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**********************************************************
* COPYRIGHT (C) 1985 Intercontinental Micro Systems Corp *
**********************************************************
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reproduced, transmitted, transcribed, stored in a retrieval
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Intercontinental Micro Systems Corp. reserves the right to revise
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**** INTRODUCTION ****
The INTERCONTINENTAL MICRO SYSTEMS CORP. (ICH) CPZ—48OOX

single board central processor (SBCP) is a Z8OA (tm) [CPZ-48004]

or Z8OB (tm) [CPZ—48006] based computer board designed to meet or
exceed the IEEE S-100 Bus specification. This third generation
computer incorporates all the features necessary for a complete,
stand alone CP/M (tm) system and is perfect for use in multi-
processor or multi—user /multi—tasking architectures utilizing
operating s stems such as TurboDOS (tm), MP/M (tm), OASIS (tm)
and CP/NET tm).

Features such as an independent interrupt structure, Direct
Memory Access, a 16 Megabyte Memory Management Unit and a bank
selectable on—board 64K byte memory coupled with 1/0 devices such
as a floppy disk controller which controls 5 1/4" or 8" drives
simultaneously, a 2—port serial controller and a 2—port parallel
controller provides the user computing power on a single board
heretofore unmatched in the S-100 Bus industry. Other features
incorporated are listed as follows:

*

>k**>k*

FEATURES

IEEE S-100 Bus Compliance
ZBOA (tm) 4MHz Operation [CPZ—48004] or ZBOB (tm) 6MHz

operation [CPZ—48006]

Single or Double Density Floppy Disk controller with up to
four 8”, four 5 1/4" or four 8" and 5 1/4" floppy drives in
any combination programmable in either DMA, Interrupt or
programmed I/O mode
Two Serial I/O channels with one channel programmable in either
DNA, Interrupt or Programmed I/C mode.
Two Parallel I/O channels with one channel programmable in
either DMA, Interrupt or Programmed I/O mode.
Four Channel Direct Memory Access Controller
64 Kbytes of On-Board Dynamic RAM with Memory Deselect of 4

Kbytes to 64 Kbytes under software control
Memory Management of 16 Megabytes of system memory
Eighteen Vectored Priority Interrupts chained together with I/Q
Interrupts for use with Z—8O Mode 2 Interrupts
Provisions for either a 2 Kbyte, 4 Kbyte or 8 Kbyte on—board EPECK

(Monitor in a 2 Kbyte EPROM supplied with board.)
Software Selectable Baud Rates
Real Time Clock
Synchronous or Asynchronous operation using the Z80 SIC chip
CP/M (tm), MP/N (tm) and TurboDOS (tm) Operating Systems available
Turbo-Disk (tm) Implementation Included with Software

Information contained herein is Proprietary to I.C.M. Corp. Pg. 2
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A HOST OF USES

As the most sophisticated. competitively priced

Single Board Computer (SEC) in the 8-100 market.

the CPZ-48000 series is more than iust a CPU It

will act as a sophisticated single board Personal

Computer or as a master CPU in a master slave

network The CPZ48000 can also be used as a
single processor. multi-user/multi~tasl<ing host. or

as a CPU with high speed serial data link for local

area networking

In both 4 and 6 MHz versions. the CPZ-48000 is
fast and versatile. but dont oe deceived by clock

rate a|one—the CPZ-48000 provides many advan-

tages for system architectures requiring high speed

and highthroughputprocessing rn fact our4 MHz

CPZ48004 with our memory mapped slaves is

37% faster than the competitions‘ 6 MHz master,

I/0 mapped slave combination. Our 6 MHz

CPZ-48006 master is 106% faster

That's because a powerful on-board Memory

Management Unit lMMUi controls 24 bits of

address for up to 16 MBytes of extended memory

equal to or better than any 16 bit CPU available

today

THERE‘S MORE

E’ IEEE 696.1/D2 5-100 compfíance The CPZ-

48000 will interface with most IEEE S-100 bus

products on the market.

2 RS232 communications and troppy controrrer

Personarity Boards included

I 6 MHz Z808. A MHz ZBOA Operation

Z Floppy disk controller (FDC) with on-chip data

separator. Single or double density 8" and St ii’
in any combination The choice is yours up to
4 drives.

2 Two synchronous or asynchronous serial I/0

channels (SlO). One channel can be pro-
grammed in direct memory access lDMA).

interrupt. or programmable l/O mode

2 Two parallel l/O channels lP|0) One channel is
programmable in DMA rnterruot or program-
mable I/O mode

Z Four channel DMA controller

Z 64K on-board RAM Bank selection puts from

4K to 64K under software contro‘

1 Memory management unit (MMUi Addresses

up to 16 megabytes of system memory
Eighteen vectored priority interrupts are chained

with serial and parallel l/O interrupts for use with
Z—80 mode 2 interrupts

3 Provisions for 2K 4K or 8r< on-ooard EPROM

A boot up function and monitor in a 2K EPROM

is supplied.

3 Software selectable baud rates Eliminates

costly. complicated hardware modifications

to change baud rates Up to 800K BAUD in
synchronous mode. 50K BAUD in asynchro—

nous mode

I IBM Bisync. HDLC. SDLC and other protocols

All are handled through a 2-80 SIO chrp
Permits communication with micros. mini s

Dr mainframes

L' CP/M'“ MP/M” anc l’urooDOS'” operating

systems available

Í Turbo—Disk‘ implementation included

INDEPENDENTCOMPARISONuF S tbu sec 3
av MICROSYSTEMSMAGAZINE

ICM TELETEK$lERRA ADC

A A-channer Direct Memory Access (DMA)

controller provides data transfer rates over 300%

faster than standard Z80” block move rates DMA

transfers off-board memory directly. bypassing the

CPU. No other S-100 SBC offers both MMU and

DMA in combination Significant increases In speed

result

Vectored Priority Interrupt iVPI) allows the CPU

to recognize and prioritize simultaneous service

requests for up to 18 interrupt sources VPI

increases CPU efficiency and eliminates potential

data loss due to simultaneous service requests.

often a problem with standard “polled I/0"

methods.

Turbodisk (RAM disk) allows any extended

_address RAM memory to emulate a disk. and is
the fastest method of storing and retrieving data

in the S100 market Transfer rate rn file accessing

ist M8yte/sec—vs—60l(Byte/sec floppy or

.5 MByte/sec hard disk rates

Peripheral Interface through lCM's small. inexpen-

sive personality boards allows extremely versatile

interfacing and eliminates costly modifications to

the CPU. New personality boards are constantly

HOW USING OUR WHOLE PRODUCT UNE

WILL HELP YOU

The CPZ-48000 CPU,CPS-MX slaves. and

256KMB-100 memories from Intercontinental Micro

Systems give you the perfect team tor the most
demanding of tasl<s—muIti-user/ multi-tasking.

RAM disk or single user functions

being developed as new peripherals are introduced

into the market.

TurboDOSf" CP/M"' and MPIM“ compatible

TurboDOS is compatible with virtually all ol'l—the-

shelf CPIM application software. Since CPih‘. has

been the standard Bbit Operating System for a

number of years. there are literally thousands oi

applications software packages readily available

Master/Slave Networking allows putting up tot
master (CPZ 48000} and 16 slaves (CPS~MXl in an
5-100 bus Up to 16 masters can be networked

together tor 256 users with an ethernet"or arcne: '

S-100 board Each slave CPU can act ll'\O80€l108"iT‘y

of the master, so each user has a dedicated proces

sor. making the network much faster than a share:

processor multiuser system. Master/Slave networ-<2

are also very cost eflective—aIl users can share

common peripherals Overall. savings of up to 65%

can be realized by using a Master/Slave TurboDOS

Network as opposed to a PC DMNINET."

In short, the CPZ-48000 series is sophisticated

and fast. The CPZ-48004 and CPZ43006 offer

more processing power and yet are some ot the

most competitively priced SBC‘s on the market

WE'VE GOT PERSONALITY

So you've got a sophisticated Single Board Sys

tem. It won`t do you much good if you can t inter-

face with peripherals. Intercontinental Micro has

designed a full line of personality boards that aIIo.r

you to interface with anything from floppies to h

disks including modems and printers They re as.
small and won't take up any S100 Bus space

Here it is in black and white Have a look. Then give us a call. Wed love to help with your CPU or
single board system applications

MICROPROCESSOR

Clock rate 6 MH: Z808 CPZ-48006 or 4 MHz
CPZ-48004

BUS |NTERFACE...IEEE 696.1/D2 S100

SERIAL IIO CHANNELS

Synchronous ODGTEIIDT

Baud Rate...Up to 800 K Baud
Data Transfer DMA rnrerroat or Programmed il0

Asynchronous Operatior

Baud Rate
.

Up to 50K Baud

Clock Rate .1. 16 32 or 64 Times Baud Rate

Bits/Cha.'acte' 5 6, 7 or 8
Stoo Bits 1 tw@or 2
Parity Ood Even or None
Data Transfer .DMA Interrupt or Prograrnmec |,i0
I/O interface Through Personality Boards

PARALLEL IIO CHANNELS

Data Rate Up I0 300 KBytes/Sec
Channel A Data Transfer ..DMA. interrupt or

Programmed l/0

Channel B Data Transfer
.

Interrupt o'
Programmed I/O

Interface Signals 16 Data Lines Plus 4 ‘rlandsnaking
Lines

¡IO lnterlace Through Personality Boards

FLOPPY DISK CONTROLLER

Data Ra=.eI8~lnchSingle-Density 250 000 Brts'Sec
Data Rate/Brlncr Double-Density 500 000 Bits/Sec
Data Raieslsl A-IOCTTSingIevDerrsity 125.000

Eitslsec

Data Rare@ winch DOUOIE-DEOSII) 250 000
Bl!S’SEC

IBM 3740 or 512 x 16 Sectors

.a DI,’-r‘~ lrrte' :f or Programmed I/O
I/0 interface Through Personality Boards

INTERRUPT CONTROL

Number o' channels 18
P’ ' ‘ no or Fixed

in ‘Modes Z80 l‘.‘iade0 Moos 1 or Mooe 2

REAL-TIME CLOCK

Operation Software Poliec o' Interrupt Driver
Range 37 5 Hz tot 2288 MH:

MK DYNAMIC RAM MEMORY

Bank Selection May be bank selected in lTlCT€"T‘E'l‘,3
of 4K to 64K commencing at 4K boundaries

SK 0‘ memory may be selected or deseiecte:

rnencing at location C000 (hex) as defined by
software

Wait states None

Direct Memory Transfers To’Fro"1 SIO. Dt@or

DIRECT MEMORY ACCESS CONTROLLER

Channel 0 Cascade Mode for IEEE S100 Bus or
Used with Channel 1 in Memory to Memory
Transfers

Channel 1 Channe‘ A of SID Con1rolle'
Channel 2 Floppy Disk CO'lTT0ll€'
Channel 3 Channe A of Pl0 Control-er

DIRECT EXTERNAL MEMORY TRANSFERS

To/From SID PIOor FDC

EPROM

Type 2716 2K EPROM. 2732 4K EPROM or 2765

BK EDRON‘

Wait States .None with CPZ—48004 1 in CPZ-48006
Function Boot up and iTtOI'IlIO'

POWER REQUIREMENTS

Voltages +8 VOC 11 2 ZA lmaxr
+16 voc @ o 2A (maxi
-16 voc @ o 15A imaxi

Power 23W (maxi

OPERATING ENVIRONMENT

Temperature 0 to 45 Degrees Ceisius

Relative Humidity 0 to 959:

CONSTRUCTION

C"CUl‘. Boarc Four Layer Grass Epoxy Soidermas»
overcooper

All I-Q'srr' Sockets

Corneciors Sl’l’OUCECTC'D'OlECllC‘”

TESTING Conlplelel,‘ tested and 24 hour burns? r
Vl.’Av'iRAl\'TV One Yea’ Warranty iParts an: Lab:

Pg. 2a



ANSWERS TO QUESTIONS YOUR CUSTOMERS MAY BE ASKING

1, WHY GO INTO THE 8-BIT MARKET, WHEN IBM HAS ESTABLISHED THE 16-BIT MARKET AS
THE FUTURE STANDARD FOR MICROCOMPUTERS?

We disagree with the basic promise that everyone will eventually be going to a 16-bit computer,
There are currently a large number of users that have a considerable investment in their B-bit
Application Software packages. They also have found that the 8-bit software packages are more
than adequate fortheir business needs. They may consider converting to a 16-bit machine, butthe
expense of conversion will discourage a number of them. This group of people will decide to stay
with an 8-bit machine.

We liken this to the hand held calculator. Sure, the Scientific Calculator is now affordable by most
people; but surprisingly enough, you'll find a basic 4 function calculator in most businessmen‘s
office. The price of that 4 function calculator makes it very difficult to justify the Scientific
Calculator, and it is usually much easier to use. Thus we believe that, just like the 4 function
calculator, there will always be an 8-bit market.

Granted, quite a few people will eventually convert to 16-bit. By offering a TurboDOS based sys-
tem, you can offer a system that will accept both 8-bit and 16-bit computers on the same network.
Thus you can position yourself in both (or is it 3?) markets: the 8-bit and the 16-bit market. The end

user may eventually want to convert only a portion of his system to 16-bit.

2. WHY SHOULD I USE lCM BOARDS?

Our current 8-bit boards contain technical features that are state-of-the-art, features hard to find.

even on 16-bit computers. Features such as:

1. 4 channels of DIRECT MEMORY ACCESS (DMA), whereas many 16-bit computers
offer only 1 DMA channel. DMA has increased memory transfers by 300%, and we offer 4 DMA

channels, not 1.

2. MEMORY MANAGEMENT UNIT (MMU) which increases the address bus to 24 bits.
and allows addressing up to 16MBytes of memory, 24 bits of address, not the 20 bits that most 16-
bit CPU‘s offer. 16MB of main memory addressing. not 1MB.

3. VECTORED PRIORITY lNTERRUPT(VPl) allows the CPU to recognize. prioritize. and

respond to simultaneous requests for service from up to 18 interrupt sources. VPI eliminates the
problems usually associated with “Polled I/O": Failure to recognize (much less respond to)

simultaneous requests for service, and the resultant data loss.

4. TURBODISK (RAM disk) allows using RAM memory to emulate a disk at data transfer
rates of 1 MByte/sec — the fastest method of storing and retrieving data.

5. MEMORY MAPPED SLAVES eliminate expensive on-board hardware such as EPROM

and FIFO buffers. Data transfers to the slaves are 200% faster than standard I/O mapped slaves.

Memory mapping also eliminates much of the code usually required to access a slave, thus leaving

more memory tor TPA.

OUR FUTURE PRODUCTS WILL CONTAIN THESE FEATURES AND ADDITIONAL “LEADING

EDGE TECH NOLOGW AS WELL.

In addition, we offer all of the Single Board Computer features that you would expect from the

technological leader in the field. By the way, Microsystems magazine's review of S-100 single

board computers concluded that our CPZ-48000 is “the most hardward advanced” and a program-

mefs "Nirvana".

Pg.2b



3. WHAT IS ICM DOING TO HELP ME GET POSITIONED iN THE 16-BIT MARKETPLACE?

We considered the entire family 8086 GPUs. including the 186 and 288 CPU's. However, the 186
8. 286 are highly allocated, and won't be available in production level quantities for quite some
time. in addition, our 1 6-bit 8086 board will contain all ofthe features that a 186 can offer, and then

some. For instance, M MU is already an onboard feature of our8-bit board. We also ofler4 channels
of DMA. An 8086 SBC will allow you to delivera 16-bit product in averytimelyfashion. You wont be

facing 6 week delays in delivery from ICM. We will be releasing an 8086 based, 16-BIT Slave Pro-

cessor in April, 1984. We are also designing a 16-bit Master Processor for future TurboDOS

configurations.

4. EVERYONE'S TALKING THE MULTI-USER MARKET. AGAIN, WHY ICM BOARDS, AND WHAT
CAN WE DO WITH THE PCS ALREADY PURCHASED?

Our CPZ-48000 is a true single board computer. It is an excellent stand alone, single-user com-
puter; but it also has been specifically designed as a master computerfor networking applications.
Our Master/Slave TurboDOS architecture is a true multi-user system that assigns an independent

processor to each user. This multi-user/multi-processor network is inherently faster than a multi-
tasking, time shared network, because all users are not sharing a single processors time. Tur-
boDOS offers a number of features that are hard to match - Features such as Record AND File
Locking, shared peripherals AND dedicated peripherals.

TurboDOS connects 16 SLAVES per MASTER on an S-100 bus. Our ARCNET capability now
allows building a 4000 user system by networking up to 256 MASTERS. Now you can build a cost
effective BUS STRUCTURED NETWORK and add the flexibility of LOCAL AREA NETWORKING.

In addition, TurboDOS 1.4 (which went into beta-test in January, 1984) will permit connecting PCs
onto the network as slaves via ARCNET. Thus, the businessman who has already bought a PC will
be able to build a low-cost, sophisticated. ICM based. TurboDOS multi-user system, and also add
his existing PC‘s to that network.

TurboDOS 1.4 will also allow building a network with 8-bit and 16-bit processors on the same bus.
This type of flexibility is hard to beat.

DON’T FORGET! A TurboDOS network is the most cost effective network available today. You can
build a multi-user/multi-processor network for approximately 1/3 to 1/2 the cost of a network of
PC's. The Master/Slave architecture puts aII the processors and peripheral controller boards in

one 8-100 chassis (mainframe). The userties into his slave processorvia a“dumb” terminal and an
RS-232 interface. The master processor. slave processors, and peripheral controllers are net-
worked together on the 8-1 O0 bus. With this architecture, a user can be added to a network for less
than $1 O00, including terminal. REMEMBER- LOW COST DOES NOT MEAN LESS SOPHlSTlCA-
TION, lCM OFFERS THE MOST SOPHISTICATED BOARDS IN THE S-100 MARKET.

5. PC-DOS IS THE STANDARD OF THE FUTURE, CP/M IS DEAD.

Again, we do not accept this premise, CP/M is too prevelant in the market. There are literally
thousands of CP/M software packages available. Perhaps the CP/M market will slow down, but it
will not go away for quite a few years. Not to be redundant, but why not take advantage of both
worlds. TurboDOS will soon be CP/M, CP/M 86 and PC-DOS compatible. You could be hedging
your bets by offering a product that will be compatible with all the major software available not only
tomorrow, but today as well.

Pg. 20
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CPZ—48OOX CPU Manual Manual Revision 1.0 of 1-18-84

MICROPROCESSOR

Clock rate............ . . . . . . ........ . . . . ...............4MHz or 6Mhz

Ty})e...................................................Z8()A or Z8(}E
BUS

. . . . 696.1 /D2(S—100)
SERIAL I/O CHANNELS

Synchronous Operation
Baud Rate...................... . . . . .... . . . . .......Up to 800K Baud
Data Transfer....................DMA, Interrupt or Programmed I/O

Asynchronous Operation
Baud Rate..........................................Up to 50K Baud
Clock Rate........................1, 16, 32 or 64 Times Baud Rate
Bits/Character.......................................5, 6, 7 or 8

Stop Bits............ . . . . . .......... . . . . . ..........
1, 1 1/2 or 2

Parity..........................................Odd, Even or None
Data Transfer.. . . . . ..............DMA, Interrupt or Programmed I/O
I/O Interface..........................Through Personality Boards

PARALLEL I/O CHANNELS

Data Rate... . . . . ....... . . . . . . ... . . . . ...........Up to BOOK Bytes/Sec
Channel A Data Transfer............DMA, Interrupt or Programmed I/O
Channel B Data Transfer.................Interrupt or Programmed I/O
Interface Signals............16 Data Lines Plus 4 Handshaking Lines
I/O Interface............................Through Personality Boards

FLOPPY DISK CONTROLLER

Data Rate/8—Inch DoubIe—Density....... . . . . . . .......500,000 Bits/Sec
Data Rate/8-Inch Single-Density......... . . . . .......250,000 Bits/Sec
Data Rate/5 1/4—Inoh Double—Density . . . . . . . . . . . . . . ..25C,OOC Bits/Sec
Data Rate/5 1/4—Inch Single—Density . . . . . . . . ........125,000 Bits/Sec
Format.......... . . . . . . . . . ... . . . . ..... . . . . . ..IBM 3740 or 512 sectors
Data Transfer.... . . . . . .............DMA, Interrupt or Programmed I/C
I/O lnterface............. . . . . ...........Through Personality Boards

INTERRUPT CONTROL

NuImt>er of C11an11el.s........ . . . . . ................ . . . . . .............1 8

Priority.. . . . . . . . ......... . . . . ....................Rotating or Fixed
Interrupt Modes........................Z8O Mode 0, Mode 1

or Mode 2

REA’-TIME CLOCK

Operation. . . . . . . . . . . . . ..........Software Polled or Interrupt Driven
Range......... . . . . . . . ............. . . . . . . ......57.5 Hz to 1.2288 E12

Information contained herein is Proprietary to I.C.K. Corp. Pg. 3
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64K DYNAMIC RAM MEMORY

Bank Selection . . . . . ........May be bank selected in increments of 4K

to 64K commencing at 4K boundaries; e.g. BK of memory
may be selected or deselected commencing at location
C000(hex) as defined by software.

Wait States....... . . . . . . . ......................... . . . . . . . . .....None
Direct Memory Transfers.....................To/From SIO, PIO or FDC

DIRECT MEMORY ACCESS CONTROLLER

Channel O...................Cascade Mode for IEEE S-100 Bus or Used
with Channel 1 in Memory-to—Memory Transfers

Channel 1. . . . . . . . . . ... . . . . ..............Channel A of SIO Controller
Channel 2...... . . . . . . . . . . . . . . . . ....... . . . . ...Floppy Disk Controller
Channel 3

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..Channel A of PIO Controller
EPROM

Type . . . . . . . ... . . . . . ......2716 2K EPROM, 2732 4K EPROM or 2768 EPROM

Wait States On Eprom Access.......None in CPZ-48004, 1 in CPZ—48006

Functions................... . . . . . . . . ... . . . . . .....Bootup and Monitor
POWER REQUIREMENTS

Voltages . . . . . . .................................+8 VDC @ 2.5 A (max)
+16 VDC @ 0.2 A (max)
-16 VDC @ 0.2 A (max)

Power....... . . . . . . . . . . . . . . . . . . ...........................22 W (max)
OPERATING ENVIRONMENT

Temperature....... . . . . . . . . . . . . ..............0 to 45 Degrees Celsius
Relative Humidity.............. . . . . . . . . . . . ... . . . . . . . .......0 to 95%

CONSTRUCTION

Circuit Board . . . . . ..Four Layer Glass Epoxy, Soldermask over Copper.
All IC's in Sockets

Connectors........ . . . . . . . . . . . . . . ............Shrouded for Protection
TESTING . . . . . . . . . ... . . . . . . . . . . . . . . .......... . . . . ..Tested and Burned-In
WARRANTY.u..”... . . . . . . . . u.Full One Year Warranty (Parts and Labor)

* Z80 is a Trademark of Zilog, Inc.
CP/M, MP/M and CP/NET are Trademarks of Digital Research
OASIS is a Trademark of Phase One Systems
TurboDCS is a Trademark of Software 2000, Inc.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 4



CPZ-48OOX CPU Manual Manual Revision 1.0 of 1-18-84

**** PUNOTIONAL DESCRIPTION ****
The CPZ-48OOX is functionally partitioned into the following
major groups:

— INPUT/OUTPUT STRUCTURE

— OFF—BOARD PERIPHERAL OONTROLLERS

— SERIAL I/O PORT OONTROL

— PARALLEL I/0 PORT CONTROL

— FLOPPY DISK CONTROL

— ON-BOARD PERIPHERAL CONTROLLERS

-
DMA CONTROL

-
INTERRUPT CONTROL

— MEMORY MANAGEMENT UNIT
— 64 KBYTE DYNAMIC RAM/LOGIC

— 2/4/8 KBYTE EPROM

— INPUT/OUTPUT CHIP SELECT LOOIO

— CPU OONTROL SIGNALS GENERATOR

— CLOCK GENERATOR

— POwER—ON OLEAR/RESET LOGIC

— S—1OO BUS INTERFACE

Each group is described below to give the user a clear
understanding of the hardware and software setup options and to
give a full appreciation of the computing power available to the
user. A block diagram is included in the following page.

INPUT/OUTPUT STRUCTURE

As a point of reference, an I/C device is defined as a

device which, under program control of the Z80 CPU, controls a

peripheral device or memory.

The I/O devices contained on the CPZ—48OOX consist of:

- ZBOA/B LART-O (Serial Port Controller, DART, SIO Optional)
— ZSOA/B PIO (Parallel Port Controller, PIO)

-
WD2793 (Floppy Disk Controller, FDC)

-
AN 9577A—4/5 (Direct Memory Access Controller,

— AM 9519A (Universal Interrupt Controller, UIC)

- 8253 (Programmable Timer/Counter, PTC)

- 7413610 (Memory Management Unit, MMU)

EMA)

Of these, the first three are used to communicate with off-board peripheral devices and will be referred to as the "OFF-
BQARD" peripheral I/Q controllers. The remaining are "ON-BOARD”
I/O controllera

Information contained herein is Proprietary to I.C.M. Corp. Pg. 5
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Programmed I/O, Interrupt or Direct Memory Access (DMA) is
possible to/from SIO port A, PIO port A and the FDC. No DMA is
possible for SIO port B or PIO port B. A DMA port is assigned to
the S-100 Bus DMA request line to allow temporary bus masters to
capture the bus for DMA transfers to off—board memory. Either
fixed or rotating priority selection allows arbitration between
internal DMA and external DMA requests from the S-100 Bus.
Selection of fixed priority gives the S-100 Bus the highest
priority and PIO port A, the lowest. Thus,

DEVICE PRIORITY

S-1OO Bus 1 High
DART/SIO A 2
FDC 3

PIO A 4 Low

The CPZ-48OOX uses 128 of it's possible 256 I/O port address
for on—board use. The range used is from 80 Hex to FF Hex.
Please refer to the SOFTWARE Section of this manual for further
explanation.

OFF-BOARD I/O CONTROLLERS

The Off—Board I/O Controllers consist of the Serial I/O Port
Control, Parallel I/O Port Control and the Floppy Disk Control.

SERIAL I/O PORT CONTROL

The Serial I/O Port Control consists of the Serial I/C
Controller and the Baud Rate Clock Generator.

Serial I/O Controller

The Serial I/O (SIC) Controller is a programmable dual
channel device which provides formatting for serial data
communications. The channels can handle either asynchronous or
synchronous data transfers to/from serial peripheral devices.
The SIO operates either under programmed I/O, Interrupt Control
or DMA control. DMA is provided for Port A only. All lines
necessary to handle asynchronous, synchronous, synchronous bit
oriented protocols and other serial protocols are available to
the user at the interface connectors. In addition, +/- 16 volt
DC and +5 volt DC power are available at these connectors. The
SIC may be interfaced to peripheral devices requiring differing
protocols. This interface is tailored to the exact device
requirements by use of a Personality Module. The interface is
implemented through two 16-pin Ansley connectors

Information contained herein is Proprietary to I.C.M. Corp. Pg. 6
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To program the DART or SIO, the system software issues
commands to initiate the mode of operation. Seven write
registers exist for that purpose. In addition, three read

registers allow the programmer to read the status of each
channel.

Baud Rate Clock Generator

The Baud Rate Clock Generator consists of a clock generator
and an 8255 Programmable Interval Timer. The 8253 is a device
which, under software control, can generate variable clock
periods which are a multiple of the base input clock. The device
has other modes of operation; however, only the mode applicable
to the CPZ—48OOX operation will be described here. This is Mode

3, the square wave generator mode.

The 8255 consists of three channels, each with a clock input
and a gate input. Channel 0 is tied to Serial channel A transmit
and receiver clock inputs, channel 1 to Serial Channel E transmit
and receiver clock inputs, and channel 2 to the interrupt select
jumper area (as a select input to the 9519A Interrupt
Controller). Channels 0 and 1 are intended for baud rate clocks,
whereas channel 2 is intended for the "real time” clock.

Channels 0 and 1

are connected to the Serial inputs via
jumper options PJA and PJB. These signals are also tied to the
serial interface connectors. If clock signals are originated by
the interfacing devices, the jumpers are cut appropriately. The
channel A jumper provides for separate transmit and receive clock
inputs from the interface (connector J2) or may serve as baud
rate generator outputs to the interface. This arrangement is
intended to provide a clock to synchronous MODEM's via "external"
clock (pin 24 of the S-100 Bus) in accordance with the EIA RS-
232C standards. The modem can then return a transmit/receive
clock to the serial controller. In summary, means are provided
to implement serial interfaces accommodating asynchronoua
synchronous, HDLC and a great number of currently defined
communications protocols

While operating in Mode 3, the 8255 generates a square wave
whose period is defined by a count programmed into the respective
channel's counter. The square wave will remain at a logical ZERO

state for one half the count, and at logical ONE for the
remaining half of the count. The counter decrements for each
clock period that is received.

Information contained herein is Proprietary to I.C.N. Corp. Pg. 7
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The 8253 is programmed by the CPU specifying the mode,
loading sequence and counter contents. The Baud rates that can
be derived from the 2.4576 Megahertz clock are listed as follows:

Baud Rate Theoretical Frequency (16 x clock)

50 0.8 kiloHertz
75 1.2 kiloHertz
110 1.76 kiloHertz
134.5 2.152 kiloHertz
150 2.4 kiloHertz
300 4.8 kilohertz
600 9.6 kiloHertz

1200 19.2 kiloHertz
1800 28.8 kilo?ertz
2000 32.0 kiloHertz
2400 38.4 kiloHertz
3600 57.6 kilo?ertz
4800 76.8 kiloHertz
7200 115.2 kilo?ertz
9600 153.6 kilo?ertz
19200 307.2 kilo?ertz

PARALLEL I/O PORT CONTROL INTERFACE

The parallel I/O Port Control Interface consists of the
Parallel I/O Controller (PIO). The Parallel I/O Controller is a
programmable two-port LS1 component, which interfaces peripheral
devices to the Z80 microprocessor. The PIO provides data
transfer to and from peripheral devices under programmed I/0,
interrupt control or DMA control. Handshaking data transfer
control lines are provided to the interface in addition to the
two eight-bit data ports. The CPU reset line and the CPU clock
are also connected to this interface. The PIO is flexible and
may be connected to peripheral devices requiring differing
protocols.

The interface is tailored to the exact device requirements
by use of a "Personality Module". The Personality Module is a

small external circuit board which connects to the CPZ—4800X to
provide the hardware drivers and receivers, logic and other
circuitry as required. Refer to Personality Board Users Guide
Section for a description of the parallel Personality Modules
currently’ available.

An interrupt line is brought into the interface to give the
user the capability of servicing interrupts. The interface is
implemented through a 26-pin Ansley connector.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 8
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To program the PIC, the system software issues commands to
initialize the mode of operation. Initialization is provided by
loading the interrupt vector, mode, I/O and interrupt control
registers.

Double- or Single-Densìty Floppy Disk Controller (FDC)

The CPZ—48004 and the CPZ-48006 uses the Western Digital
WD2793 Floppy Disk Controller plus descrete support circuitry as
the basis for the controller. A reliable phase-lock-loop circuit
is implemented giving the user error free disk operation. Up to
four 8-inch, four 5 1/4-inch or any combination of four 8 or

5

1/4-inch Floppy Disk drives may be connected. A mix of single-
or double—sided drives and of single- or double-density drives
may be interconnected. Any combination of single/double sided
and single/double density drives may be connected.

The FDC is connected to the drives via Personality boards
FPB100-XY or FPB158-XY and adaptor boards FPB100-XY or FPB158—XY

The FPB158-30 acconodates both 5 1/4 and 8-inch drives by
providing means to connect a 34 pin edge card connector for 5

1/4-inch drives and a 50 pin box connector for 8-inch drives. The
FPB100—11 adapts 8-inch drives only and the FPB100-22 adapts 5

1/4-inch drives only. This technique greatly reduces the overall
cost of interfacing to floppy drives. with a low cost
personality board and even lower cost adaptor, the user may
connect the drive configuration fitting their particular needs.

See the "PERSONALITY BOARD USERS GUIDE" section for
clarification on the use of the Floppy Personality boards
discussed above.

ON-BOARD I/O CONTROLLERS

The On-Board I/O controllers consist of the DMA Controller,
Interrupt Control Logic and the Memory Management Unit.

DMA Controller

The DEA Controller consists of the 9517A Multimode DEA

Controller, which is a LS1 component designed to allow external
peripheral devices to transfer data directly to and from the on-
board system memory. The use of this data transfer technique
greatly enhances the system data throughput because the Z80
microprocessor does not have to deal directly with the transfers,
and is free to perform other computing functions.

Information contained herein is Proprietary to l.C.M. Corp. Pg. 0
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Combining DMA with the Memory Management Unit (MMU), a block
of memory may be transferred from the on-board system memory to
off-board system memory and vice—versa at DMA speeds
Additionally, FDC, SIO or PIO data may be transfered directly to
off-board memory and Vice-versa at DMA speeds. The MMU is loaded
with appropriate address translation information. when the DMA

transfers data to addresses translated by the MMU, the data is
directed to the off-board memory. Memory-to-memory transfers
within the on-board memory may also be made. While the Z80
executes block move transfers (LDIR etc.u) at 21 clock cycles
per byte, the memory-to-memory function of the DMA controller
will move a byte in 7 clock cycles, or 3 times faster.

The S-100 Bus channel (channel O) is normally operated in
"CASCADE" mode. Under cascade mode, the DMA Controller simply
isolates the CPZ-4800X from the S-100 Bus while the off-board DMA

transfer occurs. The power of this technique is that any number
of DMA type devices may reside on the S-100 Bus limited only by
system data throughput considerations.

During power-up or reset, the DMA Controller is cleared to a

state in which DMA requests registers are masked. The cascade
mode and other registers must be programmed before channel O is
active. This should be done as part of an initialize sequence

Interrupt Control Logic

The interrupt control logic gives the CPZ-4800K user the
power to respond to the maskable interrupt (INT*) in any of three
modes. These are referred to as modes O, 1 and 2. Node O is
identical to the 8080 interrupt response mode, whereby the
interrupt controller instead of memory can place a restart
instruction on the data bus and the CPU will execute it. Mode 1

response is identical to that of a non maskable interrupt, except
that a restart to location 0038H is executed instead of to 00E6E.
Mode 2 response allows the user an indirect call to any memory
location within a 64 kilobyte memory address space by forming a
16-bit pointer to a table of interrupt service pointers. The 16-
bit address is formed by combining the upper 8—bits of register I
of the CPU chip with the lower 8-bits of the interrupting device
address to form a pointer to a table of 16-bit address pointers
to the interrupt service routine.

Interrupt Controller/Select

The CPZ-4800K interrupt controller consists of the 9519A
Universal Interrupt Controller. This is a LSI device which
provides up to eight maskable interrupt request inputs. Upon
receipt of an unmasked interrupt request, a byte of previously
stored information is output to the data bus. This enables the
CPU to process interrupt service routines by executing restarts
or indirect jumps to those service routines. Expansion to the
interrupt structure is provided by a priority technique in which
enable in/enable out signals are connected in series ("daisy-
chained").

Information contained herein is Proprietary to I.C.M. Corp. Pg. 11
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DMA Operations

The 9517A is a programmable device, which enables the
programmer to free the CPU from the repetitive task ofcontrolling data block transfers by providing "external" hardware
control over such operations. For example, the programmer may
specify that a data block of "X" number of bytes contained in
system memory starting at location "Y" is to be transferred. The
programmer may further specify that at the end of said transfer
an interrupt is to be generated (perhaps to initiate a subsequent
transfer, or to determine the peripheral device status prior to
initiating a subsequent transfer). Alternately, the programmer
may wish to automatically re-initialize the data block transfer.
Once the software command is transmitted to the 9517A, itperforms all of the indicated actions without further supervision
from the Z80 microprocessor. In all cases, the user of the CPZ—
48OOX has full control over these parameters and events by having
the capability to access any of 27 data and control registers.
Once the DMA transfer has begun (also enabled under software
control), the CPU may then be used for other processing or for
controlling other peripheral data transfers in a similar manner.

The DMA Controller may be operated in either burst or cycle-
stealing mode. Cycle-stealing is recommended if concurrent CPU

processing is desired while I/0 processing is taking place.
Burst mode is recommended for operating with fast peripheral
devices which could lose data if not responded to in a timely
fashion. The transfer rate is 7 megabyte/sec. with DMA operating
in burst mode

DMA Channel Assignments

The CPZ-4800K utilizes all four channels of the 9517A.
Channel O is dedicated to the S-100 Bus pHOLE line, channel 1 to
the S10 serial data channel A, channel 2 to the FDC Data Request
Line, and channel 3 to channel A of the PIC parallel I/O port.
The DMA channels may be programmed for either fixed or rotating
service priority. Selection of fixed priority gives the S—1OC

Bus the highest priority and parallel port A the lowest. The
peripheral device which has higher throughput and which may
require closer supervision could connect via the S-100 Bus, or
reside in the peripheral device enclosure and communicate via
data ports. Should that peripheral be connected directly to the
S-100 Bus, fixed priority servicing is recommended. A memory—to—

memory block transfer feature is provided which enables the user
to transfer blocks of data from a source area of memory to a

destination area of memory with an overall throughput increase of
3 times that available using Z80 block moves. Further,
programming overhead is reduced in that the CPU need only
initiate the DMA device and enable the DMA transfer. The CPU may
then execute other code if so desired.
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The higher priority interrupting device's enable input is
set to logical ONE by permanently connecting it to a pull—up
resistor. The SIO/DART enable input line is pulled up to a

logical ONE, its enable output line is tied to the enable input
line of the PIO and the PIO enable output line is tied to the
enable input line of the 9519A. The enable output line of the
9519A is tied to an S-100 Bus. The eight interrupting channels
are serviced on a fixed or rotating basis. Within the SIG,

priority is fixed, Channel A is assigned a higher priority than
Channel B. The receiver, transmitter, and external status are
assigned priority in that order within each channel. Similarly,
interrupt priority for thePIO is fixed, with Port A having higher
priority than Port B.

In summary, the CPZ—4800X interrupt priority daisy chain is as
follows:

Priority Device

1 DART/SIO channel A receiver
2 DART/SIO channel A transmitter
3 DART/SIO channel A external status
4 DART/S10 channel B receiver
5 DART/S10 channel B transmitter
6 DART/S10 channel B external status
7 PIG port A
8 P10 port E

9-16 9519A inputs (fixed or rotating)
17—nn S-100 Bus interrupt device(s)

NOTE: Any I/0 device in the S-100 Bus which uses the INT* line
must use this priority chain scheme and must supply its vector.
The I/0 device must connect to IPROCESS* (response in progress
line, pin 65 of the S-100 Bus) and to the PCHAIN (Priority enable
output Line, pin 21 of the S-100 Bus). The IPROCESS* connection
must be made with an open—collector driver. If the I/O device
does not meet these conditions, then it must use the vectored
interrupt facility of the 8-100 Bus (lines V10*—V17*L
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An additional feature of the CPZ—48OOX is that data
transfers from the peripheral devices may be handled in a polled
mode. This requires that the 9519A device be programmed for
polled mode and the status register interrogated for the
occurrence of the interrupt source signal. In polled mode no
interrupts are generated, but the status signal indicating the
occurrence of an event remains active. Having detected that
occurrence, the remaining status is then interrogated to
determine which of the eighteen events occurred.

Jumper options allow the user to choose among twelve S-100
Bus interrupt signals (VIO* to V17*, INT*, PWRFAIL*, NMI* and
ERROR*), as well as six internally generated interrupt signals
corresponding to the completion of each of the three DNA
transfers, FDC interrupt, the parallel port interrupt, and the
real time clock. The user selects eight of these signals to be
inputs to the Interrupt Controller. The real time clock allows
interrupts to be generated at a programmable rate, or they may be

software polled.

Signal Source

VIO*—V17* S-100 Bus
FINT* FDC Interrupt
EDMA1* DART/SIO channel A DMA end of transfer
EDNA2* FDC DMA end of transfer
EDMA3* PIO port A DMA end of transfer
SERR* S-100 BUS ERROR
RCCLK Real time clock
PINT* Parallel port interrupt
The S-100 Bus signal INT* is connected to the CPU's INT* bus

via an open—collector gate to 0R—tie onto the bus to which the
on—board interrupt devices are connected (DART/S10, PIO and 9519AL

The CPU's non—maskable interrupt line (NMI*} may be selected
to respond to signals on the S-100 Bus NMI* or PWRFAIL* line. All
of these options are implemented by use of jumper plugs
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MHORY MANAGEMENT UNIT

The Memory Management Unit consists of the 74LS61O MEMORY

MAPPING DEVICE plus associated logic. The 74LS61O is a paged
memory mapping device which expands the Z80 16-bit address to 24
bits, increasing the addressing capability of the Z80 from 64K
bytes to 16 Megabytes. Two modes of operation are possible.
These are the "PASS" and "MAP" modes. The 4 MSBits of the Z80
are input to the 74LS610. These bits address one of sixteen 12-
bit registers, the outputs of which are output on the address
bus. In pass mode, the Z80's 4 MSBits merely pass through the
74LS61O to the corresponding 74LS61O address outputs. The
remaining 8 bits of extended address lines are forced to logic
zero. In map mode, the contents of the addressed mapping
register are output on the address bus. This technique proves to
be quite powerful since the extended address lines appear on the
bus dynamically. The 12 bits of extended address constitute a
"PAGE" address. The remaining 12 lower order address lines
address the locations within each page. A "PAGE" consists of 4

Kbytes. There are two hundred and fifty-six 4K pages to give a

total of 16 megabytes of storage.

