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A Set of Three Lectures
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* Generalities. (one hour)
* Introduction to the PC hardware and software (one hour)

* The AT Bus. Example of an AT bus interface (one hour)



IHE IBM PC FAMILY

1974-1978 8 bit personal computers: Intel 8080, Zilog Z-80, etc.

1981 IBM PC
(Intel 8088)

1983 IBM XT model
disk)
models

etc.)

Ead T T

1684 IBM AT model
{Intel B0286¢)

1987 IBM PS-2 Line

(Intel 80286/386 16 MHz)

1987 PC clones
{Intel 80386 16 MHz)

1989 PC clones
{Intel 80486 25 MHz)

4.77 MHz clock
256K RAM memory
360 Kby floppy
computing power of about 1/4 MIPS

same speed & comp. power
introduces hard disk support(lOMby

clones start making XT compatible

(p.e@ Tandy 1000, TI business Pro,

12 MHz clock

up to 16 Mby of RAM memory
virtual memory

hardware multitasking

Microchannel bus
Protected mode
0S/2 operating system

keep using ISA bus

also support protected mode

on chip floating point coprocessor
+ EISA bus

19937 586 PCs announced by late 1992 but later
delayed due toc market reasons



The PC- Introduction:

The PC constitutes a real family both in the sense of having a history,
hence, a genealogical tree, but also in the diversity of products that coexist
in the same generation.

Around 1980 when the idea of a PC was conceived at IBM, the market of
personal computers was dominated by the sc called 8 bit machines. They had 8
bit data bus paths both inside and outside the microprocessor. The PC was
initially thought as another 8 bit machine but later turned as a 16 bit inside
and 8 bit outside. Some IBM people thought the 8 bit machines had a short life
and decided to use a 16 bit microprocessor. However, back in early 80s 16 bit
peripherals were not so common and they were expensive, so they decide to use
an Intel 8088 that has the architecture of a 16 bit processor (the 8086) but
with an 8 bit data bus to the outside world.

After over a decade, a lot of water has passed under the bridge, the
newer models go way far beyond the old PC in computational power and in every
part of the PC computer where we loock at.

The PC bus is an open standard, any one of us can start a business
making PC boards of any kind. That helped a lot to place the PC as the most
used computer in the world and the best cost effective. Nowadays, we can buy
the fastest 486 PC starting at about US$SA 2000.



There are approximately 50.000.000 PCs in the world.

Cheap (400-5.000 US$A), reliable, service available everywhere in the world.
The first commodity computer.

The largest assortment of add-on boards and application programs. All known
languages available.

MS-DOS, small, fast, it has no Input-Output protection. The user can change

without restriction the interrupt vectors, etc. Most of the times a
multitasking, multiuser environment is not needed. ( pity the 640 kb limit) .

It can handle different operating systems

MS-DOS, DR DOS (romable) (640 kb limit)
o R

v

XENIX , UNIX like

UNIX , multitasking, multiuser, large and slow;
Santa Cruz Operation (U$A 2.000)

Mark Williams {only US$100)
MINIX, UNIX like, public domain

WINDOWS 3.0, multitasking, uses all the memory
but it needs compatible programs. They are
coming out fast.

05-2 Multitasking, uses all the memory.
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JDR I\/Ilcrodewces

2233 Samaritan Drive, Son Jose, CA 95124
UPRIGHT CASE

* Mounts 3 floppy and 4 hard drives

-
¢ Accommodates std. & mini motherboards SN
* 2digit LED display
CASE-1004 .. . $99.95
PS-250TW 250W p supply ... . $129.95
PS-300TW 300W p supply ... $149.95
CASE-50 Mini 2B6-style cose ... §59.95

(ASE-T0 Sid 236-s’ﬁe cose ... §89.95
Cul 120 ,,,,,,,,,,,,,,, 5$199.95

MOTHERBOARDS

POWER SUPPLIES

* U1 approved

* 110:/220VAC, 50/60H: P
PS-150  80BB 150 watt .. .. I 1 T X |
P5-200X 3088 200 wan . e $89.95
PS-200  286/386/486 200 wom . . $89.95
P5-250 284/386/484 250 wat ... .. $129.95
P5-300  286/384/486 300 watt . $149.95

1024 X 768
NON-INTERLACED $49995
VGA PACKAGE :

* 0.28mm dot pitch monitor
& high-resolution VGA card
* Resolution up ro 1024 x 768

in 256 colors* 3

* $12Kb viden RAM h—
expandable ro I Mb

VGA-PXG-1024N $499.95

32Mb on-board using 256Kb, IMb or 4Mb §

MIT-MABESX ...

