive 

DL - Drive Nwaber (0-2) 
On Exit: 

AH - Error coda 
Curp - 0 (no error) 
Cury - 1 (error) 



Aa - lm Set no& Typo for  F o r ~ t  (A8 - 5) 
xq3ut B.gisura  
Qi - LPV or&r 8 of 10 b i u  for  nu- number of tr&b 
CL - High ordor wo b i t s  (7 and 6) for nu. number of tracks 

md sectors per track (bits  5-0) 
DL - Drive W r  (0-2) 
Output  Regisurs 
AX - OOh md C a r r y  - 0 i f  track/seetor combination is valid 
AH - Olh and Carry - 1 i f  functton is not available 
AH - OCh and Curp - 1 i f  tacorroct track/aoccor combination 
ES:Dl - Pointer to tho p u a m t e r  u b l e  for th. driw that  

suppotu tho b i r d  mdfa  qpo. Tho value is 
urlc&q& if Aw - 0. 

Track and Socror Valrua for Floppy Disk Driva SorrLco Potltfaes 

Track .ad aeeeor values u o  oaurod in mfuogr~oaso r  registers AL. 
QI. .ld CL for  tko floppy a s k  drive sozvieo routiws. Tho values 
to bo eacored u o  dopadant on tho v i t y  of tho modia (floppy 
disluete) ad tb. capability of tho floppy disk drive. Tho values 
required fo r  tho Rud, Wriu. Verify, .nd Format Operations are 
listad in Tablo 9-2.  

Table 9-2.  Tr8ek rPd See- V8lUO8  ............................................................... 
XOdi8 Drim . lb. of Track S e e + ~ r  

cap.ei+~ t a p ~ b i r i t y  8.c- CAL) m. (CB) m. (a) 
-----------------------------*--------------------------------- 



Floppy Disk Drim Subsyseem 

IloQpy Disk Drive s a t e  mchine 

The floppy disk drive s t a t e  machine is located a t  absolute address 
00:90h for drive A:. 40:91h for drive B : ,  and 00:7Bh for drive E:.  
Durfnll execution of ;mp BIOS operation for a floppy disk drive, the 
sate machina for tha applicable disk drive contains the following - 
inform8tion: 

NOR: Tha IBX AT uses absolute address 60:7Bh to 
store the timaout value for a third l ine 
printer port (LPT 3). The LPT 3 port is not 
used by GWMase 1500 Series computers. 

WiA Drive --------------- --------------- 
I t I 6 l 5 1 4 1 3 1 2 1 l l O l  B i t s  --------------- --------------- 

1 1 1 1 1 1 1 1  
I  I  I  I  I I I 1---80TrackCapabiXity ----- 1 1 1 1 1  (Always valid regudless of drive 

1 I 
I  1---Wti&u B.te Format C.p.bfli+p 
I  (Valid when drive is determined) 
I  
I  -- -lrprti&U Rate Capabflity 

(Determined by drive) 

(Refer to tha folloving 
Drive Indicators paragraph.) 

I I---Ifadfa Double Stepping Required 
I  ( V a l i d  vh.a media i s  deterrined) 
I 
I  - - -0.- T r a f e r  Rate 

(Refer to the folloviry data transfer save area paragraph.) 



CBIDCUe 1500 Series Compu-r Technical Reference 

State # U U a e  Ccnp.efbiliw 

To wut. coapaefbflitg with oldor lower capui ty  disk drhns, the 
State H8chfm cenC8iUS the follovfng iaformaeior~ when returned t o  
the caller of the Floppy Dirk Drive BIOS operation: 

--- --- --- ? - -  --- ----------- 
1 7 1 6 l S l 4 l S l Z l l i O l  Uts --- --- --- --- --- ----------- 

I I 1 1 1 1 1 1  - - - - -  1 1 1  --------- 
I I l l  I 
1 1 1 1  I---Resaw S a t e  
I 1 1  1 000 - 360 kB ~ d i a  i n  360 M drive1 
I 1 1  1 001 - 360 kB media f a  1.2 M) drive: 
I 1 1  1 010 - 1.2 M) medfa i n  1.2 M) drive 
I 1 1 1  011 - 360 M ~ d i a  in 360 k8 drive2 
1 1 1 1  100 - 360 M medf.8 in 1.2 LIB drive2 
I 1 1 1  101 - 1.2 HB media in 1.2 LIB drive2 
I 1 1 1  110 - Reserved 
I 1 1  1 Ill - None of Che above 

I I 
I 1 Nee aa established value 
I I 2 ~ s ~ l i s h e d  value 
I I--Rese-d 
I 
I - -Xedh/Drive Ist8blirh.6 

---nouble stepping -ed 
(360 M ~ e d i a  in 1.2 KB drive.) 

I 
I--- Transfer P.u for the Selectad Drive 

00 - 500 kbs 
01 - Rasamed m: The 300 kbs &u transfer race 
10 - 250 kbs is not supported. 
11 - Basermd 



Floppy Disk Drive Subsystem 

ih. Drive Indicators for  drive A: a d  8: aro located a t  absolute 
-8 &0:8R1. Before renunfng. and before translating the Scare 
U8chiaa inforrrtion to  comprtlbility mode, the drive indicator 
i n f o ~ t l o n  is copied from the Su+. Pkehine location to the Drive 
Indlcacors loc8tion. The Drive A: M c a t o r s  r t e  copied into rhe 
l o w s t  four b i t s  and Drive B: indicators are copied into the 
highest four b i t s  of the Drive Indicators location u follovs: 

Drtn 1): Drin A: --------------- --------------- 
I t l 6 l S l 4 l 3 l 2 l l l O I  B l u  --------------- --------------- 

1 1 1 1 1 1  
I I I I I 1--8o'hrc*C.p.bfitty 
1 1 1 1 1  ( A l m y .  valid reg8rdless of drive - 
1 1 1 1 1  
I I 1 I I - - -nul t ldAt8 h t e  P-t Copbility 
1 1 1 1  (Valid when drive is determined) 
1 1 1 1  
I I I I ---lhlti&t8 b t e  CapbUity 
1 1 1  (Detemfrud by drive) 
I l l  
I I I---PI.-d 
I I 
I l--80Tr8ckc8p.b111+J 
I (Alv8y-s v8lid regudless of drive- 
I 
I---mLtldA.u Rate torvt C.p.billty 

(Valid ub.9 drive is detarrined) 
I I 
I I---Ihlt1d.u b U  C.p .b l l i e  
I (Dotermined by drive) 

Tho Drive Indicators for drive E: u e  l o u t a d  a t  absolute address 
40:A6h. Ih. drive E: Mve indicator eontenu and operation are 
id.n+ical to  drive A:. 



The &a tramsfor race save area is located a t  absolute address 
00:SBh md contains the Dau Transfer Rate infornation as follows: 

------- ------- ------- --- --- 
1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1  B i t s  ------- ------- ------- --- --- 

1 1 1 1 1 1 1 1  
I I I I I I I I--Dri-ad.p+arTyp. -----  -----  - - - - -  I 0 - Single Drive Adapter 

I I I I 1 - Multiple Drive Adater 
I I I I 
I 1 I I - - -P.sbmd 
I Buermd / 
1 I---DaU U t e  Th.t 
1 tho Operatiat S-ed fn 
I 00 - 500 kbs 
I 01 - Buerrrad 
1 10 - 250 kbs 
1 11 - B.se r w d  
I 
\---US+ 0.- b.01fu &to 

S a t  t o  th. Coatroller 
00 - 500 kbs 
01 - Roserrrcld U r n :  Tha 300 kbs data t r a u f e r  
10 - 250 kbs rato is not supported by the 
11 - Basemmd GPiDCue 1500 Series computers. 
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Floppy Di.k Driw Serrice Routine Error Codes 

The floppy disk drive serrrice routinas, on exit.  may return an 
error code in microprocessor register AH. B i t  defiaitfonr for the 
&bi t  register are given i n  the folloving description. 

Ihe appropriate response t o  aa error code is to reset the Disk 
Drive Controller aad then re- &e operation. Since no motor 
sfxrt delays are taken for a read operation. three re t r ies  are 
required on a read operation to  ansure that the rotor s t a r t  did not 
cause the error. 

--- --- --- --- --------------- 
I t l 6 l S l 4 1 3 1 2 l l l O l B i t s  --- --- --- --- --------------- 

l l i l l l l l  1 1 1 1  ------------- 
l l l l  I 
1 1 1 1  I -Error Byte 
1 1 1 1  OOO1 - Bad Co- 
1 1 1 1  0010 -Address Uuk Not Fouud 
1 1 1 1  0011 - Vrito Protected Diskette 
1 1 1 1  0100 - Sector Not Found 
l l l l  lo00 - Dl4A Overrun 
1 1 1 1  1001 - DPU Attempted war  64k byte 
1 1 1 1  ba=d=Y 
1 1 1 1  
I I I I -Cyclic BB- Cluck (CBC) Error 
1 1 1  0 -Not CBC Error 
I l l  1 - I d i d  CBC 
I l l  
I I 1-control- 
I I 0 - Not C49tr01 Error 
I I 1 - Con+rol Faflure 
I I 
( 1-S..kErrar 
I 0 - N o t  S8.L Error 
I 1 - k.k Failure 
I 
I -Attach trmr 

0 - No A t d e d  External Drive Error 
1 - Acuchad Drive Failure 



Floppy Disk Drim CoPfigruation 

In the n u n d u d  configuration. the GRiDCase 1500 Series computer 
intarxu1 floppy disk drives are & s i p r e d  as drive A: i n  the upper 
position and drive B: i n  the lower position. The external floppy 
disk drive designation depends upon its address switch se t t ings  and 
on the number of internal floppy disk drives installed. For the 
address switch set t ings re fe r  t o  the GRiCose 1500 Series Ovner's 
makid. T b  external drive designations based on the rrunber of 
incanu l  floppy disk drives are u follovs: 

The 1/0 regiscars loucad  a t  addresses 379h and 37Ah us  used to 
&t.miru the configuration and operating characteristics of the 
external floppy disk drive rr follovs: 

1/0 Address 

37% (lit 0) 

37% ( B i t  2) 

h e t h  

Extarnal Disk Drive Address 
0 - E x t a d  Drive is A: 
1 - Extarsil D r i v e  is B: or E: 
External Floppy Disk Drive Type 
0 - 5.25-inch 
1 - 3.5-fadl 

37M (Bit 5) k u d  Floppy Disk Drive Attrched 
0 - E x t e m J  Drive 
1 - No E x u d  Drive 

37Ah (Bit 6) Extorrul Bukup Tape Drive Atuched 
0 - Ext.nul Tape Drive 
1 - No External Tape Drive 

37Ah ( B i t  7) E.+.rarl Hi* f r i t p  Drin Attached 
0 - E x c a d  Drive i s  High Densitg 
1 - External Drive is Nornal Deasiry 

Ron: 'Ib. ourput of regis ter  37Ah is inverted so that 
s '0' i n  my b i t  position send a "I' t o  tho 
nicroprocassor. 



Floppy Disk Drive Subsystem 

Th. floppy d isk  drive configuration is a lso  indicated by the RON- 
BIOS Equipment Check Service Routine. The service routine invoked 
v i a  in t e r rup t  ZKT l l h  returns a 16-bi t  word t o  microprocessor 
r e g i s t e r  AX. Register AX b i t s  0, 6,  and 7 provide floppy disk 
driva scatus information as follows: 

Register 
AX B i t s  

0 
Description 

Floppy Disk Drive (FDD) Ident i f ie r  
0 - No FDD Instal led 
1 - FDD(s) Instal led 
Number of  FDD(s) Instal led 
0 0 - l m D  
0 1 - 2 -  
1 0 - 3 m D s  
I 1 - Resemed 

There are a l so  two BIOS Subsystem Functions that a f f e c t  the Floppy 
Disk Drive Subsystem configuration. These subsystem functions are  
accessible through interrupt  lSh, and a r e  used to  determine the 
external  floppy d isk  drive d e s i g n ~ t i o n  and t o  check f o r  a Backup 
Tape U n i t  (Pouch Tape) i n  the disk drive subsysten. Refer to  
Chapter 3 f o r  a description of the BIOS Subsystem Functions. 

Floppy Disk Controller InteIface 

I lm uPD72065 Floppy Disk Controller (FW) is ured by the GRiDCase 
1500 Ser ies  computer t o  support oparationr of both the 3.5-inch 
in te rna l  drives and t o  provide the interface t o  an external drive. 
The FDC provides four 1/0 r eg i s t e r s  that are  used t o  monitor and 
control  a11 .of th. floppy disk drive operations. The 1/0 regis ters  
ured t o  support dr ive operatiom are:  

3F2h Digi ta l  Output Register (Write Only) 
3Fkh Main S t a t u s  Register (Read Only) 
3FSh Floppy Disk Data Register (Readpri te)  
3F7h Digi ta l  Input Register (Read) or 

Floppy Disk Control Register (Write) 

To maintain compatibility v i t h  the IBn PC AT, the four reg is te rs  a t  
1/0 addresses 3F2h. 3Fkh. 3F%, and 3F7h are  used t o  handle 
requests f o r  al l  d isk  drives i n  the system. Since only one drive 
can be act ive a t  a t he ,  the same s e t  of reg is te rs  is used for  a l l  
floppy d isk  drives i n  the system. D a t a  contained v i th in  the 
r eg i s t e r s  deternine which drive is addressed and the operation t o  
be perfomad. A description of each FDC 1/0 regis ters  is provided 
i n  the following paragraphs. 
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Tho Digit.1 Output register  (3F2h) is an 8-bit,  write-only register 
tbt controls the drive, drive motor, and special feature 
selecrion. B i t  definftions for the register are as follovs: 

------- --- --- --- --- --- --- 
1 7 1 6 l S 1 4 1 3 1 2 1 1 1 0 l  B i t s  ------- --- --- --- --- --- --- 

I 1 1 1 1 1 1 1  
I I I I I I - - - - -  
l l l l l l  I - - - - - - -hive  w b l e  
1 1 1 1 1 1  00 - Drive A: enabled 
1 1 1 1 1 1  01 - Drive B: enabled 
I 1 1 1 1 1  10 - Drive E: enabled 
1 1 1 1 1 1  11 - Not Applicable 
1 1 1 1 1 1  

I I I I ~ - - - F D C b . . t  
1 1 1 1 1  0 - Reset FDC 
1 1 1 1 1  1 - Enrble mc 
1 1 1 1 1  
I 1 I I ~ - - - m 8 b l e I n ~ t m d D M A  
1 1 1 1  0 - Interrupt and DHA not enabled 
1 1  1 1  1 - Earble IRQ6 and DHA Cbumal2 
1 - - - - - - - - 
I I -------&tor Enable 
I 000 - No drive rotors enabled 
I 001 - Drivo A: Rotor enabled 
I 010 - Drive 1): %tor d l e d  
I 011 - Invrlid 
I 100 - Drive E: Hotor enabled 
I 101 - Invalid 
I 110 - Invalid 
I 111 - I d i d  



Floppy Disk Drive Subsystem 

Tho Wlla Status Register (3F4h) is an 8-bit read-only register that 
con+riru the status information to support the transfer of data 
bennen the FM; and microprocessor. The Hain S t a n t .  register can 
bo accossed a t  any t h o .  B i t  definftioar for th. register are as 
f o l l ~ :  

--- --- --- --- ------- --- --- 
1 7 1 6 1 5 1 4 1 3 1 2 1 1 1 0 1  ~ i t s  --- --- --- --- ------- --- *--  

1 1 1 1 1 1 1 1  
I I I 1 - - - - -  1 1 --Drive A: In Seek Xode 
1 1 1 1  I I 0 - Not in  Seek mode 
I I I I Reserved I 1 - In  Seek Hob 
1 1 1 1  I 
1 1 1 1  [---Drive B: or E: In Seok Uodo 
1 1 1 1  0 - Not in  Seek mdo 
1 1  1 1  1 - In  Seek mode 
1 1 1 1  
1 I I I - - - F M : B o l f  
1 1  1 0 -Not Busy 
I I I 1 - FDC is perforning a read or v r i t e  operation 
I I I 

I ~---IOPDUI40& 
I 0 - FDC is fn DPIA mode 
1 1 - FDC is ax.cuting a nonMA mode operation 
I 
I---Data Input or Orttpne 

0 - Data Transfer from microprocessor to FDC (Output) 
1 - Data Transfer from FDC to nicroprocessor (Input) 

---B.qp.st for a s t o r  
0 - No Request is Active 
1 - D a t a  Register (3FSh) is ready to  send or receive data. 

Bita 6 uid  7 along vith b i t  0 or 1 perform the handshake 
function# for 'Rauiy for D a t a .  and 'Direction of 
Truuf or. ' 

P l o p m  Disk D a t a  RogLster (3FSh) 

Tho Floppy Disk Data registar (3F5h) is on 8-bit read and vri te 
buffor. D a t a  buffsring occurs as c o m b ,  at., and result 
i n f o ~ t f o n  transfers i n  either direction bemeen tha FDC and the 
80286/80386 nicroproeessor. Prior t o  each data transfer. a series 
of c e d  bytes u e  vr i t ten  through tha buffer. And, following 
eaeh d8ta t r u u f e r ,  a series of S t a N  bytes are re& through che 
s- buffar. B i t s  6, 7. and 0 or 1 fn the Hain S t a t u s  register 
(3F4h) are used to sequence the transfer of data bytes through the 
Floppy Disk Data register. The data traruferred through the Floppy 
Disk Data register is described in  subsequent paragraphs under 
R o g z d n g  the Floppy Disk Controller. 
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Pipi t81 *t/?loppy Disk Control Register (3F7h) 

The r e g b u r  a t  1/0 address 3F7h is an 8-bi t  dul-purpose ;egister 
v i t h  its purpose depending upon whether a read or a write operation 
is being performed. During a read operation, the regis ter  is a 
Digit.1 Input reg i s t e r  used for diagnostic purposes. A s  a Digital  
Input r eg i s t e r .  b i t s  6 chrough 0 are reserved for hard disk 
appl icat ions and b i t  7 only is used t o  indicate Floppy Disk Change 
a s  fol lovs:  

B i t  7 

0 - Disk Change Line is not act ive 
1 - Disk Change Ilru is active.  The Disk Change Line is 

checked when the specified ~ d i a  is not 360k bytes. 

During a v r i t e  operation, the  r eg i s t e r  a t  1/0 address 3F7h is a 
Floppy Disk Control Register. As a Floppy Disk Control reg is te r ,  
b i t  7 through 2 a re  resenwd .nb b i t s  1 and 0 are used t o  se l ec t  
th. media densicy and tb. &to t ransfer  r a t e  i n  B i t s  Per Second 
(bps). Th. media densi ty  &to t ransfer  races are aa follovs: 

sits 
1 0 

Normal 
Normal 
H i e h  
H i e h  

500k bps 
Noc Supported 
250k bps 
I m a l f  d 

A m :  The 30- bps &ta t ransfer  rat. ( b i t s  1. 0 - 
01) is not supported on the CRlDCaie I500 
Series computers. 

Progr- the uPD72065 Floppy Disk Controller (FDC) 

If tb. BOLI-BIOS f. no+ used fo r  floppy disk operations, the 
uPD72065 FDC can be d i r e c t l y  recessed through the 1/0 regis ters .  
The FDC ha8 cvo reg is te rs  that are accessed by the 80286/80386 
Uicroprocessor. The Hain Scacus Register (3F4h) provides 
information about th. a c t i v i t i e s  of  the floppy disk drives and of 
ths FDC. The Diskatta Data Register (3F5h) provides an 8 -b i t  
buffar f o r  t ransferr ing daca, c-, and status informscion 
through th. FDC t o  the mferoprocessor o r  disk drive. Both of these 
I/O r eg i s t e r s  were previously described. 

lhny FDC c o d  require that the contents of tha Kain Statup 
r eg i s t e r  ba read pr ior  t o  each byte of the multibyte command 
sequence t o  determine i f  the FDC is ready t o  receive the next byte. 
Therefore, b i t s  7 and 0 o r  1 of the Kafn Status reg is te r  perform a 
~~ function t o  inplenent a software interface between the 
microprocessor and the FDC. 



Floppy Disk D r i a  Subayste 

I n  addition to the Hain S u n u  regi i ter ,  there are four C o m  
S u a u  rbgiscers (SX). STl. SI2, and ST3). Ruse Command S t a w  
registers  are accessed through the prop-d comand operations 
and refurn Laformation about c o d  eucurion. The C o d  Status 
registers  are described following the command deseriptiom. 

The FDC prwidoa 1 6  different prosrammed corn. The commands 
rra in i t i a ted  by a mulctbyte t rms fe r  from th. microprocessor 
through +h. Floppy Dbk D a u  Register (3Fm). Each c m  has 
three phases u follotn: 

1. C o m s n d  p h u e  

I n  th. C o l l u d  phue,  tha microprocessor 
in i t fa tes  a e m  by ~ i t i n g  a specifted 
seqwac. of by+.. to  the FDC. 

2. Eucutian phue  

After a11 of the required e m  bytes have 
been sent t o  the FM;, i t  ptocmeda t o  the 
Recutfon phue where the operatiorta specified 
by th. c e  ara axeeuted. No attention to 
o r  supervision of t& FDC i s  required during 
eh. boeut ioa  phue.  

3. Ranrlt phue  

Uba mucution is complete, the FDC encars the 
Ranrlt phue  aad the microproeeraor then reads 
a ser ies  of b p s  back from the E'DC t o  obtain 
sums iaforrr t ion .bout the operatioas jut 
perforud. Su tua  informaelon fo r  the s e  
1s rud frem S u a u  re&stars ST0 
-@a m through the floppy Disk Dau 
Ragister (3F5h). 

Tablo 9-3 l i s t a  each of the 16 c o d  supported by the FDC and 
Table 9-0 &fines each FDC c o b  i n  the same sequence chat che 
c e  are l i s t ed  in  Table 9-3. In Table 9-0. r 1 wana a 
l o g i d  '1' for  th+ b i t ,  a 0 indicates logical "Om, and an X means 
' d o n ' t  cue: Table 9-5 lists the abbrevirtiona chat are used in  
the c o d  definitions. 



Table 9-3.  flop^^ Disk Cont ro l l~ r  C-d. ------------------------------------------------------------------- 
C4.und . 

Comaad 8.n. Code Description ------------------------------------------------------------------- 
Read Data x6h Transfer data from the FDC t o  the 

microprocessor 

b a d  Deleted Dam xEh Transfer deleced data from the mC 
t o  the microprocessor 

Write Dam x5h Transfer data t o  the FM: from the 
microprocessor 

Vrite Deleted Data 09h 

R e a d  ID 

Reul a Track 

Transfer deleted data t o  the FDC 
from the microprocessor 

xab Store tho f i r s t  correct I D  on the 
cylinder in  the data register  

x2h Bald contents of cylinder from 
indu hole to EOf 

Scan E q u ~ l  1% 

Scan Lcw o r  E q u a l  19h 

Coqare data becueon FDC and 
nicroprocessor 

Coopare data between FDC and 
microprocessor 

Scan High or Equol 1Dh C o q u *  dam between FDC and 
mlcroprocesaor 

F o ~ t  a Track x(b FDC f o r r u m a n  ent i re  cylinder 

Recalibrate x7h B.tr.ct head t o  track 0 

Sense In temtpt  xllh Dotarmino tho czuse of an interrupt 
s t a w  

Seek 

Sat head load t h o  and drive step- 
ping ra te  

Bead drive s t a h u  from Command 
Status register  ST3 

Mope head t o  new cylinder 

Invalid - -  - Any CO-d coda not l i s t ed  in  th is  
d l * .  ................................................................... 
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T a b l a  9-4. F l w  Dfsk Concroll~r (FDC) CorrPd D a f i n f t i o r u  ................................................................... 
DATA BUS 

WM RjO D7 06 DS D4 03 02 D l  DO w ................................................................... 
Bud Dau Com8ad (x6h) 

M S K O  0 1 1  0 C o d  
X X X X HD US1 US0 Codes 
Cylinder H d e r  (C) Sector I D  
Head (on) (HI inf oxmation 
Sector (R) before c o d  
Number of Bytes (N) execution. 
End of Track (EOT) 
G.0 - (m) 
Data Length (mu 

Result R Scatus Register ST0 
R Status Register ST1 
B Scatus R e g b u r  ST2 
R C 
R n 
R R 
R N 

co- w KT 
w X 
V 
w 
V 
V 
V 
V 
V 

D a u  transfer 
fron FDC t o  
microprocessor 

sums infoma- 
t ion af ter  eom- 
nmd exacucion. 
Sector I D  
information 
r f ter  c-d 
axecuti on. 

M S K O  1 1  0 0 C m  
X x X X HD US1 US0 Codes 
Cylinder 1Sunb.r (C) Sector I D  
flud (On) (HI infomati  on 
Sector (R) before c m  
Number of B p s  (N) execution. 
End o f  Track (EOT) 

Data Iurgch 

Result R Su tus  Register ST0 
R S a c u s  Register ST1 
R S t a h u  Register ST2 
R C 

D a t a  transfer 
fron FDC to 
microprocessor 

s u w  inforrm- 
cion af ter  com- 
mand execution. 
Sector I D  
informti  on 
afcer co-d 
execution. 
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Table 9-4. Floppy Disk Conttollar (FDC) C-d 
Dofinitions (ContFnrrad) ................................................................... 

DATA BUS 
m E  B/U D? D6 DS D* 03 D2 D l  DO REURKS .................................................................. 

Execution 

m 0 0 0 1 0 1  
X X X X HD US1 us0 
Cylinder w r  (C) 
~.rd (OIL) ce) 
Sector (a) 
Number  of Bytes. (N) 
End of Track (Em) 
GPe Length (GPL) 
Data Length (Dm) 

Result R Status Register ST0 
R Status Register ST1 
F. Status Register ST2 
R C 
R H 
R R 
R N 

C o d  w m 
w X 
w 
w 
w 
w 
w 
w 
w 

W P O O 1 0 0 1  
X X X X HD us1 us0 
Cylindor Nvmbor (C) 
Haad (O/l) (HI 
Soctor (F.1 
Phnbar of Bytes (N) 
Ead of Trrdc (EOT) 
Gap Length (GPL) 
Dam Lsngth (Dn) 

R o d t  B - Status Register ST0 
R Status Register S f l  
R Status Register ST2 
F. C 
R H 
R R 
R N 

C o d  
Cod.s 
Sector I D  
i n f  ormati on 
before coPnond 
execution. 

Data transfer 
to EDC from 
microprocessor 

Statur inforna- 
tion after  com- 
amd axecutton. 
Sector I D  
inforut ion 
a f te r  co-d 
execution. 

co- 
codes 
Sector I D  
information 
bofore co-d 
axscution. 

Data transfer 
t o  FDC from 
microprocessor 

Status info&- 
tion after  com- 
mand execution. 
Sector I D  
infornation 
a f te r  co-d 
exocut ion. 
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Table 9-4. Floppy Disk Controller (FDC) Comaad 
arinitioat (con+inolrd) ................................................................... 

DATA BUS 
PEAS2 R/V 07 06 DS D4 D3 D2 D l  DO EnU8XS 
-----------------------------------------*------------------------- 

B u d  I D  C-d (-1 

c- ~ o m o o l o l o  Colpnurd 
V X x X X X W USlUSO Codes 

Statua Register ST0 
SUN. Register ST1 
S t a w  Register ST2 
C 
H 
R 
N 

Read a Track Comead (x2h) 

C o m  V 0 P I F S K O  0 0 0 
V X X X X X XD US1 US0 
V Cylinder Number (C) 
w mad (O/l) (H) 
V Sector (R) 
V Nmber of Bytes (I) 
W Hnd of Track (BIT) 
V (;.p I-S* (CPL) 
V Dau bryh (m) 

R S u w  Register ST0 
R S t a t u s  Register ST1 
R S u w  Register ST2 
R C 
R H 
R R 
R N 

Store f i r s t  
correct I D  on 
cylinder i n  
dau register. 

Status informa- 
tion af ter  com- 
maad execution. 
Sector I D  
information 
a f te r  c o m  
axacution. 

c- 
Code r  
Sector ID 
inform8tion 
before c w  
execution. 

Data tranrfer 
from disk to  
m. thamc 
raads contents 
of cylinder 
from index hole 
to  EOT. 

SUcw informa- 
tion af ter  com- 
nand execurion. 
Sector ID 
information 
a f te r  comarid 
execution. 



CBLDCU. 1500 Series Computer Teehnicrl Reference 

Tab10 9-4. PI- DUk CwrroLler (?DC) C-d 
hfint+imla (Cootinrud) ................................................................... 

DATA Bus 
PHASE B f l D 7  06 DS DO 03 02 Dl DO BElLlppL ................................................................... 

m s K 1  0 0 0 1 command 
X X X X HD US1 US0 Codes 
Cy1iod.r Nvmber (C) Sector ID 
Bead (0/1) (H) infomation 
Sector el before connmd 
Nrnbar of B y t e s  (1) execution. 
Endof Track (EOT) 
G.p b a r n  (GPt) 
Scm T e s t  (m) 

IL..ult R Status Registar ST0 
R Status Registar STl 
R Status Registar ST2 
R C 
R B 
R R 
R N 

k l F s K 1 1 0  0 1 
x x x x n~ m i  uso 
Cyliader (C) 
Hud ( o n )  (W 
Sector (R) 
m e t  of By+rs (N) 
E d  of Track (EOT) 
(;.p (GK) 
Scm Test (S-1 

Result R Status Register ST0 
R Status Register STl 
R S t 8 U  Register ST2 
R C 
R H 
R R 
R N 

Coneare data 
batvean FDC and 
nicroprocessor 

c- 
Codes 
Sector ID 
i nfoxmation 
before eonnaad 
uacutf  on. 

Conpue data 
betvaen FDC and 
microprocessor 

S t a M  info-- 
t ioa a f te r  COO- 

lurid execution. 
Sector I D  
information 
lftcr coplnmd 
execution. 
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Table 9-4. Floppy Disk Controller (mc) CollP.nd 
D.finL+ioru (Cootixitwd) ................................................................... 

DATA BVS 
PBUZ R/P D7 06 D5 D4 D 3  02 D l  DO RDfAErS 
--------------------------------------------------*---------------- 

Sera Efgh or Equal C m  (1Dh) 

Execution 

M F S K 1  1 1  0 1 C e d  
X X X X HD USlUSO Codes 
Cylinder N-er (C) Sector I D  
Ha~d  (O/l) (HI infomation 
Sector (a) before col~aurd 
Ntmber of Bytes (N) execution. 
End of Track (EOT) 
c.p (a) 
S u n  T e s t  (SnPP) 

Result R S u w  Register ST0 
R S u h u  Regisur STl 
R S u h u  Regiseer ST2 
R C 
R H 
R R 
R N 

co- u o u ? o 0 1 1 o o  
U X X X x X HDUSlVSO 

'U  Nt&or of B y u s  (N) 
V S r t o r s  per Cylinder (SC) 
V w brig* (a) 
U Dau to  be Uritten (D) 

Ra8dt R S u w  Register ST0 
R S u w  Register STl 
R S u w  Register ST2 
B C 
R H 
R R 
R N 

compue dau 
beween FDC and 
microprocessor 

sums informa- 
tion after cm- 
maad execution. 
Sector I D  

- information 
&tar c o d  
execution. 

Comaad 
Cod.. 

P3S f o m u  an 
entire cylinder 

sunu info-- 
t ioa af ter  corn- 
maad ax.cution. 
Sector I D  
information 
after co-d 
execution. 



Tabla 0-4. Floppy Disk Coatr011.r (FDCI m d  
Wf  tnftfaas (Cont$mmd)  

btracts head 
t o  track 0 .  

Detataiae cause 
of an inutmc 

Stt herd load 
rime and drive 
stepping raze 

B+rd drttt* 
status from 
register ST3 

S t a t u s  info 
about drive. 

S u n i s  Register ST3 
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Tablo 9-4 .  Flopyy Disk Cootroller (PDG) Collurd 
a r t n i t i o r u  (C~n+hu.d) ................................................................... 

DATA Bus 
PBISI P/P 07 D6 DS D4 D3 02 D l  DO Rmf4BXS ................................................................... 
Seek (xFh) - W O O O O l l l l  Connurd 

w X X x X x M) us1 us0 
W Nev Cylinder N u m b e r  

Eucution nOPC bad to 
nev cylinder. 

No Result 

Any Inorlid Codes Command W Any command 
code not listed 
i n  Table 9-3. 

Exacution FDC goes to 
sundby mode. 

R o d t  B S t a t u s  Rogistor ST0 C o n u i a r  Soh ................................................................... 
Table 9 - 5 .  PDG -d Dofiaitioa Abbr.Pi.tiana ................................................................... 

Abbr Bur Doreriptian ................................................................... 
C  Cy1ind.r Contafaa the current or selected 

Rwber cylinder armbar i n  binary notation. 

Data Contains tho &ta pattern to  be 
vr1tt.n to a sector. 

DTL Data uh.n M - 00. DTL indicams tho length 
w of data to  be red out of or written 

into rhe seetor. 

EQI End of 'Ih. last sector number on a cylinder. 
Track 

GPL Gap Length Tha length of the space betveen sectors, 
excluding VCO syoc f ield.  

H or HD Head Number 'Ih. selected bad nurPbar, 0 or 1. 