The Memory Management Unit allows the user to map any
logical.4K block of memory to any physical 4K block within the 16

megabyte range. Thus, several programs or "TASKS" can share one
main program by changing logical 4K block addresses.

The Memory Management Unit lends itself to the generation of
address lines in compliance with the IEEE S-100 Bus

specification. The signal PSTVAL* is input to the 74LS61O to
control the transparent latch function. Thus, the address lines
as sampled on the falling edge of PSTVAL* are latched for the
duration of a memory cycle as required by the specification. The

latching operation functions in both the pass and map mode.
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64 Kbyte Dynamic RAH/Logic

The 64 Kbyte Dynamic RAM and associated logic consist of
eight 64K-by—one—bit Dynamic RAM's, an address multiplexer,
RAS/CAS/REFRESH generator, RAM enable logic and the window
Deselect circuitry.

External logic provides effective refresh techniques
suitable for Z80 and S-100 Bus operations. Two octal drivers are
utilized to multiplex the 16-bit address lines to the RAM's. A

RAS/CAS/REFRESH circuit generates the required timing for the
proper reading, writing and refresh operations of the RAM. The
RAM enable logic disables the on—board 64 Kbyte RAM when off-board RAM is addressed. The S-100 Bus signal PHANTOM is also
sensed to disable the on—board RAM when this signal is active. A

Window Deselect Circuitry is provided to perform two functions
The first function is to deselect a portion of RAM during cold-
start boot-up to allow a 2 or 4 Kbyte monitor/boot—up PROM to
exist in the 64 Kbyte address space without bus conflicts with
the RAM. The cold-start boot-up process consists of:

Deselecting the 1st 4 kbyte locations of the RAM address
space.
Deselecting all of RAM through commands from the EPROM.

Relocating the EPROM address to the upper 8K locations of
address space through commands from the EPROM.

Re—enabling all of RAM except the area in which the EPRON

exists (EOOO—FFFF).

Performing the Operating System load process.
At completion of the Operating System load process,
deselecting the EPROM through commands loaded in the RAE &

enabling all of RAM.

The second function is to deselect a "Window" of RAM

specified under software commands. This "Window" is defined as a

section of memory which is enabled or disabled under software
control. The window boundaries are specified by the contents of
two four—bit registers. One register holds the lower boundary and
the other holds the upper boundary. The values of the register
can take on any value from O(hex) to F(hex). In this manner, any
window commencing and ending at any 4 Kbyte boundary may be
specified. This feature enables the user to configure multi-user
bank select architectures using bank selectable memory boards
installed in the S—1OC Bus. The feature also enables the user to
configure systems where an external memory, such as a memory
mapped video board, is required to co—exist in the 64 Kbyte
address space with the on—board RAM.

âS
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2K/4K/8K EPROH

The CPZ—4800X may accommodate either a 2K (2716), 4K (2732)
or 8K (2764) EPRON. A jumper (jumper JC) is made available to
select either of the three EPROM types. The EPROM functions as
both a boot—up and a monitor PROM. As a boot—up PROM, the EPROM

contains the software routines necessary to manipulate the window
Deselect Circuitry and to load the required Disk Operating System
contained on Floppy Disk Drive diskettes. The EPROM also
contains monitor routines which are discussed in the
SOFTWARE/PROM MONITOR sections.

I/0 Chip Select Logic

The I/O Chip Select logic generates the "chip select"
signals for the DART/SIO, PIO, programmable counter, universal
interrupt controller, FDC, Memory Management Unit (MMU),
Boot/Monitor Enable, Memory Deselect Logic, FDC Configuration
register and the DMA Controller. In addition, the required
control and data signals are generated for the DART/SIO, FDC and
PIO. Because the DART/SIO, FDC and PIO may be operated under DNA

control (as well as programmed I/O), the chip select, control and
data signals are generated to handle each case within this logic.

POWER-ON CLEAR/RESET LOGIC

This logic provides reset signals to the CPU as well as to
the S-100 Bus interface. The logic is activated under two

conditions, when power is first applied to the board, and when
the S-100 Bus signal RESEÍ* is activated

Signals asserted upon applying power are:

a. S-100 Bus signals POC*, RESET*, and SLAVE CLR*
b. Internal CPZ-4800X reset

Signals assered when RESET* is asserted are:

a. S-100 Bus signal SLAVE CLR*

b. Internal CPZ-48OOX reset
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CLOCK GENERATOR

The clock generator divides an 8 or 12 Megahertz crystal-
generated clock signal to provide the internal CPU clock (OCLKL

the S-100 Bus clocks (O and CLOCK) and internal clocks BUSCLK and
SCLK. These clock signals are utilized to implement S-100 Bus
signals in conformance with the IEEE standard for the S-100 Bus
on a well—defined, clocked-logic basis.

CPU Control Signals Generator

The CPZ-480OX architecture is enhanced by use of state-of-
the-art LS1 components. The board utilizes a mix of Z80 support
components (DART/S10 and PIO) and 8080 support devices (8253,
9519A and 9517A). A variety of logical conflicts arise due to
the differing requirements of these components and those of the
S-100 control bus. Further, the control signals generated by the
DMA Controller differ from Z80—type control signals. It is the
function of the CONTROL SIGNALS GENERATOR to generate all of the
appropriate control signals required by each of these components
and the S-100 BUS CONTROL SIGNALS GENERATOR (described below)

S-100 BUS CONTROL SIGNALS GENERATOR

The S-100 Bus Control Signals Generator consists of the
logic necessary to generate key S-100 Bus signals such as pSYKC,

pSTVAL*, pWR*, and pDBIN.

pSTVAL* is of particular importance, as this signal is used
to to perform a transparent latch function for other signals, the

result of which is to generate S-100 Bus signals in conformance

with the IEEE timing standards. Address and data lines are
latched with this signal whereby status is latched or unlatched
as selected by a jumper. While in the latched mode, the CPZ-
4800K is set for full IEEE timing conformance. The transparent
mode enables systems to operate in conformance with Z80 timing.

Jumper option JB is provided to configure pDBIN to any given
system which may not tolerate the stringent IEEE timing
requirements for this signal. Read access time can be adjusted
by selecting one of the two positions on the header.
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S-100 Bus Interface

The S-100 Bus consists of 100 electrical signal lines.These are grouped into sets of lines used to transmit data and
control among interconnected devices.
The groups are:

Group No. of Lines

Address Bus
Input Data Bus
Output Data Bus
Status Bus
Control Input Bus
Control Output Bus
DMA Control Bus
Vectored Interrupt Bus

Utility Bus
System Power
Manufacturer specified lines
Reserved lines

\rl\N\O0.')(1)(DO\U'1CIJ(I)COr\)

Devices connected on the bus are classified as either bus
masters or bus slaves and as either permanent or temporary
masters. The CPZ—4800X is a permanent bus master. Any other
master connected to the S-100 bus may take control of the bus by
making the appropriate DMA request provided no internal DMA by
the DART/SI

,
FDC, or PIO is in progress. If the DMA controller

is programmed for fixed priority operation then the 8-100 Bus MIA

request will be honored first if simultaneous DMA requests occur.

Each of the S-100 Bus signals utilized by the CPZ—48OOX are
described on the following pages
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Address Bus

The address bus consists of 24 lines used to select a memory
location or an input/output device during a bus cycle. All 24
lines are active during axnemory read, write or opcode fetch (M1)

cycle unless the Memory Management Unit has been programmed for
pass mode in which case the uppermost 8 bits (A16—A23) are forced
to logic zero. The least significant byte of the address lines
is active for input or output cycles. Address bus lines are
enabled while ADSB* is inactive (no S-100 Bus DMA cycle in
progress). The address bus lines are denoted as AO through A23,

with line AO representing the least significant bit. Lines AO

through A7 compromise the least significant byte and lines A8
through A15 make up the "high" address byte with bits A16 through
A23 constituting the extended address byte. Two oota1—drivers and
the Memory Management Unit are used to condition the lines in
conformance with the characteristics required by the IEEE S-100
Bus standard.

Input Data Bus

There are eight input data lines which are enabled onto the
CPU data bus when the enabling signal DIEK* is active. This
signal is active under the following conditions:

1. AN EXTERNAL I/O CYCLE IS INITIATED.
2. AN EXTERNAL MEMORY CYCLE IS INITIATED.
3 AN EXTERNAL DEVICE INTERRUPTS THE CPU

AND PLACES A VECTOR ON THE DATA BUS.

Output Data Bus

There are eight data output lines which are enabled by the
signal DODSE*. A line driver conditions these lines to conform
with the IEEE S-1OC Bus standard.

Output Data Bus lines are designated DOG through DOT, with
line DOO representing the least significant bit.
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Status Bus

The status bus consists of eight output lines which define
the current CPU bus cycle type. Seven of the eight lines defined
in the S-100 Bus specification are utilized by the CPZ—4800X.
These lines are enabled while the enabling signal SDSB* is
inactive. Status signals may be selected for full IEEE timing
performance (latched mode) or for Z80 timing (transparent). This
selection is made through jumper option JD. An octal latch/line
driver is used to condition all lines of the Status Bus in
conformance with the IEEE S-100 Bus standard. The seven lines of
the Status Bus are:

Status Function
sMEMR Memory Read
sM1 Opcode Fetch
SINP Input
SOUT Output
sW0* Write cycle
SINTA Interrupt acknowledge
SHLTA Halt acknowledge

The status signal SXTRQ* (16—bit data transfer request) is
not used in the CPZ—480OX and is left open. The remaining Status
Bus lines are described in the following paragraphs.

SMEMR (Memory Read)

SMEMR is a status signal indicating that a memory read cycle
is in progress. This signal is valid during a normal memory read
cycle (memory read or opcooe fetch cycleL

SH1 (opcode Fetch)

SM1 is a status signal indicating that a memory read/opcode

fetch cycle is in progress

SINP (Input)

Sign is a status signal indicating that a peripheral device
read cycle is in progress.
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BOUT (Output)

sOUT is a status signal indicating that a peripheral device
write cycle is in progress

evo* (Write Cycle)

sWO* is a status signal indicating that a write cycle is in
progress, wherein data is transferred from an S-100 Bus master to
a slave.

SINTA (Interrupt Acknowledge)

slNTA is a status signal indicating that an interrupt
acknowledge cycle is in progress.

SHLTA (Halt Acknowledge)

SHLTA is a status signal indicating that the CPU is in a halt state.
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Control Input Bus

The Control Input Bus consists of six signals, five of which
are used in the CPZ-48OOX. These lines allow S-100 Bus slaves to
synchronize the CPZ—48OOX with conditions internal to the bus
slave, to request the relinquishment of the S-100 Bus (DMA

request) and to disable the CPU from the S-100 Bus. The signals
are conditioned by pull—up resistors and Schmitt-trigger input
receivers.
The five lines of the Control Input Bus are:

Line Function

RDY Slave ready
XRDY Special ready
INT* Maskable interrupt request
NMI* Non-maskable interrupt request
HOLD* DMA request

These lines are described in the following paragraphs.

RDY (Slave Ready)

This control line is used by S-100 Bus slaves to suspend bus
cycles by inserting wait states in a CPU cycle. Slaves may
connect to this line by using an open—collector driver.

XRDY (Special Ready)

This control line is used as a special ready line to
accommodate devices such as front panels. Only one slave device
should connect into the XRDY line. This line also suspends bus
cycles by introducing wait states to the CPU.

INT* (Maskable Int. Req.)

This control line is used to request service from the CPU on
an interrupt basis. The INT* line is enabled (unmasked) or
disabled (masked) under software control. when the INT* line is
activated, the CPU responds with an acknowledge signal and
subsequently gates the opcode or vector information asserted on

the bus by the bus slave initiating the interrupt. Interrupt may
be asserted on the INT* line by the DART/S10, PIO or the 9519A

interrupt controller. Logic is provided to sense these
conditions and to respond appropriately. INT* should be asserted
as a continuous level and held active until a response is
received.
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RMI* (Non-maskable Int. Req.)

This control line is used to request service from the CPU on
an interrupt basis. The NMI* is non—maskable, meaning it is
always enabled. When an interrupt occurs on NMI*, a CPU

acknowledge cycle is not generated.

Normally, only critical signals are connected to the NMI*

line. The CPZ—48OOX provides the option to connect the S-100 Bus

signal PWRFAIL* to the NMI* line via a jumper option. NMI* is
sensed on a signal edge transition.

HOLD* (DHA Request)

This control line is used by S-100 temporary bus masters to
request control of the S-100 Bus from the CPZ—48OOX. This line
may be disabled under software control through the 9517A
controller. when enabled, a DMA cycle may be initiated by
asserting this line. The 9517A DMA controller will respond with
the signal pHLDA when the cycle is initiated, and will relinquish
control to the temporary bus master.

Control Output Bus

The control output bus consists of six lines, one of which
is optional. These lines are enabled when the enabling signal
CDSB* is inactive. A line driver is used to condition these
lines to conform with the characteristics required by the IEEE S-
100 Bus standard.

The six lines of the Control Output Bus are:

Line Function
pSYKC Cycle start
pSTVAL* Status valid
pDBIN Read strobe
pWR* Write strobe
pHLDA Hold acknowledge
pWAIT Wait (Optional)

These lines are described in the following paragraphs.
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pSYNC (Cycle Start)

pSYNC is a control signal which indicates the start of‘a new
bus cycle. The signal becomes active when an I/O cycle, memory
cycle, DMA read or DMA write cycle occurs. The signal remains
active for approximately one bus clock in accordance with the
IEEE S-1OO Bus standard. pSYNC does not become active during a

refresh cycle

pSTVAL* (Status Valid)

pSTVAL* is a control signal which indicates that address,
Data and Status signals have stabilized on the bus during the
current bus cycle. It becomes active on the first CPU clock
cycle after pSYNC becomes active, and goes inactive on the firstCPU clock cycle after the bus cycle is complete. By using this
signal as the latching signal, the address, data, and status
signal timing will conform to the timing specified in the IEEE
standard.

pDBIN (Read Strobe)

pDBlK is a control signal which gates data arriving on the
CPU data bus from an external source. Header jumper option JB is
provided to specify the pulse width and timing for this signal.

Two options are available:

a. FULL IEEE TIMING CONFORMAKCE: In this option, pDBlN goes
active at a specified time after pSTVAL* goes active.
This presents the smallest read access time window
available. A single clock cycle duration is typical.

b. Z80 TIMING: In this option, pDBIN goes active when
the Z80 read signal goes active, thereby giving the user
a maximum read access time window. This is typically
one and one-half clock cycles in duration.
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pWR* (Write Strobe)

pWR* is a control signal which performs the function of a

write strobe to write data from the CPU data bus to an addressed
peripheral or memory device. pWR* oes active at the specified
time after pSTVAL goes active for I 0 write cycles, DMA memory
write cycles and CPU memory write cycles.

pHLDA (Hold Acknowledge)

pHLDA is a control signal which is active when the CPZ—48OOX

relinquishes the address, data, control and status buses in
response to a temporary master DMA request. This signal is
generated by the 9517A DMA controller, channel 0 DMA acknowledge
output.

pwAI*r (wait [optional])
pWAIT is a control signal which is active when any wait

condition is active within the CPZ-48OOX. Thus, pWAIT goes
active when either of the two S-100 Bus wait lines (RDY or XRDY)

go active, the FDC programmed I/O wait state generator goes
active or when the 9519A interrupt controller "pause" signal goes
active (indicating that an interrupt cycle is in progress and the
daisy chain priority is being resolved). pWAIT is optional and
may be connected or disconnected via a jumper option. pWAIT is
not a signal required by the IEEE S-100 Bus standard.
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DMA Control Bus

The DMA Control Bus consists of eight input lines. Four of
these are activated as required for the permanent bus master.
The remaining four lines are utilized to isolate the CPU from the
S-100 when the permanent bus master relinquishes control to the
temporary bus master. The disable lines are connected to
schmitt-trigger input receivers to provide noise immunity. The
conditioned signals then disable the respective output line
drivers. The DMA arbitration lines are used by the temporary
masters to determine which temporary master has the use of the
bus during a DMA cycle. The permanent bus master need not
arbitrate. The eight DMA Control Bus lines are:

Line Function
DMAO* DMA arbitration line
DMA1* DMA arbitration line
DMA2* DMA arbitration line
DMA3* DMA arbitration line
ADSB* Address disable
DODSB* Data out disable
SDSB* Status disable
CDSB* Control output disable

Vector Interrupt Bus

The Vectored Interrupt Bus consists of eight lines,
designated VIO* through V17*. VIO* is treated as the highest
priority interrupt line. These lines should be asserted as
levels, and should remain asserted until a response is received.

The Vectored Interrupt Bus lines are connected to interrupt
option jumpers to connect the appropriate lines to the 9519A
interrupt controller. This device then masks or unmasks the
interrupts, prioritizes the requests, and asserts the INT*
signal to the CPU.
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Utility Bus

The Utility Bus consists of eight lines. Output lines areconditioned by drivers to conform with characteristics required
by the IEEE S-100 Bus standard. The eight Utility Bus lines are:

Line Function
O (clock) System clock (output)
CLOCK Clock (output)
MWRITE Memory write strobe (output)
POC* Power—on clear (out ut)
SLAVE CLR* Slave clear

(output)
RESET* Reset (input/output)

Each of these Utility Bus signals are described in the following
paragraphs.

0 (System Clock)

0 is the S-100 Bus system clock. 0 has the same sense as the
inverted CPU computer clock (BCLKL

CLOCK (Clock)

CLOCK is a 2 Megahertz Utility clock signal to be used by slave
devices.

HWRITE (Memory write)

This line is optional on the CPZ—48OOX. It may be connected
to the bus via jumper option JE, or this signal may be generated
externally to the CPZ-48OOX, in which case the jumper would be
omitted.

Logic is provided so that MWRITE is generated by either CPZ—

48OOX on—board signals (pWR* & sOUT) or by off—board signals ifthe status and control bus drivers are disabled. This signal is
active during DNA and CPU memory write cycles.

*** x O T E ***
Care must be taken that the signal is generated at only one point
in the system.
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POC* (Pover—on Clear)

The POC* line is active when initial power—up occurs on the
S-100 Bus. When POC* is active, SLAVE CLR* and RESET* are
asserted. POC* is guaranteed to stay active for at least 50
milliseconds.

SLAVE CLR* (Slave Clear)

SLAVE CLR* is the signal line which resets all slave devices
on the S-100 bus. During power—on clear, this line is asserted
by the CPZ—48OOX power—on clear logic. External devices may
assert RESET* and, in doing so, assert SLAVE CLR* as well.
RESET* is driven by an open—collector driver.

ERROR* (Error)

Error* is a signal generated by a slave device to indicate
abnormal conditions such as parity error, CRC error, out of tape,
etc. This line is connected to a jumper option where it may be
selected as an interrupt source.

PïRFAIL* (Power Failure)

PWRFAlL* is a signal generated external to the CPZ—48OOX to
indicate that a power failure has occurred. This signal remains
active until power is restored and POC* is active. The signal is
available to the user via a jumper so that it may be connected to
the NMI* line of the CPU.

System Power

The system power lines consist of all lines supplying
unregulated power to the CPZ—48OOX and other devices connected to
the S-1OO Bus. The nine System Power lines are:

Lines Quantity

+8 VOLTS 2-
+16 VOLTS 1

-16 VOLTS W

GND 5
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The +8 VOLT lines are connected to a +5 VDC regulator to
supply +5 volt of regulated power to the CPZ—4800X. This line
should not be greater than +10.0 VDC for best opperation.

The +16 VOLT connects to a +12 VDC regulator and the two

serial port connectors. The -16 VDC line connects to the two

serial port connectors. The 16 volt lines are utilized on the
serial ports for supplying power to RS—232C driver circuitry.

All ground lines are connected to the ground plane to
provide a low impedance path from the S-100 Bus ground to the
CPZ—48OOX ground.

MANUFACTURER SPECIFIED LINES

The IEEE S-100 Bus standard reserves three of the 100 lines
for special use by the manufacturer. The CPZ—4800X utilizes
these lines. Two of these are required to implement the daisy
chained priority interrupt expansion. The third supplies the Z80
refresh signal.

All lines ma’ be connected through solder jumpers. See the
section on

SolderfTrace
Cut Options

The three Manufacturer specified lines are described in the
following paragraphs

IPROCESS* (Interrupt in Progress)

IPROCESS* is a bi-directional signal which indicates that an

interrupt cycle is in process. This line is required to cascade
external 9519A Universal Interrupt Controllers. IPROCESS*
utilizes pin 65 of the 8-100 Bus.

PCHAIN (Interrupt Priority)
PCHAIK is an output signal which indicates the prioritylevel of the interrupt in progress. If it is high, the interrupt

response action is passed to the next interrupt device in the
serial interrupt structure. PCHAIN utilizes pin 21 of the S-100
Bus.

Information Contained herein is Proprietary to I.C.M. Corp. Pg. 29
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RFSH* (Refresh)

RFSH* is the Z80 refresh signal buffered for use by external
dynamic RAM memory devices connected to the S-1OO Bus. RFSH*
utilizes pin 66 of the 8-100 Bus.

Reserved Lines

Five of the S-100 Bus lines are reserved for future use by
the IEEE specification. The CPZ—48OOX makes no connection to
these lines

Information contained herein is Proprietary to I.C.N. Corp. Pg. 30
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**** OPERATING INSTRUCTIONS ****
Instructions are given herein to configure the CPZ—48OOX

from both the hardware and software standpoint. The user will be

pleased to find that minimal setup procedures are required.

HARDWARE SETUP INSTRUCTIONS

The hardware is configured via jumper options and
solder/trace cut areas. The solder/trace cut areas are referred
to as PJX, where X is the area designator. These jumpers are by
nature rarely reconfigured. PJX options are located on the
"solder" side of the board. The jumper options referred to as JX,
where X is the jumper designator, gives the user flexibility in
setting up the CPZ—48OOX for a multitude of applications. Jumper
options are located on the "component" side of the board.

Instructions are also included on providing jumper option
modifications for various popular floppy drives. These
modifications must be executed prior to integrating the CPZ48OOX

to the floppy drives.
A section is included on instructions for connecting

personality boards to the CPZ48OOX.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 31
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JUMPER OPTIONS

Refer to figure 1 to locate the JX header positions. The JX
jumper blocks are listed as follows:

JA — FDC DATA SEPARATOR CALIBRATE

JB
-

IEEE/Z80 TIMING SELECT

JC
-

2K/4K/BK EPROM SELECT

JD — S-100 BUS STATUS (IEEE OR TRAKSPARENT SELECT)

JE -
CONNECT "MWRITE" TO S-100 BUS

JF -
INTERRUPT SIGNAL SOURCE SELECT

JA

This jumper option is for factory use only. The jumper is
connected to enable the calibration of the FDC data separator
circuitry through adjustments on potentiometers R4 & R5 and
variable capacitor C14. These adjustments must not be modified
in the field.

[JA 1

block
+-——+
[o O‘

+———+

JB

The CPZ-4800K may be configured to output S-100 Bus signals PDEIN

and PWR* in compliance with the IEEE specifications for the S-100
Bus timing, or it may be configured to output these bus signals
in Z80 mode. The selection is made via jumper JB. To select
IEEE timing, jumper position 1-2 of JB. To select Z80 timing,
jumper position 2-} of JE.
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JC

Either a 2716, 2732 or 2764 EPROM may be used with the CPZ-
48OOX. Instructions are given to incorporate any of these three
EPROMS.

2716/2732

A 28 5;} socket is provided on the CPZ—4800x in order to
accommodate any of the three EPROM sizes. In the case of the
2716 and 2732, pin1 ofthe EPROM must connect to pin threeof the
socket. This is illustrated below:

socket(U39)
+ ————————————————————————— ——+

1 + --------------------- --+{ ¦ ¦

,3 1 EPRON 1

1
1

ì
E + ————————————————————— ——+

+--------------_-------.----+
1 2 5 14

On jumper JC, for the 2716 connect 1-2 and for the 2752 connect 2-3.

[ JC 3 block
+———+

1 Í C Ã +5 Vdc
2 I O J

3 1 o 1 A11

+———+

2764

Install the EPRCM in the normal fashion; í.e¬ pin 1 mates with
pin 1.

On jumper JC connect 2-3.

i JC ] block
+-——+

‘ F 1 +5 Vdc\)~1T\)—‘

1 A11
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JP

JF may be configured to select various signals as inputs to the
interrupt controller. Jumpers are provided to select one of two
signals available for each of 9 inputs. wire—wrap or other means
of interconnection may be used to select a signal in a different
order from that assigned to the jumper block. This is clarified
below:

Connection Table
+ —————————————————————————————————————————— ——+
‘,

Pin : A ; B ¦ c ¦

+ —————————————————————————————————————————— ——+

1 NMI* INMI* PWRFAIL*
2 (SPARE) IREQ7* v7*
3 SERE* IREQ6* V6*
4 PINT* IREQ5* V5*
5 EDMA3* IREQ4* V4*
6 EDMA2* IREQ5* V3*
7 EDMA1* IREQ2* V2*
8 FINT* IHEQ1* V1*
9 RTCLK IREQO* VO*

1 ' *

Source Signal —-—-+
Í !

Input to interrupt Controller —+ I

Source Signal ——————————————————————————— ——+

** N O T E ** (B-1 is input to NMI* of CPU)

\O(I)\‘lO\U‘4-J>\)1T\)~‘(DCWCJCDOOOCDCDO©()®OOC)(7()
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JD

The S-100 Bus status signals may be output from the CPZ-48OOX in
latched mode which makes timing conform to the IEEE specification
or may be output in transparent mode which makes the timing
correspond to that of the Z80. To select Z80 timing, jumper
position 1-2 of JD. To select IEEE timing, jumper position 2-3
of JD.

[ JD 3 block

JE

The signal "MWHITE" may be generated on the CPZ—48OOX or it may
be generated from signals external to the CPZ—48OOX like a front
panel. In any case, the signal should be sourced by one device
only. If the CPZ—48OOX is to be the source of the signal,
install the jumper provided on jumper tlock JE, otherwise, leave
the jumper off

[ JE 1

block
+-——+

I/'\‘fIV.‘I O
.

+——-+
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EXAMPLES:

1) To connect S-100 Bus Vector line V5* to the interrupt
controller, install a jumper from position C4 to B4.
2) To connect Floppy interrupt signal FINT* to the interrupt
controller, install a jumper from A8 to B8.
3) To connect the parallel port interrupt line to the highest
priority interrupt input (IREQO), install wire—wrap or any other
adequate interconnection means from A4 to B9.

**** N O T E **++

a.) Highest priority input is IREQ O and the lowest is IREQ

b.) NMI and PWRFAIL are sources to the CPU non-maskable
interrupt input.

c.) Signal source definition are as follows:

Vx = S-100 Bus vectored interrupt (X = O ~-> 7)
PWRFAIL = S-100 Bus power failRTCLK = Real Time Clock
FINT = Floppy interrupt
EDMAX = Channel X end of DMA process (X =

1 -—> 3)
PINT = Parallel port interrupt
SEER : S-100 Bus error
NMI = S-100 Bus non—maskable interrupt

Information contained herein is Proprietary to I.C.M. Corp. Pg. 36
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Refer to figure 2 to locate the PJX solder/trace options. The
PJX options are listed as follows:

PJA
-

DART/SIO PORT A CLOCK SOURCE SELECT
PJB

-
DART/SIO PORT B CLOCK SOURCE SELECT

PJC
-

CONNECT Z80 REFRESH TO S-100 BUS
PJD

-
CONNECT INTERRUPT-IN-PROCESS TO S-100 BUS

PJE
-

CONNECT pWAIT TO S-100 BUS

PJF — CONNECT S-100 BUS GROUND TO PCB GROUND PLANE(PIN 53)
PJG

-
CONNECT S-1OO BUS GROUND TO PCB GROUND PLANE(PINS 20/70)

PJH
-

CONNECT INTERRUPT PRIORITY CHAIN TO S—1OO BUS

Information contained herein is Proprietary to I.C.M. Corp. Pg. 37
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The CPZ-48OOX comes configured so that the DART/SIO ports receive
their baud rate clocks from an on—board programmable timer. The

board could be reconfigured to source the clocks from the
DART/SIO serial port connectors. Such is the case when
synchronous modems connect to the serial ports. The modem
provides a clock to the DART/SIO. Furthermore, the modem may
receive the clock from the on—board timer, condition the clock
and return it to the input of the DART/SIO. The transmit and

receive clocks may be sourced separately on Port A. Allcombinations are possible through this jumper.

To source DART/SIO PORT A inputs from the DART/SIO connector
only, cut the trace from PJA-2 to PJB-3. The source can now be
connected through the personality board on either PIN P2-2 or P2-
3. If the DART/SIO PORT A inputs are to be sourced separately
from the SIO connector, cut the trace from PJB—1 to PJE—2. The
receive clock is now input on P2—3 and the transmit clock is
input on P2—2.

[ PJA 1

area

1

Í--3---> Transmit Input clock

†--O---> Receive Input clock
L--É---<

Timer clock

To source DART/SIG Port E input from the DART/SID connector only,
cut the trace at PJB. The source can now be connected through the
personality board on pin P3—3.

[ PJB ] area

Timer ->----O--O-----> Receive/Transmit input clock
clock
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If the S-100 Bus dynamic RAM memory boards require the Z80

refresh signal for proper operation, PJC may be connected to
provide that signal.

[ PJC ] area

RFSH* -> ------
——O O

----
——.66

The CPZ—48OOX may connect to off-board devices with priority
interrupt structures which comply with the Advanced Micro Digital
Universal Interrupt Controller AM9519A method of resolving
interrupt priority level. The method consists of serially
chaining interrupt devices via a signal referred to as "PCHAIK”
and connecting in parallel the signal "IPROCESS". The CPZ—48OOX

is factory configured so that both these signals are NOT

connected to the S-100 Bus. Solder a jumper in PJD if the
interrupt structure is to be extended to other boards outside of
the CPZ—48OOX.

+
i

IPROCESS —>
—————

——O O
————

——{65E

i

Information contained herein is Proprietary to I.C.M. Corp. Pg. 39
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pWAIT is not a signal specified to be connected to the S-100 bus.
however, some bus slaves need to detect wait conditions on the
bus simultaneous to the bus master. An option is provided on
this bus master to connect pwAIT to pin 27 of the bus if this
signal is required. If so, solder a jumper in jumper area PJE.

[ PJE ] area

pWAIT->-----†
ò

P1

9 †"†
I gm;

L--i

Some S-100 Eus boards utilize pin 53 for signals other than
ground. The IEEE specification requires that pin 53 be connected
to ground. If a board is installed in the bus and pin 55 is to
used for other than ground, the corresponding trace at FJF must
be cut.

[ PJF ] area

Information contained herein is Proprietary to I.C.M. Corp. Pg. 40
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Some S-100 Bus boards utilize pin 20 and 70 for signals other
than ground. The IEEE specification requires that these be
connected to ground. If a board is installed in the bus and
these pins are required for signals other than ground, cut the
trace in jumper area PJG to break ground connection to pins 20
and 70.

[ PJG ] area

P1

+--+¦ I

†----o--0----+--_--{2o:
F 1 l

Ó l-----É7oÍ
GKD 1 ¦

+---+

Solder a jumper in PJH if the interrupt structure is to be
extended to other boards outside of the CPZ—48OOX.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 41
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The CPZ48OOX is compatible with all floppy drives which have
Shugart standard interfaces. However various drives require
particular jumper option settings to make them compatible with
the CPZ48OOX hardware. Jumper settings are given for the
following Floppy drives:

SHUGAET MODEL 800/801
SHUGART MODEL 850/851
QUME DATATRACK 8
TANDON TM848-1
TANDON TM848—2E

MITSUBISHI M2896—63

MITSUBISHI M2894—63

SEIMENS FDD100—8D
TANDON TM100-2

ICM technical support personnel shall provide the necessary
assistance to customers wishing to integrate other drives
compatible with the SHUGART standard interface.

SHUGART MODEL 800/801

(a) Do not modify etched trace options as delivered from the
factory.

(b) Remove all jumpers on the disk drive and install the
following:

A Y
B T1
C T2
DS 800

(c) Install the following terminators in the last drive
connected to the CPZ48OOX:

T3 T5
T4 T6

(d) Connect drive select jumpers as follows:

D81: Drive A

DS2= Drive E
DS5= Drive C

DS4= Drive D

Information contained herein is Proprietary to I.C.M. Corp. Pg. 42
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SHUGART MODEL 850/851

(a) Do not modify etched trace options as delivered from the
factory.

(b) Open the following shunts:
LI/)l><3:I1

(C) Remove all the jumpers on the disk drive and install the
following:

FS
IW
RS

S2
28

850

b1mk4U(3bd>

(d) Install the terminator pack in the last drive connected to
the CPZ48OOX.

(e) Connect drive select jumpers as follows:
DS1= Drive
DS2= Drive
DS3= Drive
DS4= Drive

fjC)k‘IJ3>

QUME DATATRACK 8

(a) Close or open the following jumper options as indicated:

close open

C D

Y DC

DS DL
HA

T40
25

(b) Close or open the following shunts as indicated:

close open

A X
E Z

I HL

:
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(0) Leave all other drive options as delivered from the factory.

(d) Connect drive select jumpers as follows:
DS1= Drive A
DS2= Drive B

DS3= Drive C

DS4= Drive D

TANDON TH848—1

(a) Open the following shunts installed in U3:

1-to-16
2-to-15
5-ÍO-12

(b) Open or close the following drive jumper options as
indicated:

close open

Y M2

DS
C

(c) Remove connection from M3 to "center" and with a wire,
connect "center" to Y as illustrated below:

(before) (after)

I
I

M3 o---o center N3 o o center

0 N4 o M4

(d) Connect drive select jumpers as follows:

D81: Drive
DS2= Drive
D53: Drive
DS4= Drive

CJ(7|-:13)

Information contained herein is Proprietary to I.C.M. Corp. Pg. 44



CPZ—48OOX CPU Manual Manual Revision 1.0 of 1-18-84

TANDON TH84%—2E

(a) Install the following jumpers:

NL
M3
M4

IC
R

(b) Connect drive select jumpers as follows:

DS1= Drive A

D82: Drive B
DS3= Drive C

DS4= Drive D

(C) Install the terminator pack in the last drive in the chain.

MITSUBISHI M2896-63 (HALF HEIGHT)

(a) Open or close the following jumper options as indicated.
All other jumper options are to remain as delivered from the
factory except for the drive select jumpers and the terminator at
location D2.

close open

C X
RN RS

(b) Install the terminator at location D2 only on the last drive.

(C) Connect drive select jumpers as follows:

D81: Drive A
DS2= Drive B

DEE: Drive C

DS4= Drive D
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MITSUBISHI H2894—63 (FULL HEIGHT)

(a) Open or close the following jumper options as indicated.
All other jumper options are to remain as delivered from the
factory except for the drive select jumpers and the terminator at
location A5.

close open

Z Y
HUN HUD

(b) Open the following shunts:

PJ4
PJ5

PJ8

(c) Install the terminator at location A5 only on the last drive.

(d) Connect drive select jumpers as follows:

DS1= Drive A
DS2= Drive B

D83: Drive C

DS4= Drive D

SEIMENS FDD100—8D

(a) Install jumper SS.

(b) Open trace from G to "center" and connect "center" to E as
indicated below:

(before) (after)
G G

o
I

H o o center H

o---o center

(C) Connect drive select jumpers as follows:

D81: Drive A
DS2= Drive B
DS5= Drive C

DS4= Drive D

Information contained herein is Proprietary to I.C.M. Corp. Pg. 46



CPZ—48OOX CPU Manual Manual Revision 1.0 of 1-18-84

TANDON 11100-2 (5 1/4" drive)

Open or close the indicated shunts for drives A through
Q respectively:

DRIVE A DRIVE B DRIVE C DRIVE D

1-16 open open open open
2-15 close open open open
3-14 open close open open
4-13 open open close open
5-12 open open open close
6-11 open open open open
7-10 open open open open
8-9 open open open open
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**** PERSONALITY BOARD USERS GUIDE ****
**** SECTION ****

PERSONALITY BOARD INDEX

1 RS232C/ NO MODEM RPB1OO
2 RS232C/ FULL MODEM MPB1OO
3 RS422 SERIAL COMMUNICATIONS ETT1OO
4 LONG DISTANCE SERIAL COMMUNICATIONS LDS1OO
5 FLOPPY DISK FPB1OO
6 CENTRONICS PRINTER CPI1OO
7 PRIAM INTELLIGENT HARD DISK PRI1OO
8 SHUGART ASSOCIATES SYSTEMS INTERFACE SAS1OO
9 CLOCK/CALENDAR (WITH BATTERY BACKUP) CCB1OO

INTRODUCTION

Since the introduction of the S100 Bus standard,
compatability amongst S100 Bus products has been difficult to
achieve. The CPZ48OOX Single Board Central Processor(SBCP)
solved these problems by effectively replacing four to five
boards. By implementing the functions necessary to construct a

system all on one board, interface and timing problems quickly
disappeared. One problem, however, remained. The problem was to
find an effective way of interfacing the SBCP with a great
variety of peripheral devices without the necessity of
modifying the SBCP for each devise. In the past, this entailed
the necessity of modifying the PCB's with etch cuts and straps.
This usually resulted in unattractive modifications to say
nothing of the resultant inflexability for later integrating
still other peripheral devices. This problem was effectively
solved by customizing the peripheral interfaces through
"personality" boards. Thus, the floppy, serial and parallel
interfaces were brought out to connectors at the top of the board
and those interfaces were tailored through small printed circuit
boards connected to the main board by ribbon cables. In short, a

personality board is a small circuit board containing linedrivers/receivers, logic and other circuitry required to connect
the CPZ48OOX SBCP I/O controllers (Floppy Disk, Serial Controller
and Parallel Controller) to a variety of peripheral devices.

ICM'S PERSONALITY BOARDS offer a very versatile, cost
effective technique for peripheral interface. The personality
boards mount on the back of your system's mainframe or chassis.
Whenever you decide to change peripherals or protocols, all you
have to do is change the small, inexpensive personality board -not make expensive and complicated changes to your CPU board. ICE
has existing PERSONALITY BCARDS and Software Drivers for most
peripherals and protocols on the market today. New PERSONAII"Y
BOARDS are constantly being developed as new peripherals enter
the market.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 48



Personality Board Buyer's Guide
From Intercontinental Micro Systems

PERSONALITY BOARDS:

PERIPHERAL INTERFACE

ISIS PENSIINALITY IIIAIIIS offer a very versatile, cost effective technique for peripheral interface. The personality boards mount on the back of your

systems mainframe or chassis. Whenever you decide to change peripherals or protocols all you have to do is change the small, inexpensive personality

board - not make expensive and complicated changes to your CPU board IGM has existing PERSONALITY BOARDS and Software Drivers for most

peripherals and protocols on the market today New PERSONALITY BOARDS are constantly being developed as new peripherals enter the market

PEISIINAUTI IIIAI IIS are not only cost effective and inexpensive, they also protect the CPZ4B000 8 BC whenever new or different peripherals are placed

on your system FITSL since the buffers and drivers necessary to interface to the peripherals are on the personality board and not on the CPL there is no

need to make costly and complicated cuts or iumpers on the CPZ. Second any current surges on the communication lines between the CPZ and the

peripheral will blow the surge suppressors on the Personality Board and not the CPZ. Thus you only have to replace a smalL inexpensive board —not a

largeexpensive SBC board.

PERSONALITY IMM! - RS282/N0 IMEI
hn Nlnlor - IPBIOII

Function

The RS232/NO MODEM Personality Board provides RS232 drivers

and receivers terminations and iurnper options to interface any simple

RS232 device such as CRT terminals, serial printers or any other serial

device not requiring an extensive handshake protocol

This module may be used with either the CPZ48000 SBCP or the

CPS-MX SBSP.

PERSONALITY IMM! - RS232/FULL NIIIIEN

Part Nlulller - NPIIIIIJ
Function

The FlS232C/FULL MODEM Personality Board provides RS232

drivers/receivers and lumber options to interface asynchronous or

synchronous modems with varying types of bit oriented protocols such

as IBM Bi-Sync, HDLC or SDLC Jumpers provided enable the user to

configure the board for either asynchronous or synchronous operation.

This module may be used with either the CPZ48000 SBCP or the

CPS—MX SBSP.

PERSONALITY IIIIIIIII - RS422 SERIAL EIIIIIIIIIIIATIIJIIS
Part Nllnlinr - TFTIOII

Function

The FFT1OD personality board provides RS422 differential line

drivers and receivers. These balanced drivers and receivers can provide

serial communications for distances of up to 4000 feet at a communi-

cations rate of 100 Kbits/ second This assumes that 24 AWG twisted

pair cable is used. Higher rates may be attained for shorter cable

lengths If the GPUs SID controller is used in synchronous communica-

tions mode at its maximum rate of 800 Kbitsisecond. the maximum
cable length recommended is 325 feet Drivers and receivers are

provided for all signals of the SIO to support full handshake protocols

The FFT100 in combination with the Long Distance Serial Personality

Board (LDS100i provides a means of connecting terminals printers

and other RS232 serial devices remotely located from the CPU mainframe

CPU-tovCPU communications may also be setup over long distances

by using the FFT100 at both CPUs In this case. the interconnecting

cableis cross—connectedtotiereceiventrrtransmitterandtransmitter-

to-receiver devices No cross-connection is required between the

FFTIOO and the LDSTOO.

Jumper options are provided to minimize the number of cable lines

required if no handshaking signals are required as in the case of simple

RS232 Terminals where only transmit and receive signals are required

Ground is also provided but is not used in most cases.

This module may be used with either the CPZ48000 SBCP or

the CPS-MX SBSP.