MCT-MABE-33  Mini-size 33MHx cache 484 |
MLT-CIBE-40  Mini-size 40MHz cache 386
MCT-C386-33  Mini-size 33MHz coche 386

MCT-MIBESX Mini-size TéMHz 3B&SX
MCT-M288-16  Mini-size 16MHz 286 .
MCT-M288-T2  Mini-size 1 ZMHz 2864
MCY-TURRO-10  Mini-size 10/4 77MHz 8088

Q-

= 8:16-bit HUKE and
280: 346486 compatible

¢ Internal data modem
* Hayes AT compatbility
* Incl. ProComm software

MCT-28) .. $49.95

9600 BAUD EXTERNAL MODEM

* COITT V.42bisfV.32/V 22bis'Bell 212A & Hayes
AT compatible » Asynchronous / synchronous
PRO-PSE . e $399.95

FAX/MODEM/ PHONE SWITCH

* Save phone line charges! » Supports fax, modem,
phune and answenng machine from 1 phone line

FAXM-SWITEN . e, $119.93

FAX-SWITCH Without modem cannection . §89.95

MCT-IDE-8 8-bit IDE controller ........
MLT-AI0 Serial/poraliel/game port cord ...

DFINET-400 14-bit Ethernet card ..
GATEKEEPER PC security cord
PCODE Diognostic disploy cord ...

UNIVERSAL '*‘:
PROGRAMMER

* Programs EPROM:, EEPROMs,
microprocessors, PROMs, PALAGALs
and ather PLDs, tests logic & memory devi

and multiple DIP devires
* Includes hust adapror card and cable

MOD-EMUP

BREADBOARD
ON-A-CARD

* Solderless br:—«dbuarc‘i with ['O, decode &
timing Circaitry

PDS-601 8-bil cord e i 37998

PDS-411 14-bit version . ... - .. $89.9%

WIRE-WRAP PROTO‘I’YP! CARDS

JDR-PR2 B-bit with |/C decode layout .. ... $29.95
IDR-PRID 14 kit with I/O decode |oyoul ... $34.95

PORTABLE IC TESTER

* Tests the fulluwing 14 to 20-pin
devices: 74 senes TTL, 46 & 45 series
CMOS & 41744 series DRAM up o 1Mb

o Jdentfies enkpown part numbers

mob-mc. $129.95

F;'HEB e 800-538-5000 "

* Proprams 24-32 pin EPROM;s
& EEPROM. from 16K-1024K
* Hex to O8) converter

MOD-MEP™ ... . ... §119.85
HOD'MIP‘J' 4-EPROM progrommer unit ...
MOD-MAC Host adaptor cord & coble

*Nate: Requires host edaptor card

eprom ERastr § 3975,

* Quickly and simultaneously eruses
up o 4 standard EPROMs

DATARASEN ... .. . 43995

Mmhwﬂtv.whw Drclors ouwr 1 1. ond lovsigh crden Tdﬁuﬂﬁm

\’Aud-um- opplicoble sl $ax. Friens subject fo chongs without notcs. We are not respomdile
Al merchondae wbec 1o sale. A R aopy of oux teres is ovoiloble raques). ey pechared
ﬂmdhmhpww&ﬁd Mnurrm,zllaﬁ.bﬁm m"w&g

v JO0MHe Inret BO4B6SN CPU » 64Kb cache memory
on board {expandable 10 256Kb) * Expandable to

(BKb installed} * Includes Intel's "Vacancy" socker

MCT-MAB6-50  Minisize 50MHZ cache 4864 $1295.00

MCT-M388-25  Mini-size 25MHz 384 ... .
MCT-MIBESX-20 Mini-size 20MHz 3845X ...