LII3 Head Load Load tina for drive as follows: 
T h o  For 360k byto drive, 4 t o  512 ms i n  

4 8s incremenu. 
For 1.B Lyte drive, 2 t o  256 ms in 
2 ms increments. 
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Table 9-3. FDC Covnd DefiPf+ioa & b r a t -  (Cont+md) ................................................................... 
Abbr Name Doscript ion 

-_--------------------------------------------------------------*-- 

Hm Head Unload Unload tho af te r  read or write: 
T h o  For 360k byte drive, 0 to  680 aa in 

32 aa incremonu. 
For 1.2k byte drive, 0 to 240 ma i n  
16 0s increments. 

WF RI or KE?l nodo selected: 0 - RI. 1 - PIRI 
KT Multitrack A "1' selects multitrack oparation to  

read or v r i t e  a cylfnder under both 
hsrd. (0 md 1) at once. 

N M r  of Th. nunbar of bytes written in a sector: 
bytes par OOh - 128 bytes 
soccer Olh - 256 b p s  

02h - 512 bytes 
0% - 1024 bytes 

ND Noudata Indlutos  a nond.u 0064 operation. 

lw Readfirita Read (R) or Write (0) oporatfon. 

SK Skip A '1. fndiu tes  skip &latod-data addroar 
mrk. 

SIU S t o p  Rate Provl&s four-bits to  Indicate tho drive 
stopping t a u  a8 follarn: 
*-tit Driva stepping Bat. 
V U u o  36OL/fZOk 1.2M/l.4411 byte 
1111 2 M I m 
1110 4- 2 ma 
1101 6 1. 3 ma 

523 S u n  Test If I, SD e v e 8  data in contigwua 
soccors w i t h  &ta sent by tho micro- 
procusor during tho scan operation. 
I f  2. Sl'P rud. and coapares data i n  
.lt.nlat. seetionr. 

m. Uait Select Selectod &la number encodod the samo as 
US1 b i t s  0. 1 b i u  0 md 1 of tho D i g i t a l  Out reg (3F2h) 

VCO Voltage The VCO provides 1 rroniP.1 2.0 W output. 
Controlled The VCO frequency ineraasas when a high- 
Oscillator d o ~ i t y  disk is inserted i n  tha drive., and 

docreuer w b a  a n o d  density disk is 
Lnsarted in tho drive. Tha VCO OU-t is 
uaod in  the data recovery c i rcuf t  to  syn- 
chronire tho d.ta and speed up r i se  tines. ............................................................... 



Floppy Disk Drive Subsystem 

FDC -d Sutua Registers 

In d d i t i o n  to the Main Stanrs Register that vaa prevfously 
described, there are four Co- Status Registers that  return 
status informarion after  a command has been executed. The Command 
Status Registers (STO, ST1. ST2, ST3) are examined only during the 
c-d result phase after  a command has been successfully 
coqletad. The C o d  Status registers provide additional 
information .bout the oporatioru C h a t  occurred during command 
execution. The Result Pluse of each co-d in Table 9-4 indicates 
vhich regisrers are available for examination a t  1/0 address 3F5h 
af ter  each co-. T a b l u  9-6 through 9 - 9  define the contents of 
the four Command Status Registers. 

Table 9-6 .  PDC w d  Sutua Registor (STO) ------- --- --- --- ------- 
1 7 1 6 1 5 1 4 1 3 1 2 1 l l O l  B i t s  ------- --- --- --- --- ------- 

I I 1 1 1 1 1 1  -----  L I I I -----  
I 1 1 1 1  I ---Vnft Select B i t s  (USl. U S O )  
I 1 1 1 1  Indicates the drive selected a t  
I I I I I  interrupt as follovs: 
I 1 1 1 1  0 0  - Drive A: 
1 l l l i  0  1 - Drive B: 
1 1 1 1 1  1 0  - Drive E: 
I 1 1 1 1  1 1 - Unused 
I I I I I  
I I I I I - - - a d  Address (ED) 
I I I I 0 - Hod 0 selected a t  interrupt 
I 1 1 1  1 - t l ad  1 selected a t  interrupt 
I I l l  
I I I I ----  .u* Flag 
I I I 0 - Drim L. ready to  accept data 
I I I 1 - A Fbad o r  Yrfte co-d was issued 
I 1 I vhsn the drive vaa not ready. 

I I 
1 I ---Equipment Check Flag 
I 0 - Normal operation 
I 1 - The drive sent a faul t  signal or the Track 0 
I sign81 did not occur i n  Recalibrate command 
I af ter  77 step pulses. 
I 

I 1---Seok End Flag 
I 0 - Seek c o d  in  process 
I 1 - Seek c m  c o g l o t s  
I 
1---Into-t Code 

0 0 - Normal termination of comaand 
0 1 - Abrupt termination of command, incomplete execution 
1 0 - Invalid co- vaa issued, execution was not begun 
1 1 - Abnormal texmfnation be-a disk drive READY sigma1 

changed states during c o m  execution 



. . .  .. , , 
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L ;  .:. 
I l l  , ! ' , :.. 
1 1 I --Hidsing Address Msrk , $,. 

~, ,. , -; .. . 

1 I 0 - Normal operation I ::: .! -*. 
' I  I  1 - NO ID address marl; v u  i&'t=ct- 
I I ed (Bit 0 of ST2 is atso set )  
i i 
I  I ---Hot Oriublo  
I 0 - N o d  operation ' 
I 1 - A Write Protect signal v u  
I received during a write, v r i te  
1 doletod &a, or formst r track 
I  c-. 
I  
1---SO DaU 

0 - N o m l  Operation 
1 - A sector specfffed in  the I D  register 

v u  mt found during a subsequent . rud &a. vr i te  deleted dau, or a 
,7 . sun c-. O r ,  during a Read ID. 

tho I D  t io ld  c~lnot  be r e d  without ,, m error, or th. starting sector cur- 

not be fotrad uhfle executing a bad 
Cylinder copund. - 

1 1 1 1 1  
I  I  I I  1 ---UOt Uw,, . . ! Al-1. . rr ,Sat , to 0 
1 1 1 1  ! 

I  I  I I---- , I. "dS$ ' - 

1 1  1 0 - Normal op.rac%on 
I  I I 1 - ~ h .  FDC ru mt sorrriced by tha micropro- 
I  I  1 : - . . ,  . ~' c-r vithia a certain tima l i m i t  WlPp I I I . .. . :. data aansfer .  

1 1 1  
, +..! 7 ;.:, *3,.J :>* * 

1 I  I---Data ttror . ~- 

I  I  0 0 0gu8tbE 
1 I  1 - T b  FDC dotecud a CPC error in eithcr 
I  I tho - I D  - or &a - - fiold. - - - - - - 
-77--- . , .  .: 

I I---- Uabd. Al- Sat  to 0." .L 
i . . , . .  .., . . .  . I---- of Gy1ind.r hi .i ,: . : , . .  , , . .  0 - Uornil 0p.r.tion . . ,  . 

1 - ~h ~ . d  to .ccoaa a 'setor b i w  
tho last sector of + cylinder. li ( 2 .  3 r  
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Tab10 9-8. FDC CorP.nd Sutua Sapistor ( S T Z )  --- --- --- --- --- --- --- 
1 7 1 6 1 3 1 4 l 3 l Z l l l O l  Bits --- --- --- --- --- --- --- --- 

1 1 1 1 1 1 1 1  
I I I I I I I 1--Ussing Data Field Address Hark 
1 1 1 1 1 1 1  0 - Normal operation 
1 1 1 1 1 1 1  1 - T h o  FDC carmot find a data 
1 \ 1 1 / 1 1  address mark or deleted dam 
1 1 1 1 1 1 1  address mark vhen reading data 
1 1 1 1 1 1 1  from the disk. 

1 1  1 
I l l  
I l l  
I l l  
I l l  

1 1  1 
I I I ---Bad Cy1ind.r Flag 
I I 0 - Normal operation 
I I 1  - The cylindor number read from the 
I I disk differs fron that stored in 
I I tho ID register and the cylinder 
I 1 numbor is FFh. See STl ,  Bit 2 
I I 
I I ---Sa Boc ktitfiod 
I 0 - Normal operation 
I 1 - Tho FDC earmot find a sactor on the 
1 cylinder that moots the conditions 
I spocifiod in the scan c e .  

1 1 1 1 1  
I 1 I I.I---s-Eqrul=t 
I l l 1  0 -no &tA=tch fottnd. 
1 1 1 1  1 - Tho contiguous sector data-matches the 
1 1 1 1  &u from the microprocessor during 
1 1 1 1  uucution of tho scan copmand. 
1 1 1 1  
1 I I I -- -FIraq Cylindor Flap 
1 1 1  0 - N o d  oporatioa 
1 1 1  1 - Tho content. of tho sector ID on the disk do 
1 1 1  not vtch tho cyliador numbor stored in the 
1 1 1  ID registor. Soe STl. Bit 2. 
1 1 1  
I I l---&.UkrarinO.UFL.ld 
I I 0  - N o d  operation 
I I 1 - Tho FDC Qcected a CBC error in a data field. 
I I 
I I ---control lhrk Flap 
I 0 - Noxmal oporation 
I 1 - The FDC encountered a sector containing a deleted 
1 &a addross mark during execution of a Read Data or 
1 Scan e m .  
I 
/---Not Used. Always Sat to 0 



9-9. FDC c4una S t a n u  P.gi8t.r (ST3) --- --- --- --- --. -*- --- --- 
I 7 l 6 l 5 l 4 l 3 l 2 l l l O l  B i t 8  --- --- --- --- --- --- --- --- 

I I - I I I I I I  
I I I I I I I I - -Ua i tSe loe tOFl~g  
1 1 1 1 1 1 1  O - Dhk drive .unit 0 select' 
1 1 1 1 1 1 1  signal is lor. 
i l l l l l l  1 - Dirk drive .unit 0 salece. 

1 1 1 ; ;  rigad ia high. 
I 1 1 1 1  

I ---onit s.1.et 1 ?l8g 
0 - Dhk drlm .rmLt 1 s*lectm signal 

is lor. 
1 - Dirk dr ivm .unit 1 select' signal 

is high. 

.-8ud Ad&eaa Flag 
0 - Dbk drim *sib sol-et' s i p 1  

is lw. 
1 - D L k  d r i v m  *sib r o l . ~ t *  ti@ 

1. high. 

I 1 I - - - h o S i & S ~ I h g  
1 I 0 - D i . l l  d r i v m  -tuo r ib* rim is lw. 
I I 1 - Dirk d r i v m  *tm ride' signal is hkgh. 
I I 
I 1---Track 0 ny 
1 0 - Dbk Ma -track Om signal is lw. 
I 1 - Disk drivo .track Om r i p 1  fa hi*. 
I 
I --a- =4 

0 - D b k  dr ivm Or* rim is lw. 
1 - Disk Mvm ' r e  sigvl fs hi@. 

I I - - - W r i t .  l to toct  ?lq 
I 0 - Disk Mvm . w r i t #  prouctm sf@ i s  lov. 
1 1 - Dirk M v m  .vriu prot.c+* rigul is high. 
I 
!---?a tt.g 

0 - Di8k Mvm 'fault' sf@ h lor; 
1 - Dirk Mvm 'faulto signal is hi*. 

---- ---- 
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An I M  XT compatible in te rna l  hard disk drive (Option 320 o r  321) 
can be factory ins ta l led  i n  place of the lover internal  floppy disk 
drive.  The hard disk drive is a 3.5-inch Winchester technology 
dr ive with a f o m t t e d  eapaciry of  10M bytes (Option 320) o r  20H 
bytes (Option 321). Other hard disk drive character is t ics  a re  
l i s t e d  i n  Tabla 9-10. Information provided i n  t h i s  chapter is 
applicable to  XI-compatible hard disk drives only. 

NOTE: The Option 320 and some option 321 hard disk 
drives a re  not IBH AT compatible since they 
support 8 -b i t  vide DKA data transfers.  IBH AT 
compatible hard disk dr ive options a r e  . 
&.cribad i n  Chapter 10. 

Table 9-10. H u d  Disk Drive S p e c i f i u t i o n t  
-------------------*------------------------------------------. 
G h u a e t e r i s t i c  lOLI Byte 20U Byte 

(Option 320) (Option 321) 
-----------*------------------------------------------------------ 

Capacity (Pomattad) 
Sectors Per Track: 
B y t e s  Per Sector: 
Bytes per Track: 
B y t e s  par Surface: 
B y t e s  per Disk: 

Aceass T h e  (milliseconds) 
Kbl iaum:  
Average : 
Ha%-: 

rtmetiolul 
Bot.tion Speed (RPn): 2322 2597 
Rocording Density (bpi) :  13083 27410 
Track Deusitp ( t p i )  : 819 849 
Cylinders : 612 615 
Tracks  : 1224 1230 
encoding Method: K!3l W 
Head Positioning: Head Access Head Access 

Motor and Motor and 
Embedded Fsbedded 
Servo Servo .................................................................. 

NOTE: Throughout t h i s  chapter. hexadecimal values a re  
show with a l e t t e r  'h- suffix.  
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8ard Disk Drim S o f t n r e  Interface 
, 

The hard disk drive i s  accessed by the same BOn-BIOS that i s  used 
by the floppy disk drive. Host of the sexvice 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 i s  
accomplished by using %Oh and 81h as hard disk drive n d e r s .  The 
DL register i n  the 80286/80386 nicroprocusor is than used to pass 
the disk drive number. 

H u d  Disk Drive SerrLce Porcc~s  

The ROH-BIOS supports the folloving hard disk-related interrupt 
semtce routine fuactfons: 

Interrap+ Function 
(Hu) Bo. (M reg) Descriptfoll 

ooh 
Olh 
02h 
03h 
04h 
om 
06h 
07h 
08h 
0% 
OAtI 
0% 
m 
om 
om 
om 
lob 
llh 
1% 
13h 
14h 
1% 

Reset Hard Disk Drive System 
Read Disk Drive S t a a u  froa L a s t  Operation 
Read Data From Desired Sectors Into Kemory 
Write Data Froa Hemry to Desired Sectors 
Verify that Disk Sectors u e  Valid 
Fo-t Desired T r u k  on Disk 
Wuu8.d 
Wuu8sd 
Bud C u r r e n t  Disk Drive Parameters 
Initfrlfia Drive Pair Characteristics 
- fory  
w r i u  Lory 
Seek 
Reset Hard Dirk Drive System 
Unused I 

Unured 
Test Drive Ready 
Facdfbrate 
uarued 
Wuu8.d 
Controller I n t a d  Dfagnostic , 
~ D A s D T y p .  

m e  following paragraphs m i t e  the operarion of the interrupt 
I serfice routine functions. 

1 
Hard Disk Drive Service Routine Description 

The 80286/80386 Ufcroprocessor register inputs and outputs for the 
dfsk drive interrupt senrice routine functions are l i s t ed  in the 
follorping para~psphs. For the read, write, verify, and format 
fuactioas, the contents of registers DS. BX. QS, and DX, are 

9 - 3 4  
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p r e r r m d ,  and register AL recurxu tha nuaber of sectors actually 
rud, written, o r  verified. Register Ni &terminas the fuaeion 
w i t h i n  tho sexvice routine that is invoked, while the other 
microprocessor registers further define the action to  be performed. 
On d t ,  if an error occurred, the Carry f lag is se t  to  "1" and 
register AH contains an Error Code. The Error Codes and their 
descriptions are l is ted folloving the interiupi: sentice rourine. 

Th. hard disk drive p a r ~ ~ ~ t e r s  are requested by using 80h or 81h as 
tho hard disk drive numbers. The microprocessor DL register i s  
then used to  pass the disk drive number as follows: 

on* 
DL < 80h indicates Floppy Disk Drive Operation 
DL -> 80h indicates Hard Disk Drive Operation 

on oo+plrr (Exit) 
DH - M u h u m  usaable value for head nwber 
DL - Nmb.r of corueeutive ackaovledgiry 

drives atuchad (1-2) 
QI - Low-order 8 b i t s  of tho maximum useable value for 

th. LO-bit cylinder uumber 
CL - 'Itro high-order b i t s  for  the cylinder mtnbcr maxima 

ruub le  value and s i x  b i t s  (b i t s  5-0) for the recto? 
number maximuu useable value . 

AH - OOh -sot Hard Dlak Syst- 
Refer to the folloving paragraph on H a r d  Disk System Reset. 

AH - O l h  P..d Dlak Drim S u t u s  From kst Op.ratioa 
DL - Drive number (Soh-81h) 

On Exit: 
AH - Error code ("0. i f  no error) 
AL - Dirk Status 
Carry - 0 (no error) 
Carry - 1 (error) 

A 8  - 02h Bud at8 Ros Desired Sectors Into Xemoq 
DL - Drive mnb.r (Soh-81h) 
DH - Hod numbor (0-1) 
a - Cy1ind.r number (0-612/$15)' 
CL - Sector number (1-27/36) 
AL - Number of sectors to  read 
ES:= - Buffer Address for Reads and Writes 

On kit: 
AL - Number  of sectors read 
AH - Error cod. 
Carry - 0 (no error) 
Carry - 1 (error) 
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A8 - 03b Vrite  D&t8 from X u o r y  t o  Desired Seetors 
DL - Drive number (80h-81h) 
DH - Head number (0-1) 
QI - Cylindar number (0-612/$15)~ 
CL - Sector number (1-17/38). 
AT. - Number of sectors  t o  write 
ES:BX - Buffer Address fo r  Reads and Writes 

On Exit: 
AL - Number of sectors  v r i t t e n  
AH - Error code 
C u r g  - 0 (no error)  
C a r r y  - 1 (error)  

1 For cylinder and sector  numbers, the virgule  
(1) separates tha nub v a l u u  f o r  each 
option (320/321). 

2. The cpro high ordor b i t .  of th. 10-bi t  cylinder 
mabat are provided by b i t s  7 and 6 of the 
sec tor  number register Ct. 

A8 - 04h Verify nut Dlsk Sector8 u a  Valid 
DL - Drive number (80h-8lh) 
DII - Herd number (0-1) - CyltnQr nuob.r (0-612/$15)' 
CL - Seetor number (1-17/34) 
AT. - Nmber of sectors  

on Exit: 
AL - Number of sactors  ve r i f i ed  
AH - Error code 
C a n y  - 0 (no error)  
C a r r y  - 1 (error) 

AE - 0% P o m t  Dmslrad Track on Dlsk 
DL - Drive nwbor (80h-8lh) 
DII - I I d  mdar (0-1) 
Cll - Cylinder nuob.r (0-612/615)~ 

(-) ES:= - Poinu  to a 512 byte buffer  _ 

or=:-------- 
AL - Nmb.r of sectors  ver i f ied  
AH - Error cod. 
Curg - 0 (no error)  
Carry - 1 (error) 
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HOn: In cho 512 byca f o n u t  buffer. the f i r s t  
2x(sector/track) bytes coataiz~ values F a d  B 
fo r  each sector. 'Ihe value F represents 09h 
fo r  a good seetor or 80h for  a bad sector: The 
value N is the sector nuder .  For an 
interleave of 2 and 17 sectors/ trrel  the buffer 
contains : 

AE - 08h Read CMmt Disk Drfvm Paramoterr 
DL - Drive number (Soh-81h) 
ES:SX - Buffer Address for  Reds ad Writes 

On Exit: 
AM - Error cod. 
Carry - 0 (no error)  
Carry  - 1 (error) 

AK - om fniti . l ize Drivm Pair Cb.rrc tu i r t tcs  
DL - Drive d e r  (Soh-8lh) 
ES:BX - Buffer Address f a r  Drive Characteristics 

Dn kit :  
AH - Error coda 
cuip - 0 (no error) 
cuip - 1 (error) 

locm: Refer t o  the following paragraph on 
in i t i a l i z ing  the drive eh.r.cteristics. 

AH - olh RaAd kmg 
DL - Drive number (8Oh-8lh) 
DH - Iiard rmnbet (0-1) 
CE - Cylinder number (0-612/$15)' 
CL - Sector e r  (1-17/30) 
AL - N u a b e r  of sectors t o  read 
ES:= - Buifet Address fo r  Reads ad Writes 

lbda  512 data bytes and 4 8CC bytar 
On kit: 

AL - Number of sectors read 
AX - Error coda 
Curp - 0 (no error)  
Carry - I (error) 
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Aa - Om Write Limg 
DL - Drive number (Soh-8lh) 
DH - Head numbor (0-1) 
CE - Cy1ind.r number (0-612/$15)~ 
CL - Sector number (1-17/36) 
AL - N-ar of sactors to v r i t e  
ES:BX - Buffer Address for Reads and Writes 

Writes 512 & t ~  bytes and 6 ECC bytes 
on Exit: 

AL - N h r  of sectors written 
AH - E m r  cod. 
Carry - 0 (no error) 
C a r r y  - 1 (error) 

AB - OCh Seek 
DL - Dti- number (Soh-8lh) 
DH - Head number (0-1) 
CII - Cyliadar nunbar (0-612/$15)~ 
CL - Sector number (1-17/36) 

On Exit: 
AX - Error cod. 
Carry - 0 (no error) 
C l r r y  - 1 (error) 

Aa - Om U s o t  Hud Disk S y s t u  
U f e r  t o  tho folloving p u a g r ~ p h  on H u d  Disk System Reset. 

AE - 1Oh Tast Drive h a d l  
DL - Drive number (Soh-8lh) 

On Exit: 
AX - Error w& 
C a r r y  - 0 (no error) 
C u r y  - 1 (error) 

AE - llh Becalibrate 
DL - Drive mabor (Soh-8lh) 

On Exit: 
AX - Error cod. 
C a r r y  - 0 (no -or) - 1 (error) 

M - 1 Ca~troLlar  I n t a r ~ l  Df.gnostic 
DL - Drivo number (Sob-8lh) 

On Exit: 
AH - Error cod. 
C a r r y  - 0 (no error) 
C a r r p  - 1 (error) 
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On Exit if Carry Flag i s  not set:  othervise, an error 
AH - 00 Drive not present 
AH - 01 Floppy Disk Drive. No change line available 
AH - 02 Floppy Disk Drive, Change line available 
AH - 03 Hard Disk Drive 

When AH - 03, registers CX.DX provide the 
number of 512 byte blocks. 

Hud Dfsk Sy5t.r Reset 

Tuo fnu r rup t  service routine fumctioaa (1111 - 00 and AH - OD) 
prcnrida a disk sysw reset. Either reset causes the RON-BIOS to 
vritt a reset  value to a Bard Disk Controller (IiDC) register.  
After a reset.  a l l  HDC registers are se t  t o  their  default values. 

Hard Disk Drive S.rrice Routine Error Codas 

The hard disk drive service routine fuuctiorw. on Exit, may return 
m Error cod. i n  microprocessor res is ter  AH. An error i s  indicated 
if th. Clrrg f lag is se t  co "1' and the error code can then be read 
from.regfster AH. The error c o b s  are l i s ted and described in 
Table 9-11. I f  .P error is returned, tha appropriate action i s  to  
f i r s t  reset  cha disk and then re- the failed operation. 

Table 9-11. E u d  DLak Drive Service Port+* Error Codes ................................................................... 
Error cod. 

(BOX) Error 8.u hsctfpt ion ................................................................... 
00 No Error No error dttcctcd 
01 Bad- Bad e e  passed to  disk 1/0 
02 Bad Address Hark Addmss mark not f o d  
04 Record Not Found Requested sector not found 
05 Bad Reset Reset fai led 
07 Ini t ia l ize  Failed Drive parameter activfty fai led 
09 Dm Boundary Dau extends too fa r  
OA Bad Sector Bad sector flag detected 
OB Bad Track Not used 
10 BadECC h d  ECC on dirk read 
11 Dau Corrected ECC corrected &u error 
20 Bad Controller COPuoller failed 
40 Bad Seek Seek operation failed 
80 Tina Out Attacheat failed co respond 
M Not Btrdy Drive not ready 
BB U n Q f  ined Error An undefined error occurred 
CC Write Fault Write fault  on selected drive 
EO No Error Scatus error/Error Register-0 
FF 1 Sense Failed Not used ................................................................... 
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Error cod. llh ind iu tos  tlut a &a read hrd a recovorablo error 
that v u  corrocud by th. ECC algorithm. Ih data may bo good. 
H o v W O t ,  tho BIOS s o d c o  routiru indicates an error t o  allow the 
controlliry program to dotemino i f  it is good clam. Uich good 
&a. tho error is not repeauble. 

Ini t ial izing Drive C h u u t e r f s t i c  

To in i t i a l i ze  tho drive chu.cur is t ics  por interrupt service 
routiao function 09 (AH-09). tho BO11-BIOS issues an interrupt. 
Interrupt 6lh pofnts to  r dam block for  drivo 0 (DL - 80h) and 
interrupt 6th poinu t o  a &a block for  drivo 1 (DL - 81h). In 
either case, the interrupt fs vectored to a 16 byto mew- Location 
for th. Fixed Disk Parametor Tablo. Tho Fixad Disk Paramotor Table 
conuiru th. fo l lo rky  inforution:  

Xuimm ruder of cylinbars 
elaxbum number of he8da 
Not usmi 
S- U r l u  Rocol.p.luation cy1ind.r 
hximum ECC Error Data Burst length 
Control B g u  

B i t  7 Diublo disk-ueoss re t r ies  
B i t  6 Diublo ECC rot r ies  
B i t  3 More th.n 8 heads 

Hot wed 
kndfly - 
m r  of Sectors/Track 
h s e r m d  

To doffno a rur s o t  of pumaters, first build a .la fo r  up ro 15 
tgp.s. Th.n. p h  th. e0rrespodf.q vector into interrupt 61h 
(drive 0) or i n u m l p t  46h (&I- 1). 

Tho (gtOCu0 1500 Series computer, vith options 320 and 321, uses a 
JVC Xodol 5523. 3.5-inch Winchstar Hard Disk Controllor (=I. 
Tho Wod.1 5523 HDC bu a difforant d.sh nwbor sufflx &pending 
upon tho qpe of disk drive that it supporzs. Tho dash numbers and 
related Mvo qpos  w.6 in tho GUDCaso 1500 Series computers are 
as follow: 

Dash Disk D r i p .  
m. sp. 

lox Byta JVC 
20x Byte n c  
20X B g u  ALPS 
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fh. 201I byt. JPC and the 20lI b p  U S  disk drives u e  interchange- 
able rh.n their respective HOCI are also interchanged. Unless 
0th.rvi.e noted. the folloviag paragraph. are appli.c8ble to a l l  HDC 
d u h  mrnbars. 

Ih primary interface betveen the coqniter aad fIDC is provided by 
four 1/0 registers. The four registers are bidirectional to allov 
the computer t o  send coPundr and &u to tha HDC and also t o  
reeeive dau and r u c w  infoemation from the HDC. The four 
regist*rs and their bidirectional fuactions are given in the 
folloving l i s t  and they are &scribed in  the subsequant paragraphs. 

rlo 
. Address Ragistor H... Rud mmctioa Write Fuuctioa 

320h Dau Register 8.eoive &U or Send co-& 
stahu from ths or dam t o  the 
XDC. HDC. 

32% Hudwue S t a t u s /  Bud hardware 
Reset Register smhu 

Reset HDC 

32% Mi y a e i o n /  Bud cocrffguration Select and 
~ o n a o l  ~ e l e e c  i a E o ~ c i o n  ini t ia l ize  che 
Register HDC for access 

323h Interrupt and DHA Not used 
M l e  Register 

Write DUh and 
internap t mask 

'Lh. 08- regiator a t  1/0 addross 320h providu m .ccess port to 
tho 8-bit  mi& bua +h.t c-ct. elm ricroprocesror t o  the HDC. 
A l l  &a, eoll..ad pu.wter8. md s u a u  tpforntion to  be vritten 
to,  or read fror the dirk, u e  a a u f e r r e d  bannea the HDC and 
microproeassor vie this port. fh. HDC also e m u i n s  a reparace 
Sector Buffar b e  rupporu &u crmafora between th. disk drive 
md th. HDC. Using s e p u 8 u  buffera al low &ta transfers between 
the HDC md disk drive to bo uucutd  i ~ . a d a o t l y  of the data 
t r a u f o r r  bacveeu the HDC and microprocessor. 



Uhm tha register a t  I/O address 32lh i s  read, ir: re- the 
folloving scatus infomation: 

B i t  s-1 Dbseription . > 

5 -14 0 - NO hPrd disk iirt&rru$t pe6ding 
1 - Hard diak interrupt pending 

4 W f  0 - No DUA request 
1 - Coatroller ready for DUA transfer 

3 Bruy 0 - M)c: is idle 
1 - MX: is executing a eommd 

2 Control/ 0 - at8 traashr fn progress 
Dat8 1 - Comand or S u t u s  transfer i n  

:, " " 3 P=W==SS 

1 I-/ 0 - Trausfer from colpuur to  IlDC 
. , Output 1 - Tramafer from EDC to cmputer 

. . ; I  
0 Request lhdabkb for  bjru trmrrfers 

0 - Not ready for tramafar 
1 - Budp for =-far - :':$'- 

.. t. S ! ' . ' ?  

~ o c r f ~ t ~ o n / ~ o s l t r o l  select  P.gi.ter (322h) 

badlag tho re&+.r a t  I/O d&eu 322h returns the factory-set 
h u d  disk &fm copfiw8tf0n f 8 f o ~ t i O I l .  Tb. C o a f i ~ ~ t i ~ I l  
fpfOrmatiom iadiuu. tho disk capacI+J. U b a  the ssma register i s  
vritten. tho HDC i. prepuad to .eerpt 8 comaad and the BUSY b i t  

Ih. r e g b u r  at 1/0 address 32% is uaed eauble interrup; ' 

r e q u u u  .od WA &u transfers. The --bit register is used as 
f o l l a :  

Description 

0 0 No interrupt or DMA 
0 1 Ea8ble DLIh request (0843) 
1 0  Ea8ble Interrupt Request (IRQlb) 
1 1  DMA rad Interrupt Request Enabled 
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Tho four registers that were previously described p-rorrfde the 
primary interface between the computer and the HDC. The 
bidirectional registers are used to  transfer comands, status 
information, and data between the computer and HDC. Operation of 
the 1/0 registers and their affect on HDC operation is described i n  
the following paragraphs. 

The HDC supports 15 operationnl co-& ( C l a s s  Coda 0) and 5 
diagnostic commands ( C l a s s  Coda E). A s-ry of the operations 
required to use the caman& is given in  the following steps. 
Tablo 9-12 provides a s v  of tha c a m .  For additional 
c e  information, refer t o  the manufacturer's (JVC) User's 
malmal. 

.. A vr i t e  to 1/0 address 322h selects the MK: and sets  
BUSY (BSY) and EQUEST (REQ) i n  the Sucua register 
(321h). The coquter  completes the selection 
process by reading the status register. 

! Uhoa tho computer reads the status register  (321h) 
vith BEQ sot ,  it proceeds to send the f i r s t  byte of 
a six-byte co- block. After each byte i s  
roceivod by the HDC. R Q  is cleared and then s e t  
a p f n  for the next byte. 

I. The e m  is sent to  the HDC via the Data register 
a t  1/0 address 320h. This is tho same register chat 
is used to read or v r i t e  data following a Read Data 
or Vrite Data c m .  

. llfur arch six-byto c e .  tho HDC clears BSY and 
s o d s  a CollP.nd Completion Byto to  the Data register 
(320h). 'Ph. conputor reads tho EarQare Status 
refister (321h) to  &tormino d e n  Input/Output - 1 
.nd thon reads tho C o M  Completion Byte from the 
Dau register. 

i. Only b i u  5 and 1 of the Co-d Completion B y t e  are 
s i ~ f f c m t .  B i t  5 is s e t  to  0 to indicate chat the 
drive received the comand. B i t  1 i s  s e t  to 1 if an 
orror occurred while the command w a s  being 
transforrod. 

i. I f  tb. Completion byte indicates that an 
error occurred (bi t  1 - 1). the computer should 
issum a Read Status c o d  for the specified drive 
before any other c- are executed to  prevent 
the loss of error stanu. The error s t a w  i s  read 
in four consecutive bytes from 1/0 register 320h. 
Error codes chat indicare the cause of an error are 
read fron b i t s  0 through 5 of byte 0. A list of 
possible error codu is given in  Table 9-13. 
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7. bad D a u  or  Urito Dam c- are  mod t o  
amafer Qu via the I /O  register  at address 320h. 

Table 9-12. BDC -d S-rg ................................................................... 
cU8s op 
code Code C w  hme Doscriptior, 
-----*------------------------------------------------------------- 

0 00 Test Drfw Ready Selecta .Pd vcrifiea that a 
drive is ready. 

0 01 R e d f i r a t e  Positiom the read/write haad on 
track 0. 

0 03 B a r d S t a w  Baturna oxm saw b p  and a 
three-byte logical address for 
tha specified drive. 

0 O& Format Drive Formats a l l  sectors with I D  and 
&u fields md then vrites 6Ch 
i n t o  the &u f ie ld .  from the 
s tar t ing address to  the end of 
the disk. 

0 Of Vorify Sectors Chock# specified cylinder for 
correct I D  and interl-. 
Does rmc read &u. 

0 06 Format T r e k  Foxmats a .pacified track and 
Kites 6Ch into the data 
ffelds. Also clears bad- 
soctor fl.y if the aock  var 
p r o v i w l y  f o ~ t t c d  vith the 
Fomat Bad Track c o d .  

0 07 Fo-t Bad Track Fo-u 8 specified track and 
r e u  the bad-sector flag i n  
.rch sector header. The data 
Lieldr are not written to. 
-------- - 

-- 

0 OA W r i t e  Data 

0 01) Seek 

Bud. the apocified d e r  of 
roetors s tar t iag with the 
initial Sector Address cont- 
rinad in the control byte. 