PEIISIINALITY IIIIAIIII - LONG DISTANCE SEIIIAL ctlNNlIIlll:A‘l’ltlIlS
Part NInIor- LIISIIIO

function

The LDS100 personality board provides RS422 differential line

drivers and receivers. This SHORT HAUL MODEM can provide

serial communications for distances of up to 4000 feet at a commune

cations rate of I00 Kbits/second. This assumes that 24 AWG twisted

pair cable is used. Drivers and receivers are provided to support fun

handshake protocols.

The LDS10O m combination with the RS422 Serial Communications

Personality Board (HW 00), provides a means of connecting terminals

printers and other RS232 serial devices remotely located from the CPU

mainframe Jumper options are provided to minimize the number of

cable lines connected if no handshaking signals are required as in the

case of simple RS232 Terminals where only transmit and receive

signals are used Ground is also provided but is not used in most cases

AC power must be provided to the board. The board may be strapped

for either 115i/AC/60 HZ or 23OVAC/50l-lZ operation

PERSONALITY BIIAIII - FLIIPPY DISK CONTROLLER

hr! NiinliIr- FPII IIO-XV

Function

The FLOPPY DISK CONTROLLER personality board provides line

drivers and receivers. terminators logic and aiumper option to interface

either an 8-inch of a 5‘/A-inch floppy disk drive with the CPZ48OOC

SBCP. A D825 connector IS available as the means to interface withdrive interface, however, if other types of commonly used connectors

are required, adapters are available to tailor the interface aDDlODTl3l€iy

This module is used only on the CPZ4B0OO SBCP.

PERSONALITY ¡MID - GENTNIINICS PRINTER

Pm Nlnlilr - CPIIIIIJ

Function

The Centronics Printer Personality Board provides line drivers

receivers. terminators. jumper options and data strobe generator lCisiZ

to interface to any printer compatible with the Centronics para ».‘

interface

This module may be used with either the CPZ48000 SBCP o'

the CPS-MX SBSP

Pg. 48a



PEISIJIIALITV Bull! - PIIAI IIITELLIGEIIT MID IIISK

Part lunar - PIIIDO

Function

PRIAM provides two intelligent hard disk interface controllers referred

to as the “SMART” and the “SMART—E". These are preprogrammed

microprocessor based controllers. They may be used for the entire line

of PRIAM Winchester disc drives which range in capacity from 10

megabytes to 157 megabytes and come in eight or fourteen inch

packaging. Up to four drives in any combination of drive sizes may be

interconnected The controllers support a variety ol read sector, write

sector and format commands Data transfers may be either programmed

l/0 or DMA The SMART-E has all the features that the SMART has in

addition to error detection & correction, logical sector addressing.

sector interleaving, parity generation & testing direct data transfers

and a 2 Kbyte data buffer(SMART has a1 Kbyte buffer). The interface

performs the entire function of detailed disc control while presenting to

the host a basic and cost effective interface

The PRlfO0 Personality Board connects the parallel port of the

CPZ48000 SBCP or the CPS—M)( SBSP to the SMART or SMART-E

controllers Thus, a very powerful disc subsystem may be directly

connected to the lCM line of processors via the PRlflJ0.

A Jumper option is provided on the PRif00 to configure it for either

the SMART or the SMART-E controller. The controllers mount along the

drive sides alleviating the need for additional S-100 Bus slots An

adapter, PR|100-1, IS provided allowing direct connection of the PRlf 00

to the smart controllers

PEISIJIIALITY nrinnn ~ sillialtilt AS8nl:lATEs SYSTEM IIITEIIEAEE

hn IiInil:er- Silsl?n
function

The Shugart Associates System lnterface(SASli defines a Local l/D

Bus which can be operated at data rates up to 1 5 megabytes per

second This bus provides I/0 device independence so that disk drives.

tape drives. printers and various other peripherals may be interfaced on

the same I/0 bus without modification to the host CPU's hardware or

software. The interface protocol provides for connection of multiple

initiators (devices capable of initiating an operationi and multiple

targets (devices capable of responding to requests for operations)

Arbitration logic is built in and a priority system awards control to the

device that wins arbitration.

The SAS1 O0 personality board convertsthe parallel port of either the

CPZ48000 SBCP or the CPS-MX SBSP to a SASl l/O bus Software is

provided to emit bus timing in conformance with the SASI specification

The system integrator may interface SASl controllers such as the Data

Technology Corporation. Zebec and Sysgen line of controllers. Each

have powerful attributes such as connecting hard disks with floppies.

hard disks with tape streamers and connecting to high performance

SMD hard disk drives

The SAS100 personality board is accompanied by an adapter board

(SASl 0O~1l This adapter board converts the SAS1D0 0825 connector

interface to a 50 pm header connector interface with a pin assignment

in exact conformance with the SASI Bus specification The integrator

may connect directly to the SAS100 with a D325AtoSASl interface

cabie or may connect via the SAS100-1 with a 50 pin flat ribbon cable

M 
PC). 48b

PEISMIALITY MAID - BLOCK/BALEIIIII

rm lunar - BIIIIOIJ

fnctlnn

The 005100 provides a highly accurate real time clock which may

be set by the CPZ48000 SBCP or the CPS-MX SBSP under software

control. The time of year, month, day, hour. minute and second is

maintained and may be read back by the CPU. A Ni-Cad battery is used

to provide backup power to the time control chip in this manner the real

time clock iscontinuously maintained even during extensive down time

This feature is quite usefui for point-of-sale systems. inventory systems

and other applications where continuous clock monitoring is required

This board is also very useful in operating systems which feature date

and time stamping such as TurboDOS in a TurboDOS based system

this board may be connected to the master(CPZ48000l parallel port or

may be connected to any one slave (CPS-Mxi parallel port

Personality Bum! Inrlex

”
rt nllilor

1 RS232C/ NO MODEM RPB100

2 FlS232C/ FULL MODEM MPBf0Ci

3 RS422 SERlAL COMMUNICATIONS Fi-‘T100

A LONG DISTANCE SERIAL COMMuNiCATlONS LDSf0C

5 FLOPPY DISK FP8l0O

6 CENTROMCS PRINTER CPHUC

7 PRIAM INTELUGENT HARD DiSf< PRHOC

B SHUGART ASSOCIATES SYSTEMS INTERFACE SAS100

9 CLOCK/CALENDAR (wlTl-l BATTERY BACKUP) CCBt0C



m

TYPICAL PERSONALITY BOARD MOUNTING
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CPZ-48OOX CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARDS are not only cost effective and
inexpensive, they also protect the CPZ-48OOX SBC whenever new or
different peripherals are placed on your system. First, since the
buffers and drivers necessary to interface to the peripherals are
on the personality board and not on the CPZ, there is no need to
make costly and complicated cuts or jumpers on the CPZ. Second,
any current surges on the communication lines between the CPZ and
the peripheral will blow the surge suppressors on the Personality
Board and not the CPZ. Thus you only have to replace a small,
inexpensive board not a large, expensive SEC board.

Typical S-100 Bus chassis provide DB25 connector cutouts at
the chassis rear. The personality boards are designed to mount
on DB25 connectors which in turn are mounted in the cutouts. In
this manner, the personality boards do not require additional
S-100 Bus slots and are conveniently mounted within the chassis.
An additional connector is provided to connect the personality
board to the SBCP. The connection is made with a simple point-
to—point flat ribbon cable. See figure 1.

Intercontinental Micro Systems Corporation invites you, our
valued customer, to submit your interface requirements if they
are not covered by the line of personality boards available. Our
engineering staff will evaluate those requirements and advice you
of the feasibility of constructing your custom personality board.

Information contained herein is Proprietary to I.C.M. Corp. Pg- 49



CPZ—48OOX CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARD IHTERCONNECTION INSTRUCTIONS

The CPZ—48OOX has four connectors at the top of the board
numbered J1 through J4. These are listed below:

J1 — FDC Connector
J2 — DART/SIO Port A Connector
JB

-
DART/SIO Port B Connector

J4 - PIO Connector

Tables A through D describe signal pin assignments for connectors
J1 through J4 respectively.

At a minimum, the FDC and DART/SIO Port B personality boards
must be installed. The instructions follow:

1.— Select a DE25 connector cutout at the rear of the chassis
for the FDC personality board.

2.— Insert and hold the FDC personality board in the cutout.
External to the chassis, plug in the desired connector
adaptor and hold in place.

3.- Install #6 nuts, washers and bolts passing the bolts
through the connector adapter and through the personality
board's DB25 connector.

4.— Install the flat ribbon cable provided at the personality
board and at the CPZ—48OOX, connector J1.

5.- Follow the above procedure, except that an adapter is not
used, for the DART/SIC Port B personality board

6.- Install cables from the chassis connectors to the
respective peripherals.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 50
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PIN NO.

4>\»\»1\»1\.»1

L»u1\N\;Jwr\>I\)r\)t\)r\)r\>r\)I\)r\JI\)—-—+—~—*—~—~—-—-—-—*

__

Onom?omnnulm-Oxom?cun-bwNAOwm4O'\\?-¢>\›JI\J~*O\`OG)¬10\\H4>\NN

Manual Revision 1.0 of 1-18-84

Table A

Connector J1 Pin Assignments

INT7*
DS1*
GND

DS2*
GND

DS3*
GND

DS4*
GND
DIRC
GND
STEP
GND
WRITE DATA
GND
WGATE
GND
TRACK 0*
GND
WRITE PROT*

GND

READ DATA*
GND
SSO

GND
HLD
GND

INDEX*
GND
READY
GND
MOTOR ON

GND
TK43
GND
+8VDC

GIID
HLTIMER

GND

+5VDC

INTERRUPT (LEVEL 7) TO CPU
DRIVE SELECT #1 FROM CPU
GROUND
DRIVE SELECT #2 FROM CPU
GROUND
DRIVE SELECT #3 FROM CPU
GROUND
DRIVE SELECT #4 FROM CPU
GROUND

DIRECTION CONTROL FROM CPU
GROUND
STEP CONTROL FROM CPU
GROUND
WRITE DATA FROM CPU
GROUND
WRITE GATE FROM CPU
GROUND
TRACK O STATUS TO CPU

GROUND
WRITE PROTECT TO CPU
GROUND

READ DATA TO CPU
GROUND

SIDE SELECT OUTPUT FROM CPU

GROUND
HEAD LOAD COMMAND FROM CPU

GROUND
INDEX PULSE TO CPU
GROUND
READY STATUS TO CPU
GROUND
MOTOR ON STATUS FROM CPU

GROUND
TRACK 43 STATUS FROM CPU
GROUND
+8VDC

GROUND
HEAD LUÂD TIMER TO CPU

GROUND

+5VDC

Information contained herein is Proprietary to I.C.M. Corp. Pg. 51
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Table B

PIN NO. SIGNAL NAME DESCRIPTION

1 ADSR* DATA SET READY TO CPU
2 ATXC* TRANSMIT CLOCK TO/FROM CPU
3 ARXC* RECEIVE CLOCK TO/FROM CPU
4 ATXD TRANSMIT DATA FROM CPU
5 ARXD RECEIVE DATA TO CPU
6 ARTS* REQUEST TO SEND DATA FROM CPU
7 ACTS* CLEAR TO SEND TO CPU
8 ADCD* DATA CARRIER DETECT TO CPU
9 ADTR* DATA TERMINAL READY FROM CPU

1O ARNG* RINGING INDICATOR TO CPU
11 ABRCLK BAUD RATE CLOCK FROM CPU
12 ND GROUND
13 +16VDC +16VDC
14 —16VDC —16VDC
15 +5VDC +5VDC
16 GEL GND

Information contained herein is Proprietary to I.C.M. Corp. Pg. 52
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TABLE C

PIN NO. SIGNAL NAME DESCRIPTION

1 BDSR* DATA SET READY TO CPU
2 BTXC* TRANSMIT CLOCK TO/FROM CPU
3 BRXC* RECEIVE CLOCK TO/FROM CPU
4 TXD TRANSMIT DATA FROM CPU
5 BRXD RECEIVE DATA TO CPU
6 BRTS* REQUEST TO SEND DATA FROM CPU
7 BCTS* CLEAR TO SEND TO CPU

8 BDCD* DATA CARRIER DETECT TO CPU

9 BDTR* DATA TERMINAL READY FROM CPU
10 BRNG* RINGING INDICATOR TO CPU
11 BBRCLK BAUD RATE CLOCK FROM CPU

12 GND GROUND
13 +16VDC +16VDC

14 —16VDC —16VDC

15 +5VDC +5VDC
16 GND GND

Information contained herein is Proprietary to I.C.M. Corp. Pg. 53
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TABLE D

PIN NO. SIGNAL NAME DESCRIPTION

1 RDYA PORT A READY TO PERIPHERAL

2 STBA* PORT A STROBE TO CPU
É RDYB PORT B READY TO PERIPHERAL

4 STBB* PORT B STROBE TO CPU
5 DOA PORT A DATA BIT O

6 D1A PORT A DATA BIT 1

7 D2A PORT A DATA BIT 2
8 DEA PORT A DATA BIT 3
9 D4A PORT A DATA BIT 4

1O DEA PORT A DATA BIT 5

11 D6A PORT A DATA BIT 6

12 D7A PORT A DATA BIT 7
13 DOB PORT B DATA BIT O

14 D1B PORT B DATA BIT 1

15 D2B PORT B DATA BIT 2
16 DBB PORT B DATA BIT 3
17 D4B PORT B DATA BIT 4
18 D5B PORT B DATA BIT 5

19 D6B PORT B DATA BIT 6
20 D7B PORT B DATA BIT 7
21 RESET* SYSTEM RESET FROM CPU
22 GND GROUND
23 PINT* PARALLEL PORT INTERRUPT TO CPU
24 GED GROUND
2§ PCLK PARALLEL PORT CLOCK FROM CPU
Eb +5VDC +5VDC

Information contained herein is Proprietary to I.C.M. Corp. Pg. 54
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DESCRIPTION

Each personality board shall be described in the following
sections. A brief functional description, interfacerequirements, mating connector requirements and set-up
instructions, where applicable, are given for each board.

*************
* WARNING *
¥r********-X>***

Do not install or remove any personality board
while the CPZ48OOX SBCP or the CPS—MX SBSP power is
on. This may result in damage to the personality
board and/or the CPU board.

Information contained herein is Proprietary to I.C.N. Corp. Pg. 55
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CPZ-48OOX CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARD

-
RS232/NO MODEM

PART NUMBER — RPB1OO

FUNCTION

The RS232/NO MODEM Personality Board provides RS232 drivers
and receivers, terminations and jumper options to interface any
simple RS232 device such as CRT terminals, serial printers or
any other serial device not requiring an extensive handshake
protocol.

This module may be used with either the CPZ48OOX SBCP or the
CPS—MX SBSP.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 56
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INTERFACE REQUIREMENTS

Connects to J2 or J3 of the CPZ48OOX or the CCPS-MX.

J1 (CPU)

PIN NO. SIGNAL NAME DESCRIPTION

1 DSR* DATA SET READY TO CPU
2 n/c n/c
3 n/c n/c
4 TXD TRANSMIT DATA FROM CPU
5 RXD RECEIVE DATA TO CPU
6 RTS* REQUEST TO SEND DATA FROM CPU
7 CTS* CLEAR TO SEND TO CPU
8 DCD* DATA CARRIER DETECT TO CPU

9 DTR* DATA TERMINAL READY FROM CPU

10 BNG* RINGING INDICATOR TO CPU
11 n/c n/c
12 GND GROUND
15 +16VDC +16VDC
14 —16VDC —16VDC

15 +5VDC +5VDC
16 n/c n/c

Information contained herein is Proprietary to I.C.M. Corp. Pg. 57



CPZ-48OOX CPU Manual

SAFETY GND
TXD
RXD

n/c
CTS*
DSR*
POWER GND
DCD*

n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
SRTS*

DTR*
n/c
n/c
n/c
n/c
n/c

¡UMMNNN_._›_Á_._._Ä_›_›_._.

U1-¥>-\>Jl\)-*OkO(I)\70\\?~l>-k)~!|'\)—‘OkOQJ\10\U1-¥>\)~lr\)—‘

CONNECTOR REQUIREMENTS

PERSONALITY BOARD CONYECTORS

J1
-

ANSLEY 609-1617
J2 — CANNON DB25P—731

Manual Revision 1.0 of 1-18-84

J2(PERIPHERAL)

SAFETY GROUND
TRANSMIT DATA TO PERIPHERAL
RECEIVE DATA FROM PERIPHERAL

n c
CLEAR TO SEND TO PERIPHERAL
DATA SET READY TO PERIPHERAL
POWER GROUND
DATA CARRIER DETECT TO PERIPHERAL

n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
n/c
SECONDARY REQUEST TO SEND FROM PERIPHERAL
DATA TERMINAL READY FROM PERIPHERAL

n/c
n/c
n/c
n/c
n/c

MATING CONNECTORS

ANSLEY 609-1630 (ICN SUPPLIED)
_CANNON DB 258-731 (CUSTOMER SUPPLIED)

Information contained herein is Proprietary to I.C.M. Corp. Pg. 58
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SET UP INSTRUCTIONS

_

Three Jumper Areas are provided: JA, JB and JC. Refer to the
figure below for the following set-up instructions:

[ JA/JB/JC ] area

JA JB JC
+———+———+ +———+———+

1 ¦ 0 I O ¦ ¦ 0 l O I

I Y l l I k
I t I | I I

2 : 0 ; o : : 0 ¦ o ¦

1 E

+---+
¦

3 ¦ o : o o o : o :

+---+ ————————— ——+———+

A B c

JA

The CPU may be required to provide handshaking with the
peripheral through the signal "DCD". If that handshaking signal
is required, connect pin 2 to pin 3 with the jumper provided. If
no handshaking signal is required , connect pin 2 to pin 1.

JB

The CPU may required to provide handshaking with the
peripheral through the signall "CTS". Furthermore, it may accept
the signals "DTP" or "SETS" through the input "CTS". The
following options are available:

JB Configuration

1A-2A no handshaking provided to peripheral at "CTS"
2A-3 peripheral‘s "CTS" activated by CPU's "DTR"
BA-BB not used
EB- C no handshaking provided to CPU's ”CTS" by peripheral‘s

"DTR" or "SRTS"
2C—3C peripheral‘s "DTE" or "SRTS” activates CPU's "CTS"
1C—2C peripheral‘: "DTE" or "SRTS" activates CPU‘s "DSR"

Information contained herein is Proprietary to I.C.M. Corp. Pg. 59
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JC

The peripheral may provide either of two handshaking signals
"SRTS" or "DTR". This jumper may select either signal as the
source to the CPU‘s "CTS" or "DSR" inputs.

To connect "DTR" handshaking which is on pin 20 of the
RS252/C interface, connect JC—1 to JC—2.

To connect "SRTS" handshaking which is on pin 19 of the
RS232/C interface, connect JC—2 to JC-3.

EXAMPLES

1) Configure JA, JE and JC as follows for a simple terminal
interface:

JA = 1-2
JB = 1A-2A / 3B—3C
JC = none required

2) Configure JA, JE and JC as follows for an Anadex Serial
Printer, model DP-9501

JA = 2-3
JB = 1A—2A / 2c—3c
JC = 2-3

Information contained herein is Proprietary to I.C.M. Corp. Pg. 60
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PERSONALITY BOARD — RS232/FULL MODEM

PART NUMBER — MPB10O

FUNCTION

The RS232C/FULL MODEM PERSONALITY BOARD provides RS232
drivers/receivers and jumper options to interface asynchronous or
synchronous modems with varying types of bit oriented protocols
such as IBM Bi—Sync, HDLC or SDLC. Jumpers provided enable the
user to configure the board for either asynchronous or
synchronous operation.

This module may be used with either the CPZ48OOX SBCP or the
CPS—MX SBSP.

INTERFACE REQUIREMENTS

Connects to J1 or J2 of the CPZ48OOX or the CPS—MX.

CPU (J1)

PIN NO. SIGNAL NAME DESCRIPTION

1 DSR* DATA SET READY TO CPU

2 n/c n/c
3 n/c n/c
4 TKD TRANSMIT DATA FROM CPU
5 RXD RECEIVE DATA TO CPU
6 RTS* REQUEST-TO-SEND FROM CPU

7 CTS* CLEAR-TO-SEND TO CPU

8 DCD* DATA CARRIER DETECT TO CPU
9 DTE* DATA TERMINAL READY FROM CPU

10 RRG* RINGING INDICATOR TO CPU
11 n/c n/c
12 GND GROUND
13 +16VDC +16VDC

14 —16VDC —16VDC
75 +5VDC +5VDC
16 n/c n/c

Information contained herein is Proprietary to I.C.M. Corp. Pg. 61
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J2(PERIPHERAL)

PIN NO. SIGNAL NAME DESCRIPTION

1 SAFETY GND SAFETY GROUND

2 TXD TRANSMIT DATA TO PERIPHERAL
É RXD RECEIVE DATA FROM PERIPHERAL

4 RTS* REQUEST-TO—SEND TO PERIPHERAL
5 CTS* CLEAR-TO-SEND FROM PERIPHERAL

6 DSP* DATA SET READY FROM PERIPHERAL

7 POWER GND POWER GROUND

8 DCD* DATA CARRIER DETECT FROM PERIPHERAL

9 n/c n/c
10 n/c n/c
11 n/c n/c
12 n/c n/c
13 n/c n/c
14 n/c n C

15 TXCLK* TRANSMIT CLOCK TO PERIPHERAL
16 n/c n/c
17 RXCLK* RECEIVE CLOCK FROM PERIPHERAL
18 n/c n/c
19 n/c n/c
2O DTR* DATA TERTINAL READY TO PERIPHERAL
21 n/c n/c
22 ENG* RINGING INDICATOR FROM PERIPHERAL

23 n/c n/c
24 BAUD CLK BAUD CLOCK TO PERIPHERAL
25 n/c n/c

CONNECTOR REQUIREMENTS

PERSONALITY BOARD CONKECTORS MATING CONNECTORS

J1
-

ANSLEY 609-1617 ANSLEY 609-1630 (IGM SUPPLIED)
J2 — CANNOK D325?-731 CANNON DB 255-731 (CUSTONER SUPPLIED)

Information contained herein is Proprietary to I.C.N. Corp. Pg. 62
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SET UP INSTRUCTIONS

The board may be configured for either asynchronous or
synchronous modem requirements

a) Asynchronous Modems

PJE, PJC, PJD, PJE and PJF are all Open.

b) Synchronous Modems

Connect PJE and PJF only.

2) CPZ48OOX OR CPS-MX SUPPLY TRANSMIT CLOCK

Connect PJC, PJD and PJE of MPB1OO only.

Note: If using CPZ48OOX Port A of the SIG,
cut PJB A-B and B-C.

f using CPZ48OOX Port B of the SIG,
cut PJC.

If using CPS-MX Port A of the SIG,
cut PJA A—B and B—C.

If using CPS-MX Port B of the SIC,
cut PJB.

3) CPZ48OOX OR CPS-MX SUPPLY BAUD RATE CLOCK

Same as (2) above except that on the MPBWOO,

PJE is connected instead of PJC and PJF is
disconnected.

c) If safety ground of the modem is to be tied to logic
ground. connect PJA on the MPB100.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 63
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PERSONALITY BOARD — RS422 SERIAL COMMUNICATIONS

PART NUMBER — FTT1OO

FUNCTION

The FTT1OO personality board provides RS422 differential line
drivers and receivers. These balanced drivers and receivers can
provide serial communications for distances of up to 4000 feet at
a communications rate of 1OO kbits/second. This assumes that 24
AWG twisted pair cable is used. Higher rates may be attained for
shorter cable lengths. If the CPU's DART/SIO controller is used

in synchronous communications mode at its maximum rate of 800
kbits/second, the maximum cable length recommended is 325 feet.
Drivers and receivers are provided for all signals of the S10 to
support full handshake protocols

The FTT1OO in combination with the Long Distance Serial
Personality Board (LDS100), provides a means of connecting
terminals, printers and other RS232 serial devices remotely
located from the CPU mainframe. CPU-TO-CPU communications may

also be set-up over long distances by using the FTT1OO at both
GPUs. In this case, the interconnecting cable is cross-connected
to tie receiver—to—transmiter and tansmiter-to-receiver devices
No cross-connection is required between the FTT1OO and the
LDS100.

Jumper options are provided to minimize the number of cable
lines required if no handshaking signals are required as in the
case of simple RS232 Terminals where only transmit and receive
signals are required. Ground is also provided but is not used in
most cases.

This module ma" be used with either the CPZ48OOX SEC? or the
CPS—MX SBSP.

Information contained herein is Proprietary to l.C.M. Corp. Pg. 64
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INTERFACE REQUIREMENTS

Connects to J1 or J2 of the CPZ48OOX or the CPS—MX.

J1(CPU)

PIN NO. SIGNAL NAME DESCRIPTION

1 DSR* DATA SET READY TO CPU

2 TXC* TRANSMIT CLOCK FROM CPU
3 n/c n/c
4 TXD TRANSMIT DATA FROM CPU
5 RXD RECEIVE DATA TO CPU
6 RTS* REQUEST—TO—SEND FROM CPU
7 CTS* CLEAR-TO-SEND TO CPU
B DCD* DATA CARRIER DETECT TO CPU

9 DTR* DATA TERMINAL READY FROM CPU
10 n/o n/c
11 BRCLK BAUD RATE CLOCK FROM CPU

12 GND GROUND

13 +16VDC +16VDC

14 -WGVDC —16VDC

15 +5'DC +5VDC
16 n/C n/c

Information contained herein is Proprietary to I.C.M. Corp. Pg. 65
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PIN NO.

TXC

n;c
n c
n/c
GND
TXD
RTS
DTR
RXD
CTS

N__._›_›._._›_.›_._›_._.

C)kO(l)\7G`\\I`IJ>\›l|\)-“OkOG)\10`\U'1-J>\Nl\)~*

DCD
21 EAUDCLK LO
22 TXC

3 n/c
24 n/c
25 GND

CONNECTOR REQUIREMENTS

PERSONALITY BOARD CO

J1
—_ANSLRY 6o§:TET§ _______ -_

J2 — CANNON DB25P—731

BAUDCLK HI
HI

LO
LO
LO
LO
LO

SYNC LO
LO

LO

Manual Revision 1.0 of 1-18-84

J2(TERMINAL)

TRANSMIT DATA HIGH to terminal
REQUEST—TO—SEND HIGH to terminal
DATA TERMINAL READY to terminal
RECEIVE DATA HIGH from terminal
CLEAR—TO—SEND HIGH from terminal
SYNC HIGH from terminal
DATA CARRIER DETECT HIGH from terminal
BAUD RATE CLOCK HIGH to terminal
TRANSMIT CLOCK HIGH from terminal
níc
n c
n/c
GROUND

TRANSMIT DATA LOW to terminal
REQUEST—TO-SEND LOW to terminal
DATA TERMINAL READY LOW to terminal
RECEIVE DATA LOW from terminal
CLEAR—TO—SEND LOW from terminal
SYNC LOW from terminal
DATA CARRIER DETECT LOW from terminal
BAUD RATE CLOCK LOW to terminal
TRANSMIT CLOCK LOW from terminal
n/C
n/c
GROUND

TORS MATING CONNECTORS

ANSLEY 609-1630 (IGM SUPPLIED)
CANNON DE 25S—751 (CUSTOMER SUPPLIED)

Information contained herein is Proprietary to I.C.M. Corp. Pg. 66
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SET UP INSTRUCTIONS

SIMPLE TERMINAL

To provide less interconnecting lines for terminal not
requiring full handshake protocol, jumper PJ1 2—to-3 and PJ2
2-to-5. Provide twisted pair lines for TXD and RXD only.

FULL PROTOCOL

To provide for full handshaking, jumper PJ1 1—to—2

and PJ2 1-to—2. Provide twisted pair lines for the
signals required.

SYNCHRONOUS TERMINAL

To use CPZ48OOX Port A of the SIO,
out PJB B—C on the CPZ48OOX.

To use CPS-MX Port A of the S10,

cut PJA B—C on the CPS—MX.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 67



CPZ—48OOX CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARD

-
LONG DISTANCE SERIAL COMMUNICATIONS

PART NUMBER
-

LDS1OO

FUNCTION

The LDS1OO personality board provides RS422 differential line
drivers and receivers. These balanced drivers and receivers can
provide serial communications for distances of up to 4000 feet at
a communications rate of 100 kbits/second. This assumes that 24
AWG twisted pair cable is used. Drivers and receivers are
provided to support full handshake protocols.

The LDS1OO in combination with the RS422 Serial
Communications Personality Board (FTTWOO), provides a means of
connecting terminals, printers and other RS232 serial devices
remotely located from the CPU mainframe. Jumper options are
provided to minimize the number of cable lines required if no
handshaking signals are required as in the case of simple RS232
Terminals where only transmit and receive signals are required
Ground is also provided but is not used in most cases.

AC power must be provided to the board. The board may be
strapped for either 115VAC/6OHZ or 250 VAC/SOHZ operation.
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J1 connects to RS422 Personality Board via long distance cable.
J2 connects to RS232 serial device with standard RS232 cable.

PIN NO.

CTS HI
SYNC HI
DCD HI
BAUDCLK HI
TXC HI
n/c
n/c
n/c
GND
TXD LO
RTS LO
DTR LO

HKD LO

CTS LO
SYNC LO

DCD LO
BAUDCLK LO
TXC LC

n/c
n/c
/¬vHD

|\)[\);\)[\)[\,_._s_.

_._._._...x...._.

\jl—J>~\,\ll\)—*OkOCDx'l

O‘\U'1-¥>\)~lf\)—-OkOCI)\10‘\kT1—>\>1f\)-‘

J1(RS422 INTERFACE)

TRANSMIT DATA HIGH to terminal
REQUEST-TO—SEND HIGH to terminal
DATA TERMINAL READY to terminal
RECEIVE DATA HIGH from terminal
CLEAR—TO—SEND HIGH from terminal
SYNC HIGH from terminal
DATA CARRIER DETECT HIGH from terminal
BAUD RATE CLOCK HIGH to terminal
TRANSMIT CLOCK HIGH from terminal
n/c
n/c
n/c
GROUND
TRANSMIT DATA LOW to terminal
REQUEST—TO—SEND LOW to terminal
DATA TERMINAL READY LOW to terminal
RECEIVE DATA LOW from terminal
CLEAR—TO—SEND LOW from terminal
SYNC LOW from terminal
DATA CARRIER DETECT LOW from terminal
BAUD RATE CLOCK LOW to terminal
TRANSKIT CLOCK LOW from terminal
n/c
n/c
GROUND
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PIN NO.

[\_)r\);\),\)l-\)r\_)__._._._._._._._I_._.

U'1J>~\)~lf\)—*OkO(77\10\UT-J>-k>~lf\)4C)\D(D\1C7\U'V-l>-\)~lf\)—*SAFETY GND
TXD

RXD

RTS*
CTS*
DSR*
POWER GND

n/c
n/c
n c
RESERVED

n/c
n/c
n/c
T§CLK*
n c
n/c
n/c
SRTS*

DTR*
n;c
n c
n/c
EAUDCLK

n/c

CONNECTOR REQUIREMENTS

PERSONALITY BOARD CONNECTORS

J1 — CANNON
_

J2 -
CANNON

DB25S—731
DB25S—731

Manual Revision 1.0 of 1-18-84

J2(PERIPHERAL)

SAFETY GROUND
TRANSMIT DATA TO PERIPHERAL

RECEIVE DATA FROM PERIPHERKL

REQUEST-TO-SEND TO PERIPHERAL
CLEAR-TO—SEND FROM PERIPHERAL

DATA SET READY FROM PERIPHERAL
POWER GROUND

n/c
n/c
n/c
RESERVED FOR SPECIAL USE HANDSHAKE

n/c
n/c
n/c
TRANSMIT CLOCK PROM PERIPHERAL

n/c
n/c
n/c
SECONDARY REQUEST—TO-SEND FROM PERIPHERAL
DATA TERMINAL READY TO PERIPHERAL

n/c
n/c
n/c
EAUD CLOCK TO PERIPHERAL

n/c

MATING CONNECTORS

CANNON DB25P—731 (CUSTOMER SUPPLIED)
CANNON DB25P-731 (CUSTOMER SUPPLIED:
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SET UP INSTRUCTIONS

(1)Ac POWER SET-UP

The LDS1OO may be configured to operate with 115VAC/6OHZ or
QBOVAC/SOHZ through jumper options. Use 18 or 16 AWG wire for
Jumpers in this setting.

To configure the LDS1OO for 115VAC, solder two jumpers. One

is soldered at JD 1-to-2 and the other is soldered at JD 3—to-4.

2 t
T; configure the LDS1OO for ZBOVAC, solder one jumper at JD

-
o— .

AC power may now be installed. Connect AC HI and AC L0 in
the indicated solder pads. Connect SAFETY GROUND to the pad
marked "CH".

(2)SAFETY GROUND CONNECTIOK

Solder a strap in jumper area JC if Safety Ground should be
connected to Power Ground.

(3)sIMPLE TERMINAL(NO HANDSHAKING) SET—UP

Most terminals do not require handshaking for RS252/C
communication. In this case, no jumpers are required in jumper
areas JA and JB. Connect receive and transmit data lines only
between the FTT1OO and the LDS1OO boards.

(4)TERMINAL/PRINTER(FULL HANDSHAKING)

Connect JA in accordance with the type of handshaking signal
required to be transmited to the CLEAR—TO—SEND input of the CPU.

The options are as follows:

JA handshake signal

a1—to-b1 request—to—send(RTS)
a2—to—b2 manufacture defined
a3-to-E3 secondary request—to-send(SRTS)
a4—to-b4 data terminal ready(DTR)

Connect JB if DATA TERKINAL READY(DTR) is required to be
connected to the DATA CARRIER DETECT(DCD) signal of the CPU.

Connect all corresponding signal lines from FTT1OO to the LDS100.
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PERSONALITY BOARD — FLOPPY DISK CONTROLLER

PART NUMBER
- FPB158-XY

FUNCTION

The FLOPPY DISK CONTROLLER personality board provides line
drivers and receivers, terminators and logic to interface either
an 8-inch or a 5 1/4-inch or both 8-inch and 5 1/4-inch floppy
disk drives with the CPZ48OOX SBCP. A DB25 connector is
available as the means to interface with the drive interface;
however, if other types of commonly used connectors are required,
adapters are available to tailor the interface appropriately.

This module is used ONLY on the CPZ48OOX SBCP. It is not to
be used with the CPZ48000 SBCP.

******************
-x- «X-

* WARNING *
al» as

******************
THE FPB158-XY BASE BOARD MUST NOT BE CONNECTED TO THE MODEL
CPZ48000 SBCP AS DAMAGE MAY RESULT TO THE SBCP. NOTE HOWEVER

THAT THE FPB100—11 OR THE FPB100-22 ADAPTERS MAY BE USED WITH THE

FPB158-XY BASE BOARD. THE FPB158—50, AN ADAPTER WHICH
ACCOMMODATES BOTH 5 1/4- INCH EDGE CARD AND 8—INCH HEADER
CONNECTORS, IS TO BE USED ONLY WITH THE FFB158—XY BASE BOARD.
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INTERFACE REQUIREMENTS

FPB158—XY

PIN NO. SIGNAL NAME

1 n/c
2 DS1*
5 n/c
4 DS2*
5 GND
6 DS3*
7 GND
8 DS4*
9 GND

10 DIRC
11 GND

12 STEP
15 GND
14 WRITE DATA

15 GND
16 WGATE
17 GND
18 TRACK 0*
19 GND

20 WRITE PROT*

Q1 GNU

22 READ DATA*
3 GND

24 SSO

25 GKD
26 ELE

27 GND

28 INDEX*
29 GND
É@ READY

31 GND
2 MOTOR ON

35 GND
34 TK43
35 GND
36 5*/8
3 7 GND
38 HLTIMER
39 GED
40 +5VDC

Manual Revision 1.0 of 1-18-84

n/c
DRIVE SELECT #1 FROM CPU

n/c
DRIVE SELECT #2 FROM CPU
GROUND

DRIVE SELECT #3 FROM CPU

GROUND

DRIVE SELECT #4 FROM CPU

GROUND

DIRECTION CONTROL FROM CPU
GROUND
STEP CONTROL FROM CPU

GROUND
WRITE DATA FROM CPU

GROUND

WRITE GATE FROM CPU
GROUND
TRACK O STATUS TO CPU

GROUND
WRITE PROTECT TO CPU

GUN

READ DATA TO CPU
GROUND

SIDE SELECT OUTPUT FROM CPU

GROUND
HEAD LOAD COMMAND FROM CPU

GROUND

INDEX PULSE TO CPU
GROUND

READY STATUS TO CPU

GROUND
MOTOR ON STATUS FROM CPU

GROUND
TRACK 43 STATUS FROM CPU
GROUND
DRIVE SIZE SELECT

GROUND
HEAD LOAD TIMER
GROUND
+5VDC
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PIN NO.

,\)r\)[\)r\)|-\)l\)_;_._._._._._._._._.

U14:-\)~1f\)"‘()\Om\10’\U“44>kNl\)—‘OKO(D\30‘\U‘IJ>\)lf\)—‘
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J2(MODIFIED DRIVE INTERFACE)

WRITE DATA*
WRITE GATE*
TRACK O *
WRITE PROT*
READ DATA*
SSC*

HEAD LOAD*

INDEX*
READY*
MOTOR OH*

TK43*
n/c
n/c
GND
GND
GND
GNU
GND
GND

DRIVE SELECT #1 to DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #3 to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTION CONTROL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA to DRIVE interface
WRITE GATE to DRIVE interface
TRACK O STATUS from DRIVE interface
WRITE PROTECT STATUS from DRIVE interface
READ DATA to DRIVE inerface
SIDE SELECT OUTPUT to DRIVE interface
HEAD LOAD COMMAND to DRIVE interface
INDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR ON COMMAND to DRIVE interface
TRACK 43 STATUS to DRIVE interface
n/c
n/c
GROUND
GROUND

GROUND
GROUND
GROUND
GROUND
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Connects to FPB10O or FPB158 Personality Board.

J1(MODIFIED DRIVE INTERFACE)

PIN NO.

WRITE DATA*
WRITE GATE*
TRACK O *
WRITE PROT*
READ DATA*
SSO*

HEAD LOAD*

INDEX*
READY*

MOTOR ON*

TK45*
ND

GND
GND
GND

GND

GNL

GND
GND

f\_)'\)'\)“_)r\)[-o.;._».»...._-_._..s_._.

U‘I4>L»lf\)—“OKOC0'\10\\J'1-I>-\Nf\)—‘(DKDO3\10\U1-¥>L)Jl\)—‘ DRIVE SELECT #1 to DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #3 to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTION CONTROL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA to DRIVE interface
WRITE GATE to DRIVE interface
TRACK O STATUS from DRIVE interface
WRITE PROTECT STATUS from DRIVE interface
READ DATA to DRIVE inerface
SIDE SELECT OUTPUT to DRIVE interface
HEAD LOAD COMMAND to DRIVE interface
INDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR ON COMMAND to DRIVE interface
TRACK 43 STATUS to DRIVE interface
GROUND

GROUND
GROUND
GROUND

GROUND

GROUND

GROUND
GROUND
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J2(8—INCH DRIVE INTERFACE)

PIN NO. SIGNAL NAME

1 GND

2 TK43*
É GND
4 n/c
5 GND
6 n/c
7 GND
8 n/c
9 GND

10 n/c
11 GND

12 n/c
1 3 GND
14 SS0
1 5 GND
16 n/c
17 GND
18 HEAD LOAD*
19 GND
20 INDEX*
21 GND
22 READY*

23 GND
24 MOTOR ON*
25 GND
26 DS1*
27 GND
28 DS2*
29 GKD

50 DSi*
31 GND
52 DS4*
33 GND
34 DIRC*
35 GND
36 STEP*
37 GIID

38 WRITE DATA*
39 GND

40 WRITE GAÍE*

GROUND

TRACK 43 STATUS to DRIVE interface
GROUND
n/e
GROUND

n/c
GND

n/c
GROUND

n/c
GROUND

n/c
GRO'ND

SIDE SELECT OUTPUT to DRIVE interface
GROUND

n/c
GROUND
HEAD LOAD COMMAND to DRIVE interface
GROUND
INDEX PULSES from DRIVE interface
GROUND
READY STATUS from DRIVE interface
GROUND
MOTOR ON COMMAND to DRIVE interface
GROUND

DRIVE SELECT #1 to DRIVE interface
GROUND
DRIVE SELECT #2 to DRIVE interface
GROUND
DRIVE SELECT #5 to DRIVE interface
GROUND
DRIVE SELECT #4 to DRIVE interface
GROUND

DIRECTION CONTROL to DRIVE interface
GROUND
STEP COMMAND to DRIVE interface
GROUND
WRITE DATA to DRIVE interface
GROUND
WRITE GATE to DRIVE interface
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41 GND GROUND

42 TRACK O * TRACK ZERO STATUS from DRIVE interface
43 GND GROUND
44 WRITE PROT* WRITE PROTECT STATUS from DRIVE interface
45 GND GROUND

46 READ DATA* READ DATA to DRIVE interface
47 GND GROUND

48 n/c n/c
49 GND GROUND
50 n/c n/c
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Connects to FPB1OO or FPB158 Personality Board.

J1(MODIEIED DRIVE INTERFACE)

1

2
3
4
5

6

7 WRITE DATA*
8 WRITE GATE*
9 TRACK O *
O WRITE PROT*
1 READ DATA*
2 SSO*
3 HEAD LOAD*
4 INDEX*
5 READY*
6 MOTOR ON*
7 TK43*
8 GN D

9 GND

20 GND
21 GNU
22 GND
25 GNE
24 GND

D GND

DRIVE SELECT #1 to DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #3 to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTION CONTROL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA to DRIVE interface
WRITE GATE to DRIVE interface
TRACK O STATUS from DRIVE interface
WRITE PROTECT STATUS from DRIVE interface
READ DATA to DRIVE inerface
SIDE SELECT OUTPUT to DRIVE interface
HEAD LOAD COMMAND to DRIVE interface
INDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR ON COMMAND to DRI’E interface
TRACK 43 STATUS to DRIVE interface
GROUN
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
GROUND
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ADAPTER FPB100-22

PIN NO.