16-BIT VGA CARD s4995 )

VGA-PRG- 1024+ 1024x768 interloced YGA pkg $469.95 . TMD-
YGA-PES 640x480 interlaced VGA phg. ... 9 . §349.95 ?;8 . 2(8)8 n ;?(’mhjrs 4]25:2".»
YGA-MON-1024 1024x768 interloced monitor | $349.95 ¥ A0 205 colors A1256A98-560
VGA-MON-1024N 1024x768 non-interlaced mon. $389.95 i * 250Kb video RAM 471000A98-10
* Note Requires 1Mb R for 1024 » 768 in 256 colors MCT-VGA-T6 ... §49.95 421000A98-80
MCT-VGA- 10248+ 1024x768, 512 Kb VGA card $149,95 41100009840
. MCT-EDC-HD | 44Mb Hoplry cantroller .. - . $49.95 gmﬁmﬁ

95 MCT-FRCED 2.8BMb intelligent flop n:omro er $79.95

2400 BAUD MODEM $49 MCT-IDEFH 16-bit IDE hard/ﬂoppy fgniro"er ... $29.95

MCT-IBHI0 16-bit IDE Aoppy/hard multi /O ... $69.95

MCT-CIDEFH 16-bit IDE CACHE contraller ........ §299.95

MCT-AID: Two NS16550 mrlnf/par/gume poﬂ $89.95

* Opuional adaprors available for PLCC, PGA, QFP

EPROM Pnoémmn sl 1995

¢ Vpp5,12.5,12.75 13 21 & 25V l,,_._-»—‘m-

79 BUY WITH CONFIDENCE FROM JOR)
s 30-DAY MONEY BACK GUARANTEE

* 1 YEAR WARRANTY

* TOLL-FREE TECH SUPPORT

hard disk cont

NDKITRO ...
IDE HARD D

CONNE,
84Mhb DRIVSACI(AGE $3 I 9

* CP-30084 84Mb, 19ms IDE
hard drive, 16-bit floppy/

and instructions

roller, cables

$319.00
RIVES

CP-3204F

- "
Conner 299

ST-30%64 | Sesgute | 88Mb | 1bms | 3.5 iDE 319

ST-3144A te | 131Mb [ Voms | 357 IDE
Seogal H

had
212Mb | Téms | 525" iDE 59%

TIMMs

. $549.00 F

$895.00
$499.95
$449.95
§349.95
§299.95
§249.95
.§149.95
$129.95
$69.95

Fb-505

FDD-1.44R ) ddMb, 3.5", Beige $79.95
FOD-5.44X 1.44Mb 35" Black. $79.95
FBD-1.2 ! 2mb, 525", Beige ..... §89.95
FDD-360 350Kb, 525", Block .. .§79.95
FDD-2.884 2. BBMb 3.5" drive, Be\ge 3149 95

DYNAMIC RAM

LOPPY DRIVES

525" & 3.5" combo 6rwe ..... $199.95

414756-80
ImE-80

PART ¢ SIZE
NENEE i
41256-60 236K 2 )

My

.. $49.95

MATH CO-PROCESSORS

L
Each co-processor inciudes a manual, 'nu

sofrware guide and Incel's lifetime warranry.

PART® | SPEED | PRICE | PART S SPEED | PRICE

30872 | 8MH:
2087 SMHz
BO287-XL | 12MH

129.95 | 80387-5XP [<25MHz] 119.95
89.95 1 80337-DXF | 3IMHz|199.95
1 | 94.95 | B0487-5X 20MHz | 499.95

ENHANCED
KEYBOARD

$4995

BIC-5339 101 /3

3-BUTTON

* Accuracy 290

19+

. §899.00

* Windows 3.1
JDR-MOUSE-3

$169.95
§29.95

II-free Fax ordering
800-538-5005

reprmaniaive.

* Opro-mechanical design
g g compatible . ‘

MOUSE-PAD ... ...

CALL FOR YOUR FREE
JDR CATALOG TODAY!

FOR PC'S, SOFTWARE, MONITORS, :
DISK DRIVES, KEYBOARDS, MODEMS, J
CABLES, COHN!(’TOIS, KS,
IOMPDN!NT! PIIOGRMEIS
TEST !DUIPM!NI' TOOLS & MORE!