Writes thr specified number of 
seetors start ing vith the 
init ial  Sector Address cont- 
ained i n  the control byte. 

Seeks to the track specified 
in  the control byte. The 
drive muat ba fo-tted. 
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Table 9-l2. HDC S v  <C4n+LPord) ................................................................... 
C L u .  Op 
C o d .  Code -nd Name Description ------------------------------------------------------.------------ 

0 OC Set Parameters Initializes the HDC to  con- 
figure up to No driver vith 
different capacities and 
characteristics. Both drives 
must have the same d a c r -  
ur.r and mode mmbcr. Para- 
mncers are r en tv i th  an 8-byte 
Parameter Block. 

OD Last Corrected Returns me byte of data eont- 
B u t s t  Length rid- the length of the lasc 

corrected error burst. If  no 
burst vas corrected since the 
lut Pover ON or Reset, the 
byte is a l l  zeros. 

0 OE Read Sector Buffer Re- tha contents of the 
HDC Dfsk Controller Seccor 
Buffer. lbe computer must 
accept as many bytes as there 
are i n  A sector in drive 0. 

0 OF Write Sector Buffer Initializes eh. format data 
used opcionrlly by the Format 
c o l u n d r .  It vri tes enough 
data bytes to the HDC Disk 

' Controller Sector Buffer to 
f i l l  a sector on drive 0. The 
b p s  are not rent to a drive. 

E 00 ttecum Sector 

03 Eueute Drive 
D f a p s t i c  

Performs a data pattern tes t  
Buffer Diagnoatie on tha sector 
buffer. 

Tescs the drive and drive ro  
HDC interface. 

00 Execute Controller T e s t s  the HDC and HM: t o  
D i a p s t i c  computer interface. 

05 Read Long S h f l a r  to Red  Data (08) 
except ECC b p s  are read 
directly from the disk and 
passed to the c ~ t e r .  
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table 9-11. BDC Comm8ad S v  ( C o n t h d )  ................................................................... 
C r u S  op 
Cod. Code C o l y n d  19- D.scription ................................................................... 

E 06 Urite Long Siptlar t o  Write Data (OA) 
except rh.t ECC bytes are 
paasad tnvltered t o  the 
co9eroller which vr i tes  then 
on the disk folloving the 
data. 

Ot Contmllar Init ial izes routines that t es t  
Df.gnostic a11 HDC functions. 

B.rd. a speefffed h e r  of 
conaesuria soctors md the 
four ECC bytes vith each 
sector. Errors are not 
w r r e c t d  

06 W r i t e  bug Writes r specified number of 
coruacutive reeeors and the 
four ECC bytes for a u h  
sector. 

------------------*---------------------------------------------- 

Tablo 9-l.9. Controller <HDC) trror Cod.~  ................................................................... 
-cod. 
(Xu) CrmrB.u Daacriptian ------------------------------------------------------------------- 
00 No Error No error vu detected. 

HOG received a Write Fault 
from tha drive. 

Drive Not Fa* HDC did not receive a ready 
signal from the drive or drive 
h.r been selected. 

Track 0 Not Famd Recalibrate comaad failed 

D r i a  S t i l l  Seeking Drive is still performing a 
buffered seek. 

11 Uneorrectable Data The BCC detected sn error 
Error burst greater than its 

correction capability. 



D a t a  Address Hark Setor ID was read but Da# 
Not F o d  AddSesa W k  was not readable, 

Sactor ID was noe found on the 
selectad a r c k  or a ClCC error 
occurred on the ID f i e ld .  

Correctable Data Tt# ECC detected an error that 
Error ptrr subs-ntly corrected. 

Track is Flagged A sac-? wrr read with a Bad 
as r Bad Track B k k  Hark ia fta - Ib f ield. 

I d f d  C o d  

Illegal Sector A motor OPU ~ e ~ ~ e d  beyond 
Addrus m crp.cirp of rh. drift.. 

Sector Buffer 
&Tar 

Sector buffer d i a p r c i c  (EU, 
EQ) erro+. 

ECC Error ECC genszritor failed Control- 
lar diagnostic (=>. 

Th. Ploppy D%ak Drtvm -ion port is nuppomd w i t h  either the 
sEm?daSd 3.5-La& floppy disk drtvea or an opaoarl hard disk drive 
a8 +hr Lrrt8ma.l drive. The G U X a s m  1500 Series computer transfers 
dam directly bemen i t s  intarnal a s k  controller and an external 
disk driv8. Tha direct tramsfers m m  accaqlishad ehrwgh a 
dudicrtad fnterface comactor 1-tad oa thm rear pannl of the 
computer. This exrerrtal drive bus structure allows the GEUDCase 
IS00 Serbs computer to suppart aa m - 1  3.5-in& dfsk drive or 
5.25-inch dfsk drive that fs conpatible vith the IBn PC/AT. Also. 
a 4 O H  byte W h r p  Tape System is available for: comrsctfon through 
ths external bus. Rafmc to Table 9-1 fax d i p r a t i o n r .  



Tho program ZPurfaco to  tho in tonu1  disk drip. is through a 
sundrrd ut of ROX-BIOS calls.  which mask the differences between 
tho 3.5-inch disk drive and the 5.25-inch disk drive. To provide 
compatibilitp with th internal disk. thore are svitches on the 
extarnal drive that allow cho user t o  &signate it as the A:. B:.  
or E: drip.. The switch sett ing is readable by the Ron-BIOS. The 
h a r m  then s o u  the chip select  t o  the correct valua for che 
drip. select  and motor on b i u .  The value af tho witch  setting is 
readable a t  1/0 location 37% b i t  0. Refer to tho floppy disk 
drive confi guratzon paragraph. 

External Periphot.1 Cornroetor (5) P i n  D o f i n f t h u  

The Exfama1 Peripheral c-tor (No. 5 )  is dedicated to the 
floppy disk dr fm interface. Tho comuctor is a 25-pin. 
s ~ n u o .  D - t g p .  shell.  famalo cornnetor -ted on the rear 
panel of th. -0 1500 Series corpucer. The k t o r n a l  
Peripheral connector is idonttul t o  the Parallel Printer connector 
(No. 4). that tho Excemal Peripheral cormector hrr a 
p l u t i e  h r t  in pin 13. The plas t ic  inrere koys tho eonnoctar 
for us0 by CBiD Systms cablar md poriplmrals such u floppy disk 
drives and th. tap0 bachp uuit. -ping th. eonmetor in this 
munnr dhcouragos rh. cross-connoetfry of cables fror othor types 
of peripheral &vicar. Comuctiry other qpes of devices such as 
printors to the kt@& Peripheral comuetor can seriously damage 
the main logic board i n  th. c q t a r .  

Tho Extorn8l Peripheral cormactor contains 
r p l u t k  iwrt i n  pin 13. DO lPCnESOJE 
THE IUSERT. The iwrr keys the coamctor 
for ILM by (.giD Sysmns cables urd periph- 
erals such u floppy disk drives. DO NOT 
use roncE uh.n making comuctiolu. Con- 
metion of porfpheral Qvicu such as 
priators urr wforuly -0 tho comput- 
o r  and poripbral  dovice. 

Tho External Peripheral comuctor layout is shom i n  Figure 9-2. 
a d  the htuface c-tor p f r w u  .ad sigrvl -s are given in 
Tablo 9-U. All s m s  aro rn Compatible. 

rnM 

V w 
~ i g o r e  9-2. p o r ~ h o t . 1  (Floppy Disk Drf- Intorface) 

Comuctor Pin k p u t  
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Table 9-14. Zxtonul Peripheral Coawctor P l a  0.finitiom ................................................................... 
Pin r Signal Direction Descriptior, ................................................................... 

1 COKDDCPVB - - -  Do Not Use (Refer t o  NOTE 1) 

2 B o r k  Input Indicates the setting of the drive 
designation (address) switches on 
the external drive M follows: 

00 - A: drive 
01 - B: o r  E: drive 

Pin  2 is readable a+ 1/0 
address 379h. B i t  0 .  

3 EEZDPET- Input Goes lov to indicate that 
m extarnal drive is 
c o ~ c t e d .  P i n  3 is readable 
at address 37Ah. B i t  5. 

6 Grad - - - Signal Ground 

5 WRITE PXOTECT- Oucput This l h  goas lw if a vr i te-  
protected disk is inaerted i n  
tha u tu rnn l  drive. 

6 HDDRIVE- Oucpue Goas lw if a high density drive 
is attached to the external 
peripheral cormactor. P i n  6 is 
readable a t  address 37Ah. B i t  7. 

7 Signal Ground - - -  Signal Ground 

8 IAPEDReCT Input Goas high if a Modal 3003 Tape 
Backup S y s t u  is atuched. P i n  
8 i s  readable a t  e e s s  37Ah. 
B i t  6. 

I DIBEXION- Input Docermines tha dfreetion that 
th. stepper motor goes to 
positioa che read/Ytite h u d r  
vhan a SRP- pulse is received. 
If thia s i p 1  is low, th. hudP 
u e  moved toward the spindle by the 
SSEP- pulse. If this signal is 
high, tho he8da u e  -d away from 
the spindle by the STEP- pulse. 

10 DI-GE- Ou+put Goaa low when a floppy disk is 
r-d from che active disk 
drive. Ih. signal goes low when 
power is turned ON and is reset  
by the STEP- signal. 
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Table 9-14. ~~1 P*rfphucll w e t o r  Pin - 
DOfinitfOU8 (C4ntLnrud) 

--------------------------------------------------------*---*------ 

Pin Sfgnal Direction Description ................................................................... 
11 LOVDWSXIY Output Sets the drive for normal or hi@ 

density dirk operrion. 
0 - High-density operation 
1 -  Normal-density operation 

12 LOOOPlPS1~- Output Irrvsrse to pin 11. 

13 Keyv8y - - - Ptutic insort to gut& instal- 
lation of the external peripher- 
81 drive cable. 

1& +W&+/-lOl --- Provides power to the 3.5-inch 
disk drives. 

1- A frc+ory set j q r  in the 
extend drive s e u  this line 
low for 8 5.25-inch drive and 
pulls tho 15.- high for a 
3.5-Snch drive. A .+mu bit 
is rud.ble from 1/0 location 
379h, bit 2. 

16 SIDE SELECl Input Selects the upper rcrd/write 
bud when low and the lover 
rud/write herd vh.n high. 

17 MPPYfSATA- Output Curies &ta read from the 
disk. Tho dau is 8 coobh- 
tion of &ta uul clock pulses. 

Output Goes low whoa tho hard is 
po8ftfonad over t r u k  00 
Track 00 is the outermost 
tr& 09 th. disk. 

19 WB- input W lor if write &a is 
valid. Goes high if the floppy 
diskette is write-protected. 

20 MPP!i-WDATA- Input Carries data to be written 
onto the disk. The rerd/vrite 
h u d  current is reversed when 
tbfs signal changes from high 
to lov. 
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Table 9-14. E x t e a l  Pariplaoral Camuctor tin 
D.2 initioru (Coatfnrud) -------------------------------------------------*-------.--------.- 

pin r ~i-1 Direction Doscription ................................................................... 
21 STEP- Input This l ine is pulsed lov to 

move the hs& oaa step in  the 
dfreetion datermined by the 
DfBECTIole s i g ~ l .  

Input Gws low to start tho spindle 
mtor .  N o d  s p e d  is reached 
within SO0 u. 

Input Vb.n lov, tho dritn respoads to 
a11 lf rvs  from &a output 
in+.rfmx .xc.pt notor enable. 

Output Oru lor pulse is generated per 
rwolution of tho spindle. 
Tho fal l ing edge of tha pulse 
indicates tha beginning of the 
track. 

--- Do Hot Us. (Refer to  NOTE 1) 

1. Pins 1 and 25 m r o  origLnJly eonnacted to a 
source of +16V de powor for use i n  pouoriag on 
extorad dovie.. In l a t o r  eonputor -1s and 
-1s that m r e  subseqw9cly reworked, pins 1 
and 25 are open (no comuction). Thfs change 
pr-u domagi t o  tho computer oaia LogLe 
board if a dovie. is Lnproporly coomuct.d. 

2. Tho t i l de  symbol (-) indicates activo low (lov- 
trua) logic. 



The CBIDCu8 1400 Series comptmr Campatfile Hard Disk Drive 
Subrgstea supports ISM AT compatible, U W a s t e r  technology hard 
disk driver. These coqat ib la  hard disk drives ham s formatted 
erprcitp of 20L1 bytes, bO&! bpur, or lOOn bytas dependiag upon rhe 
sysm option thae bas been frctorg installed. The compatible hard 
disk driver support 512-byte sectors; high-speed, Programned 
Iaput/Output (PIO) do# tramfar.; m error corrrctfon code (ECC) 
of up to flve biz$ an data fields; m l t i p l e  sector operations 
scroas crack and cylfadar bwndarfes; and on-board diagnostic 
tuk. Table 10-1 lists tha caqat ible  hard disk drive 
ceaffgurations by their optfan atambar. 

Tabfa 10-1. Colrprtibla B u d  DUk brim Cosrfigur.+Lanr 
. - ~ 0 - - * 1 * * . * ~ - - ~ ~ o ~ - * - ~ - - ~ ~ I ~ * I ~ o - - ~ - - - L * ~ * * * - - ~ ~ - * ~ . ~ ~ * - ~ - * ~ ~ ~ - - ~  

It- OptfOfl my canfiw8t3m cr?=iv 
11-1---e*-****~--*-I1*-"--*-1--------*-0~0~-----~~.~~-~-*-.~~~**-- 

1 321 1 3.5-Lnch Floppy Disk Drfve 1.U bytsa 
1 2QM byte Bard Disk Drttn 20H bptss 

(XU4 AT CompatibLa) 24.411 bytes total 

tOM bytes total 

1 ZOOM byta W d  Dirk DrF- IOOn bycrs total 
(ZBM AT Cooprtibla) 

WlES: A cempleta list of dfsk drive cunfigurstim is 
provided in Tabla 9-1. 

Option 321 praPidea r 2OM bpte bud disk drive. 
-tars wf&t trackhg umbers greater than . 

K15000 u r  supplied with AT compatible drfves. 
+-.-*--*--------****-*---*-----.-*o-*---**.---.*-*---*------------ 

In z b  &fgura+fotr~ listad in Table  10-1, an btemal floppy disk 
M v m  i. facludud Vith the 20H byee hard disk drive (Option 321). 
dpstrtion o f  tha floppy dLsk dcivu, the options that do not contain 
r +-tiblm h u d  disk drive. snd ths exteraal tiirk drive port are 
da8crib.d in Chaptar 9 .  i h i s  chqtar (10) &scribes opmrrtion of 
the IBn AT eompatfbla b d  df sk drives only. 

Additioad options that include otbtr AT compatible hard dlsk 
drives and intarrral floppy dlsk drfvss may bec- awlable.  This 
chaptrr contains faforpr+ion that is applicable to a11 BT 
cmqatLble hard disk drives &ass athawise specified. tjhsrs 
ext&asf;vs infarmation 5s required that is unique t o  a parzfcdar 
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disk drivo, tho fpfo-tion is supplied in an appendix attached t o  
the b u k  portion of th i s  -1. Refer t o  rho Table of Contents 
for a list of applicable appendices. 

AT collpatible hard disk drives arb different from drives that are 
XT or PC compatible mainly i n  the method of transferring data. AT 
compatible hard disk drives transfer data i n  16-bit words using 
Programmed Input/Output (PIO) insuuetioru. Tha disk drives 
previously wad  in GRfDCue conpuurs (XT and PC compatible) 
transfer data in 8-bit bytos using Direct m x y  Access (DM4) 
instructions. Operating c h u a c u r i s t i c r  of tho AT eoaprtible h u d  
disk drives are l i s ted in  Table 10-2. 

Table 10-2. Co;.p.tible 8.rd Diak Drivo SpocifLutiolu ................................................................... 
Option 321 Opt- 324 Opt- 325 

~ c t u i . t i c  C2011Byto) (4OM Byto) (10011 Byto) 

Tour  (It.g&ytes) : 
Tracks Per Surface: 
Track Density ( tpi)  : 
Track Capcity (byus): 
Sectors p u  Track: 
Bytor per Eilock: 
Bloelu por Drive: 

1t.rf.e.: Tuk  F i b  
Rocorbing Method: 2 of 7 

Kucod. 
Ruordlq Donsity (bpi): 21.5% 
Flra Density (ID) 

Flra Revord/fnch:  14,396 
Buffer Sire (bytu):  512 bytos 

T u k  'Fil. 
2 of 7 

Tuk  File 
2 of 7 
Ku Coda 
23,- 

15.627 
32k bytes 

Intarleavo: 3:l 1: 1 
Seek Tinu (in ma a t  Mpfnal dc) 

Track t o  Track: 8 10 
Average Access: 27 27 
MaxlEum: so 50 

ktency (average): 8.40 8.33 
Rotational Speed (+/-0.1t): 3575 r p m  3606 
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Table 10-2. Corp.tible h r d  Dfsk Drive Specffiutioaa (Contimud) .------------------------------------------------------------------ 
Opt- 321 Option 324 Option 325 

Chu8eteristie (2011 Byt e) (40X Byte) 7100X Byte) ................................................................... 
Rmctioaal (Continued) 

Cootroller Overhead ( m s ) :  I 
s t u t  T t u  (Power ON) 

O r p r t o R u D Y  
Qpica l  (see): 7 7 
wuilrs (sac) : 15 20 

Stop T t u  (Pomr OFF) 
Typical (see): 5 7 - (see): 10 20 

Scart/Stop Cyclu: 1Ok lOk 

k w t o r  Type: bUrg burY btrrp 
Voice Coil Vaice Coil Voice Coil 

Servo: Embedded madded Embedded 
Numbor of 

D i s h :  1 2 4 
D.u Surfaces: 2 4 8 
Data Heads: 4 4 8 

B/P H a d  park a t  Power OFF: Aut-tie Autom8tie Automatie 

Pudprita Mode: 4.2 k.2 - -  
Idle Mode: 2.0 ' 2.5 - - 
Stuuiby Mode: 0.5 0.5 . - 

Taap.rawe (OCrntigrui8) 
Operating: 5 to 55 5 to 55 5 to 55 
Non Operating: -60 to 60 -40 to  60 -40 to  60 
Thorns1 Gradient 

Maximum: 20/hour 20/bour 2O/hour 
Hrrfdtty ( 8  Uoneondanaing) 

Operaing: 8 to  80 8 to  80 8 t o  80 
Hon Operating: 8 to  80 8 t o  80 8 to  80 
X a  Vet Bulb 

Temp (OC): 26 26 26 
Altitudn (Relative to  Sea Level) 

Operating Range (kft): -0.2/10 -0.2/10 -0.2/10 
Nonoperating (kft) : 40 40 60 ............................................................... 

Throqhout this chapter, hexadecimal values are 
shown w i t h  a l e t t e r  Oh* suffix. 
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Tho compatible hard disk drive is accessed by the same RON-BIOS 
interface th.+ is used for the hard disk drives described in 
Chaptar 9. Tho interrupt serrrico routine used by the noncompacible 
hard disk drivos or0 also urod by tho coqar iblo  hard disk drives. 
Tho compatible hard disk drive ROK-BIDS senrice routine is 
differout mainly i n  the numbor of heads. cylinders. and sectors 
that cur be specified. 

Tho hard disk drivo is addreasod by using 80h u tho hard disk 
drivo identifier. Tho DL register i n  tho 80286/80386 
microprocessor is used to  p u s  tho disk drive identifier.  With any 
valuo in the DL register ,  tho lov.s.van b i t s  (6-0) provide tho 
drive h e r  and the eighth b i t  (7) is s a t  to '0" to  indicate a 
floppy disk &in operation, or to '1. t o  indicate a hard disk 
drive operation. 

Hard Dirk Drin Serviee Roaufm 

Tho 8011-8106 supports the fol lor i ry  hard disk-related interrupt 
somfco routiru f u n c t i o ~ :  

ooh 
Olh 
02h 
om 
obh 
Qsh 
06h 
om 
Odh 
09h 
OAh 
om 
och 
0% 
OEh 
om 
10h 
llh 
12h 
13h 
la 
1% 

Rue+ Hard Disk Drive System 
Red Dirk Drivo S t a w  from Lpst Operation 
Bud Dau hom Desired Sectors Into Hemory 
V r f u  Data Roo I(.oory to Doaired Sectors 
Verify that Disk Sectors u o  Valid 
Foznat Dosirod Track on Dirk 
Unusod 
Unused 
Bud Curtent Disk Drive Paramtors 
I n f t i a l h o  Drive Pair Cturacurir t ics 

Lmy 
Urito Lmy 
s e a  
Resar Hard Disk Drivo S y s t u  
Vmued 
Vmuod 
T a t  Drin Ready 
Recalibrate 
Vmuod 
Vmuod 
Controller I n t e r n 1  Diagnostic 
Road U D  Typo 

The folloviag paragraphs s r n u r i z e  the operation of th+ interrupt 
aorvico routiru functions. 
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E u d  D i r k  D r i v m  Serrtce P o c r t h  Ducripcfoaa 

Th. 80286/80386 LItcroproussor register  inputs end ourputs for  the 
disk drive interrupt serrrice routine functionr are l i s t e d  in  the 
follaving paragraphs. For tha read, w r i t e ,  verify, and format 
functionr, the contenu of registers DS, BX, CX. and DX. are 
preserwed, end register AL re- the number of sectors oeturlly 
read, written, or verified. Bagiater AH &taminor rhs service 
rootinb function that is invoked, a l e  th. other microprocessor 
registers  further define the action t o  be parfonmd. On exi t .  i f  
an error  oc-ad, tha Carzy flag is set t o  .I' and register  AH 
conuinr  an Error Cod.. The Error Codos mb tha i r  descriptions are 
l i s t ed  fo l lovbg  th. intarnrpt service roueiru. 

Th. h u d  disk drive paramotets urn requested by using the DL 
registar  i n  tho 80286/80386 microprocessor t o  p u s  th. disk drive 
arnbcr aa fo l lws :  

08 =P- 
DL - Disk Drive Number 

B i u  6-0 contain the drive saber (0 f o r  one hard 
d b k  drive) rrd b i t  7 i nd fu t e s  floppy disk ( 0 )  o r  
h u d  disk (1). For om hard dirk drive, the drips 
nmb.r is 80h. If a ucond hub dirk drive is added. 
iw drive d e r  would be 8lh. 

08 -tpo+ (=st) 
DH - bxfmm ugenble value f a t  hub mnb.r 
DL - Uwber of attached hsrd dfsk driws (1) 
CX - Low-odor 8 b i u  of tb. vxfnn uremble value for  

th. 10-bit cy1ind.r ianb.r 
CL - Ivo high-or&= b i u  fo r  rh. cylinder number maxhn~ 

usub l e  value end s i x  b i t .  ( b i u  5-0) f o r  tho sector 
mnbar r u i m m  useable valus. 

0 OOOh -Jet Pud D i r k  S Y B t u  
Refer to  th. follovfiy puagraph on lkrd Disk System Reset. 

AE - O l b  Bud Dirk Drim Sta- From b t  Operation 
DL - Drive umber (80h-81h) 

on m t :  
AE - Error code ('Ow i f  no error) 
AL - Diak S u n u  
C a r r y  - 0 (m error) 
C u r y  - 1 (error) 
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1. For head, cy1ind.r. d seetor numbers. the 
virgule (/) separates the values for  
each option (321/32&/325). 

! m e  wo high or&= b i t s  of the LO-bit cylinder 
number are provided by b i t s  7 and 6 of the 
sector  &r regis ter  CL. 

AE - O 2 h  Bud  Data Ptca Dmsired Sectors Into 
DL - Drive numbor (80h-8lh) 
DH - H e l d  number (0-3/3/71 

- CH - Cylinder nuuber (0-635/80*$775)~ 
a - S e t o r  (1-33/26/33) 
AL - W a r  of sectors t o  rerd 
ES:BX - Buffer Address for  Bards and U r i u r  

on Exit: 
AL - Ehnbcr af sectors read 
Ali - Error code 
C u r g  - 0 (no e m t )  
C a r r y  - 1 (error) 

AE - 0% write hta h.ol lhmory t o  Desired Sectors 
DL - his. nrab.t (a&-8lh) 
DH - R d  &r (0-3/3/7) 
Cli - Cylinder iarab.r ( 0 - 6 3 5 / 8 ~ 7 5 )  
CL - Sccubr &r (1-33/26/33) 
AL - Ntrnbrr of r.ctorr to rriu 
E S : H  - Buffet ddd rus  fo r  Bud. d Writes 

On Exit: 
AL - Numbor of sectors =it- 
AH - Error cod. 
Carry - 0 (no error)  
CurJI - 1 (error) 

AS - 04h Verify Z b f  DUk See ton  m V a l i d  
DL - Drive mrbrr (80h-8lh) 
DH - Iferd e r  (0-3/3/71 
Cli - Cy1ind.r mnber (0-635/804$775)~ 
CL - &tor mtnb.r (1-33/26/33) 
AL - Wmbor of sectors 

On Exit: 
AL - W r  of sectors verif ied 
AM - Krror cod. 
Curp - 0 (no er ror)  
CurJI - 1 (error) 
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AB - 0% Formst Doaired Track on Disk 
DL - Drive number (80h-Slh) 
DM- H o d  number (0-3/3/7) 
CH - Cylinder number (0-635/804/775)' 
ES:BX - Points to a 512 byte buffer (NOTE) 

On Exit: 
AL - Number of sectors verified 
AH - Error coda 
Carry - 0 (no error) 
Carry - 1 (error) 

loon: In tb. 512 byte format buffer, tho first 2x 
(soctor/track) bytes contain valuer F and N for 
eoch sector. The value F represents OOh for a 
good sector or 80h for a bad sector. The value 
N is the sector number. For an fatarleavo of 2 
a d  17 saetors/track th. buffer concafru: 

~ ~ ~ . ~ ~ ~ . O O ~ , O A ~ . O O H . ~ ~ . O O H ,  OBh.OOh.03h,OOh.OCh 
00h,006,OOh.ODh.OOh, 05h, OOh. OEh. OOh, 06h, OOh, 0% 
00h,07h,OOh,10h,00h.08h,OOh,llh,00h,09h 

AE - 08h Read Currant Dirk Drivo Paramotors 
DL - Drive h e r  (80h-8lh) 
ES:BX - Buffcr.Address for Ra& and Writes 

On Exit: 
' AH - Error co& 
Carry - 0 (no error) 
Carry - 1 (error) 

A8 - 0% Initiatfze Drivo Pair Cturecterirtics 
DL - Drive number (80h-8lh) 
ES:BX - Buffer Address for Drive Charactoristics 

On Wt: 
AH - Error coda 
Carry - 0 (no error) 
Carry - 1 (emor) 

NOTE: Refer to the foLloving paragraph on 
fnitialisfng the drips characteristics. 

AE - OAh Road b u g  
DL - Drfve ntmber (80h-81h) 
DH - Head ntaber (0-3/3/71 
CH - Cylinder number (0-635/8016775)~ 
CL - Sector number (1-33/26/33) 
AL - Number of sectors to read 
ES:BX - Buffer Address for Reads and Writes 

Reads 512 data bytes and 6 ECC bytes 
vn Exit: 

AL - Number of sectors read 
An - Error coda 
Carry - 0 (no error) 
Carry - 1 (error) 
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AE - 00th write Lpnt 
DL - Drive number (Soh-8lh) 
D% - Head number (0-3/3/7) 
CX - ~ y l i n d a r  number (0-635/801$775)~ 
CL - Sector number (1-33/26/33) 
AL - N u m b e r  of sectors to  write 
ES:BX - Buffer Address for  Re& and Urites 

W r i t e s  512 data bytes .ad G ECC bvtes 
On Exit: 

AL - Number of sectors v r i t t en  
AH - Error code 
C u r p  - 0 (no error) 
cu rp  - 1 (error) 

AE - OCh Seek 
DL - Drive &r @Oh-8th) 
DH - Head nrmb.r (0-3/3/7) 
CH - Cylinder &r (0-635/80*4775)~ 
ct - S r t o r  number (1-33/26/33) 

On Exit: 
AX - Error coda 
Carry - 0 (no error) 
Carry - 1 (error) 

U - ODh &sat Hard Dirk S y a t a  
B3.r to tho fol lovhg paragraph on Xard Disk System Reset. 

AB - IOh Teat Drin Ready 
DL - D r i v e  number (8Oh-81h) 

On Exit: 
1111. - Error cod. 
C u r p  - 0 (no error) 
Carry - 1 (error) 

AE - l l h  8.u1ibt.t. 
DL - Drive number (8Oh-8th) 

On Exit: 
AX - Error code 
carry - 0 (no error) 
cu ry  - 1 (error) 

AE - 14.h C8atrofl.r Iaterrul  Dhgnoatic 
DL - Drive nwber (Soh-8th) 

On m e :  
AX - Error code 
Carry - 0 (no error) 
Cury - 1 (error) 
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m - i m  O ~ ~ D A S D ~  
On bit i f  Cury Flag is not set: othervise, an error 

MI - 00 Drive not present 
AX - 01 Floppy Disk Drive. No change line available 
MI - 02 Floppy Disk Drive, Change line available 
AH - 03 Hard Disk Drive 

NOTE: When AH - 03, registers CX. DX provide the 
ncnnber of 512 byte blocks. 

Two i numxpt  s e d c e  routine functions (AX - 00 u w i  AH - OD) 
provide a disk system reset. Either reset c u v u  the RON-BIOS to 
vr i te  a reset valw to ur HDC register. Afur a reset. a l l  HDC 
registers are see to their & f d t  values. Incorrupt service 
routfne function AH - 00 also resets the floppy disk drive i f  one 
is installed. 

Hud Disk Dricn ServLce Routine -or cod.. 

The h u d  disk drive serrrice routine fwactions. on Exit, may re- 
ur Error c o b  in microprocessor r a g b a r  AH. An error i s  indicated 
if tho Curg flag is se t  to  '1. .nd the error cod. can then be read 
froa register AH. The error c o b s  are l i s ted and described in 
T h l e  10-3. If an error is returned, the appropriate action i s  t o  
f i r s t  reset the disk urd then r e u y  the failed operation. 

Table 10-3. lhrd  Disk Drive Serrice h a t h e  Error Codes ................................................................... 
-cod. 

( X U )  Err0tH.U Description ................................................................... 
00 No Error No error &t.cted 
01 hdc4mmd Ikd C- p s e d  to disk I/O 
02 b.d Address W k  Addrus mark not f o e  
04 Record Not Found Regrusted sector not found 
05 Emulibrate Failure Reset failed 
07 Ini t ia l ize  Failed Drive parmeter activity failed 
09 Data Size Boundary Data extends too far  
OA Ikd Sector Ikd sector flag detected 
OB Not uoed Not used 
10 h d  ECC Uncorrectable da ta  error 
11 Data Corrected ECC corrected data error 
20 Bad Controller Controller failed 
W )  Bad Seek Seek operation failed 
80 T h  Out Attachment failed to respond 
M Not Ready Drive not ready 
BB Undefined Error An undefined error occurred 
CC Write Fault Write fault on selected drive 
EO No Error S t r w  error/Error Register4 ................................................................... 
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Error ced. l l h  indicates t h ~ t  a dat8 read hrd a recoverable error 
that w u  corrected by the ECC algorithm. Th. &u may be good. 
However, the BIOS s e d c e  routine indicates an error to al-Lov the 
conrrolling program to determine i f  it  is good &t.. Vith good 
data, eh. error is not repeatable. 

Ini t ial izing Driva Chuacteristie 

To ini t ia l ize  the drive characteristics per interrupt sen-ice 
routine function 09h ( W g h ) ,  the 11011-BIOS issues an interrupt. 
Interrupt 41h points to a dam block for drivo 0 (DL - 80h) and 
interrupt 16h poinu to a dam block for drive I (DL - 81h). In 
eithar ease, eh. interrupt is vectored to  a 16 b p  -y location 
for  the Fixed Disk Parameter Table. The Fixed Disk Parame.ter Table 
conuins the folloving information: 

Description 

Maximum number of cylinders 
numbor of he& 

Rot used 
Starting Writ. Praco~pexurtion cylindar 
Not w e d  
Con-1 Byte 

S i t  7 Disable disk-access re t r ies  
B i t  6 Disable ECC r e a i e s  
B i t  3 More thau 8 heads 

Not w a d  
L-K-3- 
Raber of S u t o r s f l r u k  
Raser~ad 

To doffam a new ut of parameters. f i r s t  build a table for up to  15 
types. Than, place tho corresponding vector into interrupt 41h 
(driva 0 )  o r  into-+ 46h (driva 1). Tho hard disk drive type is 
selecublo through Rod-Tt .  Clock I/O re@ter 19h (Drive C 
Extend& Byte) and register IAh (Drive D Etto9d.d Byte. Refer to 
Table 6-1. 