\›J\›JT\JI\)F\JI\JT\)F\II\JI\)I\JT\J°“-“**-*"'“^***'-*_*_^

r\)—-O\OO)\'lO‘\U‘V4>KNf\)-‘O\.DU)\1U\U'1-¥>-\)~1|'\)‘*C)KOCI)\]OWU'|J>-\)1l\)—‘

K>~1\>~1-bk»!
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J2(5 1/4-INCH DRIVE INTERFACE)

GND

n/c
GND

DS4*
GND

INDEX*
GND

DS1*
GND

DS2*
GND

DS3*
GND
MOTOR ON*
GND

DIRC*
GND

STEP*
GND
WRITE DATA*
GND

WRITE GATE*
GND

TRACK O *
GED
WRITE PROT*

GND
READ DATA*
GND
SSO*
GND

n/c

GROUND

n/c
GROUND

n/c
GROUND

DRIVE SELECT
GROUND

INDEX* PULSE
GROUND

DRIVE SELECT
GROUND
DRIVE SELECT
GROUND

DRIVE SELECT
GROUND

#4 to DRIVE

STATUS from

#1 to DRIVE

#2 to DRIVE

#3 to DRIVE

interface
DRIVE interface

interface

interface

interface
MOTOR ON COMMAND to DRIVE interface
GROUND

DIRECTION CONTROL to DRIVE interface
GROUND
STEP COMMAND to DRIVE interface
GROUND
WRITE DATA to DRIVE interface
GROUND
WRITE GATE to DRIVE interface
GROUND
TRACK ZERO STATUS from DRIVE interface
GROUND
WRITE PROTECT STATUS from DRIVE interface
GROUND
READ DATA
GROUND

to DRIVE interface

SIDE SELECT OUTPUT to DRIVE interface
GROUND

n/c
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Connects to EPB158 Personality Board.

J1(MODIFIED DRIVE INTERFACE)

PIN NO.

STEP*
WRITE DATA*
WRITE GATE*
TRACK O *
WRITE PROT*
READ DATA*
SSC*
HEAD LOAD*

INDEX*
READY*
MOTOR ON*

T§43*
n c
n/c
GND
GND
GHZ
GNP
GNU
GI? D

,\3,\)r\)r\_,;\)_I_._...._._._.;_._...;

\)'1—\B\>Jl\)‘*‘O\DU)\10‘\U7-b-\)~H\)—‘OkOUl\70‘\U'1-b\>~l|\)—‘ DRIVE SELECT #1 to DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #3 to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTION CONTROL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA to DRIVE interface
WRITE GATE to DRIVE interface
TRACK O STATUS from DRIVE interface
WRITE PROTECT STATUS from DRIVE interface
READ DATA to DRIVE inerface
SIDE SELECT OUTPUT to DRIVE interface
HEAD LOAD COMMAND to DRIVE interface
INDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR ON COMMAND to DRIVE interface
TRACK 43 STATUS to DRIVE interface
n/c
n/c
GROUND
GROUND
GROUND
GROUND
GROUND
GRO‘ND
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J2(8-INCH DRIVE INTERFACE)

PIN NO. SIGNAL NAME

1 GND
2 TK43*
3 GND
4 n/c
5 GND
6 n/c
7 GND
8 n/c
9 GND

10 n/c
11 GND
12 n/c
1 Í GND
14 SSO
15 GND
16 n/c
17 GND
18 HEAD LOAD*
19 GND

20 INDEX*
21 GND
22 READY*

23 GND
24 MOTOR ON*
25 GND
26 DS1*
27 GND
28 DS2*
29 GND
30 DS3*
31 GND
32 DS4*
33 GND
34 DIRC*
35 GND
36 STEP*
37 GND

38 WRITE DATA*

39 GND
40 WRITE GATE*

GROUND
TRACK 43 STATUS to DRIVE interface
GROUND

n/c
GROUND

n/c
GND

n/c
GROUND

n/c
GROUND

n/c
GROUND

SIDE SELECT OUTPUT to DRIVE interface
GROUND

n/c
GROUND
HEAD LOAD COMMAND to DRIVE interface
GROUND ‘

INDEX PULSES from DRIVE interface
GROUND
READY STATUS from DRIVE interface
GROUND
MOTOR ON COMMAND to DRIVE interface
GROUND
DRIVE SELECT #1 to DRIVE interface
GROUND
DRIVE SELECT #2 to DRIVE interface
GROUND
DRIVE SELECT #3 to DRIVE interface
GROUND
DRIVE SELECT #4 to DRIVE interface
GROUND

DIRECTION CONTROL to DRIVE interface
GROUND
STEP COMMAND to DRIVE interface
GROUND
WRITE DATA to DRIVE interface
GROUND

WRITE GATE to DRIVE interface
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41
42
43

44
45

46
47
48
49
50

GND
TRACK O *
GND
WRITE PROT*
GND
READ DATA*
GND

n/c
GND

n/c

Manual Revision 1.0 of 1-18-84

GROUND
TRACK ZERO STATUS from DRIVE interface
GROUND
WRITE PROTECT STATUS from DRIVE interface
GROUND
READ DATA to DRIVE interface
GROUND

n/c
GROUND

n/c
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ADAPTER FPB158—3O

PIN NO.

UUNKNKNUJNr0h)MTOkJMrvh)N“'**"—‘*‘*“—‘“

b\NhJ-‘CHD(D‘JO\ULb\NR)-‘C)%)m-Q1m\H£>VJN-*(DE)m-QO\ULb\NR)A
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J3(5 1/4—INCH DRIVE INTERFACE)

n/c
GND

DS4*
GND

INDEX*
GND

DST*
GND

DS2*
GND

DS3*
GND
MOTOR ON*
GND

DIRC*
GND

STEP*
GND
WRITE DATA*
GND
WRITE GATE*
GND

TRACK O *
GND
WRITE PROT*

GND
READ DATA*
GND
SSC*

GND

n/c

GROUND

n/c
GROUND

n/c
GROUND

DRIVE SELECT
GROUND

INDEX* PULSE
GROUND

DRIVE SELECT
GROUND

DRIVE SELECT
GROUND

DRIVE SELECT
GROUND

#4 to DRIVE

STATUS from

#1 to DRIVE

#2 to DRIVE

#3 to DRIVE

interface

DRIVE interface

interface

interface

interface
MOTOR ON COMMAND to DRIVE interface
GROUND

DIRECTION CONTROL to DRIVE interface
GROUND

STEP COMMAND to DRIVE interface
GROUND
WRITE DATA to DRIVE interface
GROUND
WRITE GATE to DRIVE interface
GROUND
TRACK ZERO STATUS from DRIVE interface
GROUND
WRITE PROTECT
GROUND

READ DATA
GROUND

TATUS from DRIVE interface

to DRIVE interface

SIDE SELECT OUTPUT to DRIVE interface
GROUND

n/c
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CONNECTOR REQUIREMENTS

Use the following table to determine the type of mating
connector to use:

CONFIGURATION PART NUMBER CONNECTOR TYPE

šïššEš'5š'š_T7ZÍEšEš_§Í5_ÃšÃšEšR
FPB158 ' CANNON DB23S-731

8-INCH/HEADER PLUG ADAPTER FPB100-11 ANSLEY 609-5017
5 1/4-INCH/EDGE CONNECTOR ADAPTER FPB100—22 AMP 840—225F—A34-1

8 OR 5 1/4-INCH ADAPTER FPB158-30 ANSLEY 609-5017
& AMP 840-225F-A34—1

FPB158 MATING CONNECTORS

31 I'Z§§££§'E5§3Z5??' ANSLET_SO9—40g0—IICM_SUPPLIED)

J2 -
CANNON DB25S—731 CANNON DB25P-751 (*see note below)

FPB100—11 MATING CONNECTORS

J1 — CANNON DB25P-751 CANNON DB25S-731 (ICM SUPPLIED)
J2 — ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED)

FPB100—22 MATING CONNECTORS

J1 — CANNON DB25P—751 CANNON DB25S—731 (ICM SUPPLIED)
J2 — (54 PIN EDGE) AMP 840—225F—A34—1(CUSTOMER SUPPLIED)

FPB158—50 MATING CONNECTORS

J1 — CANNON DB25P-751 CANN N DB25S—731 (ICN SUPPLIED)
J2 — (34 PIN EDGE) AMP 840—225F—A34—1(CUSTOMER SUPPLIED)
J3 — ANSLEY 609-5017 ANSLEY 609-SO30 (CUSTOMER SUPPLIED)

* Customer supplied if connecting directly
to FPB158. ICN supplied if using FPB100—XY

or FPB158—XY Adapters.

SET UP INSTRUCTIONS

None Required.
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PERSONALITY BOARD — CENTRONICS PRINTER

PART NUMBER — CPI1OO

FUNCTION

The Centronics Printer Personality Board provides line
drivers, receivers, terminators, jumper options and data strobe
generator logic to interface to any printer compatible with the
Centronics parallel interface

This module may be used with either the CPZ48OOX SBCP or the
CPS—M SBSP.

INTERFACE REQUIREMENTS

Connects to J4 of CPZ48OOX SBCP or CPS-MX SBSP.

J1(CPU)

PIN NO. SIGNAL NAME DESCRIPTION

1 RDYA READY handshake from CPU, Channel A

2 STBA STROBE handshake to CPU, Channel A
3 n/c n/c
4 n/c n/c
5 DOA DATA BIT 0, Channel A
6 D1A DATA BIT 1, Channel A
7 D2A DATA BIT 2, Channel A

8 DEA DATA BIT 3, Channel A

9 D4A DATA BIT 4, Channel A

10 DSA DATA BIT 5, Channel A
11 D6A DATA BIT 6, Channel A

12 D7A DATA BIT 7, Channel A
13 DOB DATA BIT 0, Channel B

14 D1B DATA IT 1, Channel B

15 D2B DATA BIT 2, Channel B
16 DEB DATA BIT 3, Channel B

17 D4B DATA BIT 4, Channel E

18 D5B DATA BIT 5, Channel B
19 D6B DATA BIT 6, Channel B
20 D7B DATA BIT 7, Channel B

21 RESET* RESET from CPU (active low)
22 GND GROUND
23 n/c n/c
24 GND GROUND
25 PCLH 4 KHZ Auxilliary Clock from CPU
26 +5VDC +5VEC
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J2(PRINTER)

PIN NO. SIGNAL NAME DESCRIPTION

1 DSTR* DATA STROBE to the Printer
2 DB1 DATA BIT 1 to the Printer
3 DB2 DATA BIT 2 to the Printer
4 DBZ DATA BIT 3 to the Printer
5 DB4 DATA BIT 4 to the Printer
6 DB5 DATA BIT 5 to the Printer
7 DB6 DATA BIT 6 to the Printer
8 DB7 DATA BIT 7 to the Printer
9 DB8 DATA BIT 8 to the Printer

10 ACK* ACKNOWLEDGE from the Printer
11 BUSY BUSY Status from the Printer
12 PE PAPER EMPTY Status from the Printer
13 SELECT SELECT Status from the Printer
14 n/c n/c
15 n/c n/c
16 n/c n/c
17 CHASSIS GED Printer Chassis Ground
18 n/c n/c
19 SIG GND SIGNAL GROUND

20 SIG GND SIGNAL GROUND
21 SIG GND SIGNAL GROUND
25 SIG GND SIGNAL GROUND
24 PAULT* FAULT Status from the Printer
25 INPUT PRIME* RESET to the Printer
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CONNECTOR REQUIREMENTS

CPI1OO MATING CONNECTORS

J1 — ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED)
J2 -

CANNON DB25S-731 CANNON DB25P—731 (* see note below)

*NOTE: Customer is to supply cabling from the CPl1OO to the
Centronics compatible printer. If a flat ribbon cable is
desired, one can be provided by using a flat ribbon type DB25
connector at one end and a Centronics type connector (AMP 57-
10360 or equivalent) at the other end. In this case, all pins
are to be connected at the DB25 end except for pins 24 and 25.
The software normally does not use the FAULT status and most
printers have a power-up reset circuit and do not need subsequent
reset operations; therefore, pins 24 and 25 are not required and
a flat ribbon cable will be usable. If all signals are required,
the customer must use a descrete wire harness to connect allsignals.

SET UP INSTRUCTIONS

If signal ground is to be connected to chassis ground, solder
a jumper in jumper area PJA.

If the CPU is to provide reset signals to the printer, solder
a jumper in jumper area PJB.
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PERSONALITY BOARD — PRIAH INTELLIGENT HARD DISK

PART NUMBER
-

PRI1OO

FUNCTION

PRIAM provides two intelligent hard disk interface
controllers referred to as the "SMART" and the "SMART—E". These
are preprogrammed microprocessor based controllers. They may be
used for the entire line of PRIAM Winchester disc drives which
range in capacity from 10 megabytes to 157 megabytes and come in
eight or fourteen inch packaging. Up to four drives in any
combination of drive sizes may be interconnected. The

controllers support a variety of read sector, write sector and
format commands. Data transfers may be either programmed I/O or
DMA. The SMART—E has all the features that the SMART has in
addition to error detection & correction, logical sector
addressing, sector interleaving, parity generation & testing,
direct data transfers and a 2 Kbyte data buffer (SMART has a?
Kbyte buffer). The interface performs the entire function of
detailed disc control while presenting to the host a basic and
cost effective interface.

The PRIWOO Personality Board connects the parallel port of
the CPZ48OOX SBCP or the CPS-MX SESP to the SMART or SMART—E

controllers. Thus, a very powerful disc subsystem may be

directly connected to the ICM line of processors via the PRI100.

A jumper option is provided on the PRI1OO to configure it for
either the SMART or the SMART-E controller. The controllers
mount along the drive sides alleviating the need for additional
S-100 Bus slots. An adapter, PRI100—1, is provided allowing
direct connection of the PRIWOO to the smart controllers.
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INTERFACE REQUIREMENTS

Connects to J4 of either the CPZ48OOX SBCP or the CPS-MX SBSP.

J1(CPU)

PIN NO. SIGNAL NAME DESCRIPTION

1 RDYA READY handshake from CPU, Channel A
2 STBA* STROBE handshake to CPU, Channel A
3 n/c n/c
4 n/c n/c
5 DOA DATA BIT O, Channel A
6 D1A DATA BIT 1, Channel A
7 D2A DATA BIT 2, Channel A
8 DBA DATA BIT 3, Channel A
9 D4A DATA BIT 4, Channel A

10 D5A DATA BIT 5, Channel A
11 D6A DATA BIT 6, Channel A
12 D7A DATA BIT 7, Channel A
13 DOB DATA BIT 0, Channel B
14 D1B DATA BIT 1, Channel B

15 D2B DATA BIT 2, Channel B
16 DEB DATA BIT 3, Channel B

17 D4B DATA BIT 4. Qhannel B

18 D53 DATA BIT 5, Channel B

19 D6B DATA BIT 6, Channel B

20 D7B DATA IT 7, Channel B

21 RESBT* RESET from CPU (active low)
22 GND GROUND
23 PINT* PORT INTERRUPT (active low)
24 GND GROUND

25 n/c n/c
26 +5VDC +5VDC
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J2(MODIFIED PRIAM)

PIN NO.

HCBUS3
HCBUS4
HCBUS5
HCBUS6

HCBUS7
GND
HRD*

GND
HWR*
GND
HAD2
HAD1
HADO
GND
RESET*
GND

HIR*
DTREQ*
HREAD*
DBUSENA*
BUSREQ*

,\)[\)[\);\)r\)[\)_._..._._._._.._._La

U1J>-\»1l\)”C)k0CD?O\\)‘|-¥>\)1l\)—‘O\O(I)<lO\U'l4>-\Nl\)—'* GROUND
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS

HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS

GROUND
ENABLE REGISTER TO HOST—BUS

GROUND
ENABLE HOST-BUS TO REGISTER
GROUND
HOST ADDRESS BUS 2
HOST ADDRESS BUS 1

HOST ADDRESS BUS O

GROUND
RESET TO CONTROLLER
GROUND
HOST INTERRUPT
DATA TRANSFER REQUEST TO HOST
DATA DIRECTION CONTROL TC CONTROLLER
CONTROLLER-READY TO HOST
DATA TRANSFER REQUEST TO HOST (SMART—E ONLY,

\}O\U1-¥>\N|'\)—‘O
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ADAPTER PRI100—1

J1 (MODIFIED PRIAM)

PIN NO SIGNAL NAME DESCRIPTION

1 GND GROUND
2 HCBUSO HOST DATA BUS O

3 HCBUS1 HOST DATA BUS 1

4 HCBUS2 HOST DATA BUS 2
5 HCBUS3 HOST DATA BUS 3
6 HCBUS4 HOST DATA BUS 4
7 HCBUS5 HOST DATA BUS 5
8 HCBUS6 HOST DATA BUS 6

9 HCBUS7 HOST DATA BUS 7
10 GND GROUND

11 HRD* ENABLE REGISTER TO HOST—BUS

12 GND GROUND
15 HWR* ENABLE HOST-BUS TO REGISTER

14 GND GROUND

15 HAD2 HOST ADDRESS BUS 2
16 HAD1 HOST ADDRESS BUS 1

17 HADO HOST ADDRESS BUS O

18 GND GROUND

19 RESET* RESET TO CONTROLLER

20 GND GROUND

21 HIR* HOST INLERRUPT

22 DTREQ* DATA TRANSFER REQUEST TO HOST

23 HREAD* DATA DIRECTION CONTROL TO CONTROLLER

24 DBUSENA* CONTROLLER-READY TO HOST
_

25 EUSREQ* DATA TRANSFER REQUEST TO HOST (SMART-E CELT,
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J2(PRIAM)

PIN NO. SIGNAL NAME DESCRIPTION

1 GND GROUND

2 HCBUSO HOST DATA BUS O

3 HCBUS1 HOST DATA BUS 1

4 HCBUS2 HOST DATA BUS 2

5 HCBUS3 HOST DATA BUS 3
6 HCBUS4 HOST DATA BUS 4
7 HCBUS5 HOST DATA BUS 5

8 HCBUS6 HOST DATA BUS 6

9 HCBUS7 HOST DATA BUS 7
1O GND GROUND
11 HRD* ENABLE REGISTER TO HOST—BUS

12 GND GROUND
13 HWR* ENABLE HOST—BUS TO REGISTER

14 GND GROUND

15 HAD2 HOST ADDRESS BUS 2
16 HAD1 HOST ADDRESS BUS 1

17 HADC HOST ADDRESS BUS C

18 GND GROUND
19 RESET* RESET TO CONTROLLER

20 GND GROUND
21 HIR* HOST INTERRUPT
22 GND GROUND
23 HREAD DATA DIRECTION CONTROL TO CONTROLLER
24 DBUSENA* CONTROLLER-READY TO HOST
25 GEL GROUND
26 DTREQ* DATA TRANSFER REQUEST TO HOST
27 GND GROUND

28 BUSREQ* DATA TRANSFER REQUEST TO HOST (SLART—E ONLY:

29 GND GROUND
BO HCBUS8 HOST DATA BUS PARITY (SMART—E ONLY)

31 GND GROUND
52 RES RESERVED
33 RES RESERVED

34 RES RESERVED
35 RES RESERVED
36 RES RESERVED
37 RES RESERVED

38 RES RESERVED
39 RES RESERVED

40 RES RESERVED
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CONNECTOR REQUIREMENTS

PRI100 MATING CONNECTORS

J1 — ANSLEY 609-2617 ANSLEY 609-2630 (IGM SUPPLIED)
J2 — CANNON DB25S—751 CANNON DB25P—731 (* see note below)

PRI100—1 MATING CONNECTORS

J1 — CANNON DB25P—731 CANNON DB25S—731 (ICM SUPPLIED)
J2 — ANSLEY 609-4017 ANSLEY 609-4050 (CUSTOMER SUPPLIED)

* Customer supplied if connecting directly
to PRI100. ICM supplied if using PRI100—1

Adapter.

SET-UP INSTRUCTIONS

To configure the PRI1OO for the SMART controller, solder a

jumper on JA from B-to—C.

To configure the PRI1OO for the SMART—E controller, solder a

jumper on JA from A~to—B.
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PERSONALITY BOARD

-
SHUGART ASSOCIATES SYSTEM INTERFACE

PART NUMBER
-

SAS1OO

FUNCTION

The Shugart Associates System Interface(SASI) defines a Local
I/O Bus which can be operated at data rates up to 1.5 megabytes

per second. This bus provides I/O device independence so that
disk drives, tape drives, printers and various other peripherals
may be interfaced on the same I/O bus without modification to the
host CPU's hardware or software. The interface protocol provides
for connection of multiple initiators (devices capable of
initiating an operation) and multiple targets(devices capable of
responding to requests for operations). Arbitration logic is
built in and a priority system awards control to the device that
wins arbitration.

The SAS1OO personality board converts the parallel port of
either the CPZ48OOX SBCP or the CPS-MX SBSP to a SASI I/O bus.
Software is provided to emit bus timing in conformance with the
SASI specification. The system integrator may interface SASI
controllers such as the Data Technology Corporation's, Zebec and
Sysgen line of controllers. Each have powerful attributes such as
connecting hard disks with floppies, hard disks with tape
streamers and connecting to high performance SMD type hard disks.

The SAS1OO ersonality board is accompanied by an adapter
board

(SAS100-1%.
This adapter board converts the SAS1OO DB25

connector interface to a 50 pin header connector interface
with a pin assignment in exact conformance with the SASI Bus
specification. The integrator may connect directly to the SASWOO

with a DB25—to—SASI Interface cable or may connect via the
SAS100—1 with a 50 pin flat ribbon cable.
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INTERFACE REQUIREMENTS

Connects to J4 of either the CPZ48OOX SBCP or the CPS—MX SBSP.

J1(CPU)

PIN NO SIGNAL NAME DESCRIPTION

1 RDYA READY handshake from CPU, Channel A
2 STBA* STROBE handshake to CPU, Channel A
3 RDYB READY handshake from CPU, Channel B
4 STBB* STROBE handshake to CPU, Channel B
5 DOA DATA BIT O, Channel A
6 D1A DATA BIT 1, Channel A
7 D2A DATA BIT 2, Channel A
8 DEA DATA BIT 3, Channel A
9 D4A DATA BIT 4, Channel A

10 DEA DATA BIT 5, Channel A
11 D6A DATA BIT 6, Channel A
12 D7A DATA BIT 7, Channel A
15 DOB DATA BIT O, Channel B
14 D1B DATA BIT 1, Channel B
15 D2B DATA BIT 2, Channel B

16 DEB DATA BIT 3, Channel B

17 D43 DATA BIT 4, Qhannel B
18 DEB DATA BIT 5, Channel B
19 DB6 DATA BIT 6, Channel B

20 D7B DATA BIT 7, Channel B
21 n/c n/c
22 GND GROUND
23 PINT* PORT INTERRUPT (active low)
24 GND GROUND

25 n/c n/c
26 +5VDC +5VDC
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J2(MODIFIED sAsI)

PIN NO. SIGNAL NAME DESCRIPTION

1 DO DATA BIT O

2 D2 DATA BIT 2
3 D4 DATA BIT 4
4 D6 DATA BIT 6
5 GND GROUND
6 BSY* BUSY
7 ACK* ACKNOWLEDGE
8 EST* RESET
9 MSG* MESSAGE

1O SEL* SELECT
11 C/D* CONTROL/DATA
12 REG* REQUEST
13 I/0* INPUT/OUTPUT
14 D1 DATA BIT 1

15 D5 DATA BIT 3
16 D4 DATA BIT 5
17 D7 DATA BIT 7
18 GND GROUND
19 GND GROUND
2O GND GROUND
21 GND GROUND
22 GND GROUND
25 GNU GROUND

24 GND GROUND
25 GND GROUND
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APAPTER SAS100-1

Connects to J2 of the SAS1OO Personality Board.

J1(MODIFIED SASI)

PIN NO. SIGNAL NAME DESCRIPTION

1 DO DATA BIT O

2 D2 DATA BIT 2
5 D4 DATA BIT 4
4 D6 DATA BIT 6
5 GND GROUND
6 BSY* BUSY
7 ACK* ACKNOWLEDGE

8 BST* RESET
9 MSG* MESSAGE

1O SEI* SELECT
11 C/D* CONTROL/DATA

12 REQ* REQUEST
13 I/0* INPUT/OUTPUT
14 D1 DATA BIT 1

15 DB DATA BIT 3
16 D4 DATA BIT 5

17 D7 DATA BIT 7

18 GND GROUND

19 GND GROUND

20 GND GROUND
21 GND GROUND

22 GND GROUND
23 GND GROUND
24 GND GROUND

25 GND GROUND
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ADAPTER SAS100—1

J2(SASI)

PIN NO. SIGNAL NAME DESCRIPTION

1 GND GROUND
2 DBO DATA BIT O

3 GND GROUND
4 DB1 DATA BIT 1

5 GND GROUND
6 DB2 DATA BIT 2

7 GND GROUND
8 DBZ DATA BIT 3
9 GND GROUND

1O DB4 DATA BIT 4
11 GND GROUND
12 DB5 DATA BIT 5

15 GND GROUND
14 DB6 DATA BIT 6
15 GND GROUND
16 DB7 DATA BIT 7
17 GND GROUND
18 n/u n/u
19 GND GROUND

20 n/u n/u
21 GN GROUND
22 n u n/u
23 GND GROUND

24 n/u n/u
2 5 GNE GROUND
26 n/u n/u
27 GND GROUND
28 n u n/u
29 GND GROUND

50 n/u n/u
31 GND GROUND
32 n/u n/u
33 GND GROUND
34 n/u n/u
35 GND GROUND
36 BSY* BUSY
57 GND GROUND

38 ACK* ACKNOWLEDGE
39 GND GROUND
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40 RST* RESET
41 GND GROUND
42 MSG* MESSAGE

43 GND GROUND

44 SEL* SELECT
45 GND GROUND

46 C/D* CONTROL/DATA

47 GND GROUND

48 REQ* REQUEST

49 GND GROUND

50 I/0* INPUT/OUTPUT
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CONNECTOR REQUIREMENTS

SAS1OO MATING CONNECTORS

J1 — ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED)
J2 -

CANNON DB25S—731 CANNON DB25P—731 (*see note below)

SAS100—1 MATING CONNECTORS

J1
-

CANNON DB25P-731 CANNON DB25S—751 (IGM SUPPLIED)
J2 -

ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED)

* Customer supplied if connecting directly
to SAS100. ICM supplied if using SAS100-1
Adapter.

SET—UP INSTRUCTIONS

(none required}
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PERSONALITY BOARD —
CLOCK/CALENDAR

PART NUMBER — CCB1OO

FUNCTION

The CCB1OO provides a highly accurate real time clock which
may be set by the CPZ48OOX SBCP or the CPS—MX SBSP under software
control. The time of year, month, day, hour, minute and second
is maintained and may be read back by the CPU. A Ni—Cad battery
is used to provide backup power to the time control chip. In
this manner the real time clock is continously maintained even
during extensive down time. This feature is quite useful for
point-of—sale systems, inventory systems and other applications
where continous clock monitoring is required. This board is also
very useful in operating systems which feature date and time
stamping such as TurboDOS. In a TurboDOS based system, this
board may be connected to the master (CPZ48OOX) parallel port or
may be connected to any one slave (CFS—MX) parallel port.
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INTERFACE REQUIREMENTS

Connects to J4 of the CPZ48OOX SBCP or the CPS-MX SBSP. No other
interface cable is required.

CPU (J1)

PIN NO. SIGNAL NAME DESCRIPTION

1 n/c n/c
2 GND GROUND
3 n/c n/c
4 n/c n/c
5 DOA DATA BIT 0, Channel A
6 D1A DATA BIT 1, Channel A
7 DBA DATA BIT 2, Channel A
8 DBA DATA BIT 3, Channel A
9 GHD GROUND

10 GND GROUND
11 GND GROUND
12 GND GROUND
13 DOB DATA BIT 0, Channel B
14 D13 DATA BIT 1, Channel B
15 DZB DATA BIT 2, Channel B
16 D3E DATA BIT 3, Channel B
17 D43 DATA BIT 4, Channel B
18 DEE DATA BIT 5, Channel B
19 D6B DATA BIT 6, Channel B
20 D73 DATA BIT 7, Channel B
21 n/c n/c
22 GND GRO ND

23 n/c n/c
24 GND GROUND
25 n/c n/c
26 +5VDC +5VDC
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CONNECTOR REQUIREMENTS

J1(CPU) - Ansley 609-2617 or equivalent

SETUP INSTRUCTIONS

No hardware setup instructions are required, software
instructions follow.

The CCB—1OO can be used under CP/M by attaching the
personality board to the parallel port of the CPZ-48OOX and using
the CLKSETM program to set the time and DSPCLKM to display the
time.

Under the TurboDOS operating system the CCB-1OO clock module
can be placed on the CPZ—48OOX master or any CPS—MX slave
processor.

If the CCB is on the CPZ—48OOX the user can set the time by
using the program CLKSETM. The time can be displayed by executing
the program DSPCLKM. The CCE can automatically be read as system
date and time when the module MSTRCLK is included in the sys filethat is loaded into the CPZ—48OOX.

If the CCB is on the CPS-MX slave processor the user can set
the time by using the program CLKSETS. The time can be displayed
by executing the program DSPCLKS. The CCB can automatically be
read as system date and time when the program SLVCLK.AUT is
executed as a TurboDOS cold start program. There is no problem
executing the program if the card is not attached, since it willsimply return to the operating system.
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CRT TERMINAL SET—UP INSTRUCTIONS

Firmware in the CPZ48OOX is structured to communicate with RS232
terminals and with the terminals set—up in a particular fashion.
The terminals must be set—up as described below otherwise
booting—up the CPZ48OOX will not be possible. The description
given is for CP/M configurations only. Refer to the " TurboDOS
Users Guide" manual for instructions on setting—up terminals
for TurboDOS based systems:

2
8

number of stop bits
number of data bits
parity bit = not used

H

II

When the CPZ48OOX is shipped configured for CP/M, a PROM monitor
is installed which stores firmware to examine the baud rate of
the terminal. The user must strike the "return" key function
until the CPZ48OOX adjusts itself to the rate set—up on the
terminal. The baud rates which may be set-up on the terminal are
listed below:

Baud Rate
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Two general methods exist for integrating hard disk drives with
the CPZ48OOX. The system integrator may install hard disk drives
through the parallel port using personality boards which
interface to various intelligent hard disk controllers. The
other option is to install an IEEE hard disk controller in the
S100 Bus. Each are discussed below:

PARALLEL PORT INTERFACE

The following personality boards are available:

-PRIAM INTELLIGENT HARD DISK PERSONALITY BOARD [ PRI1OO ]

Compatible with "SMART" or "SMART—E"

Priam Intelligent Hard Disk controller.
These controllers interface any PRIAM

drive ranging in capacity from 10 to 157
megabytes and in 8 or 14 inch packaging.

I

-SHUGART ASSOCIATES SYSTEMS I TERFACE (SASI) PERSONALITY

BOARD [ SAS1OO ]

Compatible with boards from the following
manufactures:

—YEBEC gystems, Inc.
~Data Technology, Corp.
—Sysgen, Inc.

Any SASI compatible controller should
interface with the SAS100. Some boards
provide features others don't. For
example, a XEBEC board allows SMD

removable hard disk drives whereas the
Sysgen controller interfaces ST506 drives
on the same bus astape streaming drives
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S100 BUS

Any hard disk controller which is IEEE 696.D2 compatible may be

integrated with the CPZ48OOX. CF/M and TurboDOS drivers are
available for the MONITOR DYNAMICS, INC. hard disk controller.
TurboDOS drivers are also available for the ADES GYPSY hard
disk/tape backup controller and the KONAN SMC2OO Removable
Cartridge hard disk drive controller. In any case, the only
condition imposed is that the controller be compatible with the
IEEE specification.

Much experience has been gained in the field with the MONITOR
DYNAMICS hard disk controller and has received wide acceptance.
Benchmarks have proven this controller to be the fastest in its
category. To assist in the integration of this controller, the
following instructions are given:

The CPZ—48OOX communicates with the Monitor Dymnamics Modules
1010, 1012 , 1016 or 1013 using I/O port 1O hex and interrupt
vector 6 on the S-1OO bus. The CPZ—48OOX must be configured to
detect interupt vector 6 (see JUMPER OPTIONS-JF section). To

enable the Monitor Dynamics controller to communicate and issue
interrupts, place jumpers as follows:

MONITOR DYNAMICS MD101O & MD1013 JUMPER OPTIONS

SEC

SIZE
o o

00 SRO1234567 76541313
1

o o o o o o o o o o o o o o ADDR

o@ P1 i 1 111
o o o o o o o o o o o o o o

o 0

1|1|0 0
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The Monitor Dynamics 1013 controller uses the program TESTMD1.COM

to format, verify and set the disk paramater block for the hard
disk drive being used. The model 1013 is being directly sold and
supported by I.C.N. and will control the following 5 1/4" drives:

Manafacture

Atasi
Rodime
Tandon
Quantum
Ampex Corp.
Seagate Technology
CDC

Micropolis
Evotek
Vertex
Shugart Associates
Shugart Associates
Computer Memories
Rotating Memories
Memorex/Fujitsu
Memorex/Fujitsu
Olivetti
IMI
Miniscribe Corp.

Model

3020/3053/3046
R201/202/203/204
TM602/TM603/TMSO2/TM503
Q2020/30/40/8O (8 inch)
PYXIS 7/13/2o/27
ST506/406/412/418
9415-5 (WHEN)

1303/1303/1504
ET—5510/ET—5520/ET—5530/EY—554O

V130/V150/V170
SA1002/1004 (8 Inch)
SA602/604/606
CMSZO6/5412/5619
RM504/509/515/518
MRX101/102 (8 inch)
MRXBO6/310/512/513/514
HD561/1,/2,/3
5006H/5012H/5018H

Il (2006), III (3006,3012)
IV (2012)

For other controller models or Hard disk drives please feel free
to contact Richard Turner or Gary Clinard at Monitor Dynamics
lnc., 1121 West 9th Street, Upland CA (714)985-721m
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**** SOFTWARE SECTION ***

This section of the manual describes the Software Interface for
the CPZ—48OOX.

PROM Monitor

76800,38400,19200,9600,4BOO,2400,1200,600,3OO baud.

Below is a description of the built-in Monitor commands using
CP/M Prom V2.1 and their functions. Commands may be either a

single letter, single letter followed by 1, 2 or 3 parameters, or
double letter commands followed by 1, 2 or 3 parameters and
depends upon the function desired.

Basic PROM Commands

*** Note: *** <cr> = carriage return
—————————————— —— all entries are in hex.

-——- Register definitions -——-
A=accumulator, F=flags, B=register B, C=register C

D=register D, Ezregister E, Hzregister HL

X=register IX, Y=register IY, P=program counter
Izinterrupt register, N=interrupt flip-flop

Letter Function Description
IC" ššïšššã """"" "
B<cr> Boot disk drive A: Load operating system on

drive A: (CP/M disk)

Cxxxx,yyyy,zzzz<cr> Compare memory will compare the block of
memory starting with xxxx
to yyyy with zzzz.

DMxxxx,yyyy>cr> Dump Memory will display memory from
xxxx to yyyy hex.

DMxxXx,S1OO<cr> will dump memory starting
at xxxx with a swath of
100.

DR<cr> Display Registers will display all Z-80 CPU

registers.
E not used
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Fxxxx,yyyy,zz<cr> Fill memory Will fill memory starting
at xxxx to yyyy with the
hex byte zz.

G<cr> Go command will execute the program
pointed to by the break-
point PC value without
trace or breakpoint active.

GXxXX<cr> G0 at address Will set the Program
counter to address xxxx
and begin execution there.

Gxxxx/yyyy<cr> Go with Breakpoint Begin execution at
address xxxx with a

breakpoint at address
YYYY-

G/yyyy<cr> Go with Breakpcint Use present Program counter
value to execute untiladdress yyyy is reached.

Hxxxx,yyyy<cr> Hex Math Display the hex SUM and
Difference of xxxx and yyyy

I not used
J not used
K not used
L not used

Mxxxx,yyyy,zzzz<cr> Move memory will move the memory
contents xxxx to yyyy
stating at zzzz.

N not used

Oxx,yy<cr> Output to port Will output the byte xx
to port yy hex.

P not used

Qxx<cr> Query input port Will display the hex and
binary contents of port
xx hex.

R<cr> Read disk will read the diskette in
drive A:, track O sector
1 starting location OOOO

hex of memory.

SMxxxx<cr> Substitute Memory Allows the substitution
of memory contents start-
ing at xxxx. Carriage
return will abort, space
bar advances to next location.
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SRx<cr> Substitute Register Allows the substitution
of all break point
register values and flags
as shown in notes.

T not used

U not used
V not used

W<cr> write disk will write memory contents at
location OOOO hex of memory
onto the diskette in drive A:

X not used

Y not used

Zxxxx,yyyy Zero memory will zero memory between xxxx
and yyyy-

PROH Monitor Display Options

The monitor has several display options which allow the control
of screen dumps and control of listings using a printer. These
options are listed below.

Function Option Description

Memory Dumps — Control—S Stops Display scroll.
— Control-C Starts Display scroll.
- Esckey Aborts dump and returns to

command level.
Printer listing — Ccntrol—P Enables console dumps to printen

This is a toggle function, where
a second control—P will stop
printer listing.

(NOTE) Control P option valid only while in the monitor command mode.
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The CPZ—48OOX uses the last 128 I/O ports assignment of it's 256
I/O port address space for use with it's on-board peripheral
chips. Below is a breakdown of these i/o ports by port function
and it's corresponding address in hex.

[ Serial Port A and B Assignments ]

DART/SIO Port A Data Reg.
DART/SIO Port A Control Reg.
DART/SIO Port B Data Reg.
DART/SIO Port B Control Reg.

[ Floppy Disk Controller Assignment ]

FDC Command/Status Reg.
FDC Track Reg.
FDC Sector Reg.
FDC Data Reg.

[ Parallel Port A and B Assignment ]

PIO Port A Data Reg.
PIO Port A Control Reg.
PIO Port B Data Reg.
PIO Port B Control Reg.

[ Timer Port Assignments ]

Timer Channel 0

Timer Channel1
Timer Channel 2

Timer Control Reg.

[ Interrupt Controller Assignments ]

Interrupt Select Reg.
Interrupt Command Reg.

[ Control Registers ]

Prom/Boot Reg.
Deselect Window Reg.
FDC Drive Select Reg.
FDC Wait Reg. (program data xfer use)

Information contained herein is Proprietary to l.C.N. Corp. Pg.

80
81

82
83

90
91
92
93

AO
A1

A2
A3

B0
B1

B2
B3

C0
C1

DO
D1

D2
D?

Hex
Hex
Hex
Hex

Hex
Hex
Hex
Hex

Hex
Hex
Hex
Hex

Hex
Hex
Hex
Hex

Hex

Hex

hex
Hex
Hex
Hex
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[ Memory Management Registers ]

MMU Address Reg 1 EO Hex
MMU Address Reg 2 E1 Hex
MMU Address Reg 3 E2 Hex
MMU Address Reg 4 E5 Hex
MMU Address Reg 5 E4 Hex
MMU Address Reg 6 E5 Hex
MMU Address Reg 7 E6 Hex
MMU Address Reg 8 E7 Hex
MMU Address Reg 9 E8 Hex
MMU Address Reg 10 E9 Hex
MMU Address Reg 11 EA Hex
MMU Address Reg 12 EB Hex
MMU Address Reg 13 EC Hex
MMU Address Reg 14 ED Hex
MMU Address Reg 15 EE Hex
MMU Address Reg 16 EF Hex

[ Direct Memory Access Registers ]

DMA Base/Current Address Reg. 0 FO Hex
DMA Base/Current Word Count Reg. 0 F1 Hex
DMA Base/Current Address Reg. 1 F2 Hex
DMA Base/Current Word Count Reg. 1 F3 Hex
DMA Base/Current Address Reg. 2 F4 Hex
DMA Base/Current Word Count Reg. 2 F5 Hex
DMA Base/Current Address Reg. 3 F6 Hex
DMA Base/Current Word Count Reg. 3 F7 Hex
DMA Status/Command Register F8 Hex
DMA Write Request Register (software) F Hex
DMA Write Single Mask Reg. FA Hex
DMA Write Mode Reg. FB Hex
DMA Clear Byte Pointer Flip-Flop FC Hex
DMA Master Clear/Read Temp. Reg. FD Hex
DMA (not used) FE Hex
DMA Write All Mask Reg. FF Hex
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This is a description of the Control Registers and the
corresponding bit assignments used on the CFZ48OOX.