Ll SV S FESR LR} H-H_

\;].'"\ M v‘-‘r"ﬁt‘
é-’i, AANE = L’

02-key enhanced loyout ........... $49.95

o gggl$ 14"

L8195 Nl -
$4.95 ——

Local 408-559-1200
BBS 408-559-0253

only be ve. JOR by,
Microderices, i Copyright 19972 JOR MICRODEVICES

AUGUSTI992 - BYTE 338
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It shouldn't be used for teaching. Memory segmentation is difficult to
understand and manage. The new 80386 and 486 driven systems could be used as
teaching platforms, but without MS-DOS.

THE WORSE OFFENDER IS MS-DOS ITSELF WITH ITS 640 KB MEMORY LIMIT.
Otherwise we would live in a mono-computer world.
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Video Display :

monochrome Diaplay Adapter ( MCDA)
Hercules

Colour Graphics Adapter (CGA)
Enhanced Graphic Adapter (EGA)
Professional Graphics Adapter (PGA)
Video Graphics Array (VGA)

All the above video monitors and adapter are supported in all models of
the PCs and DOS versions.
Floppy Drives

5 1/4" drives 160kb-1.2 Mb
3 1/2" drives 720 kb - 1.4 Mb

DOS versions 3.2 and under don't not support 3 1/2v
drives. -

DCS FLOPPY DISK FORMATS

FORMAT TRACKS SECTORS TOTAL USABLE
PER TRACK SECTORS CAPACITY

SSDD 40 8 320 160 KB
DSDD 40 8 640 320 KB
SSDD-9 40 9 360 180 XB
DSDD-9 40 g 720 360 KB
QD-9 80 9 1420 720 KB
oD-15 80 15 2400 1.2 MB
CcD-18 80 18 2880 1.4 MB
Hard Disks

Capacities from 10 Mb to 1 Gb. Disk controllers available in MFM, RLL,
IDE, SCSI, etc.
Tape drives

Open reel and cartridges £rom 60 to 500 Mb.

ETC, EIC



Intel processors
Intel 8088

-16 bit internal architecture

-8 bit external data path

-1 Mby memory addressing

-14 word register set

-24 operand addressing modes

-byte, word and block cperations

-5 and 8 MHz clock

-Minimum/Maximum operation modes

-Multiplexed bus. Address and data low bytes are multiplexed
(AD0-7) . Addresses are valid during Tl clock and data during
T2, T3, Tw and T4.

-Al6-19 are also multiplexed with $6-3

~DEN* and AEN provide demux. timing.

-8284A controller is used together with the 8088 in Maximum
mode. Generate bus control timing and higher current at the
outputs.
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INTERFACE
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EXECUTION
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INSTRUCTION
STREAM BYTE
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CONTROL
SYSTEM

ARITHMETIC/
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FLAGS

2314561

Flgure 1. 8088 CPU Functlonal Block Dlagram
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Figure 2. 8088 Pin Conflguration
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The 8086 and the 8088 differ in the external data bus. The 8088 is an 8-bit
bus version of the 8086. Its instruction set and basic architecture are
identical to the 8086. They differ also in speed, generally the 8088 is a 4.77
MHz chip { the NEC V20 reaches 12 MHz) while the 8086 is an 8 MHz chip.

The 8088/86 memory structure

The chips manage up to 1 Mbyte of memcry from 00000 to FFFFF in
hexadecimal notation. It requires 20 bit for the external bus address.

Two consecutive bytes form a word.
The smallest of the two byte addresses is the word address.
When the address of the word is an even number, the word is said teo

start at an even address, else it is an odd address.

00000
0ao01

06002 .
00003 1D Word starting

00004 07 at odd address

00005
00006
00007
00008

00009 )
00004 0F Word starting

0000B FF at even address

ooooC
0000D
0000E
0000F
00019

In a word, bits from 0-7 are called the low order byte, while bhits from 8-15
is the high order byte.

The address of the word is the lower of the two addresses of the bytes
comprising the word, consequently the byte with the lower address is the low
crder byte of the word.

MGTOROLA STORES A WORD IN EXACTLY THE OPPOSITE ORDER.