COMATIBIZ HABD DISK COBaOLTIl  -ACE 

The CRIDCUe 1500 Series conputers support th. comatible hard dfsk 
drives l i s t ed  in  T8ble 10-4. Ihrless otbarviso specified, 
infornation in  tho following paragraphs is applicable to a l l  
compatible hard dfsk drfvas. 
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Tab& 10-4. -tible H.rd Dirk Drtru ................................................................... 
Dri-  C.p.cf'T 

lIode1 no. Type (fo=ttad) Carrtrollar m r k a  ................................................................... 
CP3022 5 20LI Bytes IBK AT !4aaufactured by Conner 

Conpatibla Peripherals. Inc., San 
Adapter Jose, CA 95131 

-342 6 4% Bytes IBM AT lhmfacturad by Canner 
(w- Co8p8rfble Peripherals, Inc..  an 
Power) Adapter Jose. CA 95131 

CP3U 4 1 W B y w  IBn AT LkmSacwed by Comer 
(High- Conpatible Peripherals. Iac.. San 
P-r) Adapter Jose, CA 95131 

CP3104 7 100.9K Bytes I M  AT -=wed by Cormer 
Corprtible Periplmrds, Inc., San 
Adapter Jose. CA 95131 

-------------------------------------------------*----------------- 

The conpatible bard disk drive wes  a Task File interface between 
th. microprocessor and th. drive. The Task File interface is a 
set of r e g i s u r s  that allow the BCPI-810s to execute +he drive 
comands and t rms fe r  data b e a a n  +h. drive and eonputer memory. 
The drivo adapter dacodes nicroprocessor 1/0 addresses IF0 through 
IF7 .ad 3F6. These addresses u a  used to  e c e s s  the Task File 
resisters .  

The microprocusor addressu the drive uaing Progr-d Input and 
Output (PIO). W i t h  PI0 1218 general sequeace of operation i s  as 
follorn : 

1. Ih mieroproceaaor lo& the I u k  Pila 
registers including a resister .  

2. The disk drive then l o u t e s  the correct 
cyliador on +h. disk. 

3. &I interrupt (-14) is generated by the drivr 
CO indicate that service is required. 

4. A &ta transfer takes place. 

Table 10-5 lists th. Task File registars by their 1/0 address and 
fuactfon. and then tb. operation of each register is described in 
the subsequent paragraphs. 
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Tabla 10-5. Task File Registers 
-------------*------------------------------------- 

I/O 
Addr8.s Bead Ptrnction Write Function ................................................... 

Data 
Error 
Sector Count 
Sector Number 
Cplinder Low 
Cylinder High 
Dr1vefle.a (SDH) 
StAW 
Alternate S t a a u  
Not Used 

Data 
Write Precomp 
Sector Count 
Seetor Number  
Cy1fnd.r Lev 
Cylinbr High 
Drive/lfead (SDH) 
c- 
Digit8l Output 
Not Esmd 

MOTE: Write Reconp register  ( 1 M )  is not 
used on chm 2Olf B p u  drive. Also, the 
Bud Drive Address register  (3F7h) is 
not used ................................................... 

Data Rogistor <-Oh) 

Tha Data regis ter  (IF%) is a 16-bit, high-speed, read and write 
register.  A l l  data tr.nrfarr.d to o r  from tha disk drive must pass 
through the Dat8 register. The register  is aLro used to  tranrfer  
dm sector uble during format comaads and tha data associated 
vith tha identify e-. A l l  &u transfers are 16-bits vide 
except f o r  ECC bycase which u e  transfur& during rud-long and 
write-long coomd.. T b  UX byzas .n $lover 8-bit operations 
that occur after tha eraasfor of data. 

Euh  word of da t a  is stored on th. dirt w i t h  the Lauc Significant 
B g u  ( U B )  first and tho Kost Signfficant B y t e  (WB) las t .  This 
f i r s t  to last r e l a t i o ~ h i p  is b p o r u n t  to  remember during ECC 
tests. 
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Error B.gfrtu (1Flh) 

Tho Error register (1Flh) is an 8-bit ,  read-only, register that 
conufnr the status iron the last eo- executed by the drive or 
a satus cod.. The sutua from the last e m  is valid only i f  
S u n u  register (1F7h) b i t  0 is se t  to  "1: The register contains 
an error coda if the drive has just  been t u r ~ d  on or has jut 
completed the i n t a z ~ ~ l  diagnostic. 'Iha internal diagnosric and 
ruultrnt error codes are described l a t e r  i n  this chapter under the 
Drive Diagnostic comand. The status bics from the last c o d  
are &fined 8s  follows: 

I 1 1 1 1 1  
I I I I I I---hack?(TU)) 
1 1 1 1 1  0 - No Jo Error 
I 1 1 1 1  1 - Track 0 no+ foued during a . 

1 1 1 1 1  recalfbrato c- 
I 1 1 1 1  
1 I I I I---Abort.d-(1IBP.r) 
1 1 1 1  0 - No- co rud  u.cut ion 
1 1 1 1  1 - Connrnd aborted due to  drive status 
1 1 1 1  error (nor ready, write fault ,  etc.) 
1 1 1 1  o r  thc co-d code is Zmtalid. 
1 1 1 1  
I I 1 1 - - - a o t U s * d  
1 1 1  
I I 1 ---PIquast.d I D  Uot Found (ID=) 
I 1  0 - Sector ID l o u u d  
I I 1 - Roquoatd Sector I D  not  foued 
I I 

I I ----able D8t8 trror CUBC) 
I 0 - No uncorrecuble errors 
I 1 - fnd iu tos  that a data error was not 
I correctable by the ECC 
I 
$ ~ o c t D m c ~ ( s s t ) - - - - - - -  

0 - No brd d a u  bloclu 
1 - IadSutea tlut a bad block mark v u  encouuterad 

fn rh. sector I D  field. A bad block is created 
w i t h  *e f o r v t  c-. 
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Th. W r i t .  Pracompettsation register (1Flh) i s  m 8-bit. write-only, 
r e g i s u r  that is used vith the Set Buffer Hods c o d  to control 
the Road took-khed operation. The register is loaded vfth AIUl t o  
enable the operation or vith 5% to  disahle the operation. The Set 
Buffer llo& c o m  ir described l a t e r  in th is  chapter. 

The write-only function of this register  is not usad with the 201 
b p u  drives (Option 321). 

Sector Count Rogi.ur (lF2h) 

The Sector Couut register (1FZh) is UI 8-bit read/vrite register 
ttut is used to define the numbor of sectors of &u to be read or 
mi t ten .  A count of 256 sectors is specified when the register 
contents u e  zero. The count is & c r ~ ~ n t e d  u each sector is read 
so that the register  conuinr the arnbar of sectors remaining to be 
accessed if an error occurs fn a mulcisector operation. This 
register  a lso  indicates tha number of sectors per track when 
eucut ing m fnftfalfze driw c m .  

I f  Power Coll lundr u e  impleaencad (refer to Table 10-6). this  
ragister is rued to prod& power d m  and time-out parameters and 
sunrr. 

Sector w r  Bagistor ( I n )  

The Sector -r r e g i s u r  (lF3h) is UI 8-bit rad/wrfta register 
that conuiar  th start ing sector number for any disk access. 
Curing multiplo sector &u t rmsfor i ,  if tho previous sector read 
or sector v r f to  ru successful. the Sector Nuuber register is 
updated to point to +h. n u t  roctor that vill be red or written. 
A t  th completion of each a t o r  access, and at the completion of a 
sactor access comaad, tho register contents are updated to 
iadfcau the lut soctor correctly red or tho sector where an 
error occurred. 

Cylinder Iaw/CyLiPd.r High Rogistera (lPQh/tPSh) 

T b  C y M r  Low ud Cylinder High registers (1F4h and lfm, 
respoctiwly) are read/urite registers that contain th 10-bit 
s ta r t t ry  cy1fnd.r ntab.r for any disk access. Tho Cylinder Lov 
register contains the eight low order b i u  *ile tha Cylinder High 
register contain8 the tvo high order b i t r .  A t  the completion of 
each sactor access, and a t  tba courplation of a sector access 
corn, the Cylinder Lov and Cyliadar Hi@ register contents are 
updated to  indicate the last cylinder correctly read or the 
cylinder here an error occurred. 
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The SDII register (lF6h) is .n 8-bit read/vrite register that 
 con^ the drive and head numbers. A t  the completion of each 
secfmr access, and a t  the completion of a sector access conund. 
tho SDH register  concenu are updated to  indicate the currently 
selected hod. The register b i t  definitions are u follow: 

I I I 
I I I -----Hod Selact R.rrmb.r (HLU)) 

b s e r m d  I 0000 - 0 
I 0001-1  
I 0010 - 2 
I 0011 - 3 
I 0100 - b 
I 0101 - 5 
I 0110 - 6 
I 0111 - 7 
I larr - Not Used 
I 
I - - - 0 t i v O  s a e c t  <Dm) 

0 - Muter Dria 
1 - Not Used 

The Status register  (lF7h) is an 8-bit read-only regirter  tha t  
contrip.. disk drivm and controller oporeion information. The 
register  eontrnu updated a t  dm completion of each conund. 
The status r e g b u r  is cleared vhoxnvor it is red. If an 
interrupt is pmdiry at +ha tfma tho register is read, the pending 
intornipt is also cleared. If the Busy b i t  (b i t  7) fr active, a l l  
o a r  bit8 of th. register  u e  iav8lid. Ibe nfcroprocessor is then 
inbibieed from u e a s s i ~  the ocher Task File regfsters, and the 
Status r e w t e r  is read inatead. The Busy conditionr are described 
ln subseguant purgraphs .  

The S tanu  register b i t  definitforu u e  u follovs: 
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--- --- --- --- --- --- --- --- 
I t l 6 l S l b l 3 l 2 l l l O l  Si t s  --- --- --- --- --- --- --- --- 

I 
1 -  (EBP) sit 

Goos active (high) t o  indicate 
tiut the prevfour co-d ended 
in  sole type of error. The cause 
of the error is indicated by 
other sums b i u  or  the E r r o r  
register (m). 

,-1nb.r (I=) sit 
Gou active (hlgh) once fo r  each 
revolution of the disk. 

I 
I ---cor&mct.a Data sit 

Goes u t i v e  (high) vh.n a correctable 
data error has bean corrected. This 
condition doer not texminate mulciple- 
sector read operations. 

--.Dam &quo.+ (Dm) sit 
Goas u t i v e  (Ugh) rh.l, tha disk drive is 
ready for s &ta uausfer  between the 
rieroproceuor and bru r e g l s w  (lF0). 

1 1 1 1  
1 I 1 1 - - - D r i n  Seek -leu (DSE) Sit  
1 1 1  Cou u t t v e  (Ugh) vh.n the h u d s  are correc;ly 
1 1 1  positioned over s t r u k  and the drive is ready t o  
1 1 1  aceopt c m .  Folloviry m error, this b i t  is 
1 1 1  u a c b q e d  unt i l  the Stanu  register is r d .  
i l l  
I I I - - - D r i n W i i u l c P l t ~ B i t  
I I Goe8 utin (high) uh.n m error occurs while vri t ing 
I I to the d%sk. FollovLiy m error. this b i t  is 
I I unt i l  th. S u a u  registor is rud. 
I I 
I I---*i-L.rdf<DM)bit 
I Gou active (high) to iadiuu thrt th dri. is up to 
I qmod u?d rudy to ucep t  c-. Polloving aa error. 
C -- 6 s - g i s t e r k  Ted- 
I 
1---&uy (W sst 

flh.P active (Ugh) al l  other sutus r e g i s u r  b i t s  are 
favalid. Refer t o  the description of Busy eonditionr 
provided is subsquaat paragraphs. 

The C-d register (1F7h) is an &bi t  vrite-only register that is 
w d  t o  p u s  c- froo the mlcroprocassor to th. disk drive. 
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Colvrd o x u u t i m  begin8 -diately af tor  th. Comuul register is 
vritten. The exeeuuble cocmmd., their co- cobs  i n  binary 
and haud.cfm81 (h), and the parameters rued v i th  uch c o m  are 
1f.t.d i n  Table 10-6. Each c o d  is further described in  the 
d r q u m c  paragraph. under C-d D c ~ C r i p t i 0 ~ .  

Table 10-6; Cosp.tible H.rd Dfsk Drive ................................................................... 
C o d .  I P a r w t e r s  Used 

CccundB.p. 
I 
I7l6lsl*l3l2lllOl EU I SC S CY SDH ................................................................... 

Recalibrate O O O l x x x x  
Pud Slctor(s) 0 0 1 0 0 0 L r  
W r l t e  Seetor(s) 0 0 1 1 0 0 L r  
Bud Verify Sector(s) 0 1 0  0 0 0 0 r 
Format Tr& 0 1 0 l 0 0 0 0  
Seek O l l l x x x x  
Execute Drive D i y  1 0 0 1 0 0 0 0  
Initirlfte Drive Parama 1 0 0 1 0 0 0 1 
h a d  Xultiple 1 1 0 0 0 1 0 0  
w r i u  Multiple 1 3 0 0 0 1 0 1  
Sat Xultiple Wod. 1 1 0 0 0 1 1 0  
Road Seetor B u f f e r  11 1 0  0 1 0  0 
W r i u  Soctor Buffer 1 1 1 0 1 0 0 0  
1d.ntify Drfw 1 1 1 0 1 1 0 0  
Set B u f f e r  Xoda 1 1 1 0 l l l l  
Power Col.nd(s)20/60 NB 1 1 1 0  p p p p 

n n n d  
Y Y Y Y  
Y Y Y Y  
Y Y Y Y  
n n Y Y  
n n Y Y  
n n n d  
Y n n Y  
Y Y Y Y  
Y Y Y Y  
y n n d  
n n n d  
n n n d  
n n n d  
n n n d  
y n n d  

-r ich re t r i es  disabl.6 
# - Those collunb. are not applicable to  2OM byte drive. 
d - Rogisur con tdm a valid drive parameter, but the head 

paramour is PO+ valid. Rofor to  y. 
n - Register does not contain valid drive or head parameters 

f o r  th in  coued. 
y - Regiscar contains v r l i d  drive and held parameters for 

this c-. 
L - long b i t .  I f  L - 1 B/V long c-& are executed. 

Vh.n L - 0 noma1 R/W c-& are executed. 
r - re- b i t .  r - 0 exubles the retry b i t  for ECC and data 

errors. r - I disables re t r ies .  I f  retr ies are disabled 
at the s t u t  of c e ,  they are automatically ecnrbed a t  
th. End of the c o d .  

p - Valid b i t  only for Pwer c-& 94h through 9%. 
SC - Sector Count register (IFZh) 
SN - Sector !?umber regisrer (1Ffh) 
CY - Cylinder register (lF&h/lFSh) 

SM1 - D r i v e a a d  register (1F6h) 
x - Don't care, b i tva lua  is not significanr. ................................................................. 
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The Alt.mata S t a w  B.giater (3P6h) is m 8-bit re&-only-register 
tha t  prcnrS&a the raw status infoxmation u the S u w  ragiater 
(1Flh). Howwar, ra8dlng the Altenuta Status register does not 
c l e u  a pending interrupt. Refer t o  the Status register (1E7h) for 
dofinitions of. tha status bi ts .  

Digital Ostput P.giater (3FSh) 

Tho D i g i u l  Output register  (3F6h) is m 8-bit  write-only register 
in vhich only tw b i t s  are used to provide to pr&& intornapt ind 
r u e +  control. Tho two control b i t .  uul tholr operation u e  given 
i n  th. folloving b i t  defipitioma: 

1 mt Ured 
I l l  
I I I - - -Inte&t a b l e  (IZH) 
I 0 - If tho dtivo is a e l r c t t d , ~  
I iatormpt -14 la &led 
I 1 - Intarrupt IRQ14 -t bo enabled 
I 
I ---syaur softum -set (snsr) 

0 - Dlak drive not i n  roaet s ta te  
1 - Disk drive l a  held la reset  s u m  

The Mva Addross 1.m-r ( 3 f m )  la mt  rued by th. 1500 
Series canputerr. 
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The compatible hard disk drive c- are issued and executed via 
the C e  register (1F7, vrite-only). For each command t o  be 
comleted the folloving operations are performed: 

1. The microprocessor sends the selected parameters to 
tha Task File interface registers (lF0 -1F7). The 
required parameters for  each c o d  are listed in  
Table 10-6. 

.2. Tho Interrupt Enable b i t  (-Im) i n  the Digital 
Output register (3F6h. b i t  L) is reset  to '0' to 
enable interrupt request IBQ14. 

3. A comaad is then loaded into the C o m  register 
and execution begins as soon as the co-d is 
1ord.d. 

O.  Uhou covnd oxocution is complete, status 
infoxmation is returned to the afcroprocessor. 

A t  tho s u r t  of e m  execution, the Comaad register is checked 
for  conditions that  may cause an aborted comami. When no error 
conditions are found, execution of tha comaad is attempted. If 
any subsoquant errors are found, the c m  is termfated a t  -&at 
point. Tha types of errors that can be returned during co-d 
execution are l i s t ed  ia Table 10-7. The s- table lists the 
register addroes rPd b i t  position vhoro the particular error is 
recurnod. lb ttm registors th8t  return c-d errors are the 
Error register  (lFlh) and tho Stanrr register (1F7h). Table 10-8 
lists th. c- w i t h  their heu&ci..l coda d the mnwmnics 
for tho valid errors that  un be reauned for  each c m .  

The Drive (DBY). Hard (HEAD). Cylinder (a). Sector Number (CN). 
and Sector Count (SC) u e  puaaaters  that may need to be s e t  before 
a comaud cm be executed. Separate registers are used to set the 
Cylindor (lF4h/lFSh), Sector Number (lF3h). and Sector Count 
(lF2h). The Drive/&.ad register (lF6h) is used to select both the 
hard md drive parameters. The drive is selected by resetting the 
D r i p .  Select b i t  ( b i t  4) to  *On and by set t ing a jumper on the 
driva that designates its use u *masterg or -slaw: Since the 
CBIDCue 1500 Series computers use only one hard disk drive, the 
drive jrrnprr is factory set to designate it as the *mastern drive. 
D r i v e  selection then refers to the Drive Select b i t  (lF6h. bic 6). 
which m u s t  be cleared to  select  the 'master' drive. 



ABRI 
AmF 
BIY( 
CORR 
D m  
DSC 
DWF 
EPB 
IDUI? 
nto 
URC ------------ 

Aborted 
A d d r e s s  K a r k  Not Found  
Bad B l o c k  D e t e c t e d  
C o r r e c t e d  Data Error 
D i s k  Drive N o t  Budy 
D r i v e  S e e k  C o a p l e t e  N o t  %teetad 
D i s k  D r i v e  V r i t e  Fault  
Error B i t  ia S u a u  B c y l u r  
Requested I D  N o t  Found 
T r a c k  Zero N o t  Found Error 
U ~ o r r e c u b l e  D a u  E r r o r  ....................................... 

T a b l e  10-8. md Their Aaaoehted V a l i d  Lrron ................................................................... - 
m Aa.ocL.+rd V 8 l f d  Errors 

b e u u  Dria D i a g q o r t i c  9ah Hot Sp . s i f i . 6  
Format Track 40b/4lh ABaT. DBDY. DSC, DUF. PBB. IDNF 
Idmtifp Dritn EQI A=T. PLP 
I n t t i d f r e  Drive P 8 r . u  9lb --- An=, EPIL 
Invalid C m  a=* Erin 
Powor  CoP.nd(a) Erh N o t  S p e d f i . 6  
B e a d  W t i p l e  CUI m, , COBI1. DBDY, DSC, D m .  

PPP, fDlsp, mc 
Read Sector Buffer E&h 11l181. ERR 
B u d  S a c t o r ( s )  22h/23h An=. BBK. w. DRDY, DSC. D m .  =. =, rmc 
R e a d  V e r i f y  Seetor(8) 4Oh/41h MRT. B X ,  COPP. DBDY. DSC. DVF. =, fOBP. m 
Reulfbrate lob MRT M, DSC, Dm, EBB, TKO 
Seek 70h ABRT. DBDY. DSC. DUF. EBB. IDNF 
S e t  B u f f e r  Hods Em , 
S e t  Phrl+Lpl. Xod. cbh =. ma 
V r i t e  U t l p l e  C 5 h  , , DXDY. DSC, DW. ERR. 

IDm 
V r i t e  S o c M  B u f f e r  E8h =, EBB 
W r i t e  Sactor(s) 32h/33h MRT. BBK, DXDY. DSC, DVF, ERR. 

IDUP -------------------------------------------------.------------------- 
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The Wcalibrate comand (coda 10h) moves the read/vrite heads to 
cy1hd.r 0 (the outermost track). When the Recalibrate command is 
roeoived, the disk drive se t s  the Busy (BN) b i t  (Status register 
17Fh. b i t  7) and then executes a seek to cylinder 0. Following a 
successful seek, the disk drive updates the S t a t u s  register, clears 
the BSY b i t ,  and generates an interrupt request. Uith the comand 
successfully completed the other Task File register contents are as 
follovs : 

Addr Contents 

Error Register ( m h )  Ooh 
Sector Count Register (1F2h) Unchanged 
Sector Number Register (lF3h) Unchanged 
Cyliadar Low Register (lF4h) OOh 
Cylinder High Register (1F5h) OOh 
Drive/Head Register (lF6h) Unchanged 

If the disk drive did not find cylinder 0, the S t a t u s  register ERR 
b i t  is sat (1F7h. b i t  0) and the Error register TKO b i t  i s  set 
(lFlh, b i t  1). Also, the Error register  ABRT b i t  i s  s e t  (bit  2)  i f  
tho co-d vao aborted because the drive vas not up to  speed or 
tha head v u  not on ths selected track. 

Read Sector(s) CO-d (22h/23h) 

Tho Read Sactor(s) c o d  (coda 22h or  23h) reads from 1 t o  256 
sectors u spocifiod in  the Sector Count resister  (1F2h) and 
baginning a t  the sector specified i n  the Sector Number register 
(1F3h). A maxima count of 256 sectors is specified by a Sector 
Count register  contents of 0. Tho Status register BSY b i t  i s  se t  
(LFTh, b i t  7) .nd command execution begins as soon as the colmnand 
is loaded. To e u c u t .  tho co-d, if the drive is not already on 
the correct track. .a inplied seek operation is performed t o  seek 
t o  the desired track. and than the drive seuchas for the 
appropriate I D  field. When rh. ID is read correctly, the data 
f ie ld  is read into the Sector buffer, the S t a t u s  register DRQ b i t  
(3) is s e t ,  and an interrupt request i s  generated. Following 
successful completion of the command, the Task File register 
contonts are as follovs: 

Ad& Contents 

Error Register (l.Flh) Ooh 
Sector Count Register (1F2h) OOh 
Sector Number Register (lF3h) Last Sector Read 
Cylinder Lov Register (IF*) Last Sector Read 
Cylinder High Register (1F5h) Last Sector Read 
Drivemead Register (lF6h) Last Sector Read 
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A b a d  tory eoPvnd is executed by setting the long b i t  (bi t  1) in  
the c o u n d  coda. With the long b i t  sa t .  the co-d reads the 16- 
b i t  dam wrds and also reads the four ECC bytes in the data f ield.  
During exaeution of a a Read Long corn. the disk drive does not 
check the 8-bit  ECC bytes to determine if  there has been a data 
transfer error. 

The &OH byte and lOOU byte drives employ a 1:l interleave and a 
larger Sector buffer to provide a read look-ahead capability. Uhen 
read look-ahead is active, any read causes the 40H byte disk drive 
t o  read a n i n h  of 16  contiguous sectors of data and the lOOH 
byte disk drive to  read a midmum of 66 contiguous sectors of data. 
All subsequent reads operations then t e s t  to see i f  the requested 
d a t a  i s  already contained in the buffer before performing another 
read operation from the disk. I f  any c o d  other than a read i s  
issued subsequent to the first read e m ,  the buffer is purged 
before the c o d  is executed. The read look-abed capabiliry is 
enabled by the Set Buffer nodm c- (cod. EFh), which i s  
described in  subsequent paragraphs. 

When more than o m  sector (multiple sectors) i s  being read vith the 
Read Sector(s) c e ,  th. S t a u  register DRQ b i t  (b i t  3) i s  s e t  
and the Sector buffer is f i l l ed  a t  the eoqlet ion of each sector. 
The microprocessor then raads the Sector buffer, which immediately 
se t s  the S t a w  register BSY b i t  (bit  7) a d  reeets the DRQ bit .  
The Text File register (cylinder, h a d ,  and sector) are then 
updated to  point t o  the next sequential sector and the operation i s  
repeated unt i l  a l l  of the selected sectors are read. 

If a Bead Sactor(s1 co- is a t t a p t a d  and bi t s  2 and 3 of the 
comaad cod. are not 0. the conund is aborted md the Error 
register ABRI b i t  (b i t  2) is set .  A different error b i t  is set i f  
an error occurs during a data trausfer. The S u w  register Data 
Request b i t  (DRQ, b i t  3) 1s dvays se t  a t  tha end of a sector read 
regardless of th. error condition. If m error Meurs during a 
d t i p l a  seccor read operation, the read terminates a t  the sector 
vh.re the error occurred. Th Task F i l e  registers uo thsn be read 
t o  deternine v h . C  error occurred and i n  what s.ctor. The data read 
from the sectors ia 1ord.d into th. Sector buff.r regardless of 
vh.th.r the error is a correctable data error or a m-correctable 
d a t a  error. Hcuever. if th. error vaa r correctable data error, 
the read operation is not texminatad. 

The Write Sactor(s) comutd (coda 3% or 33h) writes from 1 to 256 
sectors u specified in  the Sector Count resister (1F2h) and 
beginning a t  the sector specified i n  the Sector Nunber regisrer 
(1F3h). A maximam count of 256 sectors is specified by a Sector 
Count register contents of 0. When the c o d  i s  issued, the disk 
drive waits for the microprocessor to f i l l  the Sector buffer with 
the dam that w i l l  be vri t ten.  NO interrupr operation is required 
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to  s tu t  the buffer f i l l  operation. When the buffer is fu l l .  the 
disk drive set the StaNP register BSY b i t  (lF7h. b i t  7 )  and begins 
c a m d  execution. 

To execute the cormand, i f  the drive is not already on the correct 
track, an implied seek operation is perfo-d to 'seek t o  the 
desired track, and then the drive searches for the appropriate I D  
f i e ld .  Uhen the I D  is read correctly. the data  that vas previously 
lorchd into the buffer is rwv vri t ten to  the data f i e ld  of the 
sector. Folloving successful completion of the co-d, the Task 
File register contents are as  follovs: 

A d d r  C o n t e a t s  

Error ~ e g i s t e r  ( 1 M )  ooh 
Sector Count Register (lF2h) OOh 
Sector Number Register (1F3h) k t  Sector Read 
Cylinder Loor Register (lF4h) Lut Sector Read 
Cylinder High Register (1F5h) b a t  Sector Read 
Driveflead Register ( 1F6h) Iast Sector Read 

A Write Long c o d  is executed by setting the long b i t  (b i t  1) in  
th. coPlarnd code. With thc long b i t  set .  che co-d vri tes the 
16-bit dam vords and also vr i tes  the four K C  bytea directly from 
the Sector buffer t o  ths data f ie ld  on the disk. During execution 
of a Write Long co-d. the disk drive does not generate the four 
8-bi t  ECC bytes. 

When more thua one sector (multiple rectors) is being vr i t ten  with 
the Write Sector(s) corn, th. Stants register DRQ b i t  (1F7h, b i t  
3) i a  se t  end m interrupt request is gemrated each time the 
buffer is ready to  be f i l led.  Once the buffer is fu l l .  the DRQ b i t  
is reset  and the Stants register BSY b i t  (lF?h, b i t  7) is set.  The 
Text File registers (cyliadar, hard, and sector) are then updated 
to  point to  the next sequenti.1 sector and the operation is 
repeated un t i l  a11 of the selected sectors are vritten. 

The &On byte a d  lOOLI byte drives eeploy A 1:l interleave 
c ~ p . b i l i t p ,  vhich reau lu  i n  slover operatiow for sequential 
single sector data transfers because of missed interleaves. 
Hovover, multiple sector operationa w i l l  be much faster since a l l  
tho sectors except the l a s t  one are transferred i n  a sequential 
block . Than, while the l a s t  sector is vritten, the next block of 
data Is received. After the l a s t  block of data is received, the 
disk drive sets  the S t a t u s  register BSY b i t  (b i t  7) un t i l  it i s  
done w r i t i n g  the &a. 

If a Write Sector(s) command is a t t q t e d  and bi t s  2 and 3 of the 
c m  code are not 0, the command is aborted and the Error 
register  ABRI b i t  (b i t  2) is set .  A different error b i t  is set  if 
an error occurs during a data transfer. I f  an error occurs during 
a multiple sector vr i te  operation, the vr i te  tenulnates a t  the 
sactor vhare the e n o r  occurred. The Task File registers can then 
be read to determine what error occurred and in  v b t  sector. 
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The Bead Verify Sectors c o m d  (code &Oh or 41h) operates - in  the 
s e  way as  he Bed  Sectors c o d  except ttut no d a u  transfer 
occurs. This c-d r e a b  a d  verifier from 1 to 256 sectors as 
specified in the Sector Count resister  (1F2h) and beginning a t  the 
sector specified in  the Sector Number register (1F3h). A maximum 
cormt of 256 sectors is specified by a Sector Count register 
conrenu of 0 .  Mter  e u h  sector is verified, the T u k  Pile 
registers are update, but no data request or interrupt request i s  
getmrated. After a11 the selected sectors are veriffed. an 
interrupt request is generatad to  i n d i u t e  th.t verification i s  
complete. The Sector Count register indicates the number of 
registers verified (a count of 00 indicates 256 sectors were 
verified). For the &OH byte AZUI 100Ll byto disk drives, the read 
look ahead capability is enabled for the R e d  Verify Sector(s) 
c o d .  

 orm mat Track -d ( 5 a )  

Tho F o m t  Truk c e  (cod. 50h) f o m u  tho track speci f ied by 
the Cylinder register; (LF4h/lFSh) and tho Driveflead registcr 
(1F6h). Aftor tho comaad is i snud ,  tho disk drive waits for the 
microprocessor to f i l l  tho Sector buffer vfch tho f o m t  data. 
Uhon th. buffor is fu l l ,  the disk drive resou  the S t a ~  register 
D a t a  RePst (Dm) b i t ( lF7h .  b i t  3). s o u  the Busy (BSI) b i t  
(1F7h, b i t  7). and begins the comutd execution. 

To exacuto tho cwPmd, i f  tho drive is not a l r u d y  oa the correct 
a u k ,  m implied seek operation is psrforud t o  seek to rh. 
d u i r e d  track. fmen rh. specified traek is found, formatting 
begins and ths dam that w a s  praviourly lordcd into the Sector 
buffer is now uritton t o  tho dirk. During tho f o m t t i n g  
oporatioa, ueb arctor is dosipatod u 'good' or %ad.* and for a 
sector desig!mted u 'bad,' an altomate sector can be 
'assignad/rmusigaed.' Following successful coqle t ion  of the 
conund, th. disk drive r w o u  th. BSY b i t  and roquesu an 
interrupt. 

Zh. fo- irrformation muat conuin two bytes of &t. for each 
sector oo +h. apocified traek. Tho l e u t  significant byte (LSB) is 
tho Doscriptor Byto, which is described i n  the following paragraph. 
Tho nost s ig r l f i cmt  b p s  (MSB) contains the sector n e r .  When 
the &t. bytes are written to the Sector buffer. the I S B  is written 
first and follwed A d f a t e l y  by ths B B .  Mtar  the information 
is written to  all of tho sectors on tho logical track, the 
re-inlng bytes of each sector should be f i l l ed  w i t h  zeros. rtrs 
sectors can be arranged in  my order, but each sector m u t  contain 

bytes of data as previously described, and the format 
i n f o r ~ ~ t i o a  mast be sent to the Sector buffer as the f i r s t  30 or 52 
bytes. 
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Iha Descriptor Byte is th. LSB of the No bytes vrfecm to each 
sutor &ring the f o m t  operation. and ia used t o  d u i p t e  the 
sector satus 8s follous: 

1. A value of OOh specifies a 'good* sector. 

2. A value of 80h specifies a .bad9 sector. 

3. A value of 40h causes the drive to logically 
*aaaign' the sector to an alternate sector i n  its 
s e t  of spares. 

6. A value of 2Oh cauaes the drive to  logically 
'-signg the a l t e n u t e  sector 8nd recover tha 
o r i  ginal sector. 

I f  a seetor w u  previously fo-tted as a .badm sector, and is then 
reformatted as 'good,' the disk drive v i l l  a t t q t  to format the 
sector as "good.' However, i f  a pravioualy gassigncdm sector is 
~ - s i ~ d , -  the rpue sector that  rrar assigned is lost.  This 
provides cha capability to replace a bad sector. but folloving the 
*-signm operation, the spare sector is not recovered. 

Do not porfora a diagnostic chat gaaaigu' 
d chon .-signsg sectors across the 
dfsk. This rypa of diagnostic v i l l  use up- 
the spare sectors so thrt none are 
available as spares for bad sectors. 

I f  a Format Track c m  is at+cmpted and b i t s  0 through 3 of the 
comaad code are not 0.  the c o d  is aborted and the Error 
register MBT b i t  (b i t  2) is set .  a zero sector number, o r  
any number grater than tha aaximm for the node, is sent, vhecher 
or not it is cha logical numbor, the Error register Faquested I D  
Not Found ( I W  b i t  (Ulh, b i t  6) is set .  In  the event that there 
are multiple bad sector d r s ,  the am8llest i l l ega l  sector number 
is stored in  tho Sector Number register  (lF3h). However, before 
the error is indicated, a l l  legal sectors are formatted as 
specified by tha descriptor byte. 