[ PROM / Boot Register (Port no Hex) ]

I I
E Ó

<-- Fix PROM at EOOO Hex
¦ 1 <-- Disable PROM

O <—— PROM appears everywhere
1

I
I
I
I
I
I
I

I
O <-— Enable Deselect Window Logic
1

<—— Disable PROM

<-— Disable Deselect Window Logic
0 <—— Disable MMU
1 <—— Enabel MMU

——> (bits not used)

[ Deselect Memory Window (Port D1 Hex) ]

I
I
¦

1 +-- Deselect Lower Boundary bit 12
I

. +—- Deselect Lower Boundary bit 13
I

+-- Deselect Lower Boundary bit 14

+—- Deselect Lower Boundary bit 15

. +—- Deselect Upper Boundary bit 12

. +—- Deselect Upper Boundary bit 13

+—- Deselect Upper Boundary bit 14

—— Deselect Upper Boundary bit 15

§*** N 0 T E ****
The Deselect Window logic has a secondary function which is only
active if the PROM Monitor is not active. The lower 4 bits of
this control register sets the range for the extended groups of
each 1 megabyte of extended address lines A20 to A23. Below is a

table showing the bit assignments for this function.
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[ Extended Hegabyte Set Register (Port D1 Hex) ]

I I
I I I
¦ {

, +—- Set A20 (MMU Active only)
I I

+—- Set A21 (MMU Active only)
¦

+-- Set A22 (MMU Active only)
+-- Set A23 (MMU Active only)

I
¦ ¦ ¦ ¦ I ¦

+-- Size Select (O=8",1=5 1/4")
¦

, +—- (not used)
I

+—- Motor On (1=motor on)
, +—- Density Select (ozsingle density)

. +—- Drive Select bit 0

+—- Drive Select bit I

+—- Side Select (O=side O)

-- (not used)

[ FDC wait Register (Port D3 Hex) J

+ I I I I + I I II + I I I I + I I I I
+v`

Il Il
¿___

| I I I
-I-

I
I3 O (+- C U) (D rm

I
I
ì

I

+—- INTRQ or DRQ status bit
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I I
II
I O <—- Memory—to—Memory Disable

I I 1 <—- Memory—to—Memory Enable
I O <—- Chan 0 Address Hold Disable
I 1 <—- Chan 0 Address Hold Enable
I X <—- If bit D0 =

O

O <—- Controller Enable
.

1 <—- Controller Disable
O <—- Normal Timing
1 <—- (illeagal)
X <—- If bit DO =‘O <—- Fixed Priority

1 <—- Rotating Priority
<—- Late Write Selection

1 <—- (illegal)
X <—- If bit D3 =‘<—- DREQ sense active high

<—- DREQ sense active low
<—- DACK sense active low
<—- DACK sense active high

[ Request Register bits ]

I
I

I
O <—- Reset Request Bit
1 <—- Set Request Bit

+ ------------------------------------- --+
ID"/ID6ID5ID4ID5ID2ID1IDOI

+ -------------------------------------
——+

I I I I I 1

I I I I O O <—- Chan 0 Select
I I ' ' O 1 <-- Chan 1 Select
I 1 o<-- Chan2Select
I 1 1 <—- Chan 3 Select
I
I
I
I
I
I

—-——+————+——-—+————+——->— (bits not used)
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[ Mode Register Bit Assignments ]

I I I
I I I
I O O <-- Chan O Select
I O 1 <-- Chan 1 Select
I 1 O <-- Chan 2 Select
¦ 1 1 <-- Chan 5 Select
0 <-- Verify Transfer (not used)

<-- Write Transfer
O <-- Read Transfer
1 <-- (illegal)
X <-- If bits D6 & D7 = 11

O <-- Disable Autoinitialize
1 <-- Enable Autoinitialize

O <-- Select Address Increment
1 <-- Select Address Decrement

M-oo-~»~

l l
\ I
l I
I I

O O <-- Demand Mode Select
0 1 <-- Single Mode Select
1 O <-- Block Mode Select
1 1 <-- Cascade Mode Select

[ Status Register Bit Assignments ]

I I
I I
I 1

= Chan O has reached T.C.
I 1

= Chan 1 has reached T.C.
1

= Chan 2 has reached T.C.
= Chan 3 has reached T.C.

I
I
I
I
I
I
I
I
I
I
I
I

I

: Chan 0 is Requesting
I 1

= Chan 1 is Requesting
1

= Chan 2 is Requesting
hII 0 W II KN p. U1 SU(D >9S (‘DU) 1+ ,_:.5 OD
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[ Mask Register (single mask bit) Assignments ]

l I
| I

O O <-- Chan 0 Mask bit Select
0 1 <-- Chan 1 Mask bit Select
1 O <-- Chan 2 Mask bit Select
1 1 <-- Chan 3 Mask bit Select

I
I
I
I
I
I
i
1

E
O <-- Clear Mask biti 1 <-- Set Mask bit

i ---> (bits not used)

[ Mask Register (all mask bits) Assignment ]

O <-- Clear Channel 0 Mask bit
1 <-- Set Channel 0 Mask bit

0 <-- Clear Channel 1 Mask bit
1 <-- Set Channel 1 Mask bit

O <-- Clear Channel 2 Mask bit
1 <-- Set Channel 2 Mask bit

0 <-- Clear Channel 5 Mask bit
1 <-- Set Channel 3 Mask bit

+

__.___-___

——> (bits not used )
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Both serial ports A and B must be initialized after a system
reset is performed before they will communicate with any
terminals or the like. Each channel has a set of registers which
program the device for a certain function. As we are only
concerned with programming each channel for standard RS—232C

interfacing, we will not describe the other functions that each
channel contains here. For further information about the
SDLC/HDLC functions, refer to the ZILOG support chip manuals.

Below is a software example for initializing the SIO ports A and
B for standard RS—232C interfacing.
CMNDA EQU 81H
CMNDB EQU 83H

;command port chan A

;command port chan B

šinit channel A:
;get length of init table in reg b

;get command port into reg c.

lNITA: LD BC,(CHANAE-CHANA) SHL 8 OR CMNDA
LD HL,CHANA ;point to chan A init table
OTIR ;block i/o send it

Einit channel B:
;get length of init table in reg b,
;get command port into reg c.

ÍNITB: LD C,(CHANEE-CHANE) SHL 8 OR CMNDB
LD HL,CHANB ;point to chan B init table
OTIR ;block i/o send itRET

Einit tables for channel A and B

5
GHANA: DB 18H,O4H ;reset A, write reg 4

DB 4CH,O1E ;x16 elk, 1 stopbit,no parity, write reg
DB OOH,O3H ;no interrupts, write reg 3
DB OE1H,O5H ;rx 8 bits, autoenables, rx enable,

;write reg
5

DB OEAH ;tx 8 bits, tx enable
CHANAE EQU $ ;end of table marker
9
CHANB: DB 18H,O4H

DB 4CH,O1H
DB OOH,O3H
DB OE1H,O5H
DE OEAE

CHANBE ECU 3 ;end of table marker
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Channel A and B Baud Rate Software Example

After the S10 has been initialized, you should next set the Baud
Rate for each of the two ports to match the device to which it is
attached. Below is an example of setting the timer channel for
each of the serial ports. Timer channel 0 controls serial port A,
and Timer channel 1 controls serial port B. The crystal
frequency used to control the timer is a 2.4576 MHZ crystal.
This value lends itself to even binary divisions as illustrated
below and can be used to program the timer channel directly as
the count.
1

;equates for timer channel
Y
TCHO EQU OBOH ;channel 0 timer
TCH1 EQU OB1H ;channel 1 timer
TCMND EQU OBBH ;timer command port
CHAMD EQU 36H ;chan O mode
CHBMD EQU 76H ;chan 1 mode

9

;baud rate equates
7
CLK EQU 24576 ;crystal freq (KHZ)
B38400 EQU CLK/384/16 ;38,40o baud
B19200 EQU CLK/192/16 ;19,2OO baud
B9600 EQU CLK/96/16 ;96OO baud
B4800 EQU CLK/48/16 ;480o baud
B2400 EQU CLK/24/16 ;24OO baud
B1200 EQU CLK/12/16 ;12oo baud
B600 EQU CLK/6/16 ;6OO baud
B300 EQU CLK/3/16 ;3OO baud

;set chan A baud rate subroutine
J
BAUDA: LD DE,B960O ;select 9600 baud

LD C,TCHO ;reg c = timer chan 0 port
LD A,CHAMD ;get command byte
OUT (TCMND},A ;send to timer command port
OUT (C),E ;send low baud byte
OUT (C),D ;send high baud byte
RET ;return to caller

Y

;set chan B baud rate subroutine
9
BAUDB: LD DE,B192OO ;select 19200 baud

LD C,TCH1 ;reg c = timer chan 1 port
LD A,CHBMD ;get command byte
OUT (TCMND),A ;send to timer command port
OUT (C),E ;send low baud byte
OUT (C),D ;send high baud byte
RET ;return to caller

Typical CPZ-480OX Initialize routines to setup 74LS610 memory
management unit, 9517 lNterrupt controller unit, and 9517A DNA

controller for S-100 bus DMA operations.
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;Vector interrupt definitions for
;Intercontinental Micro Systems

tIBAsE

lPAGE

Y
SIOVEC

VIO
V11

VI2
VI3
VI4
VI5
VI6
VI7

EQU

EQU

EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

OO1OH

HIGH VIBASE

EDART/SIO
device ports

I
SIOAD

SIOAC
SIOBD
SIOBC

EQU

EQU
EQU
EQU

CPZ—48OOX

;Ease address of VI table

;Z8O I register Value

VIBASE+16 ;DART/SIO interru t address
VIBASE+14 ;VIO ISR address ïreal time clock)
VlBASE+12 ;VI1 " " (FDC interrupt )

VlBASE+1O ;VI2 " " (DMA #1 complete)

VIBASE+8 ;VI3 " " (DMA #2 complete)
VIBASE+6 ;VI4 " " (DMA #3 complete)
VIBASE+4 ;VI5 " " (Parallel port )

VIBASE+2 ;v16 " " (S-100 bus error)
VIBASE+O ;VI7 " " ( spare

OBOH ;channel A data
O81H ;channel A control/status
O82H ;channel B data
O83H ;channel B control/status

EDART/SIO read register 0 bit assignment
Y

RDA
TEE
DCD

CTS

EQU
EQU
EQU
EQU

U‘|\>l|'\)O ;read data available
;transmitter buffer empty
;data carrier detect
;clear to send

;SIO read register 1 bit assignment

?x
OE
FE

;

;Floppy
9
DCOM
DSTAT
DTHACK
SECT
DDATA
DWAIT
DCONT

EQU
EQU
EQU

4
5

6

Disk Controller
EQU
EQU
EQU
EQU
EQU
EQU
EQU

090E
DCON
DCOM+1
DCOM+2
DCOM+3
ODEH
ODZH

;parity error
;overrun error
;framing error

ports and commands.

;disk
;disk
;disk

command register
status register
track register

;disk sector register
;disk data register
;program data xfer wait port
;drv, side, den, motor on, port
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¡define disk control port
šIDEO EQU 6 ;side select bit (0=side0, 1=side1)
DENSITY EQU 3 ;density bit (0=sing, 1=doub)
MOTON EQU 2 ;motor on bit (0=off, 1=on)

Edefine wait port bits
!

FINT EQU 7 ;floppy interrupt bit (intrq)
i
;define floppy commands

Y

RESTOR EQU 00000000B ;restore command
DSEEK EQU 00010000B ;seek command
STEP EQU 00100000B ;step command

STEPIN EQU 010000O0B ;step in command
STEPOUT EQU 011000003 ;step out command
READSEC EQU 10000000B ;read sector command
WRTSEC EQU 101000003 ;write sector command
RDADDR EQU 11000000B ;read address command
RDTRK EQU 111000008 ;read track command
WRTTRK EQU 11110000B ;write track command

FRCINT EQU 11010000B ;force interrupt command

VERIF EQU 000001003 ;verify flag bit
UPDATE EQU 000100003 ;update flag bit
MULTI EQU O0010000B ;multiple record flag
DLAY15 EQU 000001003 ;delay 15 ms

gfloppy status register bits (type i some type ii & iii commands)

?EADY
EQU 7 ;floppy ready bitPROTEC EQU 6 ;write protect bit

HEADLD EQU 5 ;head load bit
ERRSEK ECU 4 ;seek error bitERRCRC EQU 3 ;crc error bitTRKO EQU 2 ;track 0 bit
INDX ECU 1 ;indeX bitBUSY EQU 0 ;busy bitRECNF EQU 4 ;record not found bitLOSTD EQU 2 ;lost data bit (type ii)DRQ EQU 1 ;data request (type ii)
I

;PIO device ports (Centronics compatable mode)
!

PIOAD EQU OAOH ;port A data
PIOAC EC‘ 0A1H ;port A control/status
PIOBD EQU OAZH ;port B data
PIOBC EQU OAZH ;port E control/status
PBSY EQU 0 ;status bit for printer ready
1
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;8253 Timer ports
CNTO EQU OBOH ;counter O

CNT1 EQU OB1H ;counter 1

CNT2 EQU OB2H ;counter 2

CTRL EQU OBSH ;control port
;8253 Timer commands

9
SETO EQU OB6H ;set counter O

SET1 EQU O76H ;set counter 1

SET2 EQU OB6H ;set counter 2

;AMD
9519 universal interrupt controller ports

ÚICD EQU OCOH ;UIC select register
UICC EQU OC1H ;UIC command/status

;Boot PROM control ports
ÉOOTR

EQU ODOH ;PROM / Boot register
CSWIND EQU OD1H ;Deselect memory window

;74LS61O Memory Management Unit
7
MMU1 EQU OEOH ;Address Register1
MMU2 EQU OE1E ;Address Register 2

MMU5 EQU OEZH

MMU4 EQU OEBH
MMU5 EQU OE4H
MMU6 EQU OESH

MMU7 EQU OE6H

MMU8 EQU OE7E
MMU9 EQU OESH

MMU1O EQU OE9H

MMU11 EQU OEAH
MMU12 EQU OEBH

MMU13 EQU OECH

MMU14 EQU OEDH
MMU15 EQU OEEH
MMU16 EQU OEFH ;Address Register 16

§9517A DMA ports and commands.

DMAP EQU OFOH ;base address of dma chip
ADRO EQU DMAP+O ;address reg chan O

WCTO EQU DMAP+1 ;word count chan O

ADR1 EQU DMAP+2 ;address reg chan‘
WCT1 EQU DMAP+3 ;word count chan1
ADR2 EQU DMAP+4 ;address reg chan 2
WCT2 EQU DMAP+5 ;word count chan 2
ADR5 ECU DMAP+6 ;address reg chan 3
WCT3 EQU DMAP+7 ;word count chan 3
CMND EQU DMAP+8 ;command/status register
REQREG EQU DMAP+9 ;software/hardware request reg
FMASK EQU DMAP+1O ;single mask register select
MODE EQU DMAP+11 gmode register
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CLRBP EQU DMAP+12 ;c1ear byte pointer f/fMSTRCL EQU DMAP+13 ;master clear
MASK EQU DMAP+15 ;write all mask registers
9

;command register options
DMAW

EQU 010000005 ;DMA write
DMAR EQU 1000OOOOB ;DMA read
DMAV EQU 000000005 ;DMA Verify
DACKL EQU 000000005 ;dack active low
DACKH EQU 1000OOOOB ;dack active high
DREQH EQU OOOOOOOOB ;dreq active low
DREQL EQU 010000005 ;dreq active high
LWRIT EQU OOOOOOOOB ;late write selection
EXTWRT EQU 001000005 ;extended write selection
FIXPRI EQU 000000005 ;fixed priority mode
ROTPRI EQU 000100005 ;rotating priority mode
NORTIM EQU OOOOOOOOB ;normal timing mode
COMTIM EQU OOOO1000B ;compressed timing mode
DMAENB EQU OOOOOOOOB ;dma chip enable
DMADSB EQU OOOOO1OOB ;dma chip disable
COHLDD EQU OOOOOOOOB ;ohan 0 addr hold disable
COHLDE EQU 000000105 ;chan 0 addr hold enable
MTMDS5 EQU OOOOOOOOB ;memory to memory disable
MTMENB EQU 000000015 ;memory to memory enable
J

;mode register options
)
DEMAND EQU OOOOOOOOB ;demand mode

SINGLE EQU O1000OOOB ;single mode
BLOCK EQU 100000005 çblock mode
CASCADE EQU 11000OOOB gcascade mode
ADDRUP EQU OOOOOOOOB ;addr increment mode
ADDRDN EQU 001000005 gaddr decrement mode
AUTODSB EQU 000000005 ;autoinitialize disable
AUTOENB EQU 000100005 ;autoinitialize enable
VERIFYT EQU 000000005 ;verify transfer
WRTXFR EQU 000001005 ;write transfer
RDXFR EQU 000010005 ;read transfer
CHANO EQU 000000005 ;channel 0 select
CHAN1 EQU OOOOOOO1B ;channel 1 select
CHAN2 EQU 000000105 ;channel 2 select
CHAN3 EQU 000000115 ;channel 3 select

;request register / mask register options
; (note: uses regs shown above)
3

CLRREQ EQU OOOOOOOOB ;reset request bitSETREQ ECU 000001005 ;set request bit
3

;mask register options
éLacHo EQU ooooooooe ;clear Chan o mask bitSETCHO EQU 000000015 ;set chan O mask bit
CLRCH1 EQU 000000005 ;clear chan 1 mask bit
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SETCH1 EQU OOOOOO1OB ;set chan 1 mask bit
CLRCH2 EQU OOOOOOOOE ;clear chan 2 mask bit
SETCH2 EQU OOOOO1OOB ;set chan 2 mask bit
CLRCH3 EQU OOOOOOOOB ;clear chan 3 mask bit
SETCH5 EQU OOOO1000B ;set chan 5 mask bit
Ebit positions for status reg.
éH3REQ

EQU 7 ;chan 5 request bit
CHZREQ EQU 6 ;chan 2 reguest bit
CH1REQ EQU 5 ;chan 1 request bit
CHOEEQ EQU 4 ;chan O request bit
CHBTC EQU 3 ;chan 5 terminal count
CH2TC EQU 2 ;chan 2 terminal count
CH1TC EQU 1 ;chan 1 terminal count
CHOTC EQU O ;chan O terminal count

;end
of CPZ-48OOX general equate file

7

;begin initialization examples

CPZNIT: LD A,OOOOO11OB ;select in all of memory.
OUT (BOOTR),A ;send to Prom/Boot register control.

7

XOR A ;clear reg A
OUT (CSWIND),A ;clear extended megabyte lines
LD B,16 ;set up count value (16 regs in all)
LD C,MMU1 ;address of Memory Management chip base

Einitialize all 16 registers for
;standard 64K bytes of contigues memory.
OLOOP:

OUT (C),A ;send init byte
INC A ;init next port byte (O,1,2,5,...etc..
INC C ;bump to next mmu register (EO,E1....Es
DJNZ CLOOP ;loop till done (16 times)

’
LD A,OFH ;establish basic operation of board
OUT (BOOTR),A ;enable m/m unit

3

LD A,IPAGE ;get equated IPAGE address (High Byte)
LD I,A ;load itIM 2 ;select mode 2 interrupts

!

;Beginning of the AMD 9519 universal interrupt controller
;initialization routines. This routine allows the user to
;establish the interrupt vector at VIBASE and then enable
;or disable interrupts by calling CLRIMR or SETIMR for any
;user written routines as needed. The 9519 is completely
;initialized by these routines, so all the user has to do

;is define which vector is to be used.
7

XOR A ;clear reg A
OUT (UICC),A ;reset AMD 9519 interrupt controller
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;IREQ lines active LOW, Group Interrupt active LOW,

;Fixed Priority with individual vectors, interrupt mode.

LD A,1000OOOOB
OUT (UICC),A ;send to UIC device

’
LD A,10101001B ;set "M7" (chip armed bit)
OUT (UICC),A

’
LD A,11000OOOB ;pre—select auto clear register
OUT (UICC),A
LD A,11111111B ;auto clear all IRR bits
OUT (UICD),A ;load auto clear register

'
LD A,O1000OOOB ;clear all IRR bits
OUT (UICC),A
LD A,O111000OB ;clear all ISR bits
OUT (UICC),A

;Initialize the Vector interrupt table within IPAGE

LD HL,VIBASE ;get VI table base address
LD A,7 ;init counter to VI-7
LD C,UICC ;get UIC command/status port

!

UIC.1: PUSH AF ;save current VI value
OR OEOH ;pre-select response memory (1 byte)
OUT (C),A ;send to command port
DEC C ;reference UIC data port
OUT (C),L ;send low order VI addr for response
INC C ;reference UIC command/status port
INC HL

INC HL ;point to next VI address
POP AF ;restore current VI value
DEC A ;select next, done with 7-0?
JP P,UIC.1 ;no, continue

šend of AMD 9519 initialization routine
Zplace dma into cascade mode for ch O so as to acknowledge
;any S-100 bus DMA requests.
Y
CASMOD: LD A,DREQL+ROTPRI ;DREQ active high, rotating priority

OUT (CMND),A ;send itLD A,CASCADE+CHANO ;channel O cascade mode
OUT (MODE),A ;send itLD A,CLRREQ+CHANO ;reset channel 0 request bit
OUT (FMASK),A ;send itRET ;done

AMD 9519 universal interrupt controller subroutines.
These two routines may be called by the system drivers to unmask (CLEAR)

or mask (SET) bits within the Interrupt Mask Register (IMF) for selected
VI lines. These routines must be called with Reg A = Vector level (C tc TÍ.
u
9
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SETIMR: AND 7 ;mask off valid bits
OR 38H ;add in command bits
OUT (UICC),A ;send to 9519
RET ;done

Y

CLRIMR: AND 7 ;mask off valid bits
OR 28H ;add in command bitsOUT (UICC),A ;send to 9519
RET ;done

Information contained herein '

ls Proprietary to I C M
- - - Corn. Pg. 19;
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*HH WARRANTY ****

All products sold hereunder are under warranty on a return to
factory basis against defects in workmanship and material for a

period of one (1) year from the date of delivery.

Conditions of this warranty are as follows: Purchaser must
1) obtain a return material authorization (RMA) number and
Shipping instructions, 2) product must be shipped prepaid, 3)

written description of the failure must be included with the
defective product. All transportation charges inside the
continental U.S. will be paid by Intercontinental Micro Systems
(IGM) Corp. For products returned from all other locations,
transportation must be prepaid. Should ICM determine that the
products are not defective, the purchaser must pay all return
transportation charges. All repairs will be provided at repair
rates being charged at the time by ICM. Under the above product
warranty, ICM may, at its option, either repair or replace any
component which fails during the warranty period providing the
purchaser has reported same in a prompt manner. All replaced
products or parts shall become property of ICN.

All above warranties are contingent u on proper use of the
product. These warranties will not apply 1 if any repair, parts
replacement, or adjustments are necessary due to accident ,

unusual physical, electrical or electromagnetic stress, neglect,
misuse, failure of electric power, air conditioning, humidity
control, transportation, failure of rotating media not furnished
by ICM, operation with media not meeting or not maintained in
accordance with ICM specifications or causes other than ordinary
use, 2) if the product has been modified by purchaser, 5) where
ICM's serial numbers or warranty date decals have been removed or
altered, 4) if the product has been dismantled by purchaser
without the supervision of or prior written approval of ICM.

EXCEPT FOR THE EXPRESS WARRANTIES CONTAINED HEREIN, ICM
DISCLAIMS ALL WARRANTIES ON THE PRODUCTS FURNISHED HEREUNDER,

INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS;
and the stated express warranties are in lieu of all obligations
or liabilities on the part of ICM arising out of or in connection
with the performance of the products. ICM is not liable for any
indirect or consequential damages.

After the warranty period, the products will be repaired for
a service charge plus parts, provided that it is returned prepaid
to ICN after retaining a return material authorization (RMA)
number.
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**** APPENDIX A ****
SPECIAL—CHIPS DATA SHEETS

Data sheets are included for the following chips used in the
CPZ48OOX:

-
CENTRAL PROCESSOR UNIT Z80—CPU

— PARALLEL INPUT/OUTPUT CONTROLLER Z80—PlO

— SERIAL INPUT/OUTPUT CONTROLLER Z80-SIO
— FLOPPY DISK FORMATTER/CONTROLLER wD2793 ]
— MEMORY MAPPER sN74LS61O ]

(DATA SHEET & APPLICATION NOTE)

UNIVERSAL INTERRUPT CONTROLLER E AM9519A J

DIRECT MEMORY ACCESS CONTROLLER AM9517AI

Information contained herein is Proprietary to I C
h

C P. . . orp. g. 128



Am951 7A
Munimode DMA Controller

DISTINCTIVE CHARACTERISTICS

a Four independent DMA channels, cad“ wrth separate reg»
rsters for Mode Control, Current Address, Base Address,

Current Word Count and Base Word Count
Trlnsfer modes Block, Demand‘ Single Word, Cascade

Independent autornrtta?zation of all channels
Memory-tomemory transfers

Memory block rnitratization
Address increment or decrement
Master system amable
EnabIe/drsable contra! ol indrvrduar DMA requests
Directly exuanduble to any number of channels
End or Process Input for terminating trnnsfers
Software DMA requests
Independent pomrity control for DREQ and DACK signals

Compressed trrmng ODIIOVI speeds transfers — up to 2.5M

bytes/second
+5 volt power suDt:Iy
Advanced N~channeK smcon gate Mostechnology

w pin Hermetrc ow oackage
New 9517A 5 5MHz version for htgher speed
CPU compatabmry

0000

onuoosonouon

GENERAL DESCRIPTION

The Am95I7A Mumrnode Durect Memory Access (DMAI Con-

trouer :5 a peripheral Interface mrcuvt for mrcropmcessor :ys

term. It rsdessgned to IIT\D|'OVEsystem pertorrnance by arrowrng

enernur deyroes to drrectw transfer rniormatron to or from the

system memory. Mernary~tomemory transfer Capabrhty rs arso

provided The Am95T7A offers a wide vanety of amgrammatue

mntroI futures to enhance data throughput and system aptl-

rmzatron and to alldw dynamic recanrrgurarron under program
control.

The Ams517A rs desrgned to be used W conrunctuon wrth an ex-
ternar Sfbrr address regrster such as me Arn74 1.5373 It can-

urns four Independent channels and may be expanded to any
number of channels by cascadmg additvonal controller crups

The three basrr: transfer modes allow prograrrunabmty at the

types or DMA servrce by the user. Each channeI can be rrrd.

vidua|Iy programmed to Autmnitrahxe lo Its orrgrnax condrrron

IoIIowmg an End of Process 1%;
Each channel basa iulr 64K address and word count caoabmty

Arr external W srgnaI can termrnaee a DMA or memory to

memory transfer Trrrs is usem for brock search or compare

operatrcrns usrrrg external comparators or for Intelhgent pew
pherals to ¡bcn erroneous services
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Am9517A
I

Flgun 1. Connection Diagram

« D-40,P-40
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Pin 1 is marked tor orientation

INTERFACE SIGNAL DESCRIPTWON

VCC: ~5 Volt Suppiy

VSS: Ground

CLK (ciock. Input)

This input controis the internal operations 0! the Am9517A and

its rate oi data transiers The input may be driven at up to (NH:
tor the standard Arn9517A‘ up to 4MHz tor the Am9517A-4, and

up to SMHZ tot the Am9517A-5

ã (Chip Select. Input)

Chip Seiect is an active low input used to seiect the Amssi 7A as

an ID device during an IiO Read or IIO Write by the host CPU

This aiiows CPU communication on the data bus Durin_g_mutt«-

pie transiers to or from the Am9517A hy me host CPU‘ CS may
be heid Iovi providing E)? or IOW is toggied Ioliowing each

transfer

RESET (Reset. Input)

Reset is an asynchronous active high input which clears the
Command Status Request and Temporary registers It aiso

clears the FirsL‘Last FItp’Fiop and sets the Mask register Foi-

iowing a Reset the device is in the Idle cycie.

READY (Randy, Input)

Ready is ah input used to extend the memory read and write
puises from the Arnéist 7A to accommodate stow rrtemortes or
IO peripheral devices

HACK (Hold Acknowledge, Input)

The active high Hoid Acitnowiedge Irorri the CPU indicates that
oontroi of the system buses has been reiinqtiished

DHEOO-DREOS (DMA Request, Input)

The DMA Request tines are individuai asynchronous channel

reouest inputs used by oeripherai circuits to obtain DMA service
in Fixed Priority DFIEOO has the highest priority and DREQ3
has the lowest priority Polarity at DRE@ is programmapie
Reset initiaiizes these lines to active high

DBO-DB7 (Data Bus. Inputioutput)

The Data Bus ttnes are bidirectionai three-state sigriais com
riecied to the system data bus The outputs are enabled during

the i0 Read by the host CPU. permitting the CPU to examine

the contents oi an Address register the Status regtste' the

Temporary register or a Word Count register The Data Bus is

enabled to input data during a host CPU IO write allowing the

CPU to program the An-i95t7A contra: registers During DMA

cycles the most signittcant eight bits oi the address are output.

onto the data bus to be strobed into an externai latch by ADSTB

In memory~to-memory Operations data irpm the source memo",
iocation comes into the Arn95t7A s Temporary register on the

read»trom-memory haii oi the operatioci On the WI'I1€-\O'I’I’IEI‘TI0",

hait ot the operatton, the data bus outputs the Temporary regis~

ter data into the destination memory iocatiori

Ñ (tro head. Input/Output)

IIO Read is a bidirectiona! active tow three-state Iine In the Ioie

cycie, it is an input contro; sigria used by the CPU to reac the

contrci registers In the Active cycie it is an output controi signs‘

used oy the Am9517A to access data irom a peripherai during a
DMA write transier

IOW (IIO Write, Input/Output)

IO Write is a bidirectionai active low three-state Iine In the idie

cycle it ts an input control signai used by the CPU to toas roto*

matiori into the Am9517A. in the Acttve cycie it is an output

control signa! used by the Am9517A to load data tc the

peripherai during a DMA Head transiet

Write operations by the CPU to the Arn95t 7A reuuire a rising
IOW edge Ioiiowng each data byte_garis‘iar It is not sutticierit IL‘
hold the IOW pin low and toggie CS

EOP (End oi Process. lnputioutputi

Í is an active iow oidtrecticinai open-drain signai providing

information concerning the completion oi DMA service when a
channei s Word Count goes to zero the Am95i7A puises

ílow to provide the peripheral with a cornpietion sigr-ai ET ma»
alsc be puiied iov. by the peripherai to cause premature co'“DI&

tion The reception oi

í
either internaio' external causes the

currently active channei to terminate the service to set its TC b*

tn the Status register and to reset its request bit II Autoiri tia—
ization is seiected tor the charinei the curren' registers wii D»

updated from the base registers Otherwise the chartnei s mas-
on wiii be set and the regis‘.e' contents wiii ierr-.ain u"a:te'e:
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During memory-to-memory transfers. Í* will be output when

the TC tur channel t occurs. E:C)P always applies to the channel

with an active DACK. axtemal Eats are disregarded when

DACKO-DACK3 are all inactive if the DMA ts tn state Sl.

tn situations where two or more Am9517A DMAs are cascaded,

the EOP pins should be logically OR'cd (not wire-OFl'sd)

Because EOP is an open-drain signal, an external pullup resis-

tor is required. Values of 33K or 4.7K are recommended: the

EOP pin cannot sink the current passed by a 1K pullup

A0-A3 (Address. Input/Output)

The four least signi?cant address lines are bidirectional 3-state

signals During DMA idle cydes they are inputs and allow the
host CPU to load or read control rogisters. When the DMA IS
active, they are outputs and provide the lower 4-bits of the out-

Put address

A4-A7 (Addrux. Output)

The tour most signi?cant address lines are three~sIate outputs

and provide four bits ct address These ltnes are enabled only
during DMA service

l-IREO (Hold Request. Output)

The Hold Request to the CPU ls used by the DMA to request

control ol the system bus Software requests or unmasked
DREQs cause the Am95i 7A lo issue HREQ.

DACKO-DACK3 (DMA Acknowledge. Output)

The DMA Acknowledge lines indicate that a channel is active ln

many systems they will be used to select a peripheral Only one
DACK will be active at a time and none will be active unless the
DMA ts in control of the bus. The polarity of these ltnes is pro-
grammable. Heset initializes them to active-low

AEN (Addrnu Enable, Output)

Address Enable is an active high signal used to disable the

system bus during DMA cycles to enable the output of the exter-
nal latch which holds the upper byte of the address Note that
during DMA transfers HACK and AEN should be used to de-

select all other llO peripherals which may erroneously be acces-
sed as programmed lilo during the DMA ‘operation The

Arrt9517A automatically deselects itself by disabling the Éš
input during DMA transfers

ADSTB (Address Strobe, Output)

The active high Address Strobe ts used to strobe the upper
address byte from DBO-DB7 into an external latch

Figure 2. Am9517A Internal Registers.

Name
l

size
l Nurnbef]

Base Address Registers 16 bits l 4 1

Base Word Count Registers 16 blls 4

Current Address Registers
L

16 bits 4

Current Word Count Registers 16 bits 4 t'

Temporary Address Register l 16 bits ‘ i l

Temporary Word Count Register . 16 bits
‘

1
l

Status negisier l s ms t

Command Register
l

B bits ‘l l

Temporary Register ,› s mts 1
l

i Mode Registers 6 uiis 4 ‘

Mask Register i 4 bits i r
L

Request Register f 4 ms t t

Am9517A

MEMR (Memory Rand, Output)

The Memory Read signal is an active low three-state output

used to access data from the selected memory location during a

memory-to-peripheral or a rrierriory-to-memory transferi

IIEMW (Memory write, Output)
_

The Memory Write signal is an active low three-state output

used to write data to the selected memory location during a

peripheral-to-memory or a memory-to-memory transfer

FUNCTIONAL DESCRIPTION

The Am9517A block diagram includes the major logic blocks and

all of the tntemal registers The data interconnection paths are

also shown, Not shown are the various control signals between

the blocks The Am95t7A contains 344 bits of internal memory

in the form of registers Figure 2 lists these registers by name

and shows the size of each A detailed description of the regts-

fers and their functions can be found under Register Description

The Am9517A contains three basic blocks of control logic The

Timing Control block generates internal timing and external

control signals for the Am95l7A The Program Command Con-

trol block decodes the various commands given to the Am95t 'IA

by the microprocessor prior to servicing a DMA Request lt also

decodes each channels Mode Control word. The Priority En-

coder block resolves priority contention among DMA channels

requesting service simultaneously

The Timing Control block derives internal timing from the Clock

input In Am908OA systems this input will usually be the 02 TTL

clock from an AmB224 However, any appropriate system clock

will sulfice

DMA Operation

The Am9517A is designed to operate in two major cvcles These

are,called ldle and Active cycles Each device cycle is made up
of a number of states The Am9517A can assume Seven sepa-

rate states. each composed of one full clock period. state i l Sli

is the inactive state It ts entered when the Am95l7A has no
valid DMA requests pending While in SI, the DMA controller is
inactive but may be in the Program Condition being program-

med by the processor State 0 (S0) ts the ltrst state of a DMA

service The Am95l7A has requested a hold but the processor
has not yet returned an acknowledge An acknowledge from the

CPU will signal that transfers may begin Si. S2, S3 and S4 a-e
the working states of the DMA servtce ll more time is needed to

complete a transfer than is available with normal timing viaii

states (SW) can be inserted before S4 by the use of the Ready

line on the Am95i7A.

Memory-to-memory transfers require a readrfrom and a

write-to-memory to complete each transfer The states which

resemble the normal working states use two digit numbers lor

identification Eight states are required for each complete

transfer The first tour states (St), S12, S13, S14) are used lo-

the read-from-memory half and the last four states (S2) S22

S23 and 824) for the write-to-memory half of the transfer The

Temporary Data register is used for inten-nediate storage ol INE

memory byte. '

IDLE Cycle

When no channel is requesting service the Am9517A will enter
the ¡dle cycle and perform "Sl states In this cycle tne

An¬9517A will sample the DREO lines every clock cycle tc oe~
terrntrre if any channel is requesting a DMA service The device

will also sample Ífš looking for an attempt by the mtcrocroces-

sor to wrtte or read the internal registers ol the Arn9517A wher
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as is low and HACK is low the Arn9517A enters me Program

Condition The CPU can now establish, change or inspea the

internal de?nition of the part by reading from or writing to the

internal registers Address lines AD-A3 are inputs to the_ilewce

?select which registers will be read or written The ¡QR and

IOW lines are used to select and time reads or writes. Due to the

number and size ot the internal registers, in internal llip/flop is

used to generate an additional bit ot address This bit is used to

determine the upper or lower byte of the l6-bit Address and

Word Count registers The fliwloo is reset by Master Clear or
Reset A separate software command can also reset this flip!

flop.

Special sottware commands can be executed by the Am9517A

in the Program Condition. Th__e_secoir?ands are decoded as
sets of addresses when both CS and tOW are active and do not

make use ot the data bus Functions include Clear FirsULast

Flip/Flop and Master Clear.

ACTWE CYCLE

When the Am95i 7A is in the ldle cycle and a channel requests a
DMA service, the device will output a HREO to the micropro-

oessor and enter the Active cycle. It is in this cycle that the DMA

service will take place, in one ot tour modes

Single Transfer Mode: In Single Transfer mode the Arn95i 7A

will make a one-byte transter dunng each HREQiHACK hand-

shake When DREQ goes active, HREO will go active After the

CPU responds by driving HACK active. a one-byte lransier will

take place. Following t'rie transter. HREO will go inactive, the

word count will be decremented andgthe address will be either

incremented or decrernented when the word count goes to zero

a Terminal Count (TC) will cause an Autolnltialize it the channel

has been programmed to do so

To periorm a single transfer, DREQ must be held active only

until the corresponding DACK goes active ll DREO is held con-
tinuously active. l-fFlEO will go inactive following each transfer

and then will go active again and a new one-byte transfer will be

made following each rising edge of HACK In BOSONQOBOA

systems this will ensure one full machine cycle of execution

between DMA transters Details ot timing between the Arn95t 7A

and other bus control protocols will depend upon the charac-

teristics of the microprocessor involved

Block Tranlfer Mode: ln Block Transfer mode, the Am9517A

will continue making transfers until a TC (caused by thg_word

count going to zero) or an external End ot Process lEOP) is

encountered DFtEQ need be held active only until DACK be-

comes active An autoinitiaiize will occur at the end ot`the ser-
vice if the channel has been programmed for it

Demand Trln?er Mode: in Demand Transfer mode the de
vice will continue making transfers until a TC or external ÉÑ' is
encountered or until DREO goes inactive Thus. the device re-
questing service may discontinue transters by bringing DREO

inactive Service may be resumed by asserting an active DREQ

once again During the time between services when the micro-
processor is allowed to operate, the intermediate values of ad-
dress and word count may be read lrom the Am95i7A Current
Address and Current Word Coitregisters Autoinitialization will
only occur tollowing a TC or EOP at the end ot service Follow-

ing Autoinitialization, ari active-going DREO edge is required to
initiate a new DMA service

Cascade Mode: This mode is used to cascade more than one
Am951 7A together tor simple system expansion, The HREO and
HACK signals from the additional Am€i517A are connected to

L the DHEO and DACK signals of a channel ot the initial

Am9517A This allows the DMA requests ot the additional device

to propagate through the priority network circuitry of the pre-

ceding device The priority chain is preserved and the new de-

vice must wait tor its turn to acknowledge requests Since the

cascade channel in the initial device is used only tor prioritizing

the additional device, tt does not output any address or control

signals ot its own These would conflict with the outputs ot the

active channel 'in the added device. The Arn9S17A will respond

to DREQ with DACK but all other outputs except HHEQ will be

disabled

Figure 3 shows two additional devices cascaded into an initial

device using two ot the previous channels. This lorms a two

level DMA oystem. More AmQSt 7As could oe added at the sec-

ond level by using the remaining channels of the first level

Additional devices can also be added by cascading into the

channels of the second level devices torrning a third level

Figure 3. cascaded Am9517An.
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TRANSFER TYPES

Each of the three active transfer modes can perlorm three dil-

ferent types of transfers These ere Read, Write and verify

write transl_er_s move data trorn an F0 device to the memory by

activating IOR and MEMW Read transfers moveila irorri

memory to an [/0 device by activating MEMR and IOW Ver@

transters are pseudo transfers, the Am95l7A operates as in

Ed or Write translers generating addresses, responding to

EOP etc, however, the memory and LO control lines remain
inactive.

Memory-to-Memory: The Am95i7A includes a block move
capability that allows blocks ot data to be moved from one mem-

ory address space to another when Bil CO in the Command

register is set to a logical 1, channels 0 and t will operate as
memory-to-memory transler channels Channel 0 forrns the

source address and channel 1 forms the destination address

The channel t word count is used A memory-to-memory trans-
ter is initiated by setting a software DMA request tor channel 0
Block Transier Mode should be used for memory-to-memory

When channel 0 is programmed tor a ?xed source address a
single source word may be written into a block ot memory

When setting up the Am95lTA tor memory-to-memory opera-
tion it is suggested that both channels 0 and t be masked out
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Further. the channel 0 word count should be iriitialixed to the

same value used in channel 1. No DACK outputs will be active
during memory-to-memory translers

The Am95l7A will respond to external 'EÚP signals during

memory-to-memory trarislers Data comparators in block search

schemes may use this input to terminate the service when a
match is lound The timing ot memory-to-memory translers may
be found in Timing Diagram 4.

Autolntlallze: By programming a bit in the Mode register a
channel may be set up for an Autoinitialize operation. During

Autoinitialization, the original values ot the Current Address and
,Current Word Count regrsters are automatically restored trorn

the Base Addr_e§ and Base Word Count registers ot that chan-
nel lollowing EOP. The base registers are loaded simultane-

ously with the current registers by the microprocessor and re-

main unchalfd throughout the DMA service. The mask bit is

not set by EOF’ when the channel is in Autoinitialize. Following

Autoinitialize the channel is ready to repeat its service without

CPU intervention.

Priority: The Arn9517A has two types at priority encoding

available as software selectable options The ?rst rs Fixed Prior-

ity which lixes the channels in priority order based upon the
descending value ot therr number The channel with the lowest

priority is 3 tollowed by 2. 1 and the highest priority channel, 0

The second scheme is Rotating Priority The last channel to get
service becomes the lowest priority channel wrth the others

rotating accordingly With Rotating Priority in a single chip DMA

system. any device requesting service is guaranteed to be rec-
ognized after no more than three higher priority services have

occurred This prevents any one channel trom monopolizing the

system.