In the B088-86 memory structure words appear as being stored backwards.
The words stored in memory at odd and even addresses are

071Dh and FFOFh



A paragraph is a piece of contiguous memory containing 16 bytes. The paragraph
address is the address of the lowest byte contained in the paragraph. The 1 Mb
address space of the B(088 in paragraphs can be seen as

Paragraph address Bytes within the paragraph
00000 00000-0000F
00010 00010-0001F
FFFFO FFFFO-I::‘}_;'F.‘E.‘F

There is a total of 64k paragraphs in the 1 Mb memory space.
Memory segmentation

The absolute address of a byte or word requires 20 bits. However the
8088 is a 16 bit CPU. To obtain a 20 bit address out of 16 bit register Intel
organised the memory space in segments. ( this is the reason why the 8088 is
no good for teaching)

One segment is any number of bytes up to a maximum of &4 kbytes. A
segment may start at any place in memory as long as it is in a paragraph
boundary. This means that the absolute address of any segment will always
start with address that ends with a 0. {(i.e. xxxx0h)

The segment address is 16 bit number.

To reference a byte within a segment, as the segment is 64 kb long, we
need another 16 bit number ( the byte offset)

The 8088-86 chip has 16 bit register, this means that the largest
"address" that can be internally calculated is 16 bits long. But as we want to
address 1Mb of extern memory we need a 20 bit address.

a} By splitting memory into paragraphs (16 bytes) any paragraph in
memcry can be represented by a 16 bit number.

b) Since a segment (64 kb) starts at a paragraph boundary, a byte can be
referenced by means of a 16 bit offset from the start of the segment boundary
plus the segment address.

10



Memory Segmentation and Segment registers

Any program running under MS-DOS is allewed to specify up to four
distinct segments for simultaneous use within the program. Because any segment
is limited to 64 kb, the programs is limited to referencing a total of 254 kb.

The intended purpose of each of these segments is identified by its name

Code Segment : is the segment that contains the program instructions.
Data Segment : contains the program's data.

Extra Segment : may be used for storing additional data or for heolding and
manipulating strings.

Stack Segment : contains the programs run time stack, used for calling
subroutines and passing arguments between routines.

REGISTERS IN THE 8088-86 ARCHITECTURE

General Registers : AX, BX, CX and DX are 16 bit general purpose

registers which can also be considered as two 8 bit registers called AL, AH,
BL, BH, etc.

Pointer and Index registers : The Stack Pointer peints to the current
top of the stack "within the stack segment". The Base Pointer contains an
offset from the stack pointer to retrieve data placed on the stack. The Source
Index and Destination Index are used for string operations but they are also

general purpose index registers. The string instructions are a subset of the
8088 instruction set.

Segment Registers : CS, DS, ES and SS point to segments as explained
before.

Program Counter : (instruction pointer) points to the next instruction

to be executed. It is used with the CS register to fetch the next instruction
from memory.

11



FLAGS

Nine flags that indicate the condition of the chip after the execution
of the last instruction. The flags are tested and according to the result of
the test the 8088 continues with the execution of the next instruction or
branches to some other address.

FLAG MNEMONIC AND NAME FUNCTION

OF overflow Set if result has overflowed a range.

DF Direction Filag Determines the directicn of string
instructions.

IF InterruptEnable Allows-disallows interrupts to be
processed.

TF Trap Flag If set the 8088 single steps, for
program debugging.

SF Sign Flag Set when result is negative

ZF Zero Flag Set when result is zero.

AF Auxiliary Flag Set when a carry is generated from
the least significant four bits of the last result.

PF Parity Flag Set when parity of result is even

CF Carry Flag Set if result has generated a carry.

INPUT/QUTPUT STRUCTURE

There are special instruction to address I/0 ports, IN and OUT.
The 8088 1s capable of addressing 64 k ports.

INTERRUPTS

An interrupt allows the computer to suspend whatever it was deing and
switch to some other task based on something that causes the interruption.

When the micro 1s interrupted "a record" of what it was doing is kept on
the stack in order for the micro to resume the work where it left it.

There are three types of interrupts : hardware interrupts, exception
interrupts and software interrupts.
You have already heard a lot about hardware and software interrupts.

Exception interrupts are generated when during the execution of a program the
chip finds an instruction that, for example doesn't exist in its "repertoire"
or when we are trying to divide by zerc. In the previcus cases the chip
generates an "exception interrupt" to abort what it was doing ,that was
irreparably flawed, and recover itself from the difficulty.