Seek (fa) 

Thr Soak c o m  (code 70h) executea a souch  to  the track 
spmcified by the Cylinder registers (lF&h/lFSh) a d  the Driveflead 
register (lF6h). After the conaurd is issued, the Seek command 
operations are executed whether or not the drive has been 
foxmatted. To execute the Seek c-d, the disk drive sets  the 
Status register Busy (BSY) b i t  (1F7h. b i t  7 ) .  begins the Seek 
operation. resets BSY, and requests an interrupt. The dfsk drive 



doas not v8it for  cho swk to be cwpleted ?afore reqwatfng an 
inurnrpt .  Ulua tho seek operation is complete th. S u n u  register 
Drive Soak C4nplete (DSC) b i t  (1F7h. b i t .  G) is set.  

If a new c e  i s  issued to the disk drive vhile a Seek command 
is being executed, the disk drive vai ts ,  %th BSY active. for  the 
DSC b i t  to become active before executing the nev comnd. The 
validity of the sector number or head value is aot checked as part 
of the Seek co- operation. If the cylinder value is not valid, 
tho Seek c e  is no+ executed. but th. DSC b i t  is see. The EBB 
b i t  (1F7h. b i t  0) is not set. 

The Execute Drive Dlagnostfc c m  (coda 90h) iaielates and 
internil  diogzwstic t e s t  that is i.plt.mted and controlled by the 
disk drive. To -te the c-, tho disk drive se t s  tho Status 
register Busy (m b i t  (lF7h. b i t  7). perform the d f a p s t i c  
operations. saves tho test results, resets BSY. and tb.n requests 
an interrupt. Th. d i o p s t i c  test results are stored i n  tho Error 
register (lFlh) so that  tha reglator contents are v i e d  as a 
result  b p  rather than as discrete error flogs. Wh.n the 
dhgnostic t e s t  is complete. a l l  of tho Task Pile registers are set 
to their & f d t  valuas, except th. Ettor reglster. The Error 
register is set to  iadlcato tho di.gnostic test results  as follows: 

Olh Ho diagnostic error detected 
0% Sector Buffer error detected 
8- Rmurwb 

Th. Ini t ia l ize  Drim Parameters cop..pd (coda 91h) ellorn the 
nicroprocessor to mt the hud suiteh and cflindor increment points 
for multiple sector operations. To execute th. e m ,  the disk 
d r i v e - ~ ~ B s P j * + z F ? l r  -- . -7t;--r 
the cuzrmt puameters, activates the translate node, resets BSY, 
and r e q u u u  m interrupt. Zb. disk drive c m  activate the 
trauslato lad. only if the Sector Count register ( I n )  contains 
17h when th. commad is issued. In the translate mob, tb. logical 
~.lus i n  th. Sector Numbor register (1?'3b), Cy1fnd.r ragfscers 
(lF&/lFSh), and Drive/iiaad register (1Fbh) are t r lrulated to  their 
default values. 

Th. &fault voluas for th. Task File register8 (lF2h througk 1F6h) 
dapend upon the capaciq o f  the drive baing used as fol lws:  
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Seetor. lhmbor of l0Unb.r of 
Per Track H u h  Cylinders 

2OH Bytes 17 6 615 
6OLl Bytes 17 6 (NOTE) 976 
lOON Bytes 33 8 776 

IF:. Tho 40K byto drive hPs 5 he& when used in  
translate mob. 

To specify tho maximum number of he& for this c o d ,  alvays 
write one less than the naximn. For example, for a 60M byre 
drive, specify 3 as the maximum nunbar of heads. The maximum 
number of sectors is specified as the actual nrmber. For example. 
26 is specified for  a maximum of 26 sectors. Cylinder and head 
ineremanu on subsequent c- occur after  .n .ccass of the 
nu- cylindor and hard valuos specified by this  c-d. 

Ihs sector, herd, and cylinder valws in the Task File registers 
are nof checked for  v a l i d i q  by th i s  conund. merefore. i f  they 
are not valid, no error is reported unti l  an i l legal  access is made 
by mo+her comaad. 

For 100K byte disk drives, this  co-d has been changed for use i n  
systems vi th  no exact device type. For chase drives only, any head 
aad sector values are accepted. The disk drive then coqutes the 

cylinder from the valws providad for tho head and sector 
ar follom: 

Kax Cylinder - 204,864/(haul value x sector value) 

Uhere : 204,864 is tho t o u l  sactor; on the 
disk &in. 

CAUTION 

Tho nrxian number of cylinders expected 
by tho &v%ce type unnot -ad the 
mmb.r possible for the drive. Specifping 
too nrnp cylindars can c w a  errors during 
system boot operatfons. 

Read W t i p l O  C m d  CC4h) 

The Read Kultipla conaaumd (coda C4h) is used for .the *OK byte and 
lOOM byte disk drfvea only. Operation of the Read Kultiple command 
is sfmilor t o  tha b r d  Sector(s) c o d  previously described. but 
it allovs several sectors to be transferred as a block to the 
aicroprocessor vithouc intemeaning interrupts. For the Read 
Kultiple c o d ,  the S u h u  register Data Requast (Dm) b i t  (lFTh, 
b i t  3) is s a t  once a t  the start of the block cormt on each sector. 
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fPry transfers. w i t h  ECC bytes. are not allowod. Ih. nrrnbrr of 
seetot. to bo transferred u a block is specified by th. Set 
Hultiplo Mode c o d  (code Cbh), which must be executed f i r s t  and 
is described in  subsequent paragraph.. 

To execute the &ad Hultiple command, the Sector C m t  register 
(lF2h) must contain the number of sectors rbqtmsted, mt the number 
of blocks or the block couut. If  th. nmb.r of sectors requested 
is not avoaly divisible by the block count. this c-d transfers 
u uny full block6 u allowed, 8nd then transfers a part ial  block 
w i t h  tho remaining scctora. Th. putid block tran8fer w i l l  be for 
.nm s o c a r s ,  whore: 

n - (sector count) modulo (block couut) 

Intarrupta u e  requested uh.a tho DRQ b i t  is so t  at ch. beginuiag 
of a& block or p u t i d  block. Ih rud-look .b.ad operations are 
no+ active vi th  th. B a d  Multiple co-. 

An Abortad col..nd (ABBT) error (lF3.h. b i t  2) is generated i f  
~ c u t i o m  of tho B a d  Multiple c- is attempted bofore the Set 
Multiple Mode e o m  ( c o b  C6h) is executed. or when tha Read 
Multiple c o m  has been disabled. 

Disk errors that  occur during eucution of a Bud Multiple co- 
a m  r-rted at th. begiaming of a block or  putid block uaxasfer. 
If a dirk  u r o r  la reportd ,  tho DRQ b i t  is still  s e t  and th. data 
transfer crlus place u it n o m l l y  wuld, includfng transfers of 
corrupt &a. However, subsequent blocks or putid blocka of data 
u e  t ruuferrod only i f  tho error v u  a corr.ct8ble &u error. 
A l l  ocher errors cause the comand to stop eucu+ion r f t e r  t r lnrfer  
of tho block ttut conuinad tho error. 

The Write Multiple c a u n d  (coda CSh) is urod for  tha 40H byte and 
LOOM byta disk M v o s  only. Operation of th. V t i u  Multiple 
eo r rnd  is sintlu to tho Writ. Sutor(s)  colp.nd prsviously 
ducribed, excopt that tho Sutua register Busy (BSY) b i t  (1F7h. 
b i t  7) la set Lp.dfately whoa tko eol..nb is b n u d .  Also, the 
&a transfers occur in multiple sector blocks aad the long b i t  i n  
the comaad cob. is not valid. Several sactots u o  transferred as 
a block vitbout in+trleaving interrupts .ad tho S u w  register 
Data Requost (DRQ) b i t  (1F7h. b i t  3) is s e t  a t  the start of each 
block transfer, not sector. interrupt request is not generated 
prior t o  the f i t s t  block transfor, but is g . ~ ~ t e d  whoa the DB4 
b i t  is set for  a l l  subsequent block or  part ial  block transfers. 
Tho numbor of sectors to be traruferred u a block is specified by 
tho Set r n t i p l e  Mod. c e  (coda Cbh). which nurt be executed 
fitst and is described in subsequant paragraphs. 
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To u e c u t e  rh. Write Multiple c o d .  the Sector Count regis ter  
(1TZh) m u t  contain the number of sectors requested, not the number 
of blocks or  ch. block count. I f  tha number of sectors requested 
is not  evenly divis ible  by the block count. t h i s  c o d  transfers 
as many f u l l  blocks as alloved, and than transfers a par t ia l  block 
vith the roaainfng sactors. Tha p a r t i a l  block transfer v i l l  be for 
'n' sectors ,  where: 

n - (sector count) modulo (block count) 

An Aborted comand (-1) e r ro r  (1FI.h. b i t  2) is generated i f  
exeeu+ion of tho Write Kultiple c o d  is attempted before the Set 
W t i p l e  Mode. co- (code C6h) is executed, or when the Write 
Multiple comand has been disabled. 

Disk e r ro r s  that occur during execution of a Write Multiple command 
a r m  reported a f t e r  tha actanpted disk vr i te .  The v r i t e  operation 
terminates at the sector where  the er ror  occurred even i f  it  i s  i n  
the middle of a block. Subsequent blocks are not transferred. 

Set W t f p l e  Xoda (C6h) 

The Set Multiple kbda co- (coda C6h) is used fo r  the 60M byte 
and lOOM byte disk drives only. This c o d  establishes the block 
couut f o r  the Bud Multiple and Urite Multiple cocnundr, and must 
be axecutad before e i thar  of tlu au l t ip l e  c- *re executed. 
To enable tha Set Multiple Mode co-d, the Sector Count register 
('LF2h) is loadod v i t h  the number of sectors to  be contained in  the 
block. Tho number of sectors,  o r  block s izes ,  supported by th i s  
co-d a re  1 ,  2. 0 ,  8. 16, 32, and 60. 

When the Se t  Kultiple Hod.  e o m  is executed, the disk drive se ts  
the S t a n u  regis te r  Busy (WY) b i t  (lF7h. b i t  7 ) .  and then reads 
tho Sector Count reg is te r  (lFZh) contents. I f  the Sector Count 
r eg i s t e r  cbntenta is 0- of the sueported values, the value i s  
s tored f o r  comparison during subsequant execution of the Bead 
Multiple and W r i t .  Kultipla -. Also, tb. Read Multiple and 
Writa W t i p l e  c- a re  enabled. The disk drive then resets 
the BSI b i t  and requesu an interrupt.  

If ths Sector Count regis ter  (lF2h) contains an unsupported value 
vhea the S e t  W t i p l e  Mob co-d is executed, the Error register 
Aborted (ABRT) co-d b i t  (1Flh. b i t  3) is s e t  and the Read 
W t i p l a  and Write Kultiple co-& are disabled. The multiple 
c-ds a re  also disabled i f  the Sector Count regis ter  contains a 
0 when the Set Multiple Mode c o d  is executed. 

Folloving power turn-on and hardware or  sofware rese ts ,  the Read 
Multiple and Write Multiple commands are disabled. This Set 
Kultiple KO& command must be successfully executed i n  order t o  
enable the Read Multiple and Write Kultiple comands. 



G R D C u a  1500 Series Computer T e c h a i d  Refereate 

Bud Buffu C a a u w J  (La) 

Th. P1.d Buffer collamd (cod. ah) a l low tho microprocessor to 
r u d  up to 512 bytes of &u from tha Sector buffer in th. disk 
drive. A l l  &u erausfarred batveten tha microprocessor a d  disk 
drive is passed through tha Sector buffer, so the buffer alvays 
contrfnr the last 512 b y t u  that vote ur i t taa  to th. buffer. To 
.ucut. the Bard Buffer collmd, th. disk dtive s e u  th. S u o u  
register  Bury (MY) b i t  (lF7h. b i t  I ) ,  s o u  the Sector buffer for  a 
read operation, s e u  th. S u w  Rogfstar &ta Requost (DUQ) b i t  
(M, b i t  3) .  resets tho BSY b i t ,  and them r e q w r u  m interrupt. 
Ib. oicroproceuor thm controls Q data read operation. 

Write Buffer ColP.nd (mh) 

Ib. W r i u  buffer comaxu3 (cod. ESh) allow th. rtctoprocessor to  
urft. up to St2 bytes of &ta in any pa tu rn  into the Sector buffer 
of tho disk M v m .  A l l  &a t rmrferred bemen  th. nicroprocessor 
.ad disk drive is passed through tho Sector buffer, so tha buffer 
d a y s  coat.iru th. last 512 b p t u  cht vora uri t tan to tho buffer. 
Oparation of Q Sector buffer cm bo checkd by vritLry &ta 
patterns the buffer to .nd chon reading th. ram &u paturns  from 
t b  buffer. To -t. Q W r i t .  Buffer c m ,  the disk drive 
s e u  up Q Sactor buffer for a vrfu opuatloa md than s e u  the 
S u w  registor D a t a  Requast (DSq) b i t  (m. b i t  3) .  
.iCtoprocusor th.n controls eh. writing of &ta to tha buffer. 

Th. Idoxttffy Drive c o m a d  (coda ECh) p e r d u  Q oicroprocassor to  
rud specific dbk drive pusmetor information through tho Sector 
buff-. To -u tho c w .  the dirk M v m  s e u  th. S u n u  
ngisur Dasy (BSYI big (1Flh. b i t  7). stores iu pusmeur  
LnfozytLon in Q Sector buffer, s o u  tho S u m s  R8girt.r Data 
Rquut (m) b i t  (m, b i t  3) .  8ud gumrafu 88 interrupt. The 
oicroprocossor thea ruds tho puamaur inforut ioa  from Q Sector 
buffer. In tb. k c t o r  buffer, Q puamaur inforut ion is 
u r w  sequentially in 16-bit wrds vith Q reserved b i u  8nd 
words s a t  to dl zeros. The pus8acar vorda and its contents are 
l b t d  in Table 10-9. 
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Table 10-9. Idoatffy Drive Pu-ter Word. 
----------------*-------------------------------------------------- 

Word Eonten+s 
----------------------------------------------------------*-------- 

A conatant value of OASAh 
Number of F i u d  Cylinders 
Number of Rcoovabla Cyliaders 
N d r  of H u d .  
Number of Unformetod Bytes per Physical Track 
Number of Unformatted Bytas par Sector 
Number of Physical Sectors per Track 
Number of Bytes i n  Intersector Gaps 
thder of Bytes in  Sync Fields 
OOoOh 
S o r i d  Nmber 
Coatrollar Type: 
2OX byte drive - 0001 single-ported sector 

buffer 2:l 
&OX byte drive - 0003 dud-ported raultiple 

Sector buffer vlth read look- 
h a d  up.bility 

loon byte drive - S- u &on byto drive 
Sector buffer S i z e  i n  512 byte increnents 
Nrinber of ECC bytes pusod for Read bng  
and Writs btq C O ~  
Coneroller Firmrue Ravision Iml 
Model N d r  
N d e r  of Sectors/Intarrupe Flag 
0 - Not Supported 
1 or > - Operation Supported 
Double Word Transfer Flag 
0 - D i u b 1 . d  ' 
1 - Erub1.d 
Assign Altammte Flag 
0 - Disabled 
1 - EMbled 
Used for  1(M byte and 100X byte drives only. 
Ibi. vord is rue-& for 20H byte driver. 
Resemed .................................................. 

Set Buffer Uoda (EPh) 

fh. Set Buffer LIod. eonrmd (code Em) is wed for the &OX byrs and 
LOOM byte disk drives only. This col..nd enablas or disables the 
read look-ahad capability for  th. Bud Sector(s) connund 
(2%/23h). Before issuing tha Set Buffer no& C o w ,  the Urire 
Precoqensation register ( 1 M )  is loaded w i t h  Allh or S5h. Tha 
value Mh enables tha read look-ahead capabi l iq  and the value 5Sh 
disables the eapsbility. When the Set Buffer Hode c o d  is 
subsequently issued. the disk drive sets the Status register Busy 
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(BSY) b i t  (1F7h, b i t  71, re* tho conteat. of tho Vrite 
Rocampaasation register, and se t s  tho appropriate mode for the 
r d  look-ahead capability. The disk drive then resets the BSY b i t  
mad roquasu m interrupt. 

A t  ay.ten.povrr turn-on and follwing a hudv.re or software reset, 
the read look-.bud capability i a  &led. If the Set Xode e m  
is issued w i t h  any valua other than Mh or 5% i n  the Vrfte 
Fxocomponsacion r eg i s tu .  the Error r a g b u r  Aborted Convnd (m) 
b i t  (LFlh. b i t  2) is set. 

The 20!4 byte drive and the &OK byte drive both use power co-ds 
to  control the current disk drivo oporatiry ao&. Ib. f ive disk 
drive operating modor are &scribed i n  Table 10-10. 

Tablo 10-10. Disk Drirr Opor8tinp l b d u  
*------------------------------------------------------------------ 

n0. Operating Ilod. Doscriptioll ................................................................... 
1 h a d p r i t e  This mod. occurs when &U is being vri t ten to 

or road from th. disk 

This rod. occurs while the heads are searching 
for a track and Che recu tor  rm is i n  motion. 

In idle mode, tha driw =tor i s  up to speed 
md +h. S U n u  resister  Drive Ready (DRDY) b i t  
(Mh, b i t  6) fa  set. EIavrtnr, the drive is 
not routing, writing, or seeking and tha heads 
a m  positioned over the last track that was 
-sd. Idl. eoda is tha default condition 
following i n i t i a l  p ~ r  turn-ON. 

4 Sundby In standby nod., the disk drive motor is 
stopped, the h u d .  u o  puked a t  track 0, and 
the logic c i rcui ts ,  except for intarface - ~ ~ ~ ~ .  a.0, emiSUtUJ-- 
resister  Drive Seek Complete (DSC) and Drive 
hady (DRDY) b i t s  (lm, b i u  4 and 6 ,  
ro.p.etively) m set .  Ih. disk drive enters 
sundby mods i f  a prop-d rho-out occurs 
after tho last disk access. Tb. dWt drive 
1-8 tho s tadby  no& &on it receives a 
c e  t h e  requires dirk access and if it 
receives a disk spin-up c m .  
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Table 10-10. Disk Drive Oporsthg MO&S <Con+imud) 
*------------------------------------------------------------------ 

a0. Operating Xoda De8eripeion ................................................................... 
5 Sleep The sleep nod. is similar to stadby no& 

except tlut the interface control logic i s  also 
turmod OFF. The dirk drive enters the sleep 
nod. rh.n it ruofves a sleep e-d. To 
1- tb. sleep soda, the disk drive must 
r e c a i a  a hardware reset. 

Ubn reset,  tho drive leaves sleep mode and 
en- reandby &. It doe. not reenter the 
mob it v u  i n  when the sleep co-d was 
issued. 

------------------------------------------------------*------------ 

To control tho disk drive operating modes the 20H and &OM byte 
drives uru colund codu EOh-ah. E5h. and E6h. The following 
paragraphs provi& the applicable connrnd code, c-d -, aad a 
&scription of oparatlon powr co-. 

A l l  of th. Pomr c- except E6h execute vhan issued and return 
m inur rup t  requost a f te r  th. spin up or spin do= sequence is 
initiated. Roaunfng the intorrupt requast does not indicated that 
the e m  exocutfon fa complete, except when tntaring the sleep 
e. Vh.n encaring sleep nod., .n interrupt requtst is returned 
a f te r  tho drive hu spun don, md stopped. 

While i n  idle nod.. if  a spin-up copvnd is ismud when tho drive 
is already rplrming, th. spin-up requaace is aot initiated. In 
l u n d b Y  M&, if a sp in -dm c e  is issued &en the drive is 
not s p i e ,  th. spin-down sequence is not initiated. 

When +h. Auto Povu-OF? feanrrr 1s enrbled, the value fa the Sector 
Count register (1F2h) specifies th. number of 5-second increments 
wed u th. tluout v b .  If th. drive does not receive a c-d 
ritatn tho t h  1fPft specified by tho t h o u +  du., tho drive 
au+o.tfcally enters the sundby mode. Zha default aud minimum 
volue for tho Sector Count register is OCh (12 x 5 seeoads) ro 
proPib a t h u t  value of 60 seeon&. The maximum allwable value 
is DCh (220 x 5 seconds) to  provib a tfiuout value of 1100 seconds 
or 18.3 minutes. I f  the Sector Coum register contxfns the value 
OOh. th. Auto Povar-OFF feature e-t be enabled. Table 10-11 
lists tho disk drive Povor c-. 

UOTt: For lov-power 20K byto and 40W byte compatible 
h u d  disk drives, a spin-down rod. is supported 
by the BOX-810s a t  AK - E449h. Refer to the 
Hard Disk Drive Spin-Dawn lfo& i n  Chapter 3 



T.bl. 10-11. Dhk Drlm P-t -----------------------------------------------.------------------- 
"Coda Cod.- Operation ................................................................... 

EOb Stlndby Xed. Tha drive fmedirtely enters the 
stuldby mads. 

Elh Idle Lloda Tha drive h d f a t e l y  enters the 
idla mde. 

E2h Stmdby Mode Tho drive h d i a t e l y  enters the 
vith Auto sundbp IP~& and enables Auto 
Pmr-OFF Panr-OFF i f  th. Sector Count 

r e g l s u r  conufnr r non-zero value. 

E3b Idle LIod. with Tha drive h d i a t e l y  encars the 
Auto Power-OFF idla mode uul enables Auto 

Oomr-OFF i f  th. Sector Count 
reglater w n u i r u  a non-zero value. 

&do Test Insorts the value FFb in the Sector 
C o u n t  regfacer (1FZh) i f  the drive 
l a i n t h i d l b r o d . .  I h e d u a O O h  
la fiuerced in thr Sector Count 
r e g i s u r  if th. drive is in  sundby 
rob.. 

E6h Sleep LIod. The M w  M a t e l y  enters the 
s1.q node. ----------------------------------.-------------------------------- 

b s e t ,  kuy, mad b U y  .n disk drive oporrtfolu that occur u a 
r o d e  of o t h u  oporrtioru. lb Rose+, Dry, and Recry operations 
md air 8ff.c~ on disk drln operation are described in 
f 0 1 1 W  puyp8pha. 

Tho R o u t  operation s o u  th. S t a w  regfstar Busy (BSY) b i t  ( l m ,  
b i t  7 ) .  .ad fnitf8lires the dfrk drive to  r s a t e  in 
preparation for raesivhg conuod. an& uauafeaing data. The 
Reset oporetion is generated in two  ways u follorn: 

1. HuQueReset .  Tha hardware reset is generated by either 
th. microprocassor or the disk drive. Ihe 
microprocessor generates a reset by 
sanding ua u t i v e  Low reset siwl to the 
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. Softvua Reset 

disk drive during the pover nun-ON 
operation. The disk drive generates a 
raset via its pwer senre circuits.  In 
either case, the reset condition i s  
removed to a l l w  normal operation when 
microprocessor and the drive acknowledge 
that pover t o  th. drive is vithin the 
normal range. 

The software reset is generated by setting 
the System Software Reset b i t  i n  the 
Digital Output register (3F6h. b i t  2 ) .  
This raset condition is r-ed only by 
resetting Systes Softvue Reset b i t .  
BOR: Softvare reset is not lmpltwnted 

in a l l  versions of the ROM-BIOS. 

Vh.n th. reset condition is subsequently r-ad, the BSY b i t  
remains s a t  while the disk drive is erublad and the drive performs 
the h u d v u .  tnttt.lization. The turdvare ini t ial izat ion includes 
c l u r i n g  any previously progr-d pu-ters, resetting default 
conditions, loading th. Task Pile registers vith their in i t i a l  
values, and then resetting the BSY b i t .  No interrupt is generated. 

Th. i n i t i a l  valums for the Taak File registers are as follows: 

Error Ragister ( l a )  Olh 
Sector Count Registar (lF2h) O l h  
Sector N d e r  Register (1F3h) O l h  
Cylinder Lor Register (1F4h) OOh 
Cylinder High Registar (1FSh) OOh 
Drive/Head Register (lF6h) OOh 

B u s y  Oparatfon 

A B u y  oprrrtion is indicated by tb. s a t  s tate of the Statua 
regiarar Busy (BSY) b i t  (lF7h. b i t  7) .  Tho S u m s  register Busy 
b i t  is activated by the folloving conditions: 

1. A system reset a t  power ON or the softuare reset b i t  
is s e t  i n  the Digital Output register (3F6h. b i t  2 ) .  

. The nicroprocessor in i t ia tes  one of the following 
c m d a  (refer to Co-d register lF7h): 

a. Read Sector(s) 
b. Read LPng 
c. Read Sector Buffar 
d. Seek 
a. Recalibrate 



d. Ini t ia l ize  Drive Puamoters 
e. Budver i fy  Sector 
f .  I&ntify Drive 
g. Execute Drive Diagnostic 

3 .  Uha-r 512 byus of dam are transferred by 
aueution of the folloving c- (refer to 
C m  register ' U7h) : 

8. Write Sactor(s) 
b. Format Track 
c. Write Sector Buffer 

O.  Wbmaver 512 bytes of data and seven ECC bytes are 
transferred by execution of a Write Long Comaad. 

For commds that read dau, exacucion requires r plan for handling 
evenu where data is missed on tho f i r s t  8ctsrpc. Uhen these 
evmnts u e  deuctod. a preptogamod sequence of oparatiolu is 
period in  .n effort  to  c a p w e  tho nissed data, correct the data 
using the ECC, and to report the avoat. The preprog-d sequence 
of ope ratio^, or algoritbr, v u i u  d q w d i n g  upon tho disk driva 
chuactar i r t ics .  In the CPIDCUe 1500 Series computers with 
compatible hard disk drives, tho algorithm urod for the 2W byte 
disk drive differs from the algorithm wad for the 00U byte and 
lOQI byte disk dr iou .  Tho following paragraphs ducr ibo both 
algorithm¶. 

&tr ies  +ith 2aRI Bfte Disk Drive 

W i t h  the 20M byu cosp8tible hard disk drive, re t r ies  are handled 
on 8 global basis. Oprationr whore errors are &tcc+ed i n  the I D  
f i e ld  aro retr ied 10 times and may not bo disabled from tha 
in te r fuo .  Operations a r e  errors are detocted i n  rh. data f ie ld  
may bo disabled from tho fnur iace  rrd .n retried in  tha following 
sequmaca up to l28 tinu. 

1. A second read operation is attempted on tha - crack. 

2. A M r d  read is atteapted vfth a servo offset. 

3 .  A four& read is .-tad with r semo offset 
i n  tho opposite direction. 

6. The ECC is applied in  an attempt to  correct 
dam. The ECC is applied vi th  offsets i n  tho 
opposite direccionr on ruccassive cries. The 
offsets rotate batween +-60 microinches and 
+-LZO microinches. 
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If a y  of &o preceding s u p s  are ~ c e e s s N ,  th. retry oporarionr 
are te-ted. the dam ia rant to its destination, and thc S t a n t s  
r o d s u r  Corrected Data (C03LB) b i t  (1F7h. b i t  2) is set.  The COBB 
b i t  providu a f lag so chat correcud dam uo bo M a r  chock for 
errors. 

Vban +ha data c-C be correctad. retry operations are temiaated. 
the c o r m d  is hor ted ,  and +h. Error register Uncorreccable Data 
Error (WC) b i t  (1Flh. b i t  6) is ut. A d d i t i d  errors may also 
ba reportod &pardtry uporr the -0 (refer to Tablo 10-8). 

Rstries vitb .CO1I Byte and lOOlI Byte Disk Dri1.8 

'Lh. 40K bye0 md 1W b y u  coapatible hard disk driver provido 
repuau retry oprat ion for &u fi.16 md hodor field.. Both 
reap oporatioaa u e  deserfbod in th. folroviry paragrapha. 

Data Field Retries 

W i t h  the 4OH byte and 1OQI b y u  b u d  disk drioas, errors doteccad 
ia tho dam f ie ld  dur- rod opor.tioma fnftiaco Q follmrlng 
re- oparacionr : 

1. Tho &u read operation ia r e a i d  t h r u  tirer. 

On the third retrp. ECC is applied in an 
a t t u p t  to correct elm &a. 

Tho &ta rud operation i a  r e G o d  vie a 4 5  
aicrobzh offset. 

Tho ECC is appliod in m attempt to  correct 
&u from th offset  rod. 

IZu &a rud operation is reuied.  

Tho ECC is appliod in .n at+cnpt to correet 
dau from th previous road. 

Tho &u read operation is rea iod  vith a -65 
rictoinch of fsot. 

Tho UX is applied in m a-t to  correct 
&ta from the o f h t  rub. 

Tho &u read operation is retried six tfnu. 



10. Ih. preceding steps u b  reputed up to eight . 
t i u s  for a t o t d  of l28 retri... If 17 
millfr.coad. are d l o w d  for e8ch r e d  retry. 
and 75 dlliseconda are a l l d  for u c h  OCC 
operation, th. to ta l  retry tFu is 4 seconds. 
Except for disabling r e t r i u .  retry count - 0, 
the numbor of r e t r i u  (l28) unnot be ch.ry.d. 

If any of t h m  preceding steps .t. mcuufur. the retry oparatiozu 
are temiaated, th. data is sent to it. destination, and tha Status 
r e g i s u r  Comcted D a t a  (COER) b i t  (IF%. b i t  2) is sat .  I ho  COBP 
b i t  provides a fly so b t  corroctod &+. cra be frorh.r cheeked 
for  errors. 

W ~ X I  dm &u cammt be eorroeud, retry opaatloar u e  temfnated. 
th c w  is &orcod. d +h. Error register Vlrorreeuble Data 
Error W C )  b i t  (Iflh, b i t  6) is set. A d d i t i d  errors may also 
be reporud depeadbg upon the ewse (refer t o  Table 10-8). 

Uh.9 tha hadprim h.Ud. are switched or  a seek is completed. and 
th. hud. u e  l e u  thaa 200 nZesoFPcb. from tho center of th. 
track. dm drfm 8++..pu .o offtr8ck rud. If th at-t is 
~ s s f u l ,  17 rinis.coab of la- u e  saved utd tha drive 
a x c ~ d s  its seek p.riommce specifiu+ion. when the arrclapt is 
not successful, tha drive rud8 th ulecub sector on tha next 
pus u in 8 m d  r u d  operatton md tha seek prfo-e 
spoe i f iu t ion  is mot. 

Pith  tbr &OM byta md 1OW bf. hub disk drives. errors detected 
in tha M r  field durhg re& op.r8thm in i t i8ta  th. following 
retry oporatiozu: 

2. If any recry is .urcc.siul, th hudor retry 
cantor is resot md th. &ta f ie ld  k r e d .  

3. If th retriu u e  mt ruccusfur, tha red 
commki is aborted utd the applicable error is 
rammaad (?&or t o  Table 10-8). 

'Eh. total tiu requirod for  20 r o t r i u  is 0.30 
ucoad.. The header r e U u  cmaot bo disabled 
froethinurfacarodQh..d.rretr~~-t 
-t be cbE&.d. 



CXAPTER 11: P-L PORT SOBSYSTEn 

The Paral le l  Port Subsystem is functionally equivalent t o  the I M  
AT pr in ter  adapter and a l so  includes a para l le l  1/0 capabili ty.  
The p a r d l a 1  port  interface is designed t o  at tach t o  pa ra l l e l  
Centronics-type pr inters .  Mdftionally,  a secoad group of 
regis tars  allows input via the para l l e l  port c-ctor so  that rhe 
interface can be used as a general purpose, para l le l  input/outpur 
pot t  . 
The Paral le l  Port c o ~ t r o l l e r  is a custom gate array device w i t h  
GIUD System Part  Number 300613. The controller consis ts  of nine 
reg is te rs  and their control logic.  Dercriptionr of  the regis ters  
aro pr6vid.d i n  subsequent paragraph. of this chapter. A block 
diagram of the Paral le l  Port Subsystem is provided f n  Figure 11-1. 

PAuLLa Porn Box-BIOS SEBVICt mmI€at 

The GRlDCase 1500 Series Conputat BOLI-BIOS provides the following 
i n t e v c  service routine funetioru to' intarfaco t o  pa ra l l e l  
pr inter .  

1 n t o r n q t  Function 
( X u )  No. ( A 8  reg) Dercriptlon 

17 . 00 Prfat  a character 
17 01 Initialize rh. printer  
17 02 b a d  prfn tar  status 

Snobe-, 
Parala 
InmIiaW 
Lools Tt!smm 

-+)E.?--. 
(-0 DItvenl 
Gam RemhwY Ack- 

AWRss &my NO. Busy. D.Coae0 PE. 
Sla. 

L 

I lrn? 

P* 
AddrsQ. 
o m  aria 
Carol 

e 1 .  Paral lol  Port  Subryatsr Block Diagrsm 



GRIPCUO 1500 Series Computer Teehaleal b f e r e e e  

Parallel Printer Port SeIPIea Routine Description 

Ib 80286/80386 Kicroprocassor registor inputs and.outpucs for the 
parallel printer port interrupt service routine functiolu are 
l i s ted  in the folloviag paragraphs. In each of the functions, only 
register AH is modified; all  other registers are unchanged. 
Register AH determines tho function that is invoked. The register 
contents are specified i n  hexadecimal (h). 

Register DX specifies th. printer to  b. used ( 0 .  1, or 2). In the 
CBtDCare 1500 Series computers. 1/0 registers a re  provided to 
support printer  0 only. The BOPI-BIOS can handle additional printers 
i f  the appropriate 1/0 registers are provided externally. 

Register AH is also used t o  return the printer status information. 
Refir to the Printar Control and S t s t u r  register for a description 
of th. sutur information that is renunad. 

AE - OOh Print Chuacter 
AL - Churcter to print  
DX - Printer to  use (0) 

On Exit: 
AIl - Printer status 

B i t  Iadiut ion fmal see t o  "I.. 