1st Service 2nd Service Std Service

highest 0 2 __ service :r «f- service
1—— service 3 Q- request O

I 0 1
lowest 3 l 2

The priority encoder selects the highest priority channel re-
questing service on each active-going HACK edge. Once a
channel is started its operation will not be suspended it a re-
quest is received by a higher priority channel The high priority

channel will only gain control after the lower priority channel

releases HREO When control is passed lrorn one channel to

another. the CPU will always gain bus control This ensures
generation of rrsing HACK edge to be used to initiate selection ot

the new highest-pnority requesting channel

Compreued Timing: ln order to achieve even greater
throughput where system characteristics permit, the Am95t 7A

can compress the transler time to two clock cycles From Timing

Diagram 3 it can be seen that state S3 is used to extend the

access time ot the read pulse By removing state $3 the read

pulse width is made equal to the write pulse width and a transler

consists only cl state S2 to change the address and state'S4 to
perlorm the read write St states will still occur when A8-A15

need updating (see Address Generation) Timing tor compres-
sed translers is found in Timing Diagram 6.

Am9517A

Extended Write: For Flyby Trartsaatoris_ia_te write is normally

used. as this allows sulticisrit tirrie tor the DR signal to get data

from the peripheral onto the bus belore MEMW is activated. In

some systems, performance can be improved by starting the

write wcle earlier. This is especially true for memory-to- memory

transactions

Address Generation: tn order to reduce pin courili the

Am9517A multiplexes the eight higher order address bits on the

data lines. State S1 is used to output the higher order address

bits to an external latch from which they may be placed on the

address bus. The ialling edge ot Address Strobe (ADSTB) is

used to load these bits from the data lines to the latch Address

Enable lAEN) is used to enable the bits onto the address bus

through a 3-state enable The lower order address bits are out-

put by the Am9517A directly. Lines A0-A7 should be connected

to the address bus. Timing Diagram 3 shows the time relation-

ships between CLK, AEN. ADSTB, DBO-DB7 and A0-A7.

During Block and Demand Transler mode services which in-

dude multiple transfers, the addresses generated will be se-

quential. For many translers the data held in the external ad-

dress tatch will remain the same. This data need only change

when a carry or borrow from A7 to A8 takes place in the norma*

sequence ol addresses To save time and speed lranslers, the

Am95l7A executes St states only when updating of A5-A15 in

the latch is necessary This means tor long services Sl states

may occur only once every 256 transters a savings ot 255 clock

cycles for each 256 transfers

REGISTER DESCRIPTION

Current Addreu Register: Each channel has a 16-bit Current

Address register. This register holds the value ot the address

used during DMA transfers The address is automatically in-
cremented or decremented _alter each transfer and the inter-

mediate values oi the address are stored in the Current Address

register during the transler This register is written or read by the

microprocessor in successive B-bit bytes It may also be

relnitialized by an Autoinitialize back to?original value Au-

toinitialization takes place only after an EOP.

Current Word Count Register: Each channel has a 16-bit Cur-

rent Word Count register. This register should be programmed

with, and will return on a CPU read a value one less than the

number ot words to be translerred The word count is dec-

remented after each transler The intermediate value ot the word

count is stored in the register during the transter. When the

value in the register goes to zero. a TC will be generated This

register is loaded or read in successive Burt bytes by the micro-

processor in the Program Condition Following the end ot a DMA

service it may also be reinitialized by an Autoinitialize b?to its

original value Autoinltialize can occur only when an EOP oc-

curs. Note that the contents oi the Word CDULEQISIS! wil be

FFFF (hex) lollowing on internally generated EOP

Base Address and Base Word Count Registers: Each char»

nel has a pair ot Base Address and Base Word Count registers

These 16-bit registers store the original values ot their as-
sociated current registers During Autoinitiallze these values are
used to restore the current registers to their original values The

base registers are written simultaneously with their correspond-

ing current register in 8-bit bytes curing DMA programming by

the microprocessor. Accordingly, writing to these registers when

intermediate values are in the Current registers wili overwrite the

intermediate values The Base registers cannot be read by the‘

microprocessor
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Command Reamer: This 8-bit register controls the operation

ot tha Am9517A It ts programmed by the microprocessor in the

Program Condition and is steered by Reset, The following table

lists the tunction ot the command bits See Figure 4 tor address

coding

U c—— Bit Number

ø Memory-to-memory disable

Memory-to-memory enabte

a cnmmt 0 »dama hold must:

Duririel 0 warm hold enable

it bit 0 - 0x

o Controller enable

Controller disable

a Normli timing
Compressed timing

X tf bit 0 K I

G Lite wrsre selection

I Extended write selection

X It bit 3 = t

o Fntm Priority

Rotating Priority

o maso senseactive mm

DREQ senseactive tow

D DACK senseactive low

1 DACK senseactive high

Mode Register: Each channel has a 6-bit Mode register as-
sociated with it When the register is being written to by the

microprocessor in the Program Condition bits 0 and 1 deter—

mine which channei Mode register it to be written.

7 6 5 4 3 2 1 O<jBitNumber
l

00 Chmneioselect

01 Channel 1 select

10 Channel 2 select

tt C¥ianne13setect

00 Veriiytrarisier

ot Write transie'

to Reac transfer

it tiiega’

xx ltoits6artd7=11

Autoiriitisiize disabie

Autoiniliaiize enabie

0 Address increment seiect
1 Address decrement seiect

O0 Demand mode select

ot Singie mode seiect

tu Biocx moo: seiect

ti Cascade mode select

Roque" Roglnor: The Am9517A can respond to requests tor

DMA service which are initiated by sottware as well as by a

DREO Each channel has a request bit associated with it in the

4»bit Request register These are nonmaskable and subject to

pnontization by the Priority Encoder network. Each register bit is

set or reset separateiy under software control or is cieared upon

generation oí a TC or enamel EOP. The entire register is

deared by a Reset. To set or resat a bit, the software loads the

proper term of the data word See Figure 4 tor address coding

7 6 5 ll 3 210¢—BItNurribei

ED333333
Don,‘ can ã Select channei O

Select sharing! 1

10 Suiect cfiInne12

H Sctect manual 3

Í
0 Resetrequesrbii

I Set request bit

Software requests wit! be serviced only it the channei is in Brock

mode When initiating a memory-to-memory transier. the

software request for channei 0 should be set

Mutt Register: Each channel has associated with it a mask bit

which can be set to disable the trimming DREQ Each mask bit

is set when ns associated channei produces an EOP It the

channel is not programmed for Autoinmaiize Each on oi the 4›t›t\

Mask register may also be set or cleared separately under
software contro! The entire register is also set by a Reset This

disabies all DMA requests untii a clear Mask register instruction

allows them to occur The instruction to separateiy set or ciear

the mask bits is sirnitar in torrn to that used with the Request

register. See Figure 4 tor instruction addressing

7 6 5 A 3 2 1 U<——BitNurn:>e'

CD333

a
00 Select :hanna O mas» Li‘

Dor‘t Care
01 Seiect channel 1 mask bit

Seiect charine12 rnasv. : '

'H Select criannei 3 mask bit

0 Ciear mask bit

1 Set mask bit

Att tour bits ct the Mask Register may aiso be written with a
singie command.

7 5 5 4 3 7 't 0<-BtNt.rn3et

0 Cieai Channel Orriask mi:

1 Set Charms C rnask bi

O Ciea' Charirie11 rnask bit

‘ 1
. .

0 Cieav Chennai 2 rriask tun.
S€\C'1i’WE 2 mask L: '

U Cea' Chennai 3 rnasi Lt:

Set Charms 3 was» b '
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Status Ragtster: The Status registers may be read out of the

Am9517A by the microprocessor, It indicates which channels

have reached a terminal count and which channels have pend-

mg DMA requests. Bits M! are set each ttme a TC is reached by

that channel, inciudrng after each Autornltrairzatran. These bits

are deared by Reset and each Status Read. Brts 4-7 are set

whenever their corresponding channeiris requesting service,

7 6 5 4 3 2 IO<—ar1Numh¢y

Ohinnel 0 has ruched TC

Chlrtnet I has reached TC

Drannei 2 Mt reacted TC

Chlnnei 3 ms reamed Tc

Ch-nnei 0 request

O?ahhe' 7 request
Charms: 2 manes:
Charmer 3 request

iii

Am9517A

Temporary Register: The Temporary register is used to hold

data during memory-to-memory transfers. Following the com-

plebon of the transfers, the last word moved can be read by the

microprocessor in the Program Condition The Temporary reg-

¡aer etways contains the last byte transferred in the previous

memory—to-memory operation, unless cleared by a Fteset.

Softwaru commands: There are two speciai software com-

mands which can be executed in the Program Condrtron They

do not depend on any specific bit pattern on the data bus The

two software oornmanas are:

Ciear First./Last Fiip/Flop: This command may be issued prior

to writing or reading Am9517A address or word count rntor—

matron. This initiaiixes the Flip/Flop to a known state so that

subsequent accesses to register contents by the micro-

processor wili address itmer and upper bytes In the correct

sequence. when the F|ip’F|op is cleared it addresses the

lower byte and when set it addresses the upper byte.

Master Clear. This software instruction has the same ettect

as the hardware Reset. The Command. Status, Request

Temporary and internal First/Last Flip‘F|op registers are
cleared and the Mask register IS set. The Am95l7A wttt enter

the ¡dle cycle

Figure 4 tists the address codes for the software commands

Figure 4. Register and Function Addrenhtg.

Interface Signals

A31u‘A11 oL?i— operation

Read Status Register

i

J}
i

write Command Register

1 t o ¡ 1 o ,7
o l Illegal J

t
l

0 y
1

`
0 t

l
Wrrte Stngte Mask Register Bit Í

t t
't o ‘ r t t ` o J nregsi i‘

write Mode Register

LVi1111
1 mega!ttttìütl

mega’

£17-rrr1oi

i Master Clea’

1 neat: Temporary Hêgtsle' J
t

tiiiegai

i write Att Mask Hegislei Bits
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Figure 5. Word Count and Address Register Cammnnd Codes.

ch,“ - -
5’V""‘ lnlomnl Dm Bus jW “mw www" Es' TT 16w A3 A2 A1 Ao Flip/Flop DBO~DB7

o Base a. Curran!
W ¡w

0 1 0 o 0 0 o 0 A0-A7

r
Address 0 1 o o o o o 1 A8~A15

Current
Rm

0 o 1 o o o o o A0-A7

‘ Address 0 o 1 o o o o 1 A8-A15

Base a. Current
Wm

o 1 o o o o 1 o wo.w7 g

WW Count o 1 o o o o 1 1 ws—w15 3

Current
and

o o 1 o n o 1 o wo-wv

word Count 0 o 1 o o o 1 1 ws-w15

1
Base a Current

WW
0 1 o o o 1 o 0 Ao-A?

Address 0 1 o o o 1 a 1 AB-A15

Current
and

o o 1 o u 1 o o AO—A7

Address 0 o 1 o o 1 o 1 AB-A15

Base & Current
w n

u 1 o o o 1 1 o wow 1

Word Count ' e
o 1 o u 0 1 1 1 ws-w15 ‘-

Current
R ad

o o 1 o o 1 1 o wu.w7

Word Count e
o o 1 o 0 1 1 1 we—w1 5

2
Base a Current f

Wm
11 1 u o 1 o o o A0-A7

Address 0 1 o o 1 o o 1 AB-A15

Current
R d

D 0 1 0 1 D O O A0-A7

Address e”
o o 1 o 1 o o 1 A8»A15

Base 3. Current `
w ¡te

o 1 o o 1 o 1 o wovw7

Word Count '
o 1 o o 1 o 1 1 wa.w15

Current
Read

O 0 1 O 1 D 1 0 WD›W7

Word Count 0 u 1 o 1 o 1 1 we-w15

3 Base a Currem
Wm

0 1 o o \ 1 a o AD-A7
‘

Address 0 1 o o 1 1 o 1 A8—A15

Current
Read

0 o 1 o 1 1 o o AD-A7

Address u o 1 o 1 1 o 1 A8-A16

Base a Current
Wm

0 1 o o 1 1 1 0 wow
l word Count g 1 o 0 1 1 1 1 WEM/15

Current
new

o o 1 o 1 1 1 0 wow
Word Count 0 o 1 o 1 1 a 1 ws—w1 5
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MAXIMUM RATINGS above which uselul his may be impaired

Am951‘IA

Storage Temperature f
65 to ›

1502€

vcc with Respect to vss v 415m *7 W
'AH Signal Voltages with Respect to VSS ‘O-5V '0 *7 W

Power Dissipation (Package Limitation} ‘v5W

The products described by this specrtication include internal circuitry designed to protect input devices from damaging accumulations o!

static charge. l! ls Suggested. nevertheless. that conventional precautions be observed during storage, handling and use in order to avoid

exposure to excessive voltages

OPERATING RANGE
Part Number TA Vcc

Am9517AD(:fFC 0 to ~70‘ C 5.0V 15%

Arn95t7A-1DC/PC 0 to *HTC 5.DV 15%

Am9517A~ADC’PC Oto ~70‘C 5 0V 15%

Am9517A»5DC/PC 0 to ~70‘C 5 0V 15%

Arrr9517ADl ~40 to v85 C 5 0V 110%

Am9517A—tDl —A0to +85”C 5 DV 110°»

Arvi95‘l7A~4Dl —40Io +85‘C 5 OV 110%

Am9517ADMB —55 to *125‘C 5.0V 110%

ELECTRICAL CHARACTERISTICS over operating range (Note 1)

Parameter Description Test Conditions Mm Yyp Mlx Unit

«l voH
I

Outoul HIGH vonage :S: l ïïgg$`
“WEG WW

r

`
Vnils

i VOL oumu: LOW Voltage ¡OL = a zm o 45 Volts l

[JD-l Input HlGH Voltage 2o i ¡ vcc+o5 vain l

WL lripu: LOW Voltage ¡ ›o5 ‘ os ; Volts 1

L iix Input Load Currenr f vss<vmvcc 4o no l M ,~
¿ oz Outpu'.Leaka9é Curve‘! vcc< voxvss-4: —lC -10

,
rm 1

l 3 TA › ozs c es xao ‘ ¡
` icc 1 vcc Supply Current w; = v: 75 I50 mA l

i‘ l TA - —5s c ‘ ws l

,’ co Outvut Canacitaiics 4 a DF
1 Cl |r1Dut CaDaCllarlC(' re =1DMH2,lnpurs = av 15 vF

l Ci“ VO Ca{Ja<:ta"cL ‘ I0 IS oF

NOTES: B Output loadtng on the data bus is 1 Standard TTL gate plus

15pF lor the minimum value and 1 Standard TTL gate plus

1 Typical values are lor TA = 25"C, nominal supply voltage 100pF tor the maximum value‘

and riominalprocessing parameters 9. Successive read andlor write operations by the external

2. Input timing parameters assume transition times ol 20ns or processor to program or examine the controller must be

less. Wavelorm measurement points tor both input and out- timed to allow at least 600ns lor the Am9517A or
put signals are 2 0V lor High and 0.5V lor Low, unless Arn95‘l7A-1, at least 450ris lor the Am9517A-A and 400ns
otherwise noted lor the Am95l7A-5 as recovery time between active read or

3 Output loading is 1 Standard TTL gate plus 50pF capac-- write pulses

tance unless noted otherwise 10. Parameters are listed in alphabetical order
4 Tne newÍJWor MEMW pulse width for normal write will be 11 Pin 5 is an input that should always be at a logic high leve‘

TCV»tOOns and lor extended write will be ZTCY-l00ns The An internal pull—up resistor will establish a logic high when

net HF? or MEMFt pulse width lo: normal read will be the pin is left floating Alternatively. pin 5 may be tied
2TCY»50ns and lor compressed read will be TCY-50ns to V00

5 TDO is specllied lor two ditlerent output HlGH levels TDO1 12 Signals HEAD and WHITE reler to lO—Rand MEMW respec—
is measured at2.0\/.TDO2rs measured at33V The value me@ lor pe?ral-to-memory DMA operations and to
lor TDQ2 assumes ar external 3.3l<(: pull-up resistor com MEMH and lOW respectively lor memory»tc-peripheral

nected from HREO to \/CC DMA operations
6 DREO should be held active tJl’ltl‘ BACK is returned 13 ll N wait states are added during the write-to-memory hall o!
7 DREQ and DACK signals may be active high or active low

Timing dtagrarris assume the active high mode
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SWITCHING CHARACTERISTICS
ACTIVE CYCLE (Notes 2I3,10,11and12)

AmB517A Am9517A-1 Am9517A-4 Am9517A-5

Parurmlars Ducrlptlon Mln Max Mln Max Min Max Min Max Unlts

LTAEL AEN HIGH fvom cu< LOW(S1)Ds1ay Time 300 300 225 zoo ns
I

Um AEN LOW MXIVGLK HIGH (SU Delay Twne zoe 200 150 130 ns ‘2

I TAFAB ADFI mv@ m Float Delay from CLK HIGH Iso 150 120 90 ns I

I TAFC IEBoI‘w??I=IoaIImmcLI< HIGH 150 I 150
I

120 12o ll]nros DB Acnve In Float oelayvrom cm HIGH 250 ¿se I we
I

we ns `

I TAHR ADR Irom EETG HIGH How TIme -rcv-IooI‘ TCV-100 TCY400 TCY-100‘ ns

was I DB ¡rom msm Low Hood 'nm so so I so ao ns I

I TAHW ADR from wmrs HIGH Hem Trme TCY-50 TCV-50 Tcv-so TCV-50 ns

DACK vane mam CLK LOW Dotay nme T zao zsu | 220 I no ns I

m< ã HIGH Im cm HIGH Dday nm@ ‘I :se 250 I 190 ‘I no ilI I
I"

ã LOW lo CLK HIGH DeIay1’Ime J I‘ 250 250 I

I TASM 1ADR Slable from cm HIGH ¡_ 250 250 I

I nss :03 lo ADSTB LOW Setup Time 100
I

Ion ‘I T
TCH Ica* HIgII TIma (Transmans s Ions_I 120 I 120 I

TCL I
Clock Low Trme mansIuons s Ions;

I Tcv I CLK Cycle Txme seo 1 320

CLK HIGH to READ of WFUTE LOW Delay
TOOL

(Nom III
270 27o

I

‘
I I T

TDCTW

I
HIGH (SM I m

I
200

TDO‘ IHHEG Vahd from CLK HIGH DeIay Tune T '60
I

150

race were SI 250 T 250

I TEP5 IW LOW fvom cm Low sem; TIme so
I

so I

I 1-avw Iã Pulse wm 300 I tí
I

I TFAAB IADH Float Ia Actlve Demyhom CLK HIGH 250 ‘ eso

TFAC \ 
orWT’sAcIIIe (rum CLK HIGH zoo

I
200

I’ TFADE! I Ds Float lo Ame Delay Imm cu< HIGH I 300 T 30o

I THS ‘IHACK Vaiwdlo cm HIGH Setup Time 100 LE‘ TIDH |npu1DataVram ITÉWI HIGH How Yme o I o

I nos Inpm Data loã HIGH Setup Time 250
I

250 I I90 no m

TODH IOm;pu( Data cram MEMW HIGH Hold TIme 2o ‘I 2:: I zo I 'IU H5
I TODV <>uIpuI Dale Vahd IoH HIGH (Note 13) 200 200 I25 125 ns

; Tos DHeom CLK Low(s1, sag SetupTIme 12o o
I

o I o I TTRH CLK lo READY LOW Hold TIme 2o 1 zo
I

zo I l zo
I

HS

I
‘ms Ineaovm CLK LOWSelupTIme we

I
100 I so ‘I J 50 1 ns

I TSTL ~ADSTB HIGH ¡rom CLK HIGH t>eIay1-Ime zoo I 200 I 150 I30 ns I

I
TSTT `Aos†s LOW from CLK HIGH De\ay mm@ 14o

~“—I?(I4o ‘I 11o I 90 H5

TOH ] DFIEO ¡vom DACK Valm Hose TIme o I o W o #741‘ ns `
I 7aoHA?7-Iafomwcx Betsy TIme 1

I ¬ I II ‘IT*_“ I I {?x ‘I
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SWITCHING WAVEFORMS

Timing Diagram I. Ac?ve Cycle Timing Dlngrlm \
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' »zx

.M : f \`
`

my‘
;,.__.1ug 1 ¿_í

mm3_.¢1 1.. -—_vm-< 1
u 1

‘ D! DE 1 u—:.\:
1 : .._.‘V:4s~f J .._....†n.fpe v 1 1

› -:.Aa___.. 1 1 ._,_.,__~m«

H.- 1 11

_. , 1 ,_‘.Hm -..Hpm 1

:_T._..
' 1 1 ' 1
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Í
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SWITCHING WAVEFORMS (Coni.)

Timing Ding:-um 2. Dlomary-to-Memory

cu:

Ann-

n-u—»n

Í

i
‘y

\ /A ‘
ì 1 \=_

won sxwsuósowww» ‘~‘-- - ‘
1 m<¬~__' }..¢‘—ux

umã "
b

J ‘

mar.“ Sk

ms -4 l*'...——— TEM

nuancee

X \

\

1
\

B30403E

Timing Diagram 5. Reset Timing
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SWITCHING CHARACTERISWCS
PROGRAM CONDITION (IDLE CYCLE)

(Noies2.3, 10.and 11)

Am9517A Am9517A-1 Am9517A-4 Am9517A~5

humour! Description Min Max Min Max Ilin Max Ilin Max Units

TAR ADR vuador'c§LowuoREAD Low so so so so `
ns

?
.‘raw AD?V|idI1WFIFTEHiGH5eIupTIme 200 ,zoo 15o I30 ns '

TCW csLowmwRITEHIGHsetup?me zoo 20o ' 150 130 ns

TDW om vane in wan‘: HIGH Setup Tìme zoo 200
I

150 130 ns
`

'mA ADRoICSHoidIromREADHiGH n o o o I
ns

TRDE DmaAooessfmmREAD Low (Nola s) :wo 20o 20o 14o ns

TFIDF DBFioaiDeiIyfromFiEAD HIGH 2o 15o 2o woo 2o mo o 7o ns
,

msm
Poma suppry HIGH Io RESET Low

50° 50° 500 500 nsSotup Tuna
`

‘rns‘rs RESET no Hm Iowa 2TCY ZTCY zvcv 2Tcv ns ;

TRSTW RESET Pulse mam 300 300
`

300 300 ns

¡ mw Raow-am aoo zoo ’ 250 zoo ns

TWA ADR ¡mm WRITE HIGH Hold 'nme 20 20 20 ƒ 20 ns

TWC cs HIGH Vrum warns HIGH How Time 20 2o ze I 20 ns I

TWD Data from WRITE HIGH Hold Time so so i ao ao ns ‘

TWWS Wme mm 200 zoo Í 200 i 150 ns `

SWITCHING WAVEFORMS (Cont)

Timing Diagram G, Program Condition Write Timing (Nate 9)

IvaI
E S ¦ K

`
;._ vw:

›.__í ms ~._.__.5-» , *

_* i—— YWA

i%____ uw

LI}
1

ma mmv vnuc

` ..._ .k rwt:

ví;
"M %———~.

DeD—Da7 W» VAJD

0304£B—‘C

Timing Diagram 1. Program condition Rand Wcla (Note 9)

RI

AD¿a Angus M45‘si .Mr
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APPLICATION INFORMATION

Figure 6 shows a convenient method tor con?guring a DMA

system with the Am95t7A Controller and a microprocessor

System The Multtmode DMA Controller Issues a Hold Request

to the ptooessorwhenever there ts at least one valid DMA Re-

quest from a peripheral device. When the processor replies with

I Hold Acknowledge signal, the Am9517A takes control OI the
Address Bus. the Data Bus and the Control Bus. The address tor

the first transtet operation comes out in two bytes — the least

signi?cant eight bits on the eight Address outputs and the most

stgnilicant eight bits on the Data Bus The contents of the Data

Bus are then latched into the Am74l.S373 register to complete

the NH 16 DIIS oi the Address Bus. The Am74LS373 is a high

speed. low power. 8-bit. 3-state register in a 20-pin package

Alter the initial transfer takes place, the register is updated only

after a carry or borrow is generated in the least significant ad-

dress byte. Four DMA channels are provided when one

Am951 7A is used.

Figure 6. Basic DMA Conflgurntlon.
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Am95‘| 9A
Universal Interrupt controller

DISTINCTIVE CHARACTERISTICS

I Eight individually maskable interrupt input: reduce

CPU overhead

0 Unlimited interrupt channel expansion with no extra

hardware

I Programmable 1-to 4—Dyte response provides vector

address and message protocol for 8-bit GPUs

0 Rotating and fixed priority resoitmen logic

I Sottvvere interrupt request capability

I Common vector and potted mode options

I Automatic hardware clear ol in-service interrupts

reduces software overhead

I Polarity control cl interrupt inpus and outpus

I Reset minimizes software initialization by

automatically generating CALL to location zero

GENERAL DESCRIPTION

The Am9519A Universal interrupt Controller is a processor

support cirwit that provides a powerful interrupt structure to

lnaease the efficiency and versatility of microcomputer-

based systems. A single Arri95t9A manages up to sigh:

rnaskable interrupt request inputs, resolves priorities and

supplies up to tour bytes of fully programrnetzle response for

each interrupt. it uses a simple expansion structure that

allows many units to be cascaded tor control at large num-
bers all interrupts Several programmable control features

are provided to enhance system ?exibility and optimization.

The Universal Interrupt Controller is designed with a geri-
era) purpose interface to lacilnate its use with a wide range
cl digital systems. including most popular 5-bit micro-

processors. Since the response bytes are iully program-
mable, any instruction or vectonng protocol appropriate tor

the host processor may be used.

When the Am9519A controller receives an unmasked Inter-

rupt Request, it issues a Group interrupt output to the CPU

When the interrupt is acknowledged, the oonhroller outputs

the one-tcrlour byte response assoaated with the highest

priority unmasked Interrupt request The ability o! the CPU

to set interrupt requests under software control permits

hardware pnoritizetion ol software tasks and aids system

diagnostic and maintenance procedures.

BLOCK DMGRAM

eyri
f* —-0

-i§i§’via °»7s'3§§¢

in -vo '“ 3331::

—-0 w??éo. B _;:,:;M
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INTERFACE SIGNAL DESDRIPTION

VOC: +5 Volt Powar?upply

VSS: Ground

080
-

DB7 (Dm Bus. Inputloinputl

The eight bidirectional data bus signals are used to trans-
fer information between the Arri9519A and the system data

bis. The?rection of transfer is controlled by the Í,WR and RD input signals. Programming and control in-

formation are written into the device; status and response
data are output by it.

Ts (Chip Select, Input)

The active low Chip Select input enables read and write

operations on the data bus lngrrupt acknowledge re-

sponses are not conditioned by CS.

ITD (Read, Input)

The active low Head signal is conditioned by É and indi-

cates that information is to be transferred from the

M19519;-‘i to the data bus.

‘WT? (Write, Input)

The active low Write signal is conditioned by t-Jš and indi-

cates that data bus inlormation is to be translerrad from

the data bus to a location within the Am9519A.

C5 lcontrollbata, Input)

The CH5 control signal selects source and destination |oca~

tions for data bus read and write operations. Data read or
write transfers are made to or from preselected internal

registers or memory locations. Control write operations

load the command register and control read operations

output the status register.

IREOO
— IREO7 (Interrupt Request, Input)

The interrupt Request signals are used by external de-
vices to indicate that service by the host CPU is desired.

¡REO inputs are accepted asynchronously and they may

be programmed for either a high-to-low or low-to-high

edge transition. Active inputs are latched internally in the

Interrupt Request Register. After the IRR bit is cleared, an

lRECl transition of the programmed polarity must occur to

initiate another request. '

H5 (Response In Process. lnputloutpirtl

Response In Process is a bidirectional signal used when

two or more Airi95l9A circuits are cascaded. It permits

multibyte response transfers to be completed without in-

terterence from higher priority interrupts. An i'iiri95l9A :Lt
is responding to an acknowledged interrupt will treat RIP

as an output and hold it low until the acknowledge re-

sponse is ?nished. An Am9619A without an acknowledgid

interrupt will treat W as an input and will ignore IACK

pulses as long as W is low. The Ñ output is open drain

and requires an external pullup resistor to VCC.

Iït (Interrupt Ackriowkdve. Input)

The active low Interrupt Acknowledge line indicates that

the external system is asking for interrupt response in-

formation. Depending on the progra_mrned state of the

Am9519A, it will accept 1, 2, 3 or 4 IACK pulse_si>ne re
sponse byte is transferred per pulse The ?rst IACK pulse

causes selection of the highest prio_rity unmasked pending

interrupt request and generates a HIP output signal

PAUSE (Pause, Output)

The active-low Pause signal is used to coordinate interrupt

responses with data_§_Lis and control timing. Pause goes
Liar when the first IACK is received and remains low until

HIP goes low. The external system can use Pause to stretch

the acknowledge cycle and allow the control timing to au-
tomatically adjust to the actual priority resolution delays in
the interrupt system. Second, third and fourth response
bytes do not cause Pause to go low. Pause is an open drain

output and requires an external pullup resistor to VCC

E0 (Enable Out. Output)

The active high EO signal is used to implement daisy-

chained cascading of several Am95l9A circuits. EO is con-
nected to the El input af the next lower priority chip. On

receipt of an interrupt acknowledge, each EO will go inactive

until it has been determined that no valid interrupt request is

pending on that chip. lf an active request is present, EO

remains low. E0 isalso held low when the master mask bit is
active, thus disabling all lower priority chips

El (Enable In, Input)

The active high El signal is used to implement daisy-

chained cascading of several Am95‘l9A circuits. El is con-
nected to E0 of the next higher priority chip. It may also be

used as a hardware disable input for the interrupt system
When El is low IACK inputs will not affect ISR, however

PAUSE will go low until Ñ goes low El is Internally pulled

up to VCC so that no external pullup is needed when El is
not used.

GINT (Group Interrupt, Output)

The Group Interrupt output signal indicates that at least one
unmasked interrupt request is pending it may be pro-
grammed for active high or active low polarity. when active
low, the output is open drain and requires an external pull

up resistor to VCC Since a glitch on GlNT occurs approxi-
mately100nsec after the last IACK pulse this pin should not
be connected to edge sensitive devices
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REGISTER DESCRFTION

Interrupt Request Register (RR): The 8-bit IRF! is used to

store pending interrupt requests. A bit in the ¡RR is set
whenever the corresponding ¡REO input goes active. Bits

may also be set under program control from the CPU.

thus permitting software generated interrupts. lRR bits

may be cleared under program control. An IRF! bit is au-
tomatically cleared when its interrupt is acknowledged. All
IRE bits are cleared by a reset function.

Interrupt Service Register (ISR): The B-bit ISR contains

one bit for each IREQ input. It is used to indicate that a
pending interrupt has been acknowledged and to mask all
lower priority interrupts. When a bit is set by the acknow-
ledge logic in the ISR. the corresponding IRR bit is
cleared. If an acknowledged interrupt is not programmed

to be automatically cleared, its ISR bit must be cleared by
the CPU under program control when it is desired to
permit interrupts from lower priority devices. When the
interrupt is programmed for automatic clearing, the ISR
bit is automatically reset during the acknowledge sa-
quenca, All ISR bits are cleared by a reset function.

Interrupt Meek Register (IMF): The 8-bit ¡MR is used to
enable or disable the individual interrupt inputs. The [MR
bitla correspond to the IREO inputs and all eight may be
loaded, set or cleared in parallel under program control. In
addition, individual IMR bits may be set or cleared by the
CPU, Care must be taken therefore when disabling a speci?c
channel by setting its ¡MR bit. if that bit ia causing the GlNT
pin to be active a lock-up condition can occur ¡f the CPU
recognizes the interrupt and then the Arn95l9A removes the

request During the WW cycle FAUSÉ will go low and stay
low. The solution is to disable CPU interrupts prior to writ-
ing to the IMF and then ra-enabie them. A reset function will
set all eight mask bits, disabling all requests. A mask bit that
is set does not disable the IRR, and an ¡REO that arrives
while a corresponding mask bit is set will cause an interrupt
later when the mask bit is cleared. Only unmasked interrupt
inputs can generate a Group Interrupt output.

Response Memory: An B x 32 reed/write response mam-
ory ls included in the Am95l9A. lt is used to store up to
four bytes of response information for each of the eight
interrupt request inputs. All bits in the memory are pro-
grammable, allowing any desired vector, opcode, instruc-
tion or other data to be entered. The Arrl95l9A transfers
the interrupt response information for the highest priority
unmasked__in_terrupt from the memory to the data bus
when the IACK input is active

Am9519A

Auto Clear Register: The B-bit Auto Clear register contains

one bit {or each IREO input and specifies the operating

mode for aach of the ISR bits. When an auto clear bit is off,

the corresponding ISR bit is set when that interruvl is

acknowledged and is cleared by software command. When

an auto clear bit is on, the corresponding ISR bit is cleared

by the hardware by the rising edge of the last acknowledge

pulse. A reset function clears all auto clear bits.

Status Register: The 8-bit Status register contains infor-

mation cancernlng the internal state of the chip, It is
especially useful when operating in the polled mode in

order to identify interrupting devices. Figure l shows the

status register bit assignments. The polarity of the GINT

bit 7 is not affected by the GINT polarity control (Mode bit

status register bit assignments. Bits S0-S2 are set asyn-
chronously to a status register read operation. It is recom-
mended to read the register twice and to compare the binary

vectors for equality prior to the proceeding with device ser-
vice in polled mode The polarity of the GINT bit 7 is not
affected by the GINT polarity control (Mode bit3l. The Status

registeris read by executing a read operation «Í = O, RS = Or»

with the control location selected (DD = 1l.

Mode Register: The 8-bit Mode register controls the

operating options of the Arn95l9A. Figure 2 shows the bit
assignments for the Mode register. The five low order
mode bits (0 through 4) are loaded in parallel by com-
mand. Bits 5. 6 and 7 are controlled by separate commands.
[Sac Figura 4.) The Mode register cannot be read out di-

rectly to the data bus, but Mode bits 0,2 and 7 are available

as part of the Status register.

Commend Register: The 8-bit Command register stores
the laat command entered. Depending upon the com-
mand opcode, it may initiate internal actions or precondi-
tion the part for subsequent data bus transfers. The

Command register is loaded by executing a write opera-
tion (Wi = Ol with the control location selected (C15 = 1).

as shown in Figure 3.

Byte count Register: The length in bytes of the response
associated with each interrupt is independently program-
med so that different interrupts may have different length

responses. The byte count for each response is stored in

eight 2-bit Byte Count registers. For a given interrupt the

Am95lSA will expect to receive a number cl

Í
puls_es

that equals the corresponding byte count, and will hold RlP

low until the count is satisfied.

»

7-2&7



Am9S19A

sv S6 S5 se S3 52 S‘l so

‘: B...~.,..,... lv; ine
number of the higher. priority
unmaskedon that ii ut in IRR
Valid only when S7 - 0

›-í--- Mam: Maskair
0 Duo diurmed
I Onivarmed

__..____. interrupt Mode
0 lriterruot
I Pollcd

si?
Priority Mode

0 mm
i Routing

be
Enable input

u one disabled
.1 Ounmsiea

Grow interrupt
t Ne unmasked

inn mi set
0 At luxt one unmarked

IRR on tel

Figure 1. Status Regitter Bit Assignments. names

M7uisM5M4M3M2MiMo

»monty Mode
D Fixer:
I Rotating

Vector Selection
0 individual vento*
i common veclo’

__.._
interrupt Mode

D |ViteV'i.lD\
i Foiled

e
GlNT Polarity

0 Active mv.
‘l Active rum

e
lREGPolarity

0 Active low
1 Active nigh

e
RegisterPrcselectiori

m lrilerruDl Serviceregister
oi interrupt mask register
ro lrtterluvl request register

ii Auto clear regisll’

Mum max 5 l
0 only dixarmec
i Chin armed

Figure 2, Mode Register Bit Assignments. oouren

FUNCTIONAL DESCRIPTION

Interrupts are used to improve system throughput and re-
sponse time by eliminating heavy dependence on
software polling procedures interrupts allow external de-
vices to asynchronously modify the instruction sequence
of a program being executed. In systems with multiple in-
terrupts, vectoring can further improve performance by al-
lowing direct identification of the interrupting device and

its associated service routine,The Arri9Si9A Universal inter-

rupt Controller contains, on one chip, all of the circuitry

necessary to detect, prioritize and manage eight vectored
interrupts. lt includes many options and operating modes

that permit the design of sophisticated interrupt systems

Reset

The reset function is accomplished by software command

or automatically during power-up. The reset command

may be issued by the CPU at any time. Internal power up
circuitry is triggered when VCC reaches a predetermined
threshold, causing a brief internal reset pulse. ln both

cases, the resulting internal state of the machine is that all

registers are cleared except the Mask register which is

set Thus no Group Interrupt will be generated and no in-

terrupt requests will be recognized, The response memory
and Byte Count registers are not affected by reset.'Their

contents after power-up are unpredictable and must be
established by the host CPU during initialization

Operating Sequence

A brief description of a typical sequence of events in an

_
operating interrupt system will illustrate the general interac-

tions among the host CPU, the interrupt controller and the
interrupting peripheral

1. The Am95l9A controller is initialized by the CPU in
order to customize its configuration and operation for
the application at hand. Both the controller and the
CPU are then enabled to accept interrupts

.
One (or more) of the interrupt request inputs to the

controller becomes active indicating that peripheral

equipment is asking for service. The controller asyn-
chronously accapts and latches the requsstls).

.
It the request is masked, no further action takes place

If the request is not masked, a Group lnterrupt output
is generated by the controller.

.
The GINT signal is recognized by the CPU which nor-
mally will complete the execution ol the current in-

struction, insert an interrupt acknowledge sequence
into its instruction execution stream, and disable its
internal interrupt structure, The controller expects to
receive one or more

Í
signals lrom the CPU during

the acknowledge sequence.

.
When the controller receives the IACK signal, it brings

PAUSE low and selects the highest priority urirnasl?
pending request. When selection is complete, the RIP

output is brought low and the first byte in the response

memory associated with the selected request is output

on the data bus. PAUSE stays low until RIP goes low TIP

stays low until the last byte of the response has been
transferred.

r
During the acknowledge sequence, the IRR bit corre'
spending to the selected request is automatically
cleared, and geiorresponding ISR bit is set by the fall-

ing edge ol lACK When the ISR bit is set, the Group

Interrupt output is disabled until a higher priority request

arrives orthe (SH bit is cleared The ISR bit will be cleared
by either hardware or software

.
If a higher priority request arrives while the current ree
quest is being serviced, GINT will be output by the con-
troller, but will be recognized and acknowledged only if
the CPU has its inierruptinpuienablecl. Ilacknowledgeo

the corresponding higher priority ISR bit will be set and
the requests nested
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Information Transfers

Figure 3 shows the control signal con?gurations (or all

information transfer operations between the Arn9519 and

the dìtji bus, The following conventions are assumed: 'l-Í
and WR active are mutually exclusive; É, WT? and Cl?hava

no mes_riing unless C5 is low: activelAT'(pulses occur only

when CS is high

For reading, the Status register is selected directly by the

ClD control input. Other internal registers are read by pro
eelecting the desired register with mode bits 5 and 6, and

then executing a data read. The response memory can be

read only with

Í
pulses. For writing, the Command

register is selected directly by the C15 control input. The

Mask and Auto Clear registers are loaded following
speci?c commands to that effect. To load each level ot the

response memory, the response preselect command is is-

sued to select the desired level. An appropriate number ol

data write operations are then executed to load that level.

CONTROL INPUT
DATA BUS
OPERATION

Transfer contents of

preselected date register

to data bus

Transfer contents ol data bus1`

y
to preselected data register

Transfer contents ol status

register to data bus

Transfer contents oi data i

‘
bus to command register

Transfer contents of selected '
response memory location

`
_

to data bus l

Figure 3. Summary of Data Bus Transfers.

The Pause output may be used by the host CPU to ensure that

prOD€[LNng relationships are maintained with the Arn95l9A

when lACl( is active. Thel'A7puIse width required depends

on several variables, including: operating temperature, in-

ternal logic delays, number ol interrupt controllers chained

together, andthe priority level olthe interrupt being acknow-

ledged When delays in these variables combine to delay

s?tion of a request following the falling edge of the_fi§_t

IACK, the Pause output may be used to extend the lACl<

pulse, if necessary. Pause will remain low until a reque_st
has been selected, as indicated by the falling edge ol RIP,

Typicelly, the internal interrupt selection process is quite

fast. especially lor systems with a single Am9519A and Pause

will consequently remain low lor only a very brief interval

and will not cause extension ol the lACK timing

Operating Options

The Mode register specilies the various combinations oi

operating options that may be selected by the CPU. it is

cleared by power-up or by a reset command.

Mode bit 0 specifies the rotatingllixed priority mode (see

Figure 2). In the fixed mode. priority is assigned to the re-
quest inputs based upon their physical location at the
chip interlace, with lREQO the highest and IREO7 the low-

est In the rotating mode, relative priority is the same as

tor the fixed mode and the most recently serviced request

is assigned the lowest priority. ln the fixed mode, a lower

priority request might never receive service il enough

higher priority requests are active. ln the rotating mode,

any request will receive service within a maximum cl
seven other service cycles no matter what pattern the re-

quest inputs lollow,

Mode bit 1 selects the individual/common vector option

individual vectoring provides a unique location in the re-

sponse memory for each interrupt request The common

vector option always supplies the response associated

with IREOO no matter which request is being acknow-

ledged.