12



AX
BX
CX
DX

15

FLAGS

GENERAL PURPOSE REGISTERS

AH AL
BRH BL
CH CL
DH DL

SP- Stack Pointer

BP- Base Pomter

sl

SI- Source Index

DI- Destmation Index

PC- Program Counter

CS5- Code Segment

DS§-Data Segment

§5- Stack Segment

ES- Extra Segment

High Order Byte
A single 16 bit register comprised og two eight it bytes

@

Low Order Byte




Intel 80286

-High speed CHMOS technology

-16 bit internal/external architecture

-16 Mby memory addressing

-14 word register set

-8 operand addressing modes

-byte, word and block operations

~-12 MHz clock (5 times faster than a 5 MHz 8088)
-Minimum/Maximum operation modes

-Upward software compatibility with 8088

-Protected virtual address mode. 4 levels of privilege

for Kernel, System services, Op Sys Extensions, Applications
. Ry o - - - BE— —-—




-~Interrupt-driven service calls
-BI0QS routines are re-entrant

-Service routines are grouped by speciality within the same
interrupt level

BIOS . .
-Boot strap service
-Equipment list

-Time services

-Video service
-Print-screen
=~ N
-Memory size
-Disk services
-Serial port (RS-232) service
-Parallel port service

—-Keyboard service

-Tape service



Memoxy models

16 bits

Segment

4 bits

Offset

20 bit external address

Six well known memory models

Tiny: code, data and stack fit in 64K. CS,DS,SS,ES are set
to the same constant segment

Small: Uses two different segments one for code (CS) and
another one for data and stack ({DS,SS,ES)

Medium: Data segment fixed,wllowing only 64¥X. Code segment
can be variable

Compact: The inverse of Medium model
Large: Variable segments for either code and data

Huge: Variable segments for either code and data. Static
data allowed to be > 64K

Large and huge alsc differ in the way they increment the
segment and offset when used from a high level language
compiler.



EC Memory issues
~real memory space 1Mby

-user working memory area 640 Kby

Memory expansion
-extended memory
-virtual memory - VDISK
-prctected mode
—expanded memory

EMM memory manager



Memory addressing
-AT 286 can install 16 Mby of memory in extended space

-VDISK can access that memcry as virtual memory with
limitations

~DOS lives in a 1 Mby memory space

-Printer spoolers and TSR (resident) programs make things
worse

static Memory manager

-DOS was built based on a CPU with no memory management
capabilities

-Once loaded, DOS applications "own" the physical memory and
they cannot be moved around.

M . .
-DOS sees the memory as a single block.

—DOS makes no distinction between user and operating system
or privileged applications.

—Application errors usually affect the entire system and
halt the machine, avoiding the possibility of debugging the
error.

-Multitasking systems need protection between user memory
and system memory.



1/0 control
-DOS I/0 devices are accessed by interrupts to the BIOS

-S5ince there are no privileges in DO0S, applications

modify the interrupt vector table and configure their
drivers

—-This practice is forbidden in a multitasking system

Mult K

-Multitasking in DOS is almost impossible because it is
re-entrant

-Multiple tasks under DOS using the mechanism of PC-DOS
extension are impossible to coexist.

LI S co e E 3 LT [
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-Runs the 286 processor in protected mode

-Allows 16 Mby cof real (physical) memory

-Virtual memory support. Segment swapping, page fault.

-Memory isolation/protection. User programs are terminated
when violate user memocry rules.

-Provides user program error debugging

-I/0 protecticn

24



Desi c AT-PC ] { interf

-I1/0 location configurable by switches.
-Software configurable Dual Port Memory in PCs memory space.
-High speed access. 0 wait state.