0 T i n a  out 
1.2 ROC used 

. 3  I/O error 
G Selected 
5 Out of papor 
6 Ackaovledge 
7 Not busy 

A6 - O l h  I o i t h l i z e  RiPcer P o r t  
DX - Printer Port to in i t ia l ize  (Always 0 )  

On Exit: 
AH - Prfnter s u t u a  

S . u  u funetion om. 
AE - 0- Bud lrtneer Status 

DP - Printor whose sum is recurwd (0) 
On Exit: 

AH - Prin+er su+w 
S a w  u function OOh. 

The parallel p o r t  controller consists of nine registers and their 
control logic. Ona group of five registers is used for printer 
operation and system status checks. Another group of three 
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ngl8urs 8upporu a parallel input/output port fntarfaea. One 
80puaU reg--r selects betman the printer registers a d  the 
p u d l e l  port registers. A l l  of tho registers are accessed 
rhrougb 1/0 adat.ss.s. 

The printor operation and system status registers u e  accessed 
thsough 1/0 rddressas 378b through 37Ph. The parallel I / O  pore 
r e&isu r s  u o  .ccessed through 1/0 addresses FFEh through FFDh. 
Oru of the parallel I /O registers (port 1)) hhs sepuate addresses 
for read uad vri te  operations. 

The 1/0 register a t  address 623h is used t o  select either the 
printer registers or the parallel 1/0 registers. Table 11-1 lists 
+ba Parallel Port S u b s y s a  registers 8nd b i t  I / O  addresses. 
Easeriptioas of the registers are provided in the following 
pu.vsph8. 

ROTZ: Throughout this ch8pter. 1/0 register 6ddresses 
md contents are given in h u u d . c h 1  (h) . 

Table 11-1. P u a l l e l  Pore Sub8yst.r Bogistors ............................................................ 
Addrua I/O 

42% Address I/O b g i r t e r  Uua ............................................................ 
0 37Sh I R u d  Princer Dau 
0 37% I Road Status RogZster B 
0 371U I 8.d S u a u  b g i s t e r  C 
0 37Bh . Ondefined 
0 3741 0 vrfu  -tar D a t a  
0 37Dh - Oprration 
0 3 7 a  0 Printor Control Register 
0 37Rl - undofilm4 
1 FF8h I Road Port A 
1 FF9h I Read Port B 
1 FFAh I Bud Port C 
1 FFBh - Und.f irud 
1 FEtI - Not U d  
1 rmh 0 Vrite Port B 

--------------------------*----------------------------.---- 

The printer registers u e  wed to  control operation of an external 
printer ekut is c o ~ t e d  to tho colputer through the parallel port 
comuctor on tho rear canneetor puml.  W e e  registers are used to 
read data aed status info=tion ud tva registers are wad to 
vr i ta  data and control information. l'ho fitn printer registers are 
a l l  8-bit registers. vhich are accessad only when the register a t  
address 423h is set t o  "0." 
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To sand da ta  or control information to tlu printer, the respectfve 
&to or  coatrol register (37Ch or 375)  is 1ord.d vfth an 8-bit 
b-e .ad a strobe s fgad  i s  activated. The priator s u n u  
rb@ters are then monitored to deternfae th; response from the 
printor. Whoa th. printer acimovledges &at the data or control 
byte w u  received. a hudrrue inter&pt requost (IR7) is generared. 
Au hardware interrupt i a f t i a l fzu  tho ILOn-BZOS inur rupt  service 
routiru a t  iatorrupt Om. Ib. interrupt serrrfce routine completes 
th. operatioas required to  send &ta to tho printer. 

Tho fol lwing puagraphs p r d &  tho b i t  &ftnitioar for each of 
th. printor regiaterr. 

m: A t i ldo (-1 symbol folloving a b i t  - 
tadicotes active lw (lw-true) logic. 

Road oad W r f t o  P r i a t u  Dsu Registers (378h .ad 37ch) 

'Ih. Parallel Pott controller uses separate registers to read and 
write &a. Zh. registers u o  Located a t  1/0 addresses 378h and 
37Ch, respectively. These &bit  buffers p&& .n intarface 
betvaen tho Picroproces.or data bus rod tho parallel  printer p o r t .  
B f u  7-0 of th. &U registers eorrespoztd to  &a b i t s  DATA?-DATA0 
of the ofcroprocorror da t a  bw. 

The P r f n u t  Coauol registor is 1-d at 1/0 address 37Eh. TbLs 
8-bit b u f f u  ptooldu a wits onLy interface between the 
Picroprocerror lad th. p u a l l e l  printer port. B i t  definitions for 
th. Printer Coauol regfster are as follovs: 

1 1 1 1 1 1 1 1  --------- I  I  I  I  I--- mar: 
I  1 i  1 1 Enables valid data onto the 

Not Used I  I I I  nlcroprocessor data bus. 
I  I I I--- 
1 1  1 ~utofeeds one 1%- of paper af ter  
1 1  1 printing h8s stopped. 
I I  I--=- 
I  I  1nitfPliz.s tho printer. 
I  1.- mX6- 
I Al lows  p r i a t u  to rccept dot.. 
I-- raQ= 

Enables Interrupt Request IRQ7. 
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R i n t e r  and s y s t u  S u t u  Registsrs (0379h and 037Ah) 

The Para l le l  Port Subsystem uses two status regiscefs i n  the 
pa ra l l e l  port  controller.  Both regis ters  are  used t o  determine the 
pr in te r  stanu. and are a lso  used fo r  system status information. 
S t a w  reg is te r  B is located a t  1/0 address 379h and sums 
regis te r  C is located a t  1/0 address 37Ah. 

Both surur regis ters  are  8-b i t  buffers w i t h  three b i t s  of each 
reg is ta r  used fo r  system s a w  inforcution and the remaining b i t s  
a re  reserrrad fo r  pr inter  status information. For s t a w  regis te r  
B, the three l eu t  s ignif icant  b i t s  (2-0) a re  system status b i t s .  
For sutua regis te r  C. the three most significant b i t s  (7 -5)  are  
system status b i u .  B i t  def ini t ions for tho tm s t a w  reg is te rs  
a re  given i n  the f o l l o n n g  paragraphs. 

Printer S u t w  Register B (379h. h a d  Only) 

Printer Status reg is te r  B (379h) is an 8-b i t  read-only buffer chat 
provides three b i t s  of system status information and f ive  b i t s  of 
pr in te r  status information. The three l e u t  s ignif icant  b i t s  ( 2 - 0 )  
are  the system status b i t s  and the remaining b i t s  (7-3) arc used 
fo r  pr in te r  s u t u a .  B i t  def ini t ions for Printer S t a w  reg is te r  B 
are as follows: 

................................. 
I t l i l 5 1 4 1 3 1 2 l l l O l  B i t s  ................................. 

1 1 1 1 1 1 1  
I I I I I I I - - -  BaPa- 
1 1 1 1 1 1  % t a m 1  Disk Drive Address 
1 1 1 1 1 1  0 - External Drive is A: 
I 1 1 1 1 1  1 - External Drive is B: o r  E 
I I 1 ' 1  I I--- 
I l i l i  A "1. indicates that the bat tery 
1 1 1 1 1  voltage is below +10.5 Vdc. 
I I I I I - - 3 0 %  
1 1 1 1  External Floppy Disk Drive Type 
1 1 1 1  0 - 5.25-inch 
1 1 1 1  1 - 3.5-inch 
I I I I---- 
1 1 1  Indfcates a pr in te r  e r ror  has occurred. 
I I I - -  sI.m 
I I Indicates tha t  the pr inter  is selected.  
I I - -  Papsr Error (PE) 
I Indicates that the pr inter  is out of paper. 
I - -  Acknowledge (AtX-) 

Indicates rhrt the pr in te r  is ready t o  accept data. 
BUSY 
Indicates t ha t  the pr inter  is not ready to  accept data. 



Pr fn tu  S u t w  register C (37Ah) i s  m $-bit  read-only buffer that 
prorides three b i t .  of system s u t u s  i n f o r ~ t i o n  and five b i t s  of 
printer s t a n u  information. Iha mrt l e u t  sf@fiernt b i t s  (7-5) 
are the system suhu b i t s  and the remafnfng b l u  ( 6 - 0 )  are used 
for printer s u w .  B i t  &finition# for  Printer S u t u a  register C 
are u follovs: 

bl(m: Printer S t a t u s  register C hu h r t e d  outputs 
so that a .OO in arty b i t  position seas a '1' 
t o  th. nicroprocessor. For exauple; i f  
EMPET- - 0  ( t r t e d  Driva A c e d ) ,  b i t  5 
vould be a '1. a t  the rictoprocessor. 

................................. 
I ? l 6 1 S l * l 3 l 2 l l l O l  B i t s  
-------------------------------a- 

1 1 1 1 1 1 I I  
1 1  I I I 1  I I - - - - =  
l l l l l l l  Indtuus valid data on the 
J l l l l l l  printer &u bus 
I I I I I 1  I--- 
1 1 1 1 1 1  Iodfutu th+ Autofud is ON, vhf eh 
i l l i l l  feeds OM 1- of paper after  
l l l l l l  printing is complete 
I I I I I I---- 
1 1 1 1 1  Indiu+as printer vu ia i t ia l ized 
I I I I I--- 
1 1 1 1  Indicates tbt the printer h a  accepted data 
I I I I---  
1 1 1  Indfuces tke Interrupt Request IRQ7 in enabled 
I I I--HurPPT- 
I I --a noppy ~ i s k  mive ~t+oched 
1 1  0 - External Drfo. A t t a c h e d  
1 I 1 - External Drive Not Attached 
I I--- 
I E x t a d  Backup Tpp. Drive Attached 
I 0 - E r u d  T.p. Drivm Atushad 
1 1 - No Exurd f.p. Drive Aewbad 
I - -  m 

h + . d  Ugh Density Drive Attached 
0 - Extenul Drive is Hi@ Density 
1  - EXtorml Drive i n  No-1 Dcrutv 



Parallel Port Subsysren 

Th. p u a l l e l  1/0 port registers are used vh.a the parallel I / O  
~~tor on tho computer rear p-1 mu t  function u an 8-bit 
parallel input/output port. Any 8-bit parallel device attached to 
tho port can send data and s u t u r  iPfom~tiorr to  the microprocessor 
md c m  recoive &u md coacrol informtion from the conpufer. 
Tho three parallel 1/0 registers ern be used t o  rod dam or s r a t u s  
info-tion. Om of tho registers (Port I) c m  be used to write 
data md control infomation. I tm regisurs are a l l  8-bit 
registers. vhich are accessed only whoa tho regiater ar address 

is sot to =I.= 

'Ib. duo. regisurs   AVO tho ram conventional 8-bit map as 
difollovs. Their only didiffereateas .I. i n  thoir addresser and 
function. 

Port A Register (FFBh, Road Only) 
Port S Registar (fi9h for Read, FFDh fo r  Urite) 
Port C Reglstor (FFAh. Bead Only) 

................................. 
1 7 l 6 l S l 4 I 3 1 2 l l l O l  E.gis tarSi ts  
----------------*---------------- 

ID7 ID6 ID5 ID4 ID3 ID2 ID1 ID0 I Data B i t s  --'------------------------------ 

The parallel printer/port connactor is a 25-pin, subniniatrue, D- 
typ. f d o  reeepuclo, vbich is -tad on tho r e u  panel of the 
GBiDCue 1500 Series corputer. I n  tho following list. "Out* a d  
'In' u o  reforancod t o  the GUDcase 1500 Series catputer interface. 
and not to a printor or ocher &vice cotmeetad to tho computer. 
For urpple,  pin 1 is .n output from the computer to an external 
dovia. Figure 11-2 shovs tha pin layout for the parallel 
prinur/port  e-tor .nd tho comuctor pin dofinitious are given 
in Table 11-2. 

P i m a  11-2. P-11.1 Port Counoetor Pfn U p t  
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Table 11-2. P u a l l e l  Port -ctor Pin D . f i n i t h u  ................................................................... 
~ f a  r ~ ~ g a d  ~ f r a c t i o n  Doseriptiom ................................................................... 

STROBE- 

DATA0 
D A T A 1  
DATA2 
DATA3 
DATA * 
DATA5 
DATA6 
DATA7 
Am- 

Out 

In 
In 
Out 

Out  

Out 

Pulsed low to  indicate output is 
avaflabla for printar. Set high 
during data input operatioxu to hold 
tb. ACP- liru (pin 10) low. 
Datr b i t  0 
Datr b i t  1 
Data b i t  2 
Datr b i t  3 
Data b i t  I 
Data b i t  5 
Data b i t  6 
Data b i t  7 
Pufud lov by the printer to 
iadicau that  it hu reeeivmd da t a  
and is ready for the next b p .  
Goes high to  i r d i c a u  tbt printer 
urnrot receive &a. 
Iu&h whoa printar is out of paper. 
High whoa printer is selected. 
Th. printer  feeds OM of paper 
each tima auto feed signal goes lov. 
Lov vhen the prfDur is off-line, 
out-of-p-r, or fn an error state. 
A lov pulse rwts  th. printer and 
clears iu print buffer. 
Sot la t o  enable data transfers to  
the pr inu r .  For data fnput, this 
lina is s e t  high (+5V) to  raise the 
sender's BUSY lku to a high level. 
Twisted-prtr signal return (a). 

1. Direction fa relative to  the computer. 

2. Th. til& symbol (-) folloving a sigM1 - 
tndlcates active loor (low-true) logic. 

". Thr DATA 0-7 lipas are tha eight parallel dsta bits .  
A high level indicates a logic '1' out, a low level 
iodicatas a logic '0' out. ................................................................... 



CEUTER 12: SERIAL I / O  PORT AND MODEM SUBSYSTEM 

The GIUDCase 1500 Series computers provide an RS-232-C asynchronous 
s e r f d  Z/O port and an optional i n t e n d  modem. In the Hodel 1520 
computers (80C286 Uicroprocassor), an Intel  82C50 Universal 
m o n o u a  Receiver-Trmsnftter ( W T )  is used to control che 
aer ia l  1/0 port and a s d  UAXT is used to eonuol the modem. 
Tho ZUPTs aro dosigrud to  i n u t f r s o  vfth asynchronous ser ia l  
devices such u modema and and other RS-2324 compatible devices. 
Each UART provides full  duplex, double-bufforad asynchronous serial  
e m e a t i o n s  e lpabi l ly .  In  addition to  che cwo VARTs. the 
subspatun includes the logic circuits  required to  interface betveen 
the nicroproeessor and the external ser ia l  1/0 devices. 

For Plodol 1530 (80386 Kicroproassor) conputera, tha ser ia l  1/0 
port and modem are b o a  coatrolled by 8 VLlbC452 DUAL Asynchronous 
Co-ications Element (DACE) manufaemred by VlSI Technology. Inc. 
Tha DACE is designed t o  simultaneously interface vith two 
input/output ser ia l  dmic.8 such u 8odoaa ond other RS-232-C 
compatible dovicos. E.ch chumel of tho DACE provides a f u l l  
duplex, double-buffered -US ser ia l  c d r a t i o n s  
eapabi l iy .  In addition to the DACE, the subsystem includes che 
logic eircuita required to interfrcs beore.n the microprocessor and 
tho external ser ia l  110 &vicos. Pi&ure 12-1 is a block diagram of 
tho ser ia l  1/0 porr ond rodom subsystem. , 

HOZt:. l'tuoughout this chapur, regirtor addresses and 
contents u a  apectfied in W e f o a l  (h). 

V ~ l a l J m h . ~ a n a  
JFWFFktortlwhfwnelmanm. 

Ffguro 12-1. Sorb1 1/0 port and Mom Block Diagram 
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Operation of the DACE is sfmilat in operation to  c w  UARIs since 
both subsystems provide m o  independent serial  comaunications 
e-la. Thorefore, the following descriptions apply to either 
tho DACE or UART based subsystems, unless o t h e ~ f s a  specified. 

Ru internal nodem is available as eithcr of two options: Cption 
330 operates a t  1206/300 Baud and Option 331 operates a t  
2600/1200/300 Baud. Both optforu are Sell  2 1 U  ond 103 compatible 
and Option 331 is also V.22 bis  compatible. Both no- are also 
cospatible w i t h  tb. Hayes 1200 S n u t l l o d a r  e w  sat. 

Th. internal modem aud the se r ia l  1/0 port -0 separate 1/0 
chanuels so that both &vices cm operate sfiultaaaotuly. In the 
s u p d u d  confiyration. tho i n u d  .odu is configured as COEQ 
mad th. ser ia l  I/O port is configured u COK2. Harover, this 
copfiguratiop is program mppable in sama versiona of the MS-DOS 
oporating system. 

Ru POW-810s prorrtdos a s e t  of sarrrice routfnr frmctionr t o  handle 
tha ~ r l a l  1/0 port c-cation requfr..mu. Th. functions are 
8umutz.d i n  tho followfry 1i.t and d.scr1b.d i n  tho subsaquant 
puagr.ph.. 

k r t e v t  m t i a a  
(Hu) 60. CAE reg) Doseripeion 

Inf t i i i i res  tho ser ia l  port device 
Soda a 'character to the ser ia l  port 
Remivas a chuacter frm the se r ia l  port 
huh suw of the ser ia l  port device 

Th. ricroprocusor registers detmdnm h w  th. senrice routine 
fuactiotm u m  wed. 8.&ster &I dotominu vtrich function is 
favoked, vhfle the other registers further define how the action i s  
p.Xf0rP.d. Iho contents of Pagismr DX specify the port number. 
T b  fn t enu l  port fa always port 0. If an external c d c a t i o n s  
w e e  fa wed, a port other thm port 0 aut be specified. 

On d t ,  serrriem fuactions OOh through 03h r a m  tho contents of 
the Urn Status register (2FDh) t o  microprocessor register AH. 
Furrtion O2h rmhtmr the character received in  microprocessor 
register  AL. hmstfonr OOb and 03h return the contents of the 
Hodem S t a t u s  resister (2FEh) to microprocessor register AL. 
Deseriptiorm of the status registers are provided in subsequent 
paragraphs. 
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AS - OOh InLtialite tho Serial 1/0 Port 
DX - Port Number 
AL - Initialization Paraeters (Refer to  following puagraph) 

O n  Lit 
AH - UM Status Registar (2FDh) contents 
AL - Hodom S u w  Bagistar ( Z m )  coatenu 

A8 - 0% B.celrr Chrtleur 
DX - P o r t  Number 

On Exit 
AL - Cturuter  Bacaivod 
A 8  - Line status Reglater (2FW) COzlUata 

a - 0% B u d  St.- 
DX - Port Number 

On Exit 
LU - Lirm Status b g l s t e r  (2FDh) Concauta 
AX. - Uoda S t a t u a  Register ( 2 m )  Contento 

Serial I/O Port Ia i t i~ l i sa t ior r  Paramatars 

To iinitializs the  Serial I / O  Port (AH - OOh). tho following 
puamotorr u e  1o.d.d into 80286/80386 illcroprocu801 register ILL: 

------------ ------- --- -------- 
I t l 6 l S l 4 l 3 l 2 l l f O l  Btt ------------ ------- --- -------- 

I I . I I I I I I  --..*--. ----- I ----. 
I I I 1-----Pod fml+h 

Baud U t e  I 1 1 0 - 7 b l u  
0 0 0 - 1 1 0  I I 1 1 - 8 bita 
0 0 1 - r s o  1 
0 1 0 - 3 0 0  1 

I 
I---Stop B l U  

0 1 1 - 6 0 0  1 0 - 1 b i t  
1 0 0 - 1200 I 1 - 2 b i t s  
1 0 1 - 2 0 0 0  1 
1 1 0 - 4800 I---Putty 
1 1 1 - 9600 0 0 - None 

0 1 - O d d  
1 1 - E v a a  
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In the Hodel 1530 computers. the hul Asmhronous Codcations 
Element (DACE) provides ~o independant full-featured asynchronous 
comunications channels in one integrated circuit. The operation 
of each channel is similar to the operation of each 82C50 Universal 
Asynchronous Receiver Transmitter (Urn) used by the Xodel 1520 
computers. Each channel in either subsystem performs serial-to- 
parallel conversion on data characters recoived from peripheral 
devices or the internal noden, and also performs parallel-to-serial 
conversion on characters received from the 80286/80386 
nicroprocessor. 

Both subsystcnr (DACE or UABl based) provide No separate channels. 
and che s u w  of either channel em be read by cho microprocessor 
at any time during operation. Each ehoxmel also iacludes a 
p r o g r e l e  Baud rate generator chat divides the 1.81 PILlr timing 
referanco clock input by any divisor from 1 through 65,531. 

The internal modem md the serial 1/0 port use separate channels so 
that both devices ern operate sfPULtaue~~.ly. In tb. stlSld.rd 
configuration, the internal modem is configured as COWl and rhe 
sorial 1/0 port is configured u WH2. Thfr configuration is 
prop- 8vappable with sop. versions of fhe KS-DOS operating 
system. 

Both serial chumels also have independent interrupt capability. 
Ch.muls 0 and 1 support internrpt requests IBQ4 and IBQ3. 
respectively. Within each serial chrmral, the conditions chat 
caw* an fncomrpt are enabled and prioritized through p r o g r e l e  
registers. Vh.n a progr-d interrupt condttfon occurs, che 
rorpoctivo interrupt requast (IRQ& or IEQ3) is generated and sent 
to the mfcroproeos8or interrupt controller. The BOLI-BIOS then 
provides the somice routine that processes the interrupt. 

Tho optional intomrl modam uses serial chaxmol 0 md che serial 
1/0 port uses serial chaanel 1. In the standard configuration. the 
tw chumels are connected as follovs: 

ROTE: The serial channel configuration is swapprble 
with some versions of the S-M)S operating 
system. 



Serial I/O Po= uid IWlodu Subsystem 

Since the.subsystem pr0vid.s two identical channels.. there are two 
similar se t s  of addreas.ble 1/0 ragisters. Tha microprocessor 
distinguishes beween the registers by their 1/0 addresses. The 
Sorial 1/0 port registers are located a t  I / O  addresses 2F8h through 
2?'Rt ud the internal modam 1/0 registers are located a t  1/0 
addresses 3F8h thought 3 m .  Both sets  of registers include no&= 
Control and Wdm Swrru ragisters. 'Ru modom registers on the 
se r ia l  1/0 port allow an exterrul modem t o  be connected to the 
subsystem. 

The primary addresses of the I /O registers used by both se r ia l  
chumols are provided in  the following list. Th. register b i t  
dofinitions are provided i n  tho following ragfster descriptions. 
Tho se r ia l  I/O port cowactor pin dafinitiozu a te  provided a t  the 
end of th is  chapter. 

In the following l i s t ,  the c o l a  labeled 
* D M n  refers the Divisor k t c h  Access B i t  i n  
tho Lino Control register. The DLAB b i t  
dotarmines whether 1/0 addresser 2F8h and 3F8h 
reference their respective transmitter and 
receiver registers or a i r  bud divisor latch 
registers. 

1/0 Address Bud/ 
Port Modom Vrito Punetioll 

Transmitter Holding Regist 
Roceiver B a r  Registor 
Baud Divfsor k t c h  LSB 
Baud Divfsor kteh KSB 
Interxupt Enable Register 
I n t e r n q t  Identification 
Lfru Control Register 
Modem COPttoL Register 
Lfno S t r e w  Register 
Modem Statur Register 
Scratchpad Register 

Transmitter Operation 

The transmitter operation of each channel uses tho Transmitter 
Holding register (2F8h/3F8h). a Transmitter Shift register,  and 
associated control logic. The status of the cransnitter registers 
is indicated by two b i ~  i n  the =no S t r t u s  register  (2FDh/3FDh). 
The two bi ts  indicate Transmitter Holding Register Empty (THBE) and 
Truromitter Shift Register Empty (TEKT). 

To transmit. a byte is written via Dam Lines DO through,D7 to the 
Transmittar Holding register.  The byte i s  automatically 
tramsferred from the Transmitter Holding register to  the 
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transmitter Shift register.  mtring the transfer,  vhen the s t a r t  
b i t  is sent,  th. 'PIWE s u m s  b i t  is s e t  (high). Once MBE is set .  
thm microprocessor perfoms a write operation to  s h i f t  the byte out- 
of tho s h i f t  regiscer one b i t  a t  l time through the 1/0 port to the 
s e r i a l  device. 

Uhbn chb t r aumi t t e r  operation is idle. both s t a w  b i t s  (THRE and 
-) are high. Writing the f i r s t  byte resets  THRE t o  lov, but 
vhon thb cr-ission is complete. MBE renuns  to high. The TR4T 
b i t  also goos lov a t  l e u t  un t i l  transnission is complete. I f  a 
second byte (character) is written to  the Transmitter Holding 
regis ter ,  the MBE b i t  is again reset  lov. 

The byte c.nwt tranafer from the Transmitter Holding register  to 
tho Tranadt ter  Sh i f t  regis ter  un t i l  the s h i f t  register  is empty. 
Thorefore. the TlPLe b i t  remains lov un t i l  the write operation is 
complete. '&on thb lut data b i t  has been written, the TERT status 
b i t  is s e t  high, and the TXRE b i t  is s e t  high one tranafer time 
la te r .  

Receiver Oper8tiaa 

The receiver operation of each channel uses the Line Control 
reg is t s t  (iFBh/fFBh). Line S t a w  Register (2FDh/3FDh), Receiver 
Buffer register  (2FSh/3FBh), Receiver Shift  register and associated 
control logic. A start b i t  detect c i rcu i t  is continually searching 
for  a high to  low transit ion from the receiver idle s u t e .  When 
thb t ransit ion is detected. a counter i s  reset ,  and counu a 16x 
clock to  7.5. 'Ih. count of 7.5 represents the center of t h m  s t a r t  
b i t .  Thb start b i t  is val id  i f  the input l ine  is still lov a t  the 
center of thb start b i t .  Verifying the start b i t  i n  this manner 
prevents a noise spike on the input from being detected as a s t a r t  
b i t .  

Thb Line Control regis ter  is progr-d to  determine the number of 
data b i t s  i n  a character (byte), the number of stop bit . ,  i f  parity 
is rued, lad thb p u i e y  polarity. The Line S t ~ t u a  register 
provi&a thb Data Ready (DX) , Overrun Error (OE) . Parity Error 
(PE), .nd Framing Error (FE) bi t s .  These s ta tus  b i t s  indicate the 
rmcoivbr operation u follova: 

1. Thb DR statua b i t  is s e t  high vhen a dat. byte 
(character) is strobed a b i t  a t  a time into the 
Recoiver Shift  register .  

2. Thb D a t a  byte (character) is automatial ly 
tr8nsferred into the Receiver Buffer register.  

3. The DR sum b i t  is rese t  to  lov vhen the micro- 
processor reads the Receive Buffer register  through 
Data Lines DO through D7. 
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I. If th. D a t a  Lines (DO-D7) are pot read before a new 
character is transferred from th. Receiver s h i f t  
regiatar to the hceiver  Buffar r e g i s u r .  the OE 
s u t u a  b i t  is set. 

5. Ib. paritg b i t ,  vhich prece&s the f i r s t  stop b i t ,  
is &eked against the progr-d valtu. If  the 
values do not match, the PE s a w  b i t  is set.  

6. F U y ,  the l a s t  stop b i t  is t e sud .  If the lut 
stop b i t  value is not high, the FE sums b i t  is 
set. 

B i t  definitions for  a11 of the registers are provided i n  the 
following paragraphs. 

After powor is turned ON, the BESEZ input is held lw for a minimum 
of 500 IU to  ensure t h e  the se r i a l  chaua l  entars and remains i n  
rh. i d h  mode un t i l  it is subsequm~~ly pros-d. Vhen the se r i a l  
ehmrul is reset. the following operatiom occur: 

1. Th. transmitter and receiver i n t e d  cloeka u e  
ini t ia l ized.  

2. % Lim S t a w  Regiacer is claued.  exeept for  the 
T r d t t e r  Holding Register &pry (m) and 
T r a n s m i t t e r  Shift  Register Enpry (TEKT) b i t s .  The 
m and TEl4I statua bfta u e  set ro *la by a reset  
oparation. 

3. Yh.n i n u r r u p u  u e  subsequently -led, the ZHBE 
stanu b i t  causes an interrupt to  occur. 

O .  The Modm Control Registor (2FCh/3FCh) is cleared. 

5. A l l  discrete lines. mewry el-u, Md associated 
register b i u  are either cleared or turned OFF. 

6. Ib. Line Control Register. Divisor k t c h  registers. 
Rmceiver Buffer register, and Transmitter Holding 
registar are pot affected. 

To reset  either se r i a l  chaaxml to a lmovn sute without resorting 
to a cwplete 9s- reset, f i r s t  v r i t e  t o  rh. Lhm Control 
register. Divisor t t c h  registers. and Hodem Control register.  
Next, read th. Lim Seatua register and Receiver Buffer register t o  
clear out any residual seaw or data b i u .  Finally, enable 
interrupts through the Interrupt Identification and Intetrupt 
Enrble registers. The channel w i l l  resume normal operation when 
the Interrupt Enable register is set .  
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The subaysten provides wo serial c m c a t i o n  channels chat 
interface banmen the 80286/80386 Uieroprocessor and NO 

i&pendcnt RS-2324 coapatibla dedces. One chauael i s  dedicated 
to an optional internal modem and the other chumel can be 
cornmeted through a ser ia l  1/0 por t  to m external device. The 
uter~.l dovice can k l m o b  or any 0th.r e q a t i b l a  ser ia l  
m e .  In  dm followhg register descriptions, address loeations 
begfaaiag with -2. are th. serial 1/0 par+ register addressas, and 
&ass lout ions  begianing vie -3' are th. optional internal 
rodu addrusas. 

Zh. s e r d e e  routine proddad by the PCY1-BIOS are adequate for most 
ser ia l  c ~ u t i o n s  applications. B o n w r ,  th. ROM-BIOS caa be 
bypused v ia  the I/O addresses in order to  interface directly w i t h  
the registers. The folloving paragraph. deseribe the registers 
th.t u e  -ibla via +fu 1/0 addressas. 

For .ddftiorul &+rib, refer to tho applicable &acturer's 
i a f 0 ~ 0 i o n  u follorn: 

1 Zh. 82CSO UART is d a c w o d  by Intel Corporation, 
Saau  Clara. CA 95051. 

2. Thm VLlbC052 DACE is &acuued by VLSI 
Tecbnolog, Inc.. hni . ,  A2 a w .  

Ih r e@surs  vitbfn each charmel ern be p r o g r d  in ury order, 
ucep t  tht ths Interrupt Enable Registar should be progr-d 
last. e t e r  a charawl hu barn programed and is operational. i t s  
registers ern bo updated at a n y t f r  the chazsual is not transmitting 
or recaiving &a. 

ZUTZ: The f o l l d n ( l  r eg i su r  doscriptions are given 
in  ascending order of their 1/0 addresses .nd 
not in th. order dut they vocild be progr-d 
and used. 

Thm Traani t t e r  Holding register (2FSh/3F8h) is a vrfce-only buffer 
chat holds r 5-bit to 8-bit ehuacter byte. Ihs buffered character 
byt* is . u w t i c a l l y  =ensferred to  a T r d t t e r  Shift register 
and then serial ly trannftced a b i t  a t  a t b a  to a compatible 
serial device. Ih co6patible dedce u y  be the internal m o b  or 
the character can be trmsferred through the serial  1/0 port t o  an 
extarrul I/O device. 
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If  tho chrtuur byte is 1us than eight b i u  vi&, tho b i t s  are 
right justified so that any -ad b i U  are on the l e f t .  B i t  0 of 
each chrucer byte is the f i r s t  serial  data b i t  to be t r d t t e d  
d receivul. The f o r n t  of tho character byta is eonaolled by 
tb Ilnr Conuol reglater (2%/3FDh). and the DUB b i t  in tha Line 
Control Register n w t  be se t  to "Om for access t o  the Transmitter 
Holding register. 

Tho Receiver Buffer regfster (2F8h/3FSh) is a read-only register 
th.t holds a 5-bit to  (-bit  ehuuter byte. The character in  the 
buffer m u  received through a Eaeeiver Shift register and Serial 
I/O Pore from a eompattble s e a  device. The compatible device 
cm be the internal modem or tho chuacter e m  be received from 
through tha s e r l d  1/0 port from UI external 1/0 device. 

I f  the c h u u t e r  by te  ia less thm eight b i ts  vide, th. b i t s  are 
right justified so that .ny raured bi t s  are on the lef t .  B i t  0 of 
each character byto is th f i r s t  serial  data b i t  to be transmitted 
d received. ma fornvt of dm character byte is controlled by 
the L h a  Control register ( 2 W 3 m ) .  and the DUS b i t  i n  the Line  
Conuol Register mmt be se t  to .Ow for access to the Receiver 
Buffer register. 

The Baud Divisor ktch is No rerd/vrite registers (2F8h and 2F9h 
or 3Flm and 3F9h). The eonemat. of tho r e g b u r s  specify the 
oucput frequrncy of the Baud UA- generator contlfnad vithin each 
serial  chmul .  The DUB b i t  i n  th. Lim Control Register 
(2llh/3FBb) is set  to -1. for u c u s  to th Baud Divisor kt& 
r e e a r s .  OthoNise. tho reghurt a t  addreuu 2FEh/3FSh and 
2F9h/3F9h u e  used to aceus the T r d t t e r  Holding register, 
huivmr Buffet m g b u r .  and tb. Inurnrpt m l a  register. 
rupeetively . 
Tho contents of th. two 8-bit Baud Divisor kc& registers are 
c r u u d  u om 16-bit word. The register a t  address 2FShflF8h 
con+riru th l e u +  sigalficmr 8 bi ts ,  and the register a t  address 
2F9h/3F9h c o n u h s  the most significant 8 b i u .  The contents o f  
th. ag i s t e r s  u a  used to  did& tho clock input (1.8&32 ~ H Z )  t o  
the sorial chamel. The divisor valrur used to obt8in different 
b u d  races u e  listed in Table 12-1. 
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Table 12-1. &ad &tea Doteartned by tb. bud Divisor k t c h  
w i a t e r  Valuos ............................................................ 