Mode bit 2 specifies interrupt or polled operation. ln the

polied moda the Group interrupt output is disabled The CPU

may read the Status register to determine if a request is

pending. Since EEK pulses are not normally supplied in

polled mode, the IRR bit is not automatically cleared, but may

be cleared by command, with no lACl( input the ISR and the

response memory are not used. An Arn95l9A in the polled

mode has El connected to EO so that in multichip interrupt

systems the polled chip is functionally removed from Vie

priority hierarchy.

Mode bit 3 speci?es the sense ol the GINT output When

active high polarity is selected the output is a two-stale

configuration, For active low polarity, the output is open
drain and requires an external pull-up resistor to provide

the high logic level. The open drain output allows wired-

or con?gurations with other similar output signals.

Mode bit 4 specifies the sense ol the lFlEO inputs when

active low polarity is selected, the IRR responds to falling

edges on the request inputs. When active high is selected.

the IRR responds to rising edges

Mode bits 5 and 6 specify the registerthat will be read on

subsequent data read operations (CID = 0, ¡É = 0) This

preselection remains valid until changed by a reset or a
command.

Mode bit 7 is the master mask bit that disables all request

inputs. It is used to disable all interrupts without modify'

ing the ¡MR so that the previous lMR contents are yali:
when interrupts are reenabled When the master mask bit

is low, it causes the E0 line to remain disabled ilovvi

Thus, lor multiple-chip interrupt systems, one master

mask bit can disable the whole interrupt structure Alter-

natively. portions of the structure may be disabled The

state ol the master mask bit is available as bit 53 pl ll"€

Status register

Programming

Alter reset, the Am95i9A must be initialized by the CPi.‘- ,¬
order to perform useful work. At a minimum the mass’
mask bit and at least one of the NF: bits should be enabled

if vectoring is to be used, the response memory must be

loaded, "ii notthe mode must be changed to a riorrvectcred

configuration Normally, the first step will be to modily the

Mode register and the Auto clear register in orde' to es‘ab—

lish the configuration desired lor the application Then the

response memory and byte count will be loaded for those

request levels that will be in use The response mamon ror

every channel must be written even if rhe sharing‘ is re:

used Every byte need not be written only those speci
the byte count Finally, the master mask bit and a'

portions ol the IMR will be enabled to allovi. l|’iI€'lup! c

cessing to proceed

7-289



Am9519A

Commands

The host CPU con?gures, changes and inspects the Interna

condition 01 the Arn95t9A using the set of commands shown

in Figure 4. An "X" entry in the table indicates a "don't

care" state. All commands are entered by directly loading

the Command register as shown in Figure 3 (C5 = 1,W§

= 0). Figure 5 shows the coding assignments for the Byte

Count registers. A detaiiad description oi each command is

contained in the Am9519A Application Note AMFUB-O71

D 1

1 2

0 ‘ 3

41:1Figure 5. Byte Count Coding.
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COMMAND cone COMMAND r

`
7 r e i a

,
4 i a l 2 1 oesciuimoni i

1 o i o f o ¡T o It 0 ¿ o o Reset 1

[ o T o o 1 1 r o ‘i 1 x x Clear an IRR and all ¡MR bits 1

1 O 0 0 1 1 i 32
Á

B1 B0 Cioar IRR and IMR bit specified by E2. B1, B0 `

i D l 0 1 0 0 ‘ X i X X Clear ail ¡MR bits

:7 O 0 1 0 1 B2 B1 B0
`

Clear IMR bit specified by B2, B1, B0

ì o o 1 1 o x x I X 591 ail IMR bits 1

0
I

O r 1 1 1 B2 B1 ‘ ED Set IMF! bit speci?ed by B2, B1, BU `

3 o i 1 ‘ o o D ' x x x Ciear ali ¡RR bits

1' 0 1 Í 0
›

0 ` 1 i B2 1 B1 BO Ciear IRF bit speci?ed by 52, B1, B0

O 1 i 0 1 0 X X X i 591 al! ¡RR bits

0 1 0 1 1 B2 Bi B0 ‘ Set IRR bit specified by E2, E1, B0 :l
0 \ 1 1 0 X ` X X X Clear highest priority ISR bit

`
o i 1 1

`
1 o x x ¡ x ‘ Clear ali ISR bits 1

o : 1 1 ' 1 1 i 52 sr ,1 B0 Clear ISR an speciriea by 52, 51, an

1 0 0 M4 ` M3 MZ
`

M1 ‘L M0 Load Mode register bits 0-4 with sveciiied pattern

l 1 l 0 1 r o 1 M6 r M5 ‘ o : 0 Load Mode register bits s, e with speci?ed pattern

‘ 1 1 0 1 i M6 M5 0 ' 1
1

Load Mode register bits 5, 6 and set mode bit 7

I
1 O

,
1 M6 M5

I
1 1 0 ' Load Mode register bits 5, 6 and clear mode bit 7

i
,

i
o 1 1

1'
X X X

‘
X

i Preseiect IMF for subsequent loading from data

‘ i 1 l bus

1 1 w o o 1 X X
`

X X
Preselect Auto Clear register for subsequent

:
r 1 ioading from data bus

A{
V i ‘ Load BY1, BYD ¡mo byte count register and r

1 W 1 BY1 BYD L2 L1
1

L0 preselect response memory Ievei specified by L2,
‘ L1, L0 for subsequent loading from data bus

Figure d. Am9519A Command Summary.
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MAXIMUM RATINGS above which useful 111: may be imwired
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static chine. I! is suggestad, nevertheless, thu! convtmional precautions be observed during mange, hmdlinn and use m order to avoid

exposure to excesiva vol?ges.

0FERA1'|lh RANGE
.

Pnn?uvbov Ambium Tunponmu V@ V-

_

N1'%1§A’C.NV§19ADC
o,c‘.’A‘7(rc

5.0V 25% UV

N|O51IA-1PC,An'?5IBA-1DC

M§1MD1 -4O‘C<TA:B5‘C 5.|'.IV:10‘/- 0V

Am9s19ADMB —55‘c < T, s l25“C 5.0V :una av

DC CHARACTERISNCS Over Operaung Range (Nme 1)

Humour Dacnp?on TM! condmonn Mln Typ Max Units

*7 *r{Von
1 OInxxnHaghVnm9e(No\e121

IL '°"‘= ‘2°°“‘
I

2‘ 1 1
r Volts

1or<:—1oo..A(Eoonry1,.
`

24 r 1 r

\ 1
nos. = 3 2m

‘
1

1 o 4 1
VOL Oubm Low V:-Inge ' A@ 1 1 Vans

J 1 IOL :1.0mA(EO mm _1 1 r o A

í VIH mm Hngh Vonage 'r
* 2 o j L1/cc V0115

LIL
_

¡mmm vmge Í L -1.15 j 1
o a 1 V0115

J
11x

r
om.-1 Load Current

I
vss s vm 2 voc

E‘ "w" ` ‘°° ‘ ‘ ‘° ,LA
' Omermputs ‘

—1o 1 10

¡oz Output Leakage Current 1 vss < vou-r Q VCC10utput or J - 1o 1 10 “A

1 ' r, = +25=c f so 125 r
:cc 1 vcc supwy Current L r, = ofc 1

i
wo 145 1 mA

L ‘H = ~ 55=c 1% 1'
`

200

Go 1 Output Capadmnee 1 lc = mun: 1 f 1 15

‘1 cr ` ¡mm capamanee T, = wc 1 r 1 1o 1 pF
r

C10 I/Dcaoaatanoe AI1pmsa1oV
`

2G 1J r

AC TESTING INPUT, OUTPUT WAVEFORM

Input/Output

LA

1a.; resr ¿lo
“s

D, ,/~›owrrs`. n,

nova s

7-291



Am951sA

Ac CHARACTERISTICS Over Operating Range (Notes 2, a, 4, s)

Am9519A Am951aA-1

"muuy, oggcnpuon ‘Min Max Min Max Unlts

1
TAVRL c/6veI.oenaE§LowIoRoee LOW * o ' 0 ns I

TAVWL c/ñ me and E LOW to Wme Low o 0 ns

TCLFH 71$ LOW Io WK HIGH (Note e) 75 375 75 375 "S

'rcLov W Low to Data om VnlId(No1e 7) 5° ‘° "S

L TDVWH Data In Vahd Io wnte HIGH 250 200 "S

ï TEHCL Enable In HIGH Io W Low (Notes 3. 9) so 300 ao 300 ns

'nvev Interrupt Request vane to Group |n1orruptVaJ‘Id 100 a eoo 550 ns

Wm
Imsnupt Request vena no Interrupt Roques! Don't Care

250 250 3 ns(IREO Pulse Duranon)
I

TKHCH WHIGH un?t-IIGH (Nola e) 450 V 350 1
ns

TKHKL
,

Wz:“I<HI(;HIz>I;IIToI<Low(IT<;_I<Faeoc;vevs/I 500
,

300 "S Í
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MEMORY MAPPEBS

(T lM99610 THRU TlM99613l
0 Expands 4 Address Lines to 12 Address Lines m.f"“_5;L.5_"~J~6';"::;‘:‘:3?GE

I Designed for Paged Memory Mappmg ttoe V|EWl

o Output Latches Provided on ’LS610 and
w ,

l E] ,cc

'LSG11
,w E E] ,W

o Choice of 3-State or Open—Collector Map as E 2: an

Outputs 8 E xv but

ø Compatible with TMS 9900 and Other "“5‘_f ' " 'W

Microprocessors 'W ' " 'W
' W E 3| DN

ou'n>u'rs MAP
_

m E =1 D“
at mDEVICE LATCHED OUTPUT TYPE

mnwsw
01 E

M” m W
15610 Ve: 3-State f m E " W

'LS61‘l Yes Open-Col|ector 04 H II DY

15612 No 3»State as E n oc

15513 No Openvcollector ii E ¡I Cmcl‘

ICQ M E MO"

_ _
MOI U E NOID

description
,m u E m¡uam-,UYS mu-ourvuts

These memory-mapper integrated circuits contain a was n E] w:
4-line to 16-line decoder, a 16Aword by 12-bit RAM, W* ‘I

Él] H07

16 channels of 2-line to 1-line multiplexers, and other nos ll '3] mos

miscellaneous circuitry on a monolithic chip. The two at E ¡ñ
'LS610 and 'LS6‘ll also contain 12 latches with an

enable control. ‘Nora. Fm as has no inuynnl connection on user: ma ‘L561 s

The memory mappers are designed to expand a microprocessor's memory address capability by eight bits. Four bits of

the memory address bus (see the figure below) can be used to select one of 16 map registers that contain 12 bits each.

These 12 bits are presented to the system memory address bus through the map output buffers along with the unused

memory address bits from the CPU. However, addressable memory space without reloading the map registers is the

same as would be available with the memory mapper left out. The addressable memory space is increased only by

periodically reloading the map registers from the data bus.

This configuration lends itself to memory utilization (1116 pages of 201*‘) registers each without reloading in = number
of address bits available from CPU).

These devices have four modes of operation (read, write, map, and pass). Data may be read from or loaded into the map

register selected by the register select inputs (RSO thru RS3) under control of R/W whenever chip select l-C-S) is low.
The data l/O takes place on the data bus DO thru 07. The map operation will output the contents of the map register

selected by the map address inputs (MAO thru MA3) when (3-5 is high and ¡ATA (map mode control) is low. The ‘LS612
and ‘LS613 output stages are transparent in this mode, while the 'LS6l0 and 'LS6i1 outputs may be transparent or
latched. When '55 and MM are both high (pass model, the address bits on MAC thru MAZ? appear at MO8~MOH,
respectively, (assuming appropriate latch control) with low levels in the other bit positions of the map outputs.
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TYPES SN54LS6‘|0 THRU SN54LS6‘I3, SN74I.S610 THRU SN74I.S613

MEMORY MAPPEHS

functional block diagram (positive logic)

B

MAO~MA3

RSO»HS3

STROEIE

¡VW

D0›D`l1

B L‘: FOR MO0——M07

c
I

ONLY ¦

'Lss1o
l

&’LS6‘l1
HAVE I

LATCH I

I

I
I
I
IRAM 15 l 12

0 Oï}^ 15

cl IWRITEI MOO-M07

1D MOBMOII

L__J

'LS612 E
‘LS613 FEED
STRAIGHT
THROUGH

"Lssw and 'LS6l2 have 3 mite lvl map outputs
‘LS6l1 and 'LS6I3 have open collectov (9) map outputs

PIN FUNCTION TABLE

PIN FIN NAME FUNCTIONAL DESCRIPTION

7-12, DO thru Dll I/O connections to data and control bus used lor reading lrorn and writing to the map register

29-34 selected by RSO—FlS3 when C.S'is low. Mode controlled by R/W

36, 38, 1, 3 R30 mm RS2 Register select inputs for I/O operations

6 Fl/W Read or write control used in l/O operations to select the condition ol the data bus. when high, the

data bus outputs are active for readlhg the map register, when low, the data bus is used to write into

the vegister.

5 ST?Fl5B-E Strobe input used to enter data into the selected mac register during I/O operations

4 (TS Chip select input. A low input level selects the memory mapper (assuming more than one used) for

an I/O operation

35, 37, 39, 2 MAO mm MA: Map address inputs to select one of 16 map registers when in map mode lÑlll-A low and FS nigh).

14-19, M00 thru M011 Map outputs. Present the map vegister contents to the system memory address bus in the map moo:

22-27 ln the pass made, these DUXOUIS provide the map address data on MO8—MO11 and low levels on

MOD-MO7.

13 We Map mode Input. when low, 12 bits at data ave tiansteiieu «mm the selected map register to the ma;

outputs. When high (pass model, the 4 bits present on the map address inputs MAO-MA3 are passed to

the map outputs MOB-M011, respectively, while MOUAMO7 are set low.

21 WE Mao enable for the map outputs. A low level allows the outputs to be active while a high input level

puts the outputs at high impedance.

28 C Latch enable input lot the 'LS6l0 and 'LS6‘I| (no internal connection lor 'LS612 and 'LS6‘l3l. A

high level will transparentlv pass data to the map outputs. A low level will latch the outputs

40, 20 VCC, END 5—V power suDDly and network ground (substrate) pins
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INEORPORATED

PO57 omcs BOX 225m2 ø DALLAS TEXAS 75255
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INTRODUCTION

Microprocessors, due to the advent of high density semi-

conductor memories (ie, 64K or larger), are being used

more and more in systems featuring memory structures
larger than 64K bytes. The majority of the microprocessors
in use or available today have a 16-bit address bus, with a

maximum addressing capability of 64K words, Due to this
limitation, some sort of memory mapping is necessary to
adapt these microprocessors to applicatmns where large

memory structures are required.
The memory mappers (SN54-'74LS6l0 through

SN54/741.5613) from T1 were designed to alleviate this
addressing limitation. These devices employ a paged memory
mapping technique in expanding the system memory address

bus by 8 bits, thus effectively increasing the system

addressing capability by a factor of 23
or 256. For micro-

processors with a 16-bit address bus (such as the 1-80, the

8085 and the 6800), this results in an increase in the

maximum addressing capability from 64K bytes to 161V

bytes and for the TMS990O (which has a 15-bit address

bus), the result is an increase from 32K words to BM words
(word = 2 bytes).

In the mapping operation, the four MSBs of the
microprocessor address word are used to access one of the
sixteen 12-bit registers of the memory mapper’s 16 X 12-bit
RAM array. Each mapper register is capable ot holding a

12-bit address which will be termed the page address and
will be used as the 12 MSBs of the memory address bus.
The remaining 12 bits (11 in the case of the TMS990U) of
the microprocessor address bus will be transferred directly
to memory from the microprocessor and will be used to
address the memory locations within each page. (See

Figure l)
The memory will be organized into 2‘ pages (where x

equals the number of bits of the page address) with 2"‘4

words or bytes (where n is the bit length of the micro-

processor address bus) per page. Once loaded, the mapper
can access only 16 pages or 64K bytes (32K words in the

TMS990O case). In order to access more pages, the memory
mapper RAM array must be reloaded with 16 new page

addresses. This is done by the microprocessor via the data

bus with the mapper in the WRITE mode. (A more detailed

description of the modes of operation will be given later in
this report.)

FUNCTIONAL DESCRIPTION

A functional block diagram of the S.‘\'54/741.5610

memory mapper, which consists mainly of. a 4~bit 2-to-1
multiplexer, a 16 X 12-bit RAM array, a 12-bit 2-to—l

multiplexer, 24 3-state buffers, control logic and in the case

of 'LS6lO and 'LS6ll, a 12-bit transparent latch,as shown
ir. Figure 2. Table I lists the functional differences between

the T5610, ’LS6l1, 'I.S6l2, and ’LS6l3. Table II lists the
function of each pin.

Depending on the state of the input control signals

(i.e., cs, R/V, STROBE, mi, and ETE), the mapper can be

operated in three basic modes of operation, I/O (READ

or WRITE), MAP and PASS. An explanation of each mode
and the control signals necessary‘ to achieve that mode ot”

operation is given below. (Refer to Table III)

Input/Output Mode
In this mode a page address can be loaded either

into a mapper register or can be read from a_memo:3

mapper register depending on the state of the R/W (READ

WRITE) input. This input signal controls either the READ

or WRITE function of the I/O Mode.

WRITE Mode
One of the sixteen 12-bit registers is loaded with a

page address via the DO-Dll I/O ports from the o~

processor. The address of the selected register is inpittci
via the RSO-RS3 inputs and is usually the four l_,SI_3s_o.‘tl;i

microprocessor address word. The chip select (C5). the

strobe (s'i ìïosã) and RM controls should all be low.
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Table I. Device Comparison

Map Output: Map

Device Lnched Output Type

SN54/74 LS61D Yes 3-State

SN54/741.5611 Yes Open-collector

SN54/74 LS6l2 No 3-State

SN54 /74 LS613 No Open-collector

READ Mode
The contents of one of the sixteen 12-bit registers is

read from the mapper via the D0-Dll I/O ports. As in the
WRITE mode, the mapper register is selected by the address

on the RSO-RS3 inputs. Again chip select (C-5) should be

low, while the R/W should be kept high.

MAP Mode
The contents of one of the sixteen 12-bit memory

mapper registers is outputted to the system address bus via

the MOO—MOll outputs. The address on MAO-MA3 selects

the mapper register and is usually the {our MSI3_sol’ the

microprocessor address word. The c__hi_p select (CS) must
be inactive (high), the map mode (MM) control and the

map enable OE) must both be active (low). The n—4

LSBs, where n equals the microprocessor address bit length.

of the microprocessor addressbus will be transferred directl)

to memory from the microprocessor, while the rerriainmg
12 R188: of the system address bus will be driven onto the

bus by the memory mapper.

Table 11. Pin Functions

Pin Pin Name Functional Description

7-12 DO thru D11 I/O connections to data and control bus used for reading from and writing to

29-34 the map register selected by RSO-RS3 when CS is low. Mode controlled by RM’.

(DO corresponds to M00 and is the most significant bit.l

significant bit.)

36, 38,1, 3 R30 thru RS3 Register select inputs for I/O operations. lFiS3 is the least signiiicant bit.)

6 R/W Read or write control used in I/O operations to select the condition of the data

bus. When high, the datarbus outputs are active for reading the map register.

When low, the data bus is used to write inzo the register.

5 STROBE Strobe input used to enter data into the selected map register during I/O

operations.

4 C-S Chip select ‘input, A low input level selects the memory mapper (assuming more

than one used] for an I/O operation.

35, 37, 39, 2 MAO thru MA3 Map address inputs to select one of 16 map registers when in map mode (ÑÑ low

and ã high}. lMA3 is the least significant bit.)

14-19 MOO thru M011 Map outputs. Present the map register contents to the system memory address

22-27 bus m the map mode. in the pass mode, these outputs provide the map address

data on MOB-M011 and low levels on MOO-M07.(MO11 is the least

13 Vt? Map mode input. When low, 12 bits of data are transferred from the selected

map register to the map outputs. when high (pass model, the four bits present

on the map address inputs are passed to the map outputs.

21 ME Map enable tor the map outputs. A low level allows the outputs to be active while

a high input level puts the outputs at high impedance.

28 C Latch enable input lor the 'LS61O and 'LS611 (no internal connection for 'LS5‘l2

and 'LS613l. A high level will transparently pass data to the map outputs. A low

level will latch the outputs.

40, zo vcc, emo Power supply (5 V) and network ground (substrate) pins.



Table III. ¿Hades of Operation

MAPPER U0
INPUTS WHITE (LOAD) READ (VERIFY) MAP PASS

C_5 Active (Low) Active (Low) Inactive (High) Inactive (High)

STROBE Active (Law) Don't Care Don't care Dan‘! care

Ft/W Low High Don’: Care Don't care

TATA' Don't Care Don't Care Active (Low) Inactive (High)

-IE inactive (High) Inactive (High) Active Active

RSO-RS3 Address at Address of Don't Care Don't Care

Selected Register selected Register

MAO-MA3 Don't Care Don't Care Address of Address of

Selected Register Selected Register

MOO-M011 High Impedance High Impedance Valid Address Valid Address

DO-D11 Register contents Register contents Input Mode Input Mode

to be loaded (input) to be read (output)

PASS Mode
The four LSBs (M08-M011) of the memory mapper

address bus (M00-M011) will be the same as the address

on the MAO-MA3 input bus, while the remaining eight
MSEls of the memory mapper address bus will all be low.

The chip select (É) and the map mode (K/Ti) should both

the inactive (high); map enable (W) should be active. In

other words, the address on the system address bus will be

the same as the address outputted by the microprocessor,
and the memory mapper becomes transparent to the system.

SYSTEMS INTEGRATION

The ?exibility of the memory mapper is such that it

can be used with microprocessors that have either an 8-bit

or a 16-bit data bus. In order to use the memory mapper
to its fullest potential (ie, expand the address bus by eight
bits) with an 8-bit microprocessor, the 12-bit page address

must be multiplexed into the mapper via the 8-bit data bus.
This means that the time it normally takes to load or read

the memory mapper will be at least doubled and extra
external circuitry will be necessary. If the requirement of

the system is such that the address bus needs to be increased

by only four bits, then there is no need for multiplexing in
the page address. Of course this means that the address bus

is expanded to only 20 bits resulting in a l-megabyte
addressing capability. Next in this report, we will look at

two 8-bit systems utilizing the ’l.S6l2 memory mapper.

TMS9995-Based System
Figure 3 shows a TMS9995-based system using the

’LS6l2 to expand the address bus by four bits. The
TMS9995 is an 8-bit microprocessor with a l6-bit address

bus. This system employs the Programmable System
Interface (Tl\lS990l)to control the operation of the mapper.
The control of the mapper is software programmable via

the I/O ports of the TMS990l. Since the mapper registers
are viewed as part of the logical memory space, an address

decode (ADO) of the l2 MSBs is gated with a CRU bit to
select the mapper for a READ or WRITE operation. The
speci?c mapper register is then selected by the four LSBs of
the microprocessor address bus (A15-A12) via the RSO-RS3

inputs of the mapper. Table IV shows the state of the three
control signals PO, PI and ADO and the corresponding
mode of operation of the mapper. When placed in the 1/0
mode, the READ-or WRITE operation is then controlled
by memory signals from the microprocessor (ie, WÉ/

CRUCLK, MEMEN, and DB IN). On POWER-UP and

RESET, the I/O ports of the "9901 are put into the input
mode. The pull-up resistors RI and m will ensure the

mapper is placed in the pass mode during POWER—UP and

RESET. The resultant address bus is 20 bits wide, and

SAI9 is the LSB.

Z-80-Based System
Figure 4 shows another 8-bit (Z-80-based) system

using the TI memory mapper. In this case, the control of
the mapper is implemented by two flip-flops feedinghm
and CS. These flip-flops are programmed by the 2-80 and

are addressed by the data bus, D0-DI. Table V shows the
necessary states of DO and Dl to set the mapper in its
proper mode of operation. Again during POWER-UP or
RESET, the ?ip-flops are both cleared by I-27, which is

supplied by the system and which puts the mapper in the

pass mode.

Table II’. TMS9900/‘LS6J0 Control Signal:

MEMORY MAPPER CONTROL SIGNALS

MODE or or-emmow P1 PO ADO

MAP L H L

PASS H H ¡_

L I/O H L ¿_
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Table V. Z~60/LS'610 Control Signal:

CONTROL SXGNALS MEMORY MAPPER

no D1 (ADO) EH6 MODE or OPERATION

L L 1 PASS

L t MAP

L H 1 I/O

TMS9900-Based System
One of the limitations ofusing an 8-bit microprocessor

with the memory mapper, without multiplexing the page

address, is that the address bus can only be expanded {our
bits. in a 16bit system. one based on a 16-bit micro»

processor like the T.\1S9900, no extra circuitry is necessary

to load the mapper with the full l2~bit address. Figure 5

shows a TMS990O with an Sr\'54/74LS612 for memory
mapping, The control of the mapper is irnplemented in the
same fashion as the system using the TMS9995 mentioned
previously in the report. The resultant addressing capability
is eight megawords. These Tl microprocessors have set aside

address space for RESET, XOP and INTERRUPT
VECTORS, which are addressed when the microprocessor
performs a context switch‘ During a context switch, the
microprocessor must be able to address these locations
which are part of the logical address (te, locations that are

capable of being addressed by the mlCrOp[OCE5SOl'tl1d€pC.’i—

dently). One method, besides placing the mapper into the

pass mode, is to load the memory mapper register whose

4-bit address is OH with the address of the first page of'

physical memory. This‘ like the pass mode, “HI effcctiveh.
make the memory mapper appear IO DC ll?llifliifflil.
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Figure 5. TMS9900 with Memory Mapper

Another point worth noting is that in all three of the
previously mentioned systems, the HE input was always
connected to ground. This caused the mapper address

buffers to be enabled during all modes of operation ofthe

mapper This is only a problem during the l/O mode where,
when loading the mapper register, other memory locations
are also being written into. The method used to avoid
destroying data already in memory was to put the mapper
into the pass mode during the I/O operation. This was

accomplished simpl) by pulling ÑÍÍ input high, thus
making the system address equal to the microprocessor
address.

Multimapper Systems

In a system employing a single memory mapper. the

maximum active addressing capability is only 16 pages. if
increased addressing capabilities are needed, the mapper
must be reloaded. To avoid this procedure, another mapper

may be added to the system. This will not increase xl.:

overall addressing capability of the system, but it will
double the amount of active pages and will also affortl

twice the active addressing capability. Ben thorzgx the

control of two mappers is a little more detailed tl.ar‘. the

control of one, the same basic methods employed in the

systems with one mapper can be used here.



TIMING

The subject of how the mapper affects the critical

timing parameters of the memory READ/WRITE cycles
and what changes, if any, are needed to accommodate the

mapper, have not been discussed in this report. First,

looking at the [/0 mode of operation where the mapper
registers are either loaded or read from, it is seen that the

mapper registers can be regarded as standard common
I/O, static RAMS, with maximum access times (RS to valid

MO, TA = 25°C,C1_ = 50 pF,Vcc = 5 V) of 75 ns. Once

the l/O mode is set (ëš = low), the only two signals

necessary to read or write into the mapper are STROBE
and R/W. As shown in the previously mentioned system,
these signals were supplied directly from the micro-

processor with no wait states necessary to perform either
function. This will be the case with most microprocessors.

ln the MAP and PASS mode, the main concern is

the maximum access time (MA to M0). This access time is

speci?ed at a maximum of 70 ns, which, depending on the
timing of the microprocessor and the memory used, may or
may not cause any problems. In the Z-80-based system, no
wait states were introduced by the mapper because the

memory control signals become active 95 ns after the
microprocessor address bus became valid. This gives the
address bus sufficient time to settle down.

In conclusion, it can be said that for most micro-
processors and memory available at the time of this writing,
the operation of the mapper does not adversely affect the

memory cycle timing and is ?exible enough to be used with
almost all microprocessors.

SUMMARY

The possible uses of the memory mapper and the
various techniques that can be employed to control its
operation are numerous and only some examples were

shown in this report. Some ofthe other possible applications
of the mapper include: (l) achieving system addressing
capability greater than 16 megabytes is accomplished by
reducing the number of mapper registers used by a factor
of 2, thus increasing the size of each page by the same

factor of 2 without affecting the total amount of pages;

(2) being used in systems employing DMA; (3) memory
protection which can be accomplished by sacrificing one

or two bits of the page address, and gating these bits with
the memory control signals.

Another technique that may be employed in
controlling the modes of operation of the mapper is to use

PROMs.



WESTERN DIGITAL
C U H P A 7 / 0 /V

WD279X-02 Floppy Disk Formatterlcontroller Family

FEATURES

' ON-CHIP PLL DATA SEPARATOR

° ON-CHIP WRITE PRECOMPENSATION LOGIC

- SINGLE 45V SUPPLY

° ACCOMMODATES SINGLE AND DOUBLE DENSITY

FORMATS

IBM 3740 (FM)

IBM 34 (MFMI

0 AUTOMATIC SEEK WITH VERIFY

I MULTIPLE SECTOR READ/WRITE

U T TL COMPATIBLE

f FROG RAM MABLE CONTROL

SELECTAB LE TRACK-TO-TRACK ACCESS

HEAD LOAD TIMING

- SOFTWARE COMPATIBLE WITH THE FDWQX SEFIIES

I SOFT SECTOFI FORMAT COMPATIBILITY

APPLICATIONS

8" FLOFPY AND 5%‘ MINI FLOPPY CONTROLLER

SINGLE OFI DOUBLE DENSITY

CONTROLLER/FORMATTER

U?'

IIITLILIUTETLI

PIN DESIGNATION

The WD2‘/9X Farnity are MOS/LSI devices which perform

the Iunciions of a Floppy Disx C0ntr0lIer/Formatter Soft»

ware cornpatibIe with its predecessor, the FDWQXI the

device also contains a high performance PnaseLock—Loop

Data Separator as went as Write Precorripensation Logic

When operating Il'I DoubIe Density mode. Wrile Precam-

pensation is automatically engaged to a value programmed

via an external potentiometer. An Ol'IrChID VCO and phase

comparator aIlows adiustatne Irequency range for 5*: " or
8" Floppy Disk intertacing.

The WD279X is Iabrioated in NMOS silicon gate tecrmoIogy

and available in a 40 pm dual-in-line ceramic or plastic

package.

FEATURES 3791 2793 2795 2797 I

Single Density (FM) X X X X
.

Doubts Density (MFM) X X X X

True Data Bus X X

Inverted Data Bus X X
¡

Side Select Out X X

lnternaI CLK Divide X X ‘

HOST
enacsssoe

jP~~:i

Figure 1.

November, 1982



PIN OUTS

PIN
NUMBER PIN NAME SYMBOL FUNCTION

1 ENABLE PRECOMP ENP A Logrc Hugh oh this input enables wnte orecornpen-

satron to be pertormed on thewnte Data output.

19 MASTER RESET MR A logrc low (50 mlcroseconds mm) on thls Input

resets the devrce and loads HEX 03 Into the com-

mand reglster The Not Ready (Status En 7) Is reset

during MR ACTIVE. When F/TR is brought to a lognc

hrgh a RESTORE Command is executed. regardless

of the state of the Ready srgnal from the drlve. Also.

HEX 01 Is loaded Into sector reglster

20 POWER SUPPLIES V55 Ground

21 VC@ + 5V ± 5%

COMPUTER INTERFACE:

2 WRITE ENABLE W2 A logrc low on this Input galas data on the DAL Into

the selected regrster when CS Is low.

3 CHIP SELECT CS A loglc low on thrs Input selects the chlp and enables

computer communIcatIon wrth the devlce

4 READ ENABLE Ñï A logIc low on thls Input controls the piacerneit OI

data Irom a selected reglster on the DAL when CS IS

low.

REGISTER SELECT LINES AOI A1 These Inputs select the reg_Ister Klecelveltransler

data on the DAL lrnes under RE and WE control

C-8 A1 A0 Ñ W:

0 O 0 Status Reg Command Reg

0 0 1 Track Reg Track Reg

1

T

tu m

O 0 Sector Reg Sector Reg

0 1 Data Reg Data Reg

7—1A DATA ACCESS LINES DALODALT Erght btt bi-drrectronal bus used tor transfer of corn

manda, status. and data These lines are inverted

(actwe low) oh WD2791 and WD2795.

2A CLOCK CLK Thrs Input requures a freerunnrng 50% duty cycle

square wave clock for Internal trmrng reference 2

MHz 1 1% for 8" drrves 1 MHz ± 1% Ior mrnr

Ilopples

38 DATA REQUEST DRQ ThIs output Indrcates that the Data Flegrster contarns

I assembled data In Read operatrohs. or the DR IS

empty In Write operatIons. This signal Is reset when

servrced by the computer through readrng or loadrng

the DH

39 INTERRUPT REQUEST INTRO Thus output is set at the completlon or any command

and Is reset when the Status register Is read or tne

Command reglster Is written to

FLOPPV DISK INTERFACE:

15 STEP STEP The step output contains a Dulse Ior each step

DIRECTION DIRC Drrectron Output Is actlve hrgh when steoplng In

actwe Iowwhen stepprng out

17 5m B" SELECT 5'8 Thrs Input selects the Internal VCO frequency Ior use

wlth 5‘-/4 " dnves or B" dnves.

18 READ PULSE WIDTH RPW An external potentromerer tred to thus Input controls

the phase comparator wIthIn the data separator.

2
rm2793



PIN

NUMBER PIN NAME SYMBOL FUNCTION

2

23

25

25

27

28

31

32

33

35

TEST

PUMP

ENABLE MINI-FLOPPY

(2791, 2793)

STDE SELECT OUTPUT

(2795, 2797i

VOLTAG ECONTROLLED

OSCt‘i_t_ATOR

RAW REIT)

HEAD LOAD

TRACK GREATER

THAN 43

WRITE GATE

WRITE DATA

READY

WRTTE PRECOMP

WtDTH

TRACK OO

WDEX PULSE

EST

SSO

VCO

ÃÍWTÍEÃÓ

HLD

TG43

WG

WD

READY

A logic tow on this input allows adiustmeni of exter-

nai resistors by enabling internai signats to appear on

seiected pins

Hignlmpedance output sigriat which is forced high

or tow to increasadecrease the VCO frequency

A logic low on this input enaotes an internat — 2 of

the Master Clock This atlows both 5m " ano 8" drive

operation with a singte 2 MHz stock. For a 1 MHZ

ctock on Pin 24. this tine must be left open or tied to a
Logic 1.

The logic ievet ot the Side Setect Output is directty

controlled by the ‘S flag in Type tt or II! commands

When U = 1. SSO is set to a logic ‘t When U

:
0.

S80 is set to a togic O The SSO is compared with the

side information in the Sector t.D Field It they do not

compare Status Bit A (RNP) is set The Side Seie

Output is onty updated at the beginning o* aType H or
Hi command. It is forced to a logic 0 upon a MASTER

RESET condition

An externat capacitor tied to this pin BdjtJStS the VCO

center frequency

The data input signat directty from the drive This

input shatt be a negative putse tor each recorded ttux

transition

The HLD output controls the loading ot the Read-

Write head against the media

This output intorms the drive that the Readiwiite

head is positioned between tracks 44-76 This output

is valid only during Read and Write Commands,

This output is made valid before writing is to be

performed on the diskette

MFM or FM output pulse pe' ttux transition WD

contains the unique Address marks as wet! as data

and stock in both FM and MFM formats.

This input indicates disk readiness and is sarnpted

tor a togic high oetore Read or Write commands are
performed, It Ready is low the Read or Write

operation is not performed and an interrupt E5
generated Type I operations are pe?ormed regard-

tess of the s1a‘e of Ready. The Ready input appears in
inverted tormat as Status Register bit 7

An externat potentiometer tied to this Input controts

the amount ot deiay in Write precornpensation mode

This input intorms the WD279X that the Readiwrite

head is positioned over Track OO

TWS WDLit informs the WD279X when the index hole

is encountered on the diskette

WD2 79 3



PIN NUMBER l PIN NAME SVMBOL FUNCTION

36 WTEWQOTTVCT PH’ This input is sampled whenever a Write Command is
received. A logic low terminates the command and

sets the Write Protect Status bit

37 DOUBLE DÉNSl `DIN Thts input pin selects either single or double density

operation When

:
0, double density is

t selected When DDEN

:
1. single density is

|
selected

l HEAD LOAD T|MlNG HLT When a logic high is found on the HLT input the headI 40

l

t L

GENERAL DESCRTPTION

The WD279X are N-Channel Silicon Gate MOS LSl devices

which pertorrn the functions ol a Floppy Dtsk For

matter/Controller in a single chip implementation The

WD279X. which can be considered the end result ot both
the FD177t and FD179>< designs. is IBM 3740 compatible in
single density mode (FM and System 34 compatible in
Double Density Mode iMFMi The WD279>< contains all the
features oi its predecessor the FD179X plus a htgh per'
formahce PhaseLoc'><-Loop Data Separator as well as Write
Precornoensation Logic ln Double Density mode Wrtte
Precompensatioh is automatically engaged to a value

programmed via an externa potentton-teter ln order to

rhatntatn comoattotltty the FDt77t. FD179X and WD279X

designs were made as close as possible with the compute’
intertace instruction set. and ltO registers being identical

Also. head load control is identical in each case the actual

pin assignments vary by only a lev. pins from any one to
another

The Processor interface consists of an 5-bit oi-directiona.
bus for data status. and control word transfers The
WD279>< is set up to operate on a multiplexed bus with
other bus~orieriteo' devices

The WD279X is TTL compatible on all inputs and outputs.
The outputs wit‘ drive one TTL load or three LS loads The
2793 ts tdenttca to the 2791 except the DAL lines are TRUE
for systems that utilize true data busses.

The 27957 has a side select output lor controlling double
sided drives

ORGANIZATION

The Floppy Dtsk Formatter block diagram is illustrated on
page 5 The primary sections include the parallel processor
Interface and the Fiona‘; Dtsk interface

Data Shift Register — This Ebit register assembles serial
data from the Fleac Data tnpat lìfhí?ãt during Plead

operations and transfers serial data to the Wrtte Data

Outputduringwrite operations

Data Register — This Brblt register is used as a holding

register during DlSK Read and Write operations in Dtsk
Read operations the assembled data byte is transferred in
paraltei D the Data Regtster from the Data Shift Register ln
Dtsk Wrtte operations inforrriaticr ts transferred in paralier
from the Data Register to the Data Shift Register

When executing the Seek command the Data Register
hoids the aooress of the desires Track postion This

is assumed to be engaged. lt ts typtcally derived from

at shot triggered by HLD

register is loaded trorn the DAL and gated onto the DAL

under processor control

Track Register

-
Thts åhit regtster holds the track number

of the current Read/Write head position It is incremented

by one every time the head is stepped in (towards track 76

and decremented by one when the head is stepped out

(towards track 00) The contents of the register are con
pared with the recorded track number in the lD field during
dtsk Head. Wrtte and Verify operations The Track Register

can be loaded trorn or translerred to the DAL This Register

should not be loaded when the device is busy

Sector Register (SR) — This 8bit register holds the address
ot the desired sector position, The contents of the regtste'
are compared with the recorded sector number th the ID
lteld during dtsk Read or Write operations The Sesto'
Register contents can be loaded from or transferred tc the
DAL This register should not be loaded when the device ts
busy

Command Register (CR) — This 8-bl? register holds the

command presently being executed This register should

not be loaded when the device is busy unless the new
command is a force interrupt The command register can
be loaded from the DAL. but not read onto the DAL

Status Register (STR) — This 8-bit register holds device
Status information The meaning ot the Status bits is a
function ot the type ol command previously executed Thts

register can be read onto the DAL. but not loaded from the
DAL

CRC Logic

-
This logic is used to check or to generate the

16bit GYM: Redundancy Check (CFtCi The poiyhomia is
Gtxt

:
x76

—
x72 + X5 -r-l

The CRC includes alt inlormatiori starting with the address

mark and up to the CRC characters The CPC register is
preset to ones prior lo data being shifted through the
circuit

Arithmetic/Logic Unit (ALU) — The ALU is a serial compare»
tor. incremenier and decrernenter and is used to' re; ser
modification and comparisons with the dtsk recorde. tD
held

Timing and Control

-
All computer and Floppy DtSh rn'

terface controls are generated through tnts log C. The l't-
rrial device timing is generated tron‘. an external cn sta`

clock.

AM Detector — The address mark detecto' detects l@ caia
and index address marks durtng read and write operations

Write Precompensation
— enables write precorripensatior

to be oertormed on the Write Data output

WD2793
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WD279X BLOCK DIAGRAM

Data Separator
— a high performance PhaseLocl<vl_oop

Data Separator with C7l't»ChiD VCO and phase comparator
allows adiustable freuuency range for EM” or 8" Floppy

Disk intertacing

PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DALt and associated control

signals, The DAL are used to transier Data. Status and
Control words out ot or into the WD27Q)< The DAL are
three state buffers that are enabled as output drivers when

Chip Select (CE; and Read Enable tR¬Et are acttve (low logic

statel or act as input receivers when CS and Wnte Enable
OW) are active

When transfer ot data with the Floppy Disk Controlier is
required by the host processor the device address is
decoded and ÚS ts made 1ow.The address btts A1 and AO.

combined with the signals Ñ during a Read operation or
WE during a Write operation are interpreted as selecting
the following registers

l At - Ao Reaoi?i wane AVE l

0 0 Status Register Command Register

C 1 Track Register Track Register
¡

1 0 Sector Register Sector Register 11
‘ t Data Register Data Register

t

During Direct Memory Access (DMA) types of data trans-

ters between the Data Register of the WD279X and the

processor, the Data Request (DRQi output is used tn Data

Transfer control This signal aiso appears as status btt 1

during Read and Write operations

On Disk Read operations the Data Request is activated (set

high) when an assembled serial input byte is transierred V‘
parallel to the Data Register This btt is cleared when me

Data Register is read by the processor It the Data Register

is read after one or more characters are lost. by having new
data transferred into the registerprior to processor fêãCOJf

the Lost Data bit is set in the Status Register The Read

operation continues until the end ot sector ts reached

On Disk Write operations the data Request is activated

when the Data Register transfers its contents to the Data

Shitt Register, and requiresa new data byte. It is reset when

the Data Register lS loaded with new data by the processd
it new data is not loaded at the ttme the next serial byte is
required by the Flogipy Disk a byte 0! zeroes is writrer on
the diskette and the Lost Data bit is set in the Status

Register,

At the completion ot every command an iNTRQ is
generated. lNTRQ lS reset by either reading the staxus

register or by loading the command registe' with a new
command in addition INTRO ls generated t' a Force in-

terrupt command condition is met

t~ÍD2793



The mix has two modes ol operation according to the

state ot DDEN (Pin 37). When [WEN z 1, Single Density

(FM) is selected. When DDEN

:
O, Double Density (MFM)

is selected. In either case, the CLK rnput (Pin 24; is set at 2

MHz lore" drives or1 MHz lor51/i " drrves.