~Low power consumption. HCMOS technology.
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IBM AT BUS CONNECTOR

§2 PIN

BM AT BUS CONNECTOR P2
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ATl based 16 bit memory board

I/0 write timming diagram

T1 T2 T3 Tw T4
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Al based 16 bit memoxry board

I/0 write timming diagram
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FIG. 2 EP900 BLOCK DIAGRAM

Pin #s in! pertain to
44 pin JLCC package.
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Figure 4. I/O Configurations
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THE IBM PC BUS ( I/0 CHANNEL )

The IBM bus (1/0 channel) is a set of 62 lines
connected to five card-edge connectors. Non system
hardware is added to the PC by simply plugging cards into
the connectors. ( see pin-out in next transparency)

The lines can be classified according to the
function they perform : (details in the IBM spec-sheets)

Address ~ AQ-A19
ata - Do-n7

Control - MEMW, MEMR, IOR, IOW (All active low),

jrec e ing (DMA) - DRQ1-DRQ3,
DACK1-DACK3, TC

Interrupt - IRQ2-IRQ7T e
Clocks - 0sC, cLx

Fower Supply - +5, -5, +12, -12, GND

LDDRESS

LDATA

goee

HEHORY I/0

COUNTROL



The address lines are 20. They can code memory
addresses from 00000h to FFFFFh (1 Mb).

But only 16 lines are active during an I/0 cycle .
This limits the 1/0 port to addresses from 0000h to
OFFFFh ( €4 k). In the IBM pPC only the lower 10 of these
lines are decoded during an I1/0 instruction limiting
further the range of I/0 channels to 1 k.

The main control lines needed to connect an I/0 card
are ; '

IOR 1/0 read, active low during I/0 read.
IOW I/0 write, active low during I/0 write.

g ——

while an I1/0 read or Write uses five clock cycles that

€an even be complewmented by several wait cucles under
request from the I/0 card,

FROCESSOKM INITIATED BUS CYCLES

Detigning an interface requires a good understanding
of bus cycler ang of ity timing restrictions.

We are only interested in I/0 read and write cycles
although a wemory cycle it not much different.

The clock gignal ip a 2 to 1 mark space ratio with a
low tice 0f 140 ng ang @ high of 70. A single bus access
requires five clock Cycleu. Hence, an 1/0 cycle can be
Completed in & mipnimug ©f 1.02 microsec at 4.77 MHz.

You can extend the 1/0 read-write cycle by a period

atzerting the /1 CH wUY line .The pC senses this level
on the leading edre of TZ,

23
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A memory read or write cycle uses four clock cycles

B
k7

B st




Rear Panel
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I/0 Channel Description

The following is a description of the 1BM Personal Computer XT
1/0 Channcl. All lines are TTL-compatible.

Signal 1/0 Description

OSC O Oscillator: High-speed clock with a 70-ns
period (14.31818 MHz). It has a 50% duty
cycle.

CLK O System clock: It is a divide-by-three of the

oscillator and has 2 period of 210 ns (4.77
MHz). The clock has a 33% duty cycle.

RESET DRV O This line is used to reset or initialize system
lugic upun puwer-up or during a low line
voltage outage. This signal is synchronized 1o
the fulling edge of clock and is active high.

AO-A19 O Address bits 0 1o 19: These lines are used to
i ' address memory and 1/0 devices within the

systern. The 20 address lines allow access of
up to 1 megabyte of memory, A0 is the least
significant bit (LSB) and A19 is the most

e sigrificant bit (MSB). These lines are

penerated by cither the processor or DMA

controller, They are active high,

DO-D7 170 Duta Bits 0 to 7: These lines provide data bus
bits O 1o 7 for the processor, memory, and
170 devices. DO s the least significant bit
(155 und D7 is the most significant bit
{355 ). These lines are active high.

ALE € Address Latch Enable: This line is provided
toy the 8284 Bus Controller and is used on
: the wystern bourd to lateh valid addresses
' freom the processor. It s availuble to the 1/0O
chunnel as anindicator of a valid processor
wderess fwhien used with AEN). Processor
wderenses are lutched with the failing edge of
AL
[JOCH o 1700 Channel Check: This line provides the
orecenar vath parity (error) information on
rernary Gr devices in the 10 chunnel. When
: tha wpnal i active low, 4 parity error is

‘ sroetieateed

:-., System Unit 1-17




Csignal  1/0

1/0 CH RDY 1|
IRQ2:IRQ7 I
IOR 0
{0)\% 0O
MEMER O
MEMW O

1-18 System Unit

Description

1/0 Channel Ready: This line, normally high
(ready), is pulled low (not ready) by a
memory or 1/0 device to lengthen [/0 or
memory cycles, It allows slower devices to
attach to the 1/0 channel with a mintmum of
~ difficulty. Any slow device using this line

'~ should drive It low §mmcd!arc1y upon
'detecting a valld address and a read or write
command. This line should never be held

- low longer than 10 clock cycles. Machine

cycles (1/0 or memory) are extended by an
integral number of CLK cycles (210 ns).