Desirod Diviaor Uteh 
bud kta Ragfator Eontonts %trrot 

-------------------------------------------------*---------- 

For Boud raeu dut u o  not listad, the Divisor l.t& mlua is 
c r l s S u d  u follous: 

DL- kt& V.lw - (1.8432 x lo6 ./ Baud 8.+. x 16) 
(P0uad.a Of0 

Th. Interrupt Mlo Ragistar (219h/3F9h) fa m 8-btt rerd/vrito 
bufier. It is urod to indopeudontly enable up to four sources ?hat 
un uuu serial ch.mu1 to activate its interrupt request line. 
Am accivo fatarnapt request for the serial  1/0 por t  gonerates IRQ3. 
Am u t i v o  interrupt requost for the intern81 modem generates I=. 

Wore tho Interrupt W l e  register is affective, the D U B  b i t  in  
ttu Lfuo Coirtrol bgfa te r  (2FBh/3FBh) aut be set  to "0. for access 
to the Interrupt Enable registor. Then, b i t  3 of the Modem Control 
register (2FQIfiFCh) m u t  be set  to .lo to eruble a11 intemrpta. 

Uban an Interrupt Enrble Register b i t  is se t  to .I," the 
correspoading interrupt is enabled. I f  the b i t  i s  reset to  "0,' 
the corresponding interrupt is disabled. I f  b i u  0-3 are a l l  s e t  
to *O; a l l  interrupts from the selected chuumel are disabled and 
tho interrupt request signal is inhibited. l'he b i t s  in  the 
Interrupt Larble Register are assigned as follovs: 
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--------------- --- --- --- --- 
1 7 l 6 l s l 4 l 3 l 2 l l l O l  B i t s  1 - --------------- --- --- --- --- 

1 1 1 1 1 1 1 1  ----.----.--- 1 I I 1 --  Receirrd Dau Av8ilable 
I 1 1 1  0 - Interrupt Disabled 

Set to  *Ow I I I 1 - Interrupt Enabled 
Not Used 1 1 1  

I I I - -  -ttar Holding Register Empty 
I I 0 - Interrupt Disabled 
I I 1 - Intermapt Enabled 
I I 
I 1 -- B.c.iwr L l M  s u t u a  
I 0 - Interrupt Disabled 
1 1 - Interrupt Enabled 
I 
I - - Ilod.1 sue rv  I n t e m t  

0 - Interrupt Disablad 
1 - Inearrupt -led 

Each ser ia l  channel has an Interrupt Identification Register 
(ZFAh/JFAh), which is m &bi t  rud-only buffer. For iu 
u w c i a t e d  chumel. b i t  0 of tlm register indie8tss thrt an 
interrupt is pending. B i t s  1 md 2 indicate uhich-of four possible 
sources generated the interrupt. B i t .  7 through 3 are always reset 
to  ' 0 . .  The register is polled tha rysceo whenever more than 
om of rh. interrupt aourcas f a  erublod., Th. bita in  the Interrupt 
Ident i f iu t fon register or. read u fol lws:  

------------------- ------- --- 
1 7 1 6 1 5 1 4 l 3 l 2 l l l O l  Bita ------------------- ------- --- 

1 1 1 1 1  I I 
1 1 1 1 1  1 I - - In+.-t Pending ----------------- I 0 - Interrupt is Pending 

I I I - No Interrupt is Pending 
A I Y . ~  =ow 
Not Used 

1 
Iaterropt Soone 
0 0 - Modem Seatru (Lovast Priority) 
0 1 - T r a n s m i t t e r  Holding Register h p t y  
1 0 - Rtceived Data Available 
1 1 - Receiver Line Status (Highest Priority) 



Tho Uno Control Register (2FBh/3FBh) is an 8-bit read/vrite buffer 
c i u t  controls che format of the dam character i n  each channel. I: 
cm bo wed to examine as well as to specify tha f o r v t  of the 
uytuhro- &m chuuur transferred between the channel and its 
assoei8tas se r ia l  device. The Line Control register b i t  
Qscriptioa is u fo l lws :  

1 1 1 1 1 1  I  
1 1 1 1 1 1  1 -Word 
1 1 1 1 1 1  0 0 - 5 b i U  
1 1 1 1 1 1  0 1 - 6 b i t s  
1 1 1 1 1 1  1 0 - 7 b i t s  
1 1 1 1 1 1  1 1 - 8 b i u  
1 1 1 1 1 1  
I I I I I 1 - - - ~ o f S t o p B i t r  
1 1 1 1 1  0 - 1 b i t  
1 1 1 1 1  1 - 1.5 b i t s  for  5-bit vord leng+h 
1 1 1 1 1  1 - 2 b i t s  fo r  a11 othar word lengths 
1 1 1 1 1  
I  I 1 I I---P&wWbL. 
1 1 1 1  0 - Parity Disabled 
l l l l  1 - parity 5 f t  Generated .nd ~h.cjEad 
l i l l  
1 I  1 ~ - - - P U i t y 8 r l . c +  
1 1 1  0 - Odd Parity Se1.eted 
I l l  1 - Evm Parity Selected 
I l l  

i i - - -st- p u i w  ~ b l ;  
I 0 - Stick Parity Disabled 
I  . 1 - Porcu P u i t y  w hc s a t e  Opposite thc Scare 
I Selected by B i t  4. 

I I sot. I 1 - - - B r u k C o o u o l  
1 0 - B r u f  Conaol Disabled 
I 1 - Forces Serial Ourput to  Spacing ( 0 )  State 
I 
1 - - - D i e  Aecess k+ch B i t  ( D U )  W e  
I  0 - Access to  Buffer .od Interrupt Enable Registers 

1 - Aceus to Divhor ktchas  of thc Saud Rate Generators 

liarr:: Tho following paragraphs furthcr describe the 
Break Control and Divisor Access Latch bi ts .  
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Tho Break Control (2FBh/3FBh, b i t  6) works with the serial  our data 
oaly and has no effect on che transmitter operation. Sha micro- 
procassor uses ths Break Control to signal a device in  a co-ca- 
ti- .ysua. Tho foHwing procedur. prevents erromour o r  
extraneous characters from being transmitted as the result o f  a 
break. 

1. Load UI dl zeros ( 0 )  pad character in  response t o  
tho active Transmitter liolding Register E q t y  (TERE) 
b i t  i n  chs Line S u w  Rogister (2FDh/3FDh). 

' 2. Set BBEnK i n  response to tlm next active IIWE bit .  

3. U a i t  for che transmitter operation to be idle as 
indicated by ra active Transmitter Shift Register 
E P p q  (TRIT) b i t  and when normal transmission 
operation hu been rescored. clear BRFJU. 

D i t i r o r  k t c h  Acceaa B i t  <DUB) 

Th. D U B  (2FSh/3mh, b i t  7) selaecs the registers t o  be accessed by 
addreasos 2F8h/3F8h and 2F9h/3F9h. Ulun DIAB is reset t o  "0," the 
Transnittar Holding register and Incorrupt Enable register are 
uersaod by UI 1/0 Vritr c e .  Also, tho Receiver Buffer 
register and the ram Interrupt Enable register are accessed by an 
1/0 Read c m .  If D U B  is se t  t o  '1: tha Baud Divisor h t e b  
LSB and Baud Divisor Latch WSB u e  ucessed. These wo latches are 
used to set tb. &u c d u t i o n  (Baud) ram aa previously 
described. 

nodm Control h g i s t e r  <ZFCh/ fm)  

The Hodem Concrol R e g i s u r  (ZFCh/3-) is on 8-bit read/vri+e 
buffer. It is w d  to a u m h a  and to rpcctfy cha interface to a 
moden o r  r d a u  set. Both s o r i d  c b a r m l s  h.va Modem Control 
registars so chat both incarnal and extarnal modem can be used for 
&+. c o m e a t i o n .  The b i t s  i n  the Hodem Control register are 
urod to manipulate and examino the typical signals required as 
inputs by a modem. 'Ihr Modem Control r q i s t e r  b i t  desexiptfnhk-  
-&-------------- -- 

aWn: In th Modem Con+rol (ZFCh/3FCh) and Hodem 
Status (2FEh/3FEh) regiscars the sense of so- 
b i u  is hvarted so chat a b i t  s e t  to '1" 
forces che corresponding output to ' 0 .  and vice 
versa. Signals vich an inverted sense are 
indicated by a t i lde  (-1 suffix. 



----------- --- --- --- --- --- 
1 7 1 6 l s l 4 l 3 l 2 l l l O i  B i t s  ----------- --- --- --- --- *-- 

I 1 1 1 1 1  
Not b o d  I I 1 I I - - -  0.u Tomiaal Raag (DTR-) 
f i m ~ s  set I I I I 0 - DTR- Output High 
to *Ow 1 1  1 1  1 - Dm- Output Lw 

1 1  1 1  
I I I l---s+ToSad(lTS-) 
1 1 1  0 - RTS- Output High 
1 1  1 1 - PrS- Output Lov 
1 1  1 
I I I - - ak+Us .d  
I I Nwaya Set To *O* 
I I 
I I -- t n t o r r q t  <rim) control 
I 0 - Inur rup t  Disabled 
I 1 - Interrupt Enabled 
I 
I --  Lx,p lb& c0aaolBOf~ 

0 - Loop Node Disabled 
1 - Loop No& bab1.d 

BOR: Uop .od. control ir M a r  deaeribod in tho 
following paragraph. 

Loop mdo couuol (2FCh/3=, b i t  4) nrpeoru diagnostic tasting of 
tho uaoeiatsd ch.mul. If Loop no& is enabled, tho Serial Data 
In  is dfsconructed md S o r i d  Dau Out is s a t  to  marking (1) 
rut.. The Tr.nai t tor  Shift r e g b u r  output is than looped back 
into tho Wcaivor Shift registor. 

Aha, control inputa CTO-. OSIL-, md Bf- u o  diseonnactod. 
IIod.1 control outpuu DTR- aud RTS- u o  tb.a inurna l ly  conwcted 
to +h. m d u  control inprru, aud the .odu control output piaP are 
forcod to ttuir in8etivo (hi&) sum.  

Ibr Ilru S u t u a  registor (ZFDh/fFDh) is m 8-bit  road/mite buffer, 
which is ruod to i n d i u t o  tho atatus of t r d t t a r / r o c o i v e r  
operations in each sorial  ch.mul. Th. L h o  Stanu register fs 
-1ly tho f i r s t  rogiatar rud by tfi. licroprocossor to determine 
tho u t u o  of an intomrpt from tho wsoeiated chax~101. Tho 
register b i t s  are & f i n d  u follova: 
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I 1  
I I ---- beeiver  ku R u d y  

-1 0 - nicroprocessor has read a 
1 chuacter  froo receive buffer 
I 1 - A cbuactar  v u  received and 
I lordad fn+o the receive buffer 
I 
l---overnn? zrror 

0 - Microproeusor has read the 
register contents 

1 - A character i n  the receive buffer 
w not read befon  ch. n u t  
ch rac t e r  v u  received 

. - p u i q  Error 
0 - ~croprocossor  hu read the register 

c09+.pw 
1 - A character v u  received vfth bad 

p u t t y  u proviourly selected 

I---Fr- Error 
0 - Ificroprocessor has read the register 

coiltents 
1 - A chuacter  v u  received without a valid 

stop b i t  or tho lut b i t  received w a s  
b tec t ed  .SS a .o= 

-Br . .L  m t e v t  
0 - Ifieroprocesior has red the register 

contents 
1 - Tb. receim data input vu held i n  the 

sputng (0) s ta te  fo r  longer thaa. the 
f u l l  word traasdssion t* 

.--Traasmlttar Holding Basistar f n p q  (-1 
0 - nicroprocesaor has 1oad.d a character into the 

Truupit ter  Holding register 
1 - A Character v u  traasferred fro8 Transmitter 

Holding registar to Transmitter Shift register 
(Truuait ter  Holding Register is Empty) 

I I---Trm8mitt.r Shift Bagiater he+f 
I 0 - The Transmitter Holding resister  contains a 
I character 
I 1 - The Tranrnftter Holding register and Transmitter 
I Shift register are both empty 
I 
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Wn: B i t s  6-1 iadicate error conditioru tlut cause 
Receive Line St.- (Priority One) intenupu,  
B i u  6 md 5 u e  not reset by reeding the 
register contents. I 

Modem S u t p .  l as i s te r  (2=/3W) 

Ih lIodu S u m s  Register (2FEh/3FEh) is AU ( -b i t  rerd/vrite 
buffer. Ih register conttnts provide the suw of control lines 
from tho i n t e r a ~ l  modem or from a periphtral device att.chsd to the 
r e r i d  1/0 port. Begistar b i t s  3 through 0 i nd iu t a  8 change i n  
tho l ine  sunu since th l a s t  tima the register WAS read and are 
u l l e d  d e l u  bi ts .  Register b i t s  7 through 4 alu.yr reflect the 
current s a t e  of th. input lines d are called sums bi ts .  
Xe&hg the register c l s u s  the d e l u  b i t s  but does not affect the 
satus b i u .  Ihe &la bi t s  do not change sutes i f  thcy are s e t  
to  *lo and a chpy.  i n  l ine stitW occurs during 8 read operation. 
I f  tha delu bi t s  are se t  to '0 .  md chnge in line sums occurs 
during a read operation, the a t  of stace i s  indicated after the  
read operation is complete. Uhn m y  of the Qlu b i u  are sa t  to  
'1,. a U sums inurrupt (priority *) is generated. The 
register b i t  ducripcioas are u follows: 

I 
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1 1 1 1 1 1 1 1  
I I . I  I I I I 1 - - - a r u c r u r - t o - s d c ~ c r s )  
l l i l l l l  0 - CrS vduo hu not changed 
I l l l l l l  1 - CIS valuo changed since the 
1 1 1 1 1 1 1  registor v u  last r e d  
l l l l i l l  
I  I  1 1 I I  1---D.l+. D.+.-S~tt-Luw (DDSE) 
l l l i l l  0 - DSR v d u  hu not chrnged 
1 1 1 1 1 1  1 - DSR valuo dunged since the 
l l l l l l  register vu lort read 
1 1 1 1 1 1  
I  I I  .I I I---h.fl*tdg.~-+or 
1 1  1 1  1 0 - RI vduo hu mt duagod or tha value 
1 1 1 1 1  chuyod from -0. to *lo 
1 1 1 1 1  I - BI vdue  chugad from '1' (on) to 
1 1 1 1 1  'OW (off) 
l l l l l  
I  I  I I  I---D~lu&~ei+.-U-S~l-Dot~ct (DUD) 
1 1 1 1  0 - RLSD value hu not clunged 
1 1 1 1  1 - BIJD value changed since register v u  
1 1 1 1  lut read 
1 1 1 1  
I  I I I------  SOU^ (CTS-) S a w  
1 1 1 0 - Dovice is not rudy  t o  r ece ih  dam 
1 1 1  1- Dovice i s  ready t o  recoivo transmitted data 
1 1 1  IntoopMode, CIS-ORIS- 
I l l  
I  I  I----+. Sot lludy (DSE-) S~A- 
I I  0 - Dwice is not ready to  sand d a u  
I I 1 - Device is ready to  soad &u co the ehmmcl 
I  1 In Loop &do, DSX- - Dm- 
I I 
I  I  ---wag Iadiutor (RI-) sum 
I  0 - Rbging  sign~l WAS not received 
I  1 - w i n g  s i p 1  w u  received 
I  In Loop Mde. FS- - no connection 
I  
1---9.cei+. Lb. S-1 Detect (BISD-) S u t w  

0 - D ~ u  carrier not detected 
1 - u c a r  (DCD) WAS detected by device 
In  Loop Kode. RLs& - our2 
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The fntornal modam is avaf l~b le  u eithor of two options: Option 
330 operrtos a t  1200 a d  300 hd. urd Option 331 operates a t  2400. 
1200, .nd 300 bud.  Both modoms operate i n  full-duplex mode vith 
autodial and au toawer  capabilities. Ihe eadcnr are Ball 212.4 and 
103 coqut ibla  a d  the Option 331 is also V.22bis coqat ible .  The 
sodus u a  also eonpacibl* w i t h  tho H8yos 1200 Soumodem c o d  
set .  Additional iaform8tion provf&d fn this section is applicable 
to both (330 md 331) unless specified otherwise. 

Th. external wdm interface is prooidad through two oodular WllC 
phone jack. on the back panel of cho (;BLDCase 1500 Series computer. 
Tho two phono jacks .n eo~lucted togethor fn parallel  to  provide 
cho external eonnoction to  eith.t r &u or voice quality telephone 
line. If ono pbolv jrek is co-ctod to che telephone l ine ,  the 
second phoaa jack u n  be wed to c-ct .n oxtarnal telephone to  
ehe s- L i n e .  However, the telephone c-t be used while the 
modam is acrivo. 

Hodem Control 

H-: Tho Eolloving noda control i n fom~t ion  is 
appltublo to Option 330 ody. Option 331 doe; 
not use the 1/0 registors. Control of the 
Option 331 .od.r is provfdod through the use of 
tho modam c- Qscribod la te r  i n  this 
chapter. 

Control of cho Option 330 f a to rad  modem is provided chrough three 
ono-bit 1/0 Paes t e r s  as follovs: 

42Oh 0 - 1 P o ~ l  0p.ratIon 
1 - -log Loopback (Dfagnostic Mode) 

For tho Option 330 modea, the 1/0 Register at rddress 42lh 
determines how the at. Set Re* (DSB) urd Dau Carrier Detect 
(DCD) lines operate. When the register is s e t  to  -0; the s ta te  of 
DSP and DCD follovs tho s ta te  of the Data Tarmino1 Ready (DTB) 
line. This mode of operation is required to operate sow ' s a t "  
tamfnals. I f  the register is sa t  to  -1,- the s ta te  of DSR aad DCD 
follows the s ta te  of the data cartfar ,  and the Clear to Send (CfS) 
l ine  i s  alvrys active. This is tha wrnrrl RS-2324 m h a l r e  mode 
and also the -yes modu compatible mode. 
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Ih O p t i o a  330 internal modom providos several u@naions to the 
lhps l200 Smumodom. Tho exunsiona prwidod by the CILidCase 
1500 Series Optioa 330 i n t e n d  modem are aa follows: 

1. Electronic C a l l  Progress Tono Deeeccion. Four 
statua wssagu  (6-9) Vera addad to  enable the modem 
to dourpina th. coadition of th. telephono line. 
Tho r s sages  u e  ombled by wing LIoda X2 
(refer to Table 12-3). 

2. Autoul.ccioa of Tono or Row Pula0 Diallng. The 
modem providu aueoselectim if Uodem Comand X2 has 
boon ismod s h e  th. last syscoo raret .  

3. Addltioaul Test Mode# for D i . ( a o s t i u .  F l a  t e s t  
oodu vote .dd.d to Modem Registor S16 for talephone 
l l x n  and modam diagwst iu .  Tho W o d u  Reglators are 
doscribod later in thi. chapter. 

Tho L n t e n u l w d u  u c e p u  coPvndr af ter  it hoa been selected via 
thr POLI-BIOS incorrupt u rvfee  routLru or v ia  th. 1/0 registers. 
C- u e  sent to  Ia w d a  through tho T r d t  Holding 
Rogister of thr s u f a l  ch.mu1 u&re th. wdoa is eonnecred. The 
c- are sent as c o d  Curretars by using the BOW-BIOS 
interrupt suv lco  routiru or a vrita uporation to 1/0 address 3f8h. 
Address 3FSh u- th. d o f d t  modem interface (COM). To 
address a modom c-cted to  the se r ia l  1/0 port,  use 1/0 address 
m. 

Each modam ehuutor must be preflxed wlth the No- 
charactor s ~ ~ e  AT (abbreviation for attoneion) and followed by 
th. Roturn ehuutor (ODh). Tho prefix AT awt be i n  upper caae 
le t t e r s  aa ahoun, bllt tho collrad ehuactors can be ei ther upper o r  
lovrr c u e .  For u a ~ p l e .  a raret  c w  is sent to the modem by 
v d t i a g  th. follovtry c-nd to I/O register 3F8h: 

AT. (R.+orn) 

In Ia previous example, AT is th. required prefix. z is the reset 
c o v n d  ehuacur, and (Return) represents tho Return character 
( o D ~ ) .  m ~ t i p ~ e  c o ~ ~ . n d r  can b. s.n+ aa long as the command string 
la prefixed by +h. AT characters. doos not exceed 40 characters, 
md a Baturn character la wed to  urahuto tho string. The 
inuraal modan sueporta th. follovfng c m  characters (command 
charactors can be either uepar or lover c u e ) :  
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C m  Description 

A Anaver Mode. The is place in -r mod. even 
though it has not received an incoming call. Kodcn 
Register S7 specifies how long to waft for a carrier. 

A/ Report tha last comaad string. This comaad is typically 
w d  to redid 8 awbor th.t v u  buay. The eomand does 
not require a prefix or a (Bsrurn). 

Cn Carrier Control. If n  - 0 che carrier is turned OFF. If 
n - 1 the carrier is curnod ON. The modem is initialized 
with tho wtfer on/off state con++olled automatically. 
The Cn c o d  over-rides tho automacfc control. 

D Dial tho telephoiu numbor that follows. Option eo-& 
used with th. Dial (0) comaad inelud6: P. T. R. U, @, , . , , . . . . . md I .  Ih. option co- descriptions ate 
included in cho folloving list. 

En Echo Control. If n - 0 echo is off. If n  - 1 all 
keyboard c o w  are echoed to the display. 

Fn -10% Control. If n - 0 leu1 echo is on (half duplex) 
.ad tho moda soda a copy of transmitted &u to the 
display. If n -  1 10~81 echo is off (full duplix) and a 
r u o u  tesmbal ern soad data to che display. 

lin Control ON/OET hook. If n - 0 receiver is on hook (hung 
up). If n - 1 receivor is off hpok. 

In Inquiry Code. Re- che s u m s  information specified by 
n u follorn: 

n -  0 Ramrns ptoduct cod.. 
n  - 1 Rotunu chocksum. 
n - 2 BM madam -ry (RAW test. 
n  - 3 Rotunu ull dura+ion or real the. 
n - O Roturns merit mode0 settings. 

Kn Hodem clock. Not used. 

Ma spuiur control. Controls +h. speaker as follovs: 

a -  0 manu spo8k.r OFF. 
n - 1 rum8 8puk.r ON until carrier is 

esublished (default). 
n - 2 Speakor 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 c o m n d  execution. 
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P Pulse dialfng. Used slow or vie the D e m .  

Qn W e t  mode. &deo result messages are displayed i f  n - 0 
(default). I f  n - 1 messages are suppressed. 

R h r s e  frequency for mrmr-mode hmd.h.ka after  dialing. 

Sn Ilod.a Register comaads. n - 0 thru 16 (refer to Table 12- 
2). 

T Touch-tom dialing. Used a l m  or vi th  the D c o d .  

Vn Verbal/-ric dtrplay of result cod... n - 0 selecu 
-tic rod. to display hdt Codes. n - 1 selects 
verbal nod. to display mesaages (refer to Table 12-3). 

W V a i t  for second dia l  tone (Option 331 only). 

Xu Select. result code optfep. (refer to Table 12-3). 

R e u u  modam to default configur8tion. 

V d t  for -r. Usod with thr D e m .  

Return t o  cwm8ad mode vhile on line. Used vith D 
c-. 

(COPY) Specify a 2 second puu4.in c o d  string. Used 
with D comaad. 

Spe t fp  pawe for dial toaa (Option 330 only ) .  

hug. Couad. TJua m o d u  off 1- md renrnu it to 
the c w  sum. This c m  ia not preceded by the 
a t tmtion c- (AT) or follovod by a return eo-d. 

Dial the l e t te rs  that follor. Used vith D command f o r  
Option 331 only. 

Tranafer call. Used vi th  D c o d  for Option 331 only. 

Repu t  Current Comaad. Used via D col.P.nd to cause che 
c e  t o  be repeated e i l  the cormrction is made, the 
e m  ia r-ud 10 tfeu viFhout m -er, or any key 
is depressed to -el tho c e .  When used vith any 
o t b r  e m .  tha connmd is repeated unt i l  any key is 
depressed. 



Tho in tonu1  modom (optiorul) prwi&s 17 regiators as  descr:bed in  
Tablo 12-2. A l l  of the registers u e  Ini t ia l ly  s e t  to r default 
value. The Option 330 default values are the sant values used by 
tho Hayes 1200 Soutmodea. To change the register values, the 
register  to Ch.nge is f i r s t  selected by sending m S command 
chnt.cter followed by tho registar d o r .  Than, a write operation 
is porforud. For examplo. th. umber of soeonds t h ~ t  the modem 
waiu for  a d h l  corm before d i ~ l i r y  is changed from the default 
vrLua of 2 to  tho nav value of 4 vith tho follavfng comaad: 

In  tho previous example, AT is the required prefix, s6 is the modem 
regis ter  number. 4 writes tho valru 4 into the register,  and 
(hturn) represenu tho Paturn character OW. 

Ib. S-register functions and c- pr&& greater i lexibli ty i n  
controllfng modem operations. Table 12-2 lisu md describer the S 
registers,  Pnd pr&& the default set t ing for each register i n  
ASCII oquivalaat decLvl and haudaciud va luu .  Operation of the 
S registers is similar in  both tho Option 330 uul 331 modas. Any 
spocific differences in oparatioa u o  aotod i n  Table 12-2. 

Trblr 12-2. I n t o n ~ a l  l b h m  <Opt%ozul) &sister  Doscriptions ................................................................... 
&sister  Default Value 

Dosignation Raglater Description Doe Ear 
----------------*-------------------------------------------------- 

Sets tb. nunbqr of ringa dlowed before 
tho wdem automrmrs i l pcd ry  calls .  I f  
so t  t o  &fault ( 0 ) .  tho modom doas aot  
CUtOanawor. 
Cocmts and .area tha mabar of rings 
for  incoming calla. 
Sits ASCII v.ltu of a s u p .  cod. saquonca. 
S e u  ASCII vdue  of -0 Return. 
Sots ASCII v d r u  of Lfam Fed.  
Sots ASCII value of 8.clcrp.c. 
se ts  tipW delay in  socoad. tht the modem 
wait8 for a d i d  tone bofore didfng.  
Sots t b  delay i n  s.cOPd3 ChAt  the modem 
vriu for  the e a r r l u  from a reoote modem. 
Sots tLu dolay in s0COPb. to g ~ e  for a 
c o u  in se tud  fn  a did eoluPd. 
Sets tfiv &lay i n  tentha of seconds to 
w d t  for  a c u r i o r  from a remot. modam. 
Sets t h o  delay i n  tenths of seconds to 
v a t  before discom~ct ing &ter a remote - buy. up. 
Sets tho spood in  rillisecond. of tha 
touch- tone dialor. 
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Table 12-2. I n t e n u l  W (Opt-) Register 
Descriptions (Coat-d) ................................................................... 

P y t s t e r  Default Value 
DI.fan8tion Register Descriptioa Dac 8.r ................................................................... 

S12 Set the Facape Guard Time: 
In saconda for Option 330 1 01 
In 50th. of a second for Option 331 50 32 

S13 Hot supported. Used by the Smumodam as 0 00 
a bit-mapped status register. 

S 16 For Option 330. register Slb is not 0 00 
supported. Slb is used by the Smutmodem 
aa the bit-mapped Option register. 
For Option 331. $14 s o u  tha product code 26n 18n 
renuned by tha ATiO e w  

S 15 Not Supported. Used by the S p u t n o d e m  as 0 00 
tha bit-mapped Flag register. 

S16 Enables tha nodu self - t a r t  nod.. 0 00 
Extends the Smarwdem 1200 capability 
by adding four t e s t  modes for telephone 
line and modem diagnostics. Iha t e s t  
nodes are: 

0 - Dau Nodo (No Testing) 
1 - Analog Loopback 
2 - Dial Test 
6 - Test Pattern 
5 - Analog Loopback and Test Pattern ................................................................... 

Result C o d .  Option8 

Iha Result Code option8 are selectad by modem c m  Xn, where n 
is any value iron 0 thru 6. E.ch value of n s e l ecu  a group of 
display options. and values 2 thru 6 also select special modem 
frmctiop.. For w l e .  a group of display options and special 
functions are selected vi th  the follwing corn: 

In the previous eunple. AT is tha required prefix, x* is the 
result codas option group number, and (Raturn) represents the 
return chuacter  OW. 

Table 12-3 lists the messages that are displayed, and the special 
modam functions that are selected. by each of the Xn c o m b .  
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OK Y Y Y Y Y Y Y  
COmCP Y Y Y Y Y Y Y  
RING Y Y Y Y Y Y Y  
no SO= Y Y Y Y Y Y Y  
EBPOB Y Y Y Y Y Y Y  
calmx 1200 - Y Y Y Y Y Y  
NO DIAL Tom - - Y - Y - Y  
StsY . Y Y Y Y  
NO ANSWER - - - Y Y Y Y  
(B.pl.ces 10o Curier. 
re-- @) 

Baremad 
C ~ G T  - Y Y Y Y Y Y  
WOGtlsC - - Y  Y  
VOICE . - - Y Y  

Adaptive Didiry 
W a f t  for Second D i d  

Toll0 (In -.. - 

waft for '&r (a - Y Y Y Y  
F u t  D i r t  . - - y - Y - Y  

BOR: Only one &dam C w  (Xn) can ba active. A 
T indiutos that tho r s u s e  sad tho spacial 
frmction u o  d l a d  if th. c w  at  the top 
of tho colum i8 rctivo. 'Zh. b u i c  result codu 
(0 chru 4) u e  displayed vith all & e-. 
LI~~.I COW n SO= th. d ~ f a t l t  goup of 
u u g a s  (0 thru 5 md 10). An --- iadfcates 
that tho u s y o  and tb. funedon are suppressed 
vhn th. coPrPnd a t  th. top of the calm is 
active . ......................................................... 



Serb1  1/0 Port and KO- Subsysctrn 

Tho serial 1/0 port mad i n u d  modam hew c-ctors on the 
GRiDCue 1500 Series eonpucer back panel for connecting external 
devices. The folloving paragraphs provide conacetor pin 
definitions for the tvo ypes  of coaueetors. 

Serial 1/0 porc Comructor Pin Def in i thu  

For the s e r i a l  1/0 port, &are i s  an interface connector located on 
the rear panel of the GRLDCUre 1500 Series eomputar (connector 3 ,  
Serial RS232C). The 9-pin, suhminiture. D-+yp., male connector 
provides cornuetioru to interface BS-2324 colprcible signals with 
extemrl ser ia l  devices. The colnuctor p b  layout is shovn in  
Figure 12-2 and the intarface cormactor pinout3 and signal names 
are given in  Table 12-9. The direeciou of £low l i s ted in Table 12- 
2 is relat ive to tb. coopucar. 

Figure l2-2. Serial 1/0 port Conneetor P i n  k p u t  

Tabla 12-4. Seti.t I/O potr Pin DefinittoPr ...................................................... 
~ i n  a -~ion ~ i r e c t i o n  ...................................................... 

Carrier Datcct (DCD) 
Received Dam (BxD) 
Transmitted Dau (M) 
Dam Terminal Ready (Dm) 
Signal Ground 
Dau Sat Ready (DSR) 
Requast co Send (RTS) 
Cleu  To Send (ms) 
Ring Indicator (RI )  -----------------.------------ 

In 
In 
Out 
Out  . - 
In 
Out 
In 
In 
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Serial  1/0 pea Interface Signals 

The aer ia l  1/0 port interface hardware consists of one DSllC88 
i m n r t b g  line driver and two DSllC89 imrarcing l ine  receivers. 
Tho driver aad receivers tr.nrlrce s u n d u d  TIL or  CHOS logic 
lmmls t o  .or frol levels that conform t o  BS-2324 or CCITT V.21 
sunduds. The e r m t  aad receive s i p 1  relative timing i s  
shown i n  Figure 12-3. .nb signal levels required for the inpuc and 
output l ines are given in  the following list: 

Supply Voltage, dc: +/-0.5 to  +/-I2 
Output Volt.ga, dc 

Lo@= 0 ,  space: -3 lininun. -7 typical 
Log& 1. p.rk: 4 uxtnrm, +7 typical 

Output Currant, MA 
Shorted to ground: +/-25 

cutput Resistance. OhPr 300 

Supply Voltage, dc: 4 . 5  to  +5.5 
Input Voleage, dc 

Logic 0 ,  space: +0.5 to  +1.7 
. Logic 1, lurk: +1.3 t o  +2.5 

Input Current, mA -0.03 to +8.3 



Serial 1/0 P o r t  and KO- Subsystem 

Xodu Comuctor P in  Deffnitioo. 