Interrupt Request 2 1o 7: These lines are
used to signal the processor that an 1/0
device requires attention. They are
prioritized with IRQ2 as the highest priority
and fRQ7 us the lowest. An Interrupt Request
{s generated by raising an IRQ line (low to
high) angd holding it high ungj] it is
acknowledged by the processor (interrupt
service routing ),

-1/0 Read Command: This command line
instructs an 1/0 device to drive its data onto
the data bus. It may be driven by the
processor ur the DMA controller. This signal
is active low.

-1/0 Write Command: This command line
instructs an 1/0 device to read the data on
the duta bus. It may be driven by the
processur or the DMA controller. This signal
15 active fow.

Mernory Reud Command: This command line
jrstructs the memory to drive its data onto
thie cata bus. It may be driven by the
processor or the DMA controller, This signal
fo active Jow

Mernory Write Command: This command
Lire instructs the memory to store the data
prescnt on the data bus. It may be driven by
the nrocewsor or the DMA controller, This
Lol by active low.

®)
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Signal
DRQ!.DRQ3

DACRG-
DACR3

AEN

T/C

CAKRD SLCTD

I/0 Description

|

DMA Request 1 to 3: These lines are
asynchronous channe} requests used by
peripheral devices to gain DMA service, They
are prioritized with DRQ3 being the lowest
and DRQ1 being the highest. A request is
generated by bringing a DRQ line to an active
level (high). A DRQ line must be held high
untll the corresponding DACK line goes
actlve,

a- .
E‘.
s

O -DMA Acknowledge 0 to 3: These lines are
used to acknowledge DMA requests
(DRQ1-DRQ3) and to refresh system
dynamlc memory (DACKO). They are actlve
low.

O Address Enable: This line is used to de-gate
the processor and other devices from the 1/0
channel to allow DMA transfers to take place,
When this line is active (high), the DMA
controller has control of the address bus,
duta bus, read command lines (memory and
170), and the write command lnes (memory
and 1/0),

O Terminul Count: This line,provides a pulse .
when the terminal count<for any DMA |
channe! is reache .""I’his"lsigr_ml is [activc hlgh.{

oo dlHA UL vl ALy

! -Card Sclected: Thig line is activated by cardy
in expansion slot J8, It s nals the system
bourd that the card has beén'Selecred and
that uppropriate driyers on the system board
should be directed to ¢lther read from, o
write to, expansion'slot J8, ConnectorsJ1
through J8 are tled together at this pin, but
the systemn board does not use their signal,
This line should be driven by.an open
colector device, S

| [

The follovany voltsges are availuble on the 5yst¢m-board I/0

channe!:

+5 Vde = 2%

PRV

wtuted on 2 connector pins

-5 VAo 2 10% 1uesed on 1 connector pin
+12Vde = 9% {ocired on 1 connector pin
-12Vde = 104 cated on 1 connector pin

GND (Grount ) inzated on 3 connector pins

Sywtem Unlt 1.19

&
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The CPU and the 1O Channegl

TX = Zi0ns

T1 T2 T3 T4
CLK
ALE ' I
Valid Address
AD A1E

(VY

—_—

LeL7

Vahd Dala

(S

Figure 142 Moy Vine Bus Cycle

T/ = 2100s

Cr

Yeid
Aoiesy

[NV

Vald
Uiy Datg

Figore 1L £ R TR IV N TN (.,Llc

Chap. 14




T1 T2 T3 TV T4 T1

I [ Pl T [ [l

::::3‘1’ > RDDRESS
I 10R, TOM

V00 duta from BC D /I
r_xelpe L0007/

Latch with rising edge IOR/IOM

1/0 cycle , Ti210 nuz. Mo 1/0 CH RDY assexted else TW1 would be insertved
efore T, A S - g

R

ki we taid before, the IBM PC has the annoying
revtriction that unly A0-AY are decoded when performing
1/0. IBM asuigny standard 1/0 locations to many devices
in this 1 k tpace. Theve ancignments are shown in the
correrponding takle. 2 free address position has to be

found befoure plugging in a card.