Two WllC modular telephone jacka ara provided ontba rear panel of 
rfi. CBIDCue 1500 Series computer. Ona conaactor is located 
dfreccly be lw the other and they are electrically connected 
together i n  parallel so that the external conaac t fo~  are 
idau t fu l .  Eithar jack can ba used t o  eomract the internal modem 
to  a telephone line, and the oebar jack can be used to c o r i c t  an 
ordfnary telephone. A telephone connected i n  this manner can be 
rued u a a o d  telephona, except when the moden is sending and 
receiving data. Since connactionr to both jacks are the same, the 
pinouts for  eitbcr cormactor are aa follows: 

Pin so. 

1 EQL 3 
2 EQL 2* 
3 m c  
6 n p  
5 EQt I* 
6 U 

*Indicates a cotmeetion via an intsrp.1 
selectable jumper. 



D 13: 1/0 EXPANSION CAPABILITY 

Ih. CatDCose 1500 Series Computer provides connectors on its rear 
p-1 for interfacing vith extend peripbral devices. Table 13-1 
identifies erch cormactot by nrnc aad the connector number as it is 
marked on the rear panel. Pinout informatioa for connectors 1 
through 7 is provided near the end of th. referenced chapters. 
Ihls chapter provides detailed information &out the Expansion Bus 
Iatuf8ce only. 

Table 13-1. GBLDC.se 1500 Sbribs Coaputbr k+errul Connectors ................................................................ 
Comuec+or Comubetor Refermc* 
mmbar SAM Ch.pter Purpose of Connector ................................................................ 

C-cu to an external 
lC8gp.d or Enhanced I M -  
PC/AT Keyboard 

2 PXOlOE LINE 12 Conueeu to m-external 
(two available) telephone line 

SERIAL BS232 12 Comueta to extern81 
Serial 1/0 Devices 

CO-u to external Printer 
or Parallel 1/0 Devices 

Providu eormac~iona to 
potuble peripheral 
dbvices (Pockbe Floppy, 
Pouch Floppy, Pouch Tape) 

6 VIDEOOUTPUT 7 Comrscu to external CCA 
compatible aonitors 

Expansion Bus 
Interfaea 
(Battery Backplane) 

Connects to AU external 
input povar adapter 

Provides the I/O bus 
expansion capability for - 
connecting Expansion 
Cartridges or an external 
Expansion Chassis 

---------------------------- .  
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EPdlPSlOIl BUS -ACE 

The expurrion bur interfree is used to  extend the internal system 
1/0 bus t o  external devices. The interface is located inside the 
s lot  where a battery is normally installed. When the battery is 
removed, any om of several expansion cartridges, which have the 
same forn factor as the i n t e r n 1  battery, can be installed on the 
erprnsion bus interface. Tho expwioa  curr idge provides the 
incarface, adapter, and controller logic as required for a specific 
peripheral dovice or appliurion. 

Expauion cartridges for s o w  popular devices and applications are 
currently available as option+. Also, a kit is available that 
provides the forn factored parts nceossary to design and build 
custol application cartridges. Tho aorilablo cartridges and their  
applications are l isted in Table 13-2. Informstion about operation 
of the cartridges is conuinad in  sepur t e  manuals, which are 
supplied w i t h  the cartridges. 

Table 13-2. Erp.nrfoP -rid=- = 
------*----------------------- -------*-------------------------- 

1Iod.l Ho. Name ' Appli~tFon 
----------------*-------------------------------------------------- 
32157 Expuaaion Cartridge Contairu f o a  factored enclosure 

Developor's Kft p u t s  for &sf gning building 
a ~ t o a  expausion cutidge.  

36010 High Speed Serial Prooidos BS-232 and BS-&22 con- 
Exprnrion Cutridge prtiblp, high-speed, ser ia l  

e p l k F Z 0 3 ~ ~  10 c-cations . Tho interface 

4 
-08 ~ o n o u ) ,  byte synch- 

&q-f  Y O  ( 6  ronour, and b i t  synchronous 

2 ~ - ~ 5 1 ' 5  cooamiutions protocols. 

3270 ~xp&sion Ineludos PCOX/ONE' softvam for a 
-%* s h # ~ l o  host session and inter-  

face to tho I M  3270 Information 
Display System. 

9' 36OU v6a Vidao Controller Provides an interface for the 
Expuaaion Cartridge extetrul Video Graphics Adapter 

(VGA) maitor. 

34014 Etlmrnat Netmrk Provides an intorface for the 
m u m i o n  Cutridge Ethernec Nemrk. 

34015 3270 bpuu ion  Includes PCOX/MTLTI software for 
Cartridge a multiple host session and 

interface to the I M  3270 Infor- 
mation Display System. -----------------.-----------------------.-.---------------------------- 



801Z: A Kodel 34102 XI-Compatible Expaasion Chassis 
is available. The K o h l  34102 is a separace 
c h u a i s  thPt p r 4 d . s  routicing capacirg-for two 
ful l - length PC cards. No additional c h u s i s  
interface hardware is required. 

The e x p u u i o ~  bur interface conafsts of ona 60-pin and one a0-pin 
connector (see Figure 13-1). The 60-pin comractor provides the 
c o r n u e t i o ~  required t o  emulate the I M  XT 1/0 bus. The 60-pin and 
40-pin connactors together provide tka connections required to 
emulate thc IBH AT 1/0 bus. Signal cormeccions to  the two 
connectors u o  listed i n  Tables 13-3 and 13-0, and descriptions of 
tha expansion bur signals are  given i n  cb folloving paragraphs. 

Tabla 13-3. -lion 8- 60-Pin Comrac+or ................................................................... 
Pin s-1 Directfon lPin Signal Direction 
Uo. 8.u of P l w  la0. H... of F l w  
-----------------------------------------------------------*------- 

1 DACK2- Output OSC Output 

1" 
2 SV#KW Povar 13' 132 DATA6 I/o 
3 DWl ~ n p u t  133 IOR- output 
4 D892 ~ n p u r  130 w I /O 
5 DACK3- output 135 b112v Pover 
6 Dm3 Input 136 DATA4 I/o 

DACKl- output 137 ADD0 I/o 
IOCWBDY Input 138 DATA3 - 1/0 

9 I845 Input 139 ADD1 I/o 
7? -10  I=- Input la DATA2 I/o 
' & 11 +VDC Pover ADD2 

DATA1 
I/O 

12 BALE output 
h ~ 3  

I / O  
13 Signal Grd Ground I/o 
14 DAU7 I/o I/o 
15 S i g u l  Grd Ground 14' ADD* 

ADD19 
I/O 

16 raqs Input I/O 
17 IOU- Output I/o 
18 RE3RES& Output ADD18 I/o 

ADD5 

19 I847 Input 149 110 
20 BESET output 150 ADD17 I/o 

SI4EmR- output 1st ADD7 I/o 
BWAEU output 152 ADD16 1/0 
SKmRD- Output ADD8 

ADD15 
I/O 

21 TC Output I 50 I/o 
25 -9 Input I 55 AD09 I/o 
26 I= InPw 156 ADD14 110 

d ~ @ g -  27 GRIDBITS3UR-Output 157 ADD10 I/o 
28 PISCLK output 158 ADD13 I/o 
29 Pl2V Pwer 159 ADD11 I/o 
30 -3 Input 1 60 ADD12 I/o 
UOTZS: 

1. Direction is re la t ive  t o  the microprocessor. 
2. The t i l d e  symbol (-) indicates active low 

(low-true) logic. 
------------------*----------------------------------------------------- 



GBLOCur 1500 Sorioa Computer Techdeal Rofarence 

Table 13-4. ~ i o a ~  BUS 40-Ptn C4rmeetor 
------------------------------*--------------------- 

Pin No. sieP.1 Mama Dfroction .................................................... 
Signal Ground 
IRQ12 
+VDC 
-11 
Signal Ground 
W l O  
IN15 
SPARE1 
IRQl4 
W 7  
nnsfia- 
m7 
IOCS16- 
DArn-  
nEncSl6- 
D m 6  
DllrCKD- 
DhM& 
DB40 
0895 
DACKS- 
U l 8  
tFaOVI 
t A l 9  
E8x- 
U20 
XmmR- 
U 2 3  - 
u22 
SVOOVEB 
W1 
DATA8 
DATA15 
DATA9 
DATA14 
DArAlo 
-3 
M U 1 1  
MTAU 

Ground 
Input 
Pornr 
Input 
Ground 
Input 
Input 
Spur 
Input 
I/O 
Input 
Input 
Input 
o u m t  
Input 
Input 
output 
outpu+ 
Input 
Input 
o'=Pu= 
I/O 
Input 
I/O 
I/O 
I /o 
output 
I/O 
atput 
I D  
Povar 
I/O 
I D  
I/O 
110 
110 
I/O 
I D  
f/O 
f /O 

1. Direc+ion is relative to the microprocessor. 
2. fh. tilde symbol (-) indicates active l w  

(lov-trw) logic. 
--------------------*------ . ----------------------------  



-Lon Bua Signal Deacriptiona 

Tha f o i l w i r y  parag- provide brief descriptionr of the signals 
on tho 1/0 and expansion bur. A l l  of the signals lines are Tn 
compatible. I/O adapters d e a i m d  for  uae on the 1/0 and expansion 
bur should have a maximum of NO low-power Shottky (LS) loads per 
line. 

aoR: Where pin Loutions arm given i n  the following 
duer ip t iona ,  the designations such u (60/10) 
i a d f u t e  pin number 10 of the 60-pin comractor. 

The ADD0 through ADD19 (60-pin connector) lines provide a 20-bit  
address for  ayatea -ry and I/O dovicu. The 20-bit address is 
g8t.d onto the 1/0 urd exp.ruion bur vh.n BIUE (6002) is high and 
is latched onto the bur on the f a l l ing  edge of BALE. Itrcnty-bit 
addroasoa can bo g r u r a t o d  by any microprocessor or  DPU controller 
that resLdas on the 1/0 o r  axp.ruion bur. Refer t o  W7-LA23. 

The BALE line (60/12) provider the Buffered Address U t c h  Enable 
signal that controls the address line access to  the-1/0 and 
expansion bur. BALE is also uaed to indicate when there is a valid 
mieroproceaaor o r  DNA addrear on tb. 1/0 o r  expansion bur. Address 
l b s  ADD0 through ADD19 are lr+ched on tbe fal l ing edge of BALE, 
and BALE is driven high during D m  cycle.. 

The BUFhElD 1- (60/22) providoa the Buffered Address Enable 
signal. BUFARJ is drivaa high by the DMA controller t o  enable the 
upper 8 addraaa b i t .  onto tho address bur. BVFAEN can also be ured 
t o  provent othor system bua drivors from ucasaing the address bus 
during DMA transfers. 

Tha DACKO- through MCg3- and DACW- through DAQn- l ines  provide 
..van Aclmouledge signals. vhich u o  ured t o  ulmouledge the 
seven M A  Requests. Th. DACKO-. and DACKS- through DACK7- l ines  
are on the 40-pin connector and the DACKl- through DACK3- l ines  are 
on the 60-pin connector. The M A  controller drives the DACXnline 
lov (active) t h a t  corresponds t o  the highest pr ior i ty  DBQn signal 
that is active. DACK4- is not used b c c w e  Dw is not available 
t o  the 1/0 o r  expansion bus. Refer t o  DRQO-DI(q3 and DRQ5-DQ7. 
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Th. MU0 through DAW5 lines provide a 16-bit &u bus. Tha data 
bus is used to  transfer information batveen the nieroprocesror, 
waory, and internal and external 1/0 devices. DATA0 is the least 
significant b i t  and DAW5 i s  the post sfgnlfieant b i t .  Eight-bit 
&vicar on the I /O  and expansion bus should use DATA0 through DATA7 
(LO-pin connactor) for  connrmtcation w i t h  the microprocessor. To 
support 8-bit  d.vius. &u on the DATM through DAIA~S lines (60- 
pin eomoctor) u e  g .ud  to the DATA0 through MU7 lines during 8- 
b i t  transfers. Also. 16-bit llicroprocessor transfers to  8-bit 
devices are converted to two 8-bit  trursfers. 

The DBqO through 0843 and DRQS through DRQ7 lims provide raven 
Direct Memory Accus b p s +  lines. Th. DRQO and DRQ5 
through DRQ7 lines u o  on the *O-pin c-etor and DRQl  through 
DBQ3 are on the 60-pin conruetor. The DPU request lines are used 
by nicroprocessors aad other dsviees on the I /O and expansion bus 
to  roquast rervlee from the DIU controller. The DMA requaru are 
aaslgnsd pr ior i t ies  with DRQO having the highest and DRQ7 having 
tho lovest. The dovice that is reqcusting sarvlce drives iU  
respective DRQn line lor (active) aad hol& it low unt i l  the 
corresponding DPU Acknowledge ( M a )  l ine  goes low. 

DK& requasu DRQO through DRQ3 are used for 8-bit  to  8-bit D U  
transfers bem#een 1/0 adapters 8ad 16-bit or 32-bit -rg 
loutforu.  DBQS through Dm7 u e  used to  pbrforn 16-bit DKA 
transfers b e ~ . o n  1/0 .d.gurs rod 16-bit or 32-bit -sy 
locationr. DRQ4 i s  reserved for cascading together the two DMA 
controllers and Is not available to  the 1/0 or expansion bus. 
Table 13-5 lisu tho DPU requost &u for quick reference md also 
lfru the associated page registers, including the refresh page 
rogiseer, fo r  quick reference. Additional DPU dam is contained i n  
Ch8pt.r 4. 

Table 1 3 4 .  DMA ibqruet Lines ................................................................... 
DU4 P e g ~  Interrul Interface B u s  !kpumion B u s  
8.qru.t Xogister haetfon PrForitf Vidth C4anector/Pi.n ................................................................... 
DBqo 87h 
DRQl  83h 
DRQ2 8lh 
DBQ3 82h 
DRQ4 - -  
DRQ5 8Bh 
DFQ6 89h 
DRQ7 8Ah 
Refresh 8fh --------------- 

Sprr. 
R.imer~.d 
Floppy Disk 
h r d  Disk 
Cucade Chamel 
Spare 
Spue 
Spare 
ncnory Refresh .---------------. 

1 (Highest) 8-bit 
2 8-bit  
3 8-bi t  
& 8-bit  - . - -  
5 16-bit 
6 16-bit 
7 (Lawst) 16-bit - - - -  

.-------------------- 



I/O Expuuion Capability 

Ib. EDHE+ 1- (40/25) provides rh. Bw Hi@ Eaable s i p 1  tb.t 
l &U tT.~1fe? on th. uppor 8 b i t t  of th. 16-bit &U 

bus. S k t m - b i t  1/0 davicu use SWE- to condition +h. &to bur 
buffers for b i t s  DATA8 through MTAlS. 

'Ih. GRIDBITS3VB- (60/27) l ine is unique to  the GRiD Systems 
computers. CBIDBITS3VB- is derived from an address &coda and an 
active I/O Write (IOU-). The resultant siw is used to select 
th. unfqru CBfD ROn-BIOS Sub8yst.n functions. 

Tho IOCBPDY lfne (60/8) is tud to longthan the 1/0 or lanory 
cycles. Any s l w  &vice on the I/O or expansion bur should drive 
1- lw u soon as it detects its ovn rddtesrr and a Bud or 
Writ. conund. When 10-Y is driven low, machine cycles are 
arrmdad by u, integral mnber of clock cycles. The 10- line 
should not be driven low for longer th.n 15 clock cycles. 

The IOCK- line (60/10) prwidas I /O and expansion bua paritg error 
infomation. I f  the IO€K- line goes lw (active) it indicates that 
t b r e  is u, tmcorraeuble system error. 

I ha  IOCSl6- (@/I31 1- provides a f l a g  if tb cransfer to be 
performed i s  8 1 n i t - s t a t e .  16-bit &ta transfer. IOCS16- i s  
dorived from m address docoda to provido th. 16-bit chip select 
sign81 for I/O cycles. The IOCS16- l ine should be driven low 
(active) vith m opra eolleceor or t r i - s u r e  driver t h a t  i s  capable 
of sinking 20 mA. For m e m o r y  transfers, refer t o  WMCS16-. 

The IOR- (pin 60/33) and IOU- (pin 60/l7) lfnes provide &u bur 
1/0 Read and 1/0 Write flags, respsctively. These lines can be 
driven lw (active) by .ay microprocessor or DtfA controller on the 
1/0 or expansion bus. Ihe 108- line i s  driven lov to allov an 1/0 
device co drive its &u onto the bus. Tha 1% l ine is driven low 
to t e l l  an 1/0 device when t o  accept data from the bus. 
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Tho IRQ3 through IRQ7, IRQ9 through IRQ12. IEQ14. end IRQ15 l ines  
p r o a d .  11 inter rupt  requost l inos  on el10 L/O expuuion bur. To 
request serrrfee by tho microprocessor. I / O  devices drive t h e i r  
uaocia+ed IRQ line high. The requesting device must hold its 
respective IRQ line high u n t i l  it is acknovlcdged by the 
microprocessor. Table 13-6 l i s t a  tha interrupt request l i nas  
provided by the systes ,  the in te rna l  deviee connected to  each 
interrupt request, the interrupt  pr ior i ty ,  and tho connector pin 
'location. Additional interrupt  request infomation is contained in 
Chapter 5. 

In te r rupt  requost lines IRQ3 through I847 and I849 a r e  used for  8- 
b i t  t o  8 -b i t  data t ransfers  between I / O  adapters and 16-bit  or 32- 
b i t  -ry locations. Interrupt r e q u u t  linoa IF410 through IRQ12, 
IRQl4, and IRQl5 are used f o r  16-bit  dau t ransfers  beemen I /O  
Adapters and 16-bi t  o r  32-bit memory locations. Interrupt  requests 
IRQO through IRQ2. IRQE m d  IRQ13 u o  r e s e m d  f o r  system functions 
and are not available on the 1/0 or expansion bus. 

Table 13-6. f n t r m p t  Boqoeat Lhea  ................................................................... 
Iatormp+ I~kterfaco Bua E q a a i o n  Blu 
R0qrw.t I n t o n u 1  D.rieo Priorizy Width C ~ c t o r / P i n  
---*------------__------------------------------------------------- 

IW T W r  (825k) Output 
laql lhpboud 
m42 Craude to 51- 
1893 Sor ia l  Port (CW 2) 
rrr44 - ( = I )  
IRQ5 Rasemod 
m46 Floppy Disk Drive 
2897 Para l l e l  Pr intor  Port 
1898 - rt. clock 
IRQ9 8.diroet.d t o  IRQ2 
-10 R8sorp.d 
-11 8.rorpad 
ml2 8.8.-d 
mqu-Ceproms&8BfB* 
IRQ14 Hard Disk Controller 

B.r.rpad ----.-------------.------.-------- 

None 
None 
None 
60/30 
60/26 
60/9 
60/16 
6 0 0 9  
None 
60/25 
' w 6  
40/4 
40/2 

m m -  
40/9 
4017 .------..------ 

UOTE: Tho 1 a d  CON 2 s e r i a l  I/O ports a r e  
m p p a b l a  in sono versions of cho MS-DOS 
operating system. 



Ilu W 7  through U 2 3  (60-pin commctor) lfrus p r d &  seven 
a d d i e i ~ l  address b i u  to increase tb m u i m a m  addressable memory 
space from lM b p  to 16U bytes. Ilm seven address lines are gated 
onto the 1/0 and expansion bur when MU (60/12) is high, but since 
th.ae liG8 are not latched during ~ieroprocersor cycles. they do 
not r-n w i d  for  a vhole cycle. W 7  throu* U 2 3  are used t o  
gumrstm memory decodes for 1 wait-sum w r y  cycles. The memory 
drcodu should be htch.d by uunul 1/0 adaptors on the falling 
edge of BhtF;. Ih. sewn address b i t .  can be generacad by any 
microprocessor or WA controller that resides on the I / O  or 
expansion bur. Refer to ADDO-ADDl9. 

Iha Ma- lira (60/11) is used vith any actfve OBQn line to 
acquire control of the 1/0 a d  expuufon bur. M a r  driving D m  
low and receiving a DACK- to aclmovledge, any 1/0 processor on the 
1/0 or expansion bur can drive IWTW- low (active). Vith IULSTEB- 
driven low, the 1/0 processor eoncrols th. I / O  and cxpwion bus 
adbrrss, dam, and control lines. Afmr HASTPB- is driven lov, the 
1/0 procusor ut v d t  0x10 clock cycle before driving address 
and &u lines, and must vait  No clock cycles before issuing Read 
or Write c-. -- carmot be held lov for longer than 15 
nicroseconda because it inhibits BEFILES%- and may cause loss of 
systea memory. 

Tho KEMCS16- (60/l5) l i m  provide8 a flag i f  the t ruu fe r  to be 
performed is a 1 vai t - su te .  16-bit d.u transfer. m S 1 6 -  i s  . 
derived froa m 8ddresa &co& of W 7  through Lb23 to provide the 
16-bit chip select s i p 1  for memory cycles. Th. KEHCS16- line 
should be driven lor (ueive)  with 111 open collector or tr i-state 
driver eht is capable of sinking 20 a. For I/O t ruufers ,  refer 
to  IOCSl6-. 

Th. (pin 60/29) and S- (pin 60/23) lines prwide Memory 
Bud fl.gr. Tho l ine is driven low (oc+ive) on a11 memory 
read cycles. Th. SfRBD- l i ru  is derived froa and a decode 
from tb. lowest lK byte of memory. Ihe line is driven low 
(active) during a memory read cycle when &u from the lowart lH 
byte of -rg are driven onto tha dau bum. Before HEMBD- and 
subsequently SWEnBD- are driven low, a valid address nut be on the 
address bus for arm system clock cycle. Th. HEBXD- and SIIMIUZ- 
lines can be driven low (active) by any microprocessor or D M  
controller on the 1/0 or expansion bus. 
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Tho MEWX- (pin *0/27) and SXEBUR- (pin 60/21) linos p rod& Kcmory 
V r i u  flay. The WELmB- l ine is dr iwn lw (active) on all memory 
w r f a  cycles. Tho SBEtlUR- lfno is &rived from m- and a decode 
from che lowest W byto of -ry. Tho -- ltru is driven low 
(active) during a wmory vri ta  cycle *en &u from the data bus 
are scored in  &e loorest lM byte of momry. Before KRtWR- and 
subsequantly SHEBUR- are drlwa lw. a valid address wrrt be on the 
address bus for one systom clock cycle. Tho m- md SkEHUR- 
l h s  can bo driven lou (active) by my licroproeassor o r  DI(A 
conuol ler  on tha 1/0 or -ion bus. 

Tho OSC (60/31) l ine providos 1k.3 high-speed clock signal. 
Tho h i g h - q e d  clock is not synchroaour with the system clock. 

Tho REEXEX- l ine  (60/l8) is drivra lov (active) by any 
microprocessor on cho I/O o r  expansion bur to i nd fu t a  a memory 
refresh cycle. 

Tho RESET liiu (60/20) provides a reset signal chat restores system 
logic to a lmoM s a t e  during a system reset or in i t ia l izat ion 
during power-on tho. BESET is also genbrated if tho input voltage 
falls below a preset 1-1. 

Rofer t o  and URWR-, respectively. 

Tho SV#HEB (60/2 and 10/31) l ine is unique to  the GRiD Systems 
co=puua. Tho 1- coaos  fro^ th. corpuar powor ON/OFF svitch 
aul previdos suiuhsble povor for extemrl  peripheral devices. The 
suttch8ble pouer levol is +8 to +16 Vdc a t  2A park. 

Tho SYSCIlI- lfno (60/28) provides a synchronous microprocessor 
cycle clock signal th.r should be wed for synchronization only. 
l'ho SYSCUC- l ine is not sufub le  for timing fixed frequency 
applfcati ons . 



fC l i r u  (60/2*) is driven hi& to indicate t h e - t e r m i d  count 
hu h o n  reuhod fo r  any DIU channel. 

th. ZEPOUS- (W/23) l i r u  providas rb. kro Vait S u u  flag. 
ZEBWS- is driven lov (active) by an 1/O &vice vhen the 
picropmcessor cm coaplete the current bur cycle vithout inserting 
additional va i t  s tates.  To nm a w r y  cycle vithout v r i t  s a t e s  
to a 16-bit  &via,  tb. mS- signal is &rived from an address 
&coda vith e i the r  a Bead or Vrite cowand. 

To run a memory eyelo vith l d a t h a  of oro v r i t  r a t e s  to au 8-bit 
&vice. PBOLIS- is drivoa lov (ae t iw)  oar clock cycle af ter  m 
address &cod. aid 8 X u d  or UrtU eormd goes u t i v e .  Wry 
Rod .ad V r i u  coPurdr t o  au 8-bi t  davlce u e  u t i v e  on the 
fa l l ing  edge of th. s y s t u  clock. The line should be 
driven lev (active) v i th  an open collaetor or tri-stpu driver chat 
is capable of sinlcfly 20 M. 

Tho MZV l i r u  (60/35) supplies -12 V& a t  50 a. 

Pl2v 

'Ib. P12V l ino (60/29) supplies +12 Vdc a t  50 mA -bum. 

The +VDC l ino (60/ll arid 4 / 3 1  provides +5 Vdc a t  200 mA -. 
HOTZ: 'Lh. -rage power drawn from a l l  pover liner 

nut not  exceed 5- Va tu  to ta l .  power 
l h o s  include SUPOVEB. Kim, PlZV. and +MC.  

Tvo S i p 1  G r d  lines are provided for  each cormactor (40/1, 
00/5. 60/13. u u i  60/15). 

S F  

A spare (unused) 1- is provided a t  60/8. 
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Pignre 13-1. -ioa Bus Conn.etot Pin byout 



APPENDIX A: IBM AT CO-ATIBILITY 

'Ih. hardware and software interfaces provided fn the lBXtP Personal 
Computers (IBX AT) are recognized as iaduatry sunbrtds. 
Therefore. a large v o l w  of applicatioa programs have been writzen 
to  operate vith these interfaces. The CBfDCue 1500 Series 
Computer is hardware and softvare coapatible with the IBX AT. 
Therefore, any hudwue or sofnrue desigud to run on the IBH AT 
should run equally well on the CRiDCase 1500 Series computer. 

lOOR: Tluoughout this  chapter. hxadecimal values are 
given vith a l e t t e r  .h9 suffix. 

The GPLDCue 1500 Series conputer is coapatible vith +he IBn AT 
while providing addftional capabilities that  are not found in  the 
IBX AT. These additional capabilities u e  uufque to GRiD Systems 
coquters.  PIuy of &a addtiond capabilitfes that the GRiDCase 
1500 Series Coquear proviQs cam be erubled/disabled by using a 
spacial case of ROX-BIOS service routines for interntpt 15h. These 
special BIOS Subsystem h t i o n a  provide additional control of the 
system W, Display Subsystem, and System Configuration (refer t o  
Chapter 3). 

The folloring paragraphs s-ire th. GBfDCue 1500 series 
Conputor .ddftioxml capabilities to th. ISU AT standard. 

G W  SISm DrmmnKEs 

o A cassette inurfaee  is not supported. 

o A game controller is not supported. 

o A l ight  pan interface i s  not supported. 

For CBLDCase 1500 Series computer operations, only the single- 
transfer mode is used for D W  data transfers. In single-transfer 
mode. up to 512k b p s  can be trausferred, but an interrupt and 



.chwuledge aequmnco is required for each byte. The DPU controller 
kmeps trrck of hov many bytes w r e  progr-d to trsasfer and how 
mmy war. u t r u l l y  transfercad (refer to Chapter 6).  

DISPXAY 

nost of th. mod.. of tha a Color CArd Us suppotted by tha 
CBiDCrre 1500 Series Computer Display subsjntea. The folloving 
operating modes of tho IN color card are not supported: 

1. The lw resolution 160x200 Graphics rod.. Ib I M  
AT documnution m~kbs no ocntion of how to use the 
160x200 Graphics node .nd the IBW BOLI-BIOS does not 
support it. 'Lb. GRfDCase 1500 Series Computer 
hudwue uchftocarr .  is tnrg sM1u to tha I M  AT. 
Therefore, any appliutioxu chat w +h. 160x200 
Graphics m&. and u e  desigasd to ruu on th. IBW 
AT, should not oxpriorre di f f icul tp  rmmin(l on tha 
GXfDCue 1500 Serias Coapuar. 

2. In to r luo  rod.. of tho 6045. I M  do08 not us0 
interlace nod. on etchor of their display boards. 
A l w ,  when the burl- a p e  mode is saloctod on 
tho color c u d  with the IlPI color d t o r  the 
display w e a r s  to vibrata. 

3. Display Puamoeors .ad Graphic Chuutar Exeexuionr 
m i u d  v h  sofcwuo inmrzupu lDh .ad llh. 
respoctftnly. Thuo frrnctioru ire implemented by 
tho diaplay cop+rollor. 

Th. Y& V6366 Display Controller -tea a l l  of the features 
and functioru foclad in tho 6W5 Display Coatroller u s 4  by the IBn 
A .  In  .ddition the V6366 provides Preset Dat. registers for 
svftchfng botn8.a diffarurt s o f n r u .  uad monitor eonbirutioris. 
Additional registors u o  also supplied for up to  16 color palettes 
.Pd d i s a o t o  control functions. Additional dirplry subsystem 
i n f o N t i o n  is cont.tnrd i n  C b p t e r  7. 

Ib GRiDCua 1500 Series computers support a buil t- in keyboard with 
72-kmys +hrt d a t o s  dl 84-koya of the I M  PC sund.rd keyboard. 
In addition, ur a x u d  I W  AT compatible 84-key keyboud. 
enhaaced 10l/l02-key keyboard, or mnrrieal  keypad is supported via 
a 6-pin DIN connector. Mdftional keyboud subsystem information 
is conuinod in Chapter 8. 



Tha GEDCue 1500 Series computer supports two internal 1.M byte, 
3.5-inch floppy disk drives and an external peripheral port for 
c o n ~ c c i n g  m extarnal drive. Operation of a11 floppy d iskdr ives  
is conprcible w i t h  th. IM AT except th.t tha noppy ~ i s k  
Par8matars (internapt 1Eh) and the revectoring interrupt &Oh are 
not supported. 

Depending upon tho i n s t a l l ed  optfoar, the orw or  more floppy disk 
drtvea un ba raplacod by a h u d  disk drive. Ib. hard disk drive 
optiolu provide either IBI4 XT cwpat ib le  or  IN AT compatible disk 
drives. Tha JE compatible drives support 8-bi t  vida Dl4A data 
tranafers.  Tha AT compatible drives sueport 16-bit vide Programmed 
1/0 (PIO) dam transfers. 

Additional in fo rma t io~  fo r  ttu floppy disk drives and IBn XT 
ewpat tb le  hub disk drives is eoauinod in Chapter 9. Additional 
informatioa f o r  th. I M  AT conpatible hard disk drives is contained 
i n  Chapter 10. 

The pa ra l l e l  port control logic contains nine registers.  One group 
of f i w  regis te rs  is uaod f o r  pr in ter  operation .ad system s u n w  
dmelu. A ucond group of thre* reg is te rs  supports a para l le l  
input/output port  interface.  

Registers at 1/0 addressas 378h through 37hh. 37Ch. and 37Eh are 
used t o  coatrol .ad monitor pr in ter  operation. In the GRiDCase 
1500 Series Cwputer, ttu three 10-t-significant bits of the I /O 
r eg i s t e r  at address 37% ( b i t s  2-0). and the three most-significant 
b i t .  of I /O resirtar ac address 37Ah (bits 7-5). are used to  
provide system status information that is not related to  operation 
of the printer .  

T b  ucond group of three regis ters  a t  1/0 addresses WBh-?TFh 
prorridb bidirect ional  pa ra l l e l  data transfers.  Parallel  I / O  data 
t ransfa ts  a re  unique t o  the GRiDCase computers. Ih i s  group of 
ragiaters  is accessed only when 1/0 regis ter  623h is s e t  to '1.. 
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C 

The -Cue 1500 Series computer provides an RS-232-C asynchronous 
se r i a l  I / O  port a d  an optiotul intorn81 modom. In the Hodel 1520 
(80C286 Hicroproeessor) computers. the sorial  I /O port and optional 
modem u e  controlled by two separate 82C50 Universal Asynchronous 
Reaivor-Transnittors (WARTS). , Tho se r ia l  I/O port and mo&m for 
th. Model 1530 (80386 Microproeosaor) are controlled by VLl6U52 '3 
D u l  A s m o n o u s  C o d ~ l t i o n r  Elewut (DACE). The DACE is , 
duigrud to s ~ + r r u o l u l y  ir.+.rt.ee vfrh Ne ..rial I/O devices 
and is equivalent to  the No 82C50 lUBTs used by the Nodal 1520 
cooputers . 
Ttm i n t e n u l  & i s  mrdlable u oi+h.r of NO optloma: Option ? 
330 operates a t  1200/300 Baud and Option 331 operates a t  
2000/l200/300 Baud. Both options aro B e l l  21U ad 103 compatible 
and Option 331 is also 9.22 bis- co~patfble. Both nodma are also 
com8nd compatible with the i h p a  1200 S a u t n o d r r .  . # i L  . = . I.. . '' 

Tho i n t o n u l  modom and che sarfa l  I/O port uao sopuaco I/O 
c-1s so &at both devices can 0porar.e simuluaeotuly. In the ; 
&fault  configur8Cion. tho -internal modem i s  configured u COUl and - 

:.? the se r i a l  1/0 pore is coafigur.6 u CaW2. T h i s  sari81 port 
c d f g o r a t i o n  is mpp.bt w i t h  sow mrsiolu of th. IIS-WS I::' ' ' 

. - . . - . . . 3' i . 2  

I MSG 221520H 


	Testscan.pdf
	Page 1

	Testscan1.pdf
	Page 1