On the 2791/2793. the ENMF input (Pin 25) can be used lot

controlling both 5‘/A" and 8" drives with a single 2 MHz

clock. When ENMF = 0. an intemal —
2 or the CLK ‘is

perloi-med when ETITAF
= 1, no divide takes place This

allows the use ot a 2 MHz clock tor both 51/4" and 8"

configurations.

The internal VCO frequency must also be set to the proper

value The §/El input [Pin 17) rs used to select data separator

operation by internally dividing the Read Clock When 318

= 0. SW‘ data separation is selected. when 518

: 1. 5"

drive data separation is selected.

CLOCK(2Ai l ENMFi25;i l šrarrn oRivE l

2M?-tz 1 1 s"

2Ml~I2 0 o sw
1MHz

r 1 p ' 51/4"

Note: All other conditions invalid

FUNCTIONAL DESCRIPTION

The WD279X-02 is sottware compatible with the FD17SX—O2

series ot Floppy Disk Controllers Commands status, and

data translers are performed in the same way Soltwate

generated tor the 179x can be transterted to a 279X system

without modilication

In addrtron to the 179x. the 279x contains an internal Data

Separator and Write precompensation circuit The TE?
(Pin 22) line is used to adiust both data separator and pre
compensation. When TEST

z 0. the WD (Pin 31, line is
internally connected to the output of the write precomp
oneshot. Adiustment ol the WPW (Pin 33l line can then be

accomplished A second oneshot tracks the precomp ser'

trng at approximately 31 to insure adequate Write Data

pulse widths to meet drive specifications

Similarly Data separation is also adiusled with %t z 0

The TG43 (Prn 29) line is internally connected to the output

ot the read data cineshot, which is adiusted via the RPW

iPin1B)line The DlFtCiPin16iIine contains the Read Clock

cutout (.5 MHZ lot 8'' drives) The VCO Trimming capacitor
(Pin 26) is adiusted tot centerlrequency

Internal timing signals are used to generate pulses during

the adjustment mode so that these adiustments can be

made while the device is in-circuit. The TEST line also

contains a pullvup resistor. so adiustments can be per»
formed simply by grounding the TÍ? Din overriding the
pullup The TEST pin cannot be used to disable stepping

rates during operation as its function is quite ditletent lrom

the ‘l79X

Other pins on the device aiso include pullup resistors and

may b_e let’. open to satls‘ a Logic 1 condition These are.
ENP sra ENMF WPRT. DDEN HLT ‘rest. and W
GENERAL DISK READ OPERATIONS

Sector lengths ot 125 256. 512 or 1024 are obtainable rn
either FM or MFM formats For FM. DDÍJ shouic be
placed to log:cal 1, For MFM tormats. DD€N should be

Sector Length Table‘

Sector Length Number of Bytes

l

l

Field (hex) in Sector (decimal) l

go 128

or 256

02 512

03 1024
l

‘ 2795/97 may vary — see command summary

placed to a logical Sector lengths are determined at

format time by the tourth byte in the "ID" lield.

The number ot sectors per track as tar as the 279x is con-

cerned can be from 1 to 255 sectors. The number ol tracks

as far as the 279x is concerned is from 0 to 255 tracks For

IBM 3740 compatibility, sector lengths are 128 bytes with 26

sectors per track For System 34 compatibility (MFMi.

sector lengths are 256 bytes/sector with 26 sectors track. or

lengths ot 1024 bytesisector with 8 sectotsltracli

GENERAL DISK WRITE OPERATION

When writing is to take place on the diskette the Write Gate

(WGr output is activated, allowing current to llow into the

Flead/Write head As a precaution to erroneous writing the

tirst data byte must be loaded into the Data Register in

response to a Data Request lrom the 279x belore the Write

Gate signal can be activated

Writing is inhibited when the W+teyF7rt)l>er:t input is a log c

low. in which case any Write command is lmm6GIat€“,

terminated. an interrupt is generated and the Write Protect

status bit is set

For write operations. the 279x provides Write Gate (Pin 30;

and Write Data (Pin 31) outputs Write data consists o‘ a

series of pulses set to a width approximately three times

greater than the precomp adiustment Write Data provides

the unique address marks in both tormats

READY

Whenever a Read or Write command (Type ll or Ill; is
received the 279)( samples the Ready input It tnrs input is

logic low the command is not executed and an interrupt is
generated All Type I commands are perlorrned regardless

ol the state of the Ready input Also. whenever a Type ll or

Ill command is received. the TG43 signal output is updated

TG43 maybe tied to ENP to enable write precowipensatior

on tracks 44-76

COMMAND DESCRIPTION

The WD279X will accept eleven commands Command

words should only be loaded in the Command Re;

when the Busy status bit is oh (Status bit Or. The on-:—ex
ception is the Force interrupt command Wneneve' a
command is being executed the Busy status bt is set

When a command is completed. an interrupt is generated

and the Bus) status bit is reset The Siam: Flegisll? rr
dicates whether the completed commanc encountered an

error or was lault free For ease O' discussion, comma

are divided into tour types Commands and types

summarized in Table‘:

\CD2793



TABLE 1. COMMAND SUMMARY

A. Oommands tor Models: 27912793 8 Commands forModels 2795, 2797

Bits Bits

Type Command 7 6 5 4 3 2 1 O 7 6 5 4 3 2 1 O

I Restore 0 0 0 0 h V '1 "0 0 0 O O h V '1 'O

l Seek 0 O 0 1 h V '1 T0 0 0 O 1 h V '1 'O

I Step 0 0 1 T h V '1 'O 0 0 1 1' ti V V1 'O

I Stepin O 1 O T h V '1 '0 0 1 0 T h V V1 '0

I Step-Oul 0 1 1 T h V '1 'O O 1 1 T h V '1 'O

II Read Sector 1 0 0 m S E C 0 1 0 0 m L E U 0

ll Write Sector 1 O 1 m S E C 30 1 O 1 m L E U 30

III Read Address 1 1 O 0 0 E 0 O 1 1 0 O O E U 0

III Read Tack 1 1 1 0 0 E 0 0 1 1 1 0 0 E U D

Ill Write Track 1 1 1 1 O E 0 0 1 1 1 1 0 E U 0

IV Force Interrupt 1 1 o 1 la |2 H lo 1 1 o 1 la '2 h I0

FLAG SUMMARY
TABLE 2 FLAG SUMMARY

Command B11

Type No(s) Description

I 0,1 '1 YO

:
Stepping Mo1orRate

See Table 3 for Rate Summary

l 2 V = Track Number Verify Flag V

:
O.Noven1y

V

:
1. Verify on desiinahon track

I 3 ri 2 Head Load Flag h :
0. Unload head at beginnmg

h

:
1, Load head at beginning

l 4 T = Track Update Flag T

:
O. No update

1’ = 1,Updatetra::k register

" f; '“ o ao = Data Address Mark ao = o, FB(DAM)

30

: 1, F8 ideleled DAM)

ll 1 C = Side Compare Flag C z 0, Disable side compare
C = 1, Enable side compare

II & Ill 1 U

:
Updaiesso U

:
0. Updalesso too

U =1,UpdmeS$O\o1

||&|ll 2 E =15MSDelay E

:
01No115MSde|ay

E 21.15 MS delay (30 MS for1 MHZ)

ll 3 S = Slde Compare Flag 8 = 0 Compare 10lSlde0

S

:
1, Compare for 511121

H 3 L 2 seem, Length mag LSBs Sector Length in ID FIEL?

00 O1 W 11

L

:
0 256 512 1024 128

L = 1 128 256 512 1024

II 4 m = Multiple Record Flag m = 0. Single record

m = 1,Mu|tiplerecords

IV 03 ¡x
= Interrupt Condition Flags

¡O
= 1 Not Ready To Ready Tiansztiori

'1
= 1 FieadyTo Not Ready Transiuon

'2
= 1 Index Pulse

l3 1 Immediate lnterrupt. Requires A Flesei‘
I3-lg

:
O Terminate With No Interrupt (INTRO)

‘NOTE: See Type W Command Description torfunner inlormation.

7
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Write Precompensation

when operating in Double Density mode (DDEN

:
0). the

279X has the capability of providing a user-detined

precompensation value for Write Data An external

potentiometet(1OK) tied to the WPW signal (Pin 33) allows a

setting of 100 to 300 ns from nominal

Setting the Write precomp value is accomplished by tor-

cing the TEST line (Pin 22) to a Logic 0. A stream of pulses

can then be seen on the Write Data (Pin 31) line. Adjust the

WPW Potentiometer for the desired pulse width This

adjustment may be performed lF\vCIfCUit since Write Gate

(Pin 30) is inactive whileTEST

:
0.

Data Separation

The ZTSX can operate with either an external data separator

or its own internal recovery circuits. The condition of the

i
line (Pin 22) in conjunction with WR (Pin 19) will select

internal or external mode.

To program the 279)( for external VCO. a W pulse must be

applied while ‘m :
0 A clock equivalent to eight times

the data rate (eg
.

4.0 MHz lor8" Double Density) is applied

to the VCO input (Pin 26). The feedback reference voltage is

available on the Pump output (Pin 23) tor external in-

tegration to control the VCO. TEST is returned to a Logic 1

for normal operation. Note.T_o maintain this mode, ‘Tmust be held tow whenever MR is applied.

For internalico operation. the TEST line must be high

during the MR pulse. then set to a Logic O for the ad-

justment procedure.

A 50K Potentiorneter tied to the RPW input (Pin 18) is used

to set the internal Read Data pulse for proper phasing With

a scope on Pin 29 (T643). adjust the RPW pulse for N8 of

the data rate (250 ns tor 8" Double Density) An external

variable capacitor of 560 pt is tied to the VCO input (Pin 26)

tor adjusting center lrequency With a frequency counter

on Pin 16 (DIRC) adjust the trimmer cap to yield the ap-

propriate Data Rate (500 KHZ tor 8' Double Density). The

DDEN line must be low while the 5/8 line is held high or the

adjustment times above will be doubled.

After adjustments have been made. the TEšT pm is

returned to a Logic 1 and the device is ready tor operation.

Adjustments may be made in-circuit since the DIRC and

TG43lines maytoggie without attectingthe drive,

The PUMP output (Pm 23) consists cl positive and negative

pulses. which their duration is equivalent to the phase

difference of incoming Data vs. VCO treouency This signal

is internally connected to the VCO input. but a Filter is
needed to connect these pulses to a slow moving DC

voltage

The internal phasedetector is unsymmetrical tor a random

distribution of data pulses by a factor of two. in favor of a
PUMP UP condition Theretore it is desirable to have a
PUMP DOWN twice as responsive to prevent run-away
during a lock attempt

A first order lag-lea: tiltei can be use: at the PUMP output

(Pm 23) This tiller controls the instantaneous response 0'

the VCO to bitshitted data (jitter) as well as the response to

normal trequency shitt (8. the lockup time A balance

must be accomplished between the two conditions to

inhibit over-responsiveness to jitter and to prevent an

extremely wide Iocl<»up response. leading to PUMP run»

away. The filter affects these two reactions in mutually

opposite directions.

The Source Impedance fora PUMP UP/DOWN condition is

600/120 ohms. respectively. therefore the change in bias

voltage for each pump can be approximated:

dt AV dl = 250 its. (set by RPWl

GV = ‘RC c = dm
R = R5 + R

AV = 2.6VforPUMPUP

o.9v tor PUMP DO\NN

Look up response (TL) is the transient time for the Loop to

lock from center trequency (F0) to maximum lock range:

Tj__ =10"/e FLXKQXAP

Where:

KO = VCO Conversion Gain = 3.7KHzJmV

FL = Lock Range = 4.00 MHz

A P

:
Change in Bias toreach Pump = 4mVlPLlMP

400 KHz x 3.7 Kl-tz x 4 mV = 27 pumps

27 pumps = 54lA59C = 34 Bytetii'nes(8' Double Density)

The following Filter Circuit is recommended tor 8'

FMJMFM.
PUMP

(FIN 23) M, l1KQ $ W914

Since EM " Drives operate at exactly onehalt the data rate

(250 Kbisecl the above capacitor should be doubled to .2 or

.22,iii.

TYPE l COMMANDS

The Type I Commands include the Restore. Seek. Step,

Step-in. and Step-Out commands Each of the Type l

Commands contains a rate field (ro (1). which determines

the stepping motor rate as defined in Table 3

A Ziis (MFMl or 4 us (FM) pulse is provided as an output to

the drive For every step pulse issued the drive moves one

track location in a direction determined by the direction

output The chip will step the drive in the same direction it

last stepped unless the command changes the direction

The Direction signal is active high when stepping in and

low when stepping out. The Direction signal is valid before

the first stepping pulse is generated

The rates (shown in Table 3) can be applied to a Step’

Direction Motor through the device interface

TABLE 3. STEPPING RATES

CLK 2 MHZ 1 MH:

R1 R0 TEST = 1 Ts’ : i

0 O 3 ms 6 ms
0 1 6 ms 12 ms
1 0 ‘IO ms 20 ms
1 1 15 ms 30 ms

Alter the last directional step an additional 15 milliseconds

of head settling time takes place it the Verity flag is set rType l commands Note that this time doubles to 3f ms
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a1 MHz clock. There is also a 15 ms head settling time tf

the E flag is set in any Type II or III command.

When a Seek Step or Restore command is executed an
optional veritication of Fiead-Write head position can be

performed by setting bit 2 (V = ii in the command word to

a logic 1. The verification operation begins at the end of the

15 millisecond settling time after the head is loaded against

the media. The track number from the first encountered ID

Field is compared against the contents oi the Track

Register It the track numbers compare and the ID Field

Cyclic Redundancy Check (CRC) ts correct, the verity

operation is complete and an INTRO is generated with no

errors It there is a match but not a valid CRC. the CRC error
status bit is set (Status bit 3), and the next encountered ID

held is read from the disk for the verification operation

The WD279X must find an ID held with correct track

number and correct CRC within 5 revolutions of the media;

otherwise the seek error is set and an INTRO is generated.

If V

:
0, no veriticatipri is pertorrned.

The Head Load (Ht_Di output controls the movement of the

read/write head against the media HLD is activated at the

beginning of aType I command it the h flag is set (h

:
t), at

the end of the Type I command if the verity flag (V = t), or

upon receipt of any Type II or III command Once HLD is
active it remains active until either a Type I command is
received with (h : O and V

:
O); or tf the 279x is In an idle

state (non-busy) and 15 index pulses have occurred.

Head Load timing (HLT) is an input to the 279X which is

used for the head engage time When HLT : 1. the 279x

assumes the head is completely engaged The head

engage time is typically 30 to 100 ms depending on drive

The low to hlgh transition on HLD is typically used to tire a

one shot. The output of the one shot is then used tor HLT

and supplied as an input to the 279x

HEAD LOAD TIMING

When both HLD and HLT are true the 279X will then read

from or write to the media The "and“ of HLD and HLT ao

pears as status Bit 5 m Type I status

In summary tor the Type t commands‘ ¡th

:
O and V

:
O.

HLD is reset It h

: 1 arid V :
0 HLD is set at the

beginning of the command and HLT is not sampled nor is
lherean internal 15 ms dela). It h = Dand V = 1. HLD is set

near the end of the command. an internal 15 ms occurs.
and the 279x waits tor HLT to be true it h

: 1 and V = t,

HLD is set at the beginning of the command Near the end

of the command. after all the steps have been issued. an
internal 15 ms delay occurs and the 279>< then waits tor HLT

to occur

For Type II and iii commands with E flag olt. HLD is made

active and HU' is sampled until true With E flag on. HLD -5
made active. an internal 15 ms dera, occurs and then HLT is
sampled until true

RESTORE (SEEK TRACK 0)

Upon recetpt_ot_this command the Track 00 (TWO) input is

sampled. It TR00 is active low indicating the Read~Wriie

head is positioned over track O, the Track Register is icaded

with zeroes and an interrupt is generated. it Ñ is not

active low, stepping pulses at a rate specified by the WO

Iield are issued until the TWO input is activated. At this

time the Track Register is loaded with zeroes and an m'

terrupt is generated It the TWO input does not go active

low after 255 stepping pulses. the 279X terminates

operation. interrupts. and sets the Seek error status bit A

verification operation takes place it the V flag |s set The h

bit allows the head to be loaded at the start of command

Note that the Restore command is executed when WK

goes from an active to an inactive state

SEEK

This command assumes that the Track Register contains

the track number of the current position of the Fleadwrite

head and the Data Register contains the desired track

number, The WD279X will update the Track register a'iD

issue stepping pulses in the appropriate direction until the

t

t

t

l

t

t

t

i

l

l

l
l

i

TYPE I COMMAND FLOW
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TYPE l COMMAND FLOW

contents ot the Track regtster are equat to the contents ot

the Data Ftegtster (the destred track iocattont. A vertttcatton

operatton takes place tt the V ?ag ts on. The h btt altows the

head to be toaded at the start of the command An tnterrup‘.

ts generated at the cornptetton ot the command Note

When ustng multtate drtves the track regtster must De

updated tor the drtve setected before seeks are tssued

STEP
Upon recetpt ot thts command the 279X tssues one

stepotng putse to the dtsk dnve. The stepptng motor

dtrectton ts the same as tn the prevtous step command

Atter a detay determtrted by the WO ttetd a vertttcatton

takes ptace it the V Hag ts on tt the T ?ag ts on the Track

Fìegtster ts uodated The h btt attows the head to be toaded

at the start of the comment: An tnterrupt ts generated at

the comptetton ot the command.

STEP-IN

Upon recetpt ot thts command the 279x tssues one
stepptng putse tn the dtrectton to.tards track 76 It the T

?ag ts or the Track Fiegtster ts tncrementeo n, one Atte' a

TYPE I COMMAND FLOW

delay oetermtned by the W0 ltetd. a vertttcatton takes place

It the V Hag ts on. The h btt allows the head to be toadec at

the start of the command An tnterrupt ts generated at the

cornptetton ot the command

STEP-OUT

Upon recetpt ot thts command the 279X Issues one

stepptng putse tn the cttrectton towards track 0 H the T flag

IS on. the Track Regtster ts decremented by one. Atter a

detay determtned by the WO ttetdt a veriticatton takes place

it the V ttag ts oh The h btt atlows the head to be toaded at

the start ot the command. An tnterrupt ts generated at the

cdrnptetton ot the command

EXCEPTIONS

On the 27957 devtces the S80 output ts hot attected

durtng Type t commands. and an tnternat stoe compare
does not take ptace when the {Vt Vertty Ftag ts on.

TYPE II COMMANDS

The Type It Commands are the Read Sector and Wrtte

Sector commands Prtor to toadmg the Tyoe H Command

trtto the Command Regtster the computer must load the

WD27 9 3



Sector Register with the desired sector number Upon

receipt ot the Type ll command. the busy status Bit is set tt

the E llag = 1 (thts is the normal case) HLD is made active

and HLT is sampled alter a 15 msec delay it the E (tag ts O,

the head is loaded and HLT sampled with no 15 msec delay.

when an ID field is located on the disk, the 279X compares
the Track Number on the lD field with the Track Register tt

there ts not a match, the nexl encountered lD lield is read

and a comparison is again made. it there was a match. the

Sector Number of the ID held ts compared wtth the Sector

Register. It there is not a Sector match, the next en-
countered ID field is read citt the disk and comparisons

again made, It the ID field CRC ts correct. the data tield IS
then located and will be either written into, or read lrom

TYPE ll COMMA

Sinai: «Las
um;

NC

suing iii 5 ha»tHe-_ ni.:

TYPE H COMMAND

deoeriding upon the command The 279x most tind a” lD

field with a Track number. Sector number side nurnbe' arto
CRC wtthtrt 5 revolutions of the disk. otherwise the Record

not found status bit is set (Status bit 4i and the cornmanc is
terminated with an interrupt

Each of the Type tl Commands contains an (m) ttaç which

determines it multiple records (sectors) are to be reac o'
written. depending upon the command. tt rn : 0 a sing
sector is read or written and an interrupt is generated at the

completion ot the command ll rn : 3 multiple records are
read or written with the sector register internally update@

so that an address verification can occur on the next

record The 279X wilt continue to read or vurtte mult.pls

records and update the sector register in nurnerica‘

ascending sequence until the sector register exceeds the

number ot sectors on the track or until the Force lnterrup‘

command is loaded ¡htc the Command Register which

terminates the command and generates an irite'rup‘.

For exarriole tt the 279>< is iristructec to read sector 27 and
the'e are only 26 on the track. the sector register exceeds
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IEAD SECTOR
SEQUENCE

i Yw
ucma nu

ma; nzst‘ Lvst‘ ca; :en

WRITE SECTOR
SEQUENCE

DLAVIEVTESD!E.‘

mw; «tw um

mm. 054wt.t NH't
Iuvvliollt?or or.» ¡HH

...M mu Au
.eco-DM wtm-ttm
oxWRIVL«Nam

TYPE II COMMAND

the number available The 279X wili search lor 5 disk

revolutions interrupt out reset busy and set the record not

tound status bit,

The Type II commands for 279193 also contain side select

compare flags When C

:
O (Btt 1) no side comparison is

made. When 0 = 14 the LS8 of the stde number is read off

the ID Field of the disk and compared with the contents of

the (Si tlag (Btt 3). If the S tlag compares with the side

number recorded in the ID tield. the 279X continues with

the ID search. If a comparison is not made within 5 index

puises. the interrupt line is made active and the Record»

Not-Found status bit is set

The Type II and lit commands for the 279597 contain a side

select flag (Bit ti When U

:
0. S80 IS updated to 0

Similarly U

:
1 updates SSO tot The chip compares the

850 to the ID field. It they do not compare within 5

revolutions the interrupt line is made active and the RNF

status bit is set

The 27957 READ SECTOR and WHITE SECTOR corri-

TYPE I! COMMAND

mande inciude a 'L` flag The ‘L flag. in C0l'ijUI'iC1IOl'l with

the sector length byte of the ID Field‘ allows dl”€V€"lt byte

lengths to be implemented in each sector For IBM com-
patibility, the ‘L‘ flag should be set to a one

RED SECTOR

Upon receipt oi the Read Sector command. the head is
loaded the Busy status bit set. and when an ID field is
encountered that has the correct track number corre:'

sector number. correct side number, and correct CBC‘ the

data field is presented to the computer The Data Address

Mark of the data field must be Iound within 30 bytes II"
single density and 43 bytes in double density of the last ID

field CRC byte: it not. the ID field search is repeated

When the first character or byte of the data field has beer

shifted through the DSR, it is transferred to the DR, ar:
DRQ is generated. when the next byte is accumulated in
the DSR. tt is transferred to the DR and another DRG is
generated It the Computer has not read the DVEVIOJS
contents of the DR Detore a new character is transleved
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that character is lost and the Lost Data Status bit ts set.

This sequence continues until the complete data field has

been inputted to the computer it there is a CRC error at the

end of the data lield. the CRC error status bit is set. and the

command is terminated (even it it is a multiple sector

command).

At the end of the Read operation. the type ol Data Address

Mark encountered in the data field rs recorded in the Status

Register (Bit 5) as shown.

STATUS

BlT 5

1 Deleted Data Mark

0 Data Mark

WRIT E SECTOR

Upon receipt ot the Write Sector command, the head is
loaded (HLD active) and the Busy status bit is set. when an
1D field is encountered that has the correct track number.
correct sector number, correct side number. and correct
CRC, a DRQ is generated. The 279x counts on it bytes in
single density and 22 bytes in double density from the CRC
field and the Write Gate (WGi output is made active it the
DRQ is serviced (te, the DR has been loaded by the

computer). If DRQ has not been serviced. the command is
terminated and the Lost Data status bit is set. If the DRQ
has been serviced. the WG is made active and six bytes of

zeroes in single density and 12 bytes in double density are
then written on the disk At this time the Data Address
Mark is then written on the disk as determined by the 30

held oi the command as shown below:

90 Data Address Mark (Bit OI

1 Deleted Data Mark

0 Data Mark

The 279X then writes the data field and generates DRQ s to
the computer. it the DRQ is not serviced in time tor con-
tinuous writing the Lost Data Status Bit is set and a byte of

zeroes is written on the disk The command is not ter—
minated After the last data byte has been written on the
disk. the twobyte CRC is computed internally and written

on the disk followed by one bye ot FE in FM or in MFM. The
WG output is then deactivated. For a 2 MHZ clock the
INTRO will set 8 to 12 trsec after the last CRC byte is
written. For partial sector writing. the proper method is to

write the data and till the balance with zeroes. By letting the
chip fill the zeroes. errors may be masked by the lost data
status and improper CRC Bytes

TYPES ¡Il COMMANDS

READ ADDRESS

Upon receipt ot the Read Address command. the head is
loaded and the Busy Status Bit is set The nexi en-
countered lD held is then read in (rom the disk, and the six
data bytes ot the ID field are assembled and transferred to
the DR, and a DRO is generated for each byte The six bytes
at the ID held are shown below.

TRACK SlDE SECTOR SECTOR CRC CRC

ADDR NUMBER ADDRESS LENGTH 1 2

1 2 3 A 5 6

Although the CRC characters are transferred to the

§Erau5~nsszrbao
Los an srrus

ws r f

Q]

of.” 3wtriur.S

oneSEEK
srizvics

vss l

TYPE III COMMAND WRITE TRACK

computer the 279x checks for validity and the CRC error

status bit is set ll there is a CRC error The Track Address of

the ID held is written into the sector register so that a

comparison can be made by the host At the end o* the

operation an interrupt is generated and the Busy Status is

reset

READ TRACK

Upon receipt ot the READ track command. the head is
loaded, and the Busy Status bit is set. Reading starts with

the leading edge ot the first encountered index pulse and

continues until the next index pulse All Gap. Header and

data bytes are assembled and trarislerred to the data

register and DFtQ s are generated for each byte. The at-

13
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TYPE III COMMAND WRITE TRACK

cumuiation of bytes is synchronized to each address mark

encountered. An interrupt is generated at the completion of

the command

This command has several characteristics which make it

suitable to! diagnostic purposes. They are: no CRC

checking is performed; gap information is included in the

data stream; the internal side compare is not performed.

and the address mark detector is on tor the duration of the

command. Because the AM. detector is always on. write

splices or noise may cause the chip to look for an AM. If an

address mark does not appear on schedule with the Lost

Data status flag being set

The ID A.M., ID field, ID CRC bytes. DAM‘ Data and Data

CRC Bytes for each sector will be correct. The Gap Bytes

may be read Incorrectly during writesplice time because 0’

synchronization

WRITE TRACK FOHMATTING THE DISK

(Refer to section on Type HI commands for flow diagrams i

Formatting the disk is a relatively simple task when opera‘:

ing programmed l/O or when operating under DMA with a

large amount of memory Data and gap information must Lie

provided at the computer interface Formatting the disk is

accomplished by positioning the WW head over the de-

sired track number and issuing the Write Track command

Upon receipt of the Write Track command. the head is

loaded and the Busy Status bit is set, Writing starts with

the leading edge of the first encountered index pulse a'iC

continues until the next index pulse at which time the

interrupt is activated. The Data Request is activated tm

mediately upon receiving the command but writing will not

start until atter the first byte has been loaded into the Data

Register If the DR has not been loaded by the time the

index pulse is encountered the operation is terminated

making the device Not Busy. the Lost Data Status Bit is set

and the interrupt is activated If a byte is not present in the

DR when needed, a byte of zeroes is substituted

This sequence continues from one index mark to the hex‘

index mark. Normally whatever data pattern appears in the

data register is written on the disk wm' a norrnai clo:-.

pattern. However. if the 279x detects a data pattern of F5

thru FE in the data register this is interpreted as data ad-

dress marks with missing clocks or CRC generation

The CRC generator is initialized when any data byte trorr

F8 to FE is about to be transferred from the DR to the DSR

CONTROL BYTES FOR iNtTlALl7.ATl0N

DATA PATTERN WD279X lNTiEl;’RETATlON WD279X |NTEFtF’FtETATlON

IN DR (HBO IN FM (DDEN

: ti lN MFM (DDEN

:
Oi

00 thru FA Write OOthru F4 with CLK

:
FF WriteO0 thru F4. in MFM

F5 Not Allowed Write A1‘ m MFM Preset CRC

F6 Not Allowed Write C2" m MFM

F7 Generate 2 CRC bytes Generate 2 CRC bytes

F8 thru FB Write l-‘Bthru FB Clk = C7, Preset CRC Write F8 thru FB. m MFM

FC Write FC with Clk :
D7 write FC in MFM

FD Write FD with Clk

:
FF Write FD m MFM

FE Write FE. Olk

:
C7. Preset CRC Write FE in MFM

FF Write FF with Clk

:
FF write FF in MFM

‘ Missing ciock transition. between bits 4 and 5 ' ' Missing clock transition between mts 3 and 4

14
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or by receipt oi F5 in MFM. An F7 pattern will generate two

CRC characters in FM or MFM As a consequence, the

patterns F5 thru FE must not appear in the gaps‘ data

fields. or lD fields. Also. CRC's must be generated by an F7

pattern

Disks may be formatted in IBM 3740 or System 34 formats

with sector lengths 01 128, 256, 512, or 1024 bytes

TYPE IV COMMANDS

The Forced Interrupt command is generally used to ter-

minate a multiple sector read or write command or to in-

sure Type I status in the status register This command can
be loaded into the command register at any time If there is

a current command under execution (busy status bit set)
the command will be terminated and the busy status bit

reset

The lower tour bits ot the command determine the condi—

tional interrupt as follows‘

¡O
= Not-Fleady to Fleady Transition

'1
= Ready to Not-Fleady Transition

'2

: Every Index Pulse
l3

:
Immediateinterrupl

The conditional interrupt is enabled when the correspond-

ing bit positions ot the command U3
-

'0) are set to a t

Then. when the condition tor interrupt is met, the INTRO

line will go high signifying that the condition specilied has

occurred. If l3
-

‘O are all set to zero (HU D0). no interrupt

will occur but any command presently under execution will

be immediately terminated When using the immediate

Ñ!
nun rucx
xsousncr

TYPE Ill COMMAND

Read Traciv?iddress
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interrupt condition '3
= 1), an intenupt will be immediately

generated and the current command terminated Reading

the status or writing to the command register will not auto

maticaily clear the interrupt The HEX D0 is the only com-

mand that will enable the immediate interrupt (HEX D8; to

clear on a subsequent load command register or read sta-

tus register operation. Follow a HEX D8 with DO command

Wait 8 micro sec (double density) or 16 micro sec (single

density) before issuing a new command after issuing a
forced interrupt (times double when clock = t MHz)

Loadtrtg a new command sooner than this will nullify the

iorced interrupt.

Forced interrupt stops any command at the end ot an tn-
ternat rnicroinstruction and generates INTRO when the

specitied condition is met Forced interrupt will wait until

ALU operations in progress are complete (CRC

calculations, compares. etc)

More tnan one condition may be set at a time It tor

examoie, the READY TO NOT-READY Condition 01
Z tt

and the Every index Pulse ('2
= 1) are both set. the

resultant command would be HEX "DA." The “OR (mo
tion is performed so that either a READY TO NOTREADY

orthe next index Pulse will cause an interrupt condition

READ ADDRESS
SEQUENCE

TYPE III COMMAND

Read TracK‘Address

16

STATUS REGISTER

Upon receipt of any command. except the Force Interrupt

command the Busy Status btt ts set and the rest o! the

status bits are updated or cleared for the new command it

the Force interrupt Command is received when there is a

current command under execution. the Busy status bit is

reset, and the rest oi the status bits are unchanged. It the

Force Interrupt command is received when there is not a

current command under execution. the Busy Status bit is

reset and the rest ot the status bits are updated or cleared

In this case, Status reflects the Type t commands,

The user has the option oi reading the status register

through program control orusing the DRO line with DMA or

interrupt methods. when the Data register is read the DRO

bit in the status register and the DRO line are automattcatty

reset. A write to the Data register also causes both DRQ s

to reset.

The busy bit in the status may be monitored with a use'

program to determine when a command is complete. in lieu

of using the lNTRO line when using the iNTRO. a busy

status check is not recommended because a read of the

status register to determine the condition oi busy witi reseì

the tNTRQ Itne

The format oi the Status Register lS shown below

87 SB S5 S4 S3 S2 S1 S0

Status varies according to the type oi command executed

as shown in Table 4.

Because ot internal sync cycles‘ certain time delays must

be observed when operating under programmed H0. The,

are: (times double when clock

:
1MHzi

Delay Reg :1

Operation Next Operation FM MFM

Write to Read Busy Bit 12.is ¦ 6.45

Command Reg ¡Status Btt Oi t

write to Read Status 2&5 } mas
Command Reg Bits 1-7 t

Wrtte Any Read From Diti O l 0
Register Register

I
t

IBM 3740 FORMAT -128 BYTES/SECTOR

Shown below is the IBM singiedens-ty format w" 128

bytesisector In order to iormat a diskette the user mus‘

issue the Write Track command and load the data register
with the ioiiowing values For every byte to be writter there

is one Data Request

WD2 7 93



issue the Write Track command and toad the data register
NUMBER HEX VALUE OF

wrth the toliowmg vatues_ For every byte to be wrrtten. there
OF BYTES BYTE WRITTEN

us one data request.

40 FFtor 0013

6 00

1 FC (Index Mark) NUMBER HEX VALUE OF _]
1 25 FF (0100) OF BYTES BYTE WRITTEN

6 00

1 FE (ID Address Mark)
182 gg

1 Track Number

1 Side Nurnber(00 or01)
3 F5 NW” C2’

1 Sector Number n thru 1A) ‘ ""06" Mam’

' 50
1 00 (Sector Length)

1 F7 ZCRC’ n
12 °°

n
Fpioroo) SW" em

3 F5(wntesA1)

6 0o 1 FE (ID Address Mark]

1 FB(DalaAddress Mam 1 Track Number(0thru AC)
1

128 Data(lBM uses E5) . r $›de Number (0 or 1)

1 ¡HZ CRC5 wrmem
1 Sector Number? thru 1A1

27 FF ¿of Om 1 01 (Sector Length)

‘ F712 CRCS written)
2472 FF (or 001 |

‘

22 4E

1. Write bracketed he1d 26 tunes 12 OO

2. Continue wrmng urrt1t279Xinterrupts out. 3 F5(Wr1tesA1)

Approx. 247 bytes. 1 FB (Data Address Markx

3 A ‘D0’ optron rs altowed. 256 DATA

1 F7 (2 CRCs wrmem

54 4E

IBM SYSTEM 34 FORMAT- 598" 4E

256 BYTESISECTOR

`
' Write bracketed fretd 26trmes

Shown betom 15 the |BM duatcenstty format wrth 256 "contmuewrmngunti1279)<1r11errup!sDut

bytes/sector In order for tormat a drskette the user must Approx 595 bytes

IBM TRACK FORMAT

W
rm2793



1. NON-IBM FORMATS

Vanations in the IBM iormats are possible to a limited ex-

tent ii the following requirements are met'

1) Sector size must be 128. 256, 512 of102-1 bytes.

2) Gap 2 cannot be varied from the IBM format.

3) 3 bytes oí A1 must be used in MFM.

In addition, the Index Address Mark is not required for

operation by the 279x. Gap 1. 3‘ and 4 lengths can be as

short as 2 bytes for 279)( operation, however PLL lock up

time, motor speed variation‘ write splice area etc will add

more bytes to each gap to achieve proper operation It is

recommended that the IBM format be used for highest

system reliability.

ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings

Voltage to any input with

respect to V55 z + 7 to
-

0.5V

Operating temperature z O°Cto 70°C

Storage temperature

: — 55"C to +125°C

OPERATING CHARACTERISTICS (DC)

TA = 0”Cto 70‘C, V53

:
0V,VcC

: 4. 5V ; _25\/

FM MFM

Gap I 16 bytes FF 32 bytes 4E

Gap ll 11 bytes FF 22 bytes ¿E

' 6 bytes 00 12 bytes 00

' 3 bytes A1

Gaplll" 10 bytes FF 24 bytes ¿E

4 bytes 00 8 bytes OO

3 bytes A1.

Gap IV 16 bytes FF 16 bytes AE

' Byte counts must beexact

" Byte counts are minimum. except exactly 3 bytes OI A1

must be written.

NOTE‘ Maximum limits indicate where permanent device

damage occurs Continuous operation at these limits is not

intended and should be limited to those conditions

specified In the DC Electrical characteristics

SYMBOL CHARACTERISTIC MIN. y TYP. MAX. Í UNITS CONDITIONS }

||i_ Input Leakage 1 10 i pA VW = VQQ I

IQ|_ Output Leakage
`

10 VA VOUT

:
VC@ I

V|H Input High Voltage 1 2.0 V ‘I

V|i_ Input Low Voltage l
_

0.8 V
`VQH Output High Voltage 2.4 ’ V 4

VOL Output Low Voltage i o_45 v
Voi-ip Output High PUMP 2.2 I V

VOLP Output Low PUMP i 0.2 V
y

top e + 1 o mA
PD Power Dissipation .75 w ; All Outputs Open i
Rpu Internal Pull-up‘ 100

`
1700 ‘ “A V|N = 0V

I ICQ ‘ Supply Current 70 150 mA ` Ail Outputs Open ',

I

' Internai Pultup resistors on F'lNS 1. 17, 19. 22. 36, 37 and 40 Also pin 25 on 2791 and 3



TIMING CHARACTERISTICS

TA = 0"CIo70°C,Vs5 = 0V,Vcc = +5V z .25V

READ ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYF. I MAX. UNITS I CONDITIONS

Tsg Setup ADDR 5 cs to FTE so nsec
I

THLD Hold ADDFI â OS from WI 10 nsec I
TRE ía Pulse Width 200 nsec CL = 50 p1

TDRR DFIO Reset from Ñ 100 200 nsec
Tmq INTRO Reset from FW. 500 3000 nsec See Note

TDACC Data Valid from Í 100 200 nsec ‘ CL = 50 pf

TDQH Data Hard From Ñ 20 150 nsec
I CL = 50 pl

WRITE ENABLE TIMING

SVMBOL CHARACTERISTIC MIN. TYF. MAX. UNITS I CONDITIONS

Tsgr Setup ADDR & CS toW—E 50 nsec
l

THLD lid ADDR&CSfromW_E 1D nsec
ITWE WE Pulse Width 200 nsec 3

Tong DRQ Reset from VW 100 200 nsec
Tmg INTRO Reset from WE 500 3000 nsec See Note
TD5 Data Setup to E 1 50 nsec
TQH Data Hold from WE 50 nsec

r- h»
m».

4
w. Fw».- »u....z..~

was:\(qa.Ls--(~

READ ENABLE TIMING WRITE ENABLE TIMING

‘9 wD2793



INPUT DATA TIMING

1

\

1
ì
V
1
1
i

í

i

l

l

u
u
\
.

sYMaoL CHARACTERISTIC MIN. TYP. MM UNITS CONDITIONS

Tpw Raw Read Pulse Wtdth 100 200 H565

TBC Raw Read Cycie Time 1500 2000 nSeC

WHITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1MHz)(NO WRITE PRECOMPENSATION)

SYMBOL CHARACTERISWC MIN TYP. MAX UNITS CONDVTIONS

Twp Wnte Data Pulse Width 400 500 600 nsec FM

200 250 300 uses MFM

TWG Wme Gate to wnte Data 2 psec FM

1 gsec MFM

Twp Wnte Gale off from WD 2 usec FM

1 uses MFM

MISCELLANEOUS TIMING:

SYMBOL CHARACTERISTIC MIN. TYP. MAX UNITS CONDITIONS

TQD1 Clock Duty(Iow,v 230 250 20000 nsec
TCD2 Crock Dutymxgm 230 250 20000 nsec
T511: Step Putse Oulput 2 014 usec See Note
TD“; D\rSetuptoS!ep 12 psec ± CLK ERROR
TMF; Master Reset Pulse Wrdth 50 gsec

,
T|p Index Pu\se Width 10 “sec See Note
RPW Read Window Putse Wtdfh 1 Input osv

‘ 12o g 700 nsec MFN

240 ’ moo nsec FM 2 15%
Precomp AUJUS1. 100 300 nsec MFM

* WPW Write Data Putse Www ¿ Precomo

:
100 nsec

‘,
200 300 400 nsec ‘r MFM

WOW Write Data Putse Wxdm f ‘ ' Drecomp = 300 fase@
600

`
900 1200 nsec MFM

V00 4 Free Run Vottage Controlted 6.0 MHZ Cext

:
O

Oscmator. Adjustabte by exv. 1 4.0 MH: I Cext

:
35 of

capacuoron Pm 26
_

"

Pumpup + 25% 50 ' } MHZ
_

PU = 2.2V

r 1 v ' Cext = 35 p'VCO
Pump Dom —25°: ã 3.0 ; MHZ W)

= 0.2V
‘ Cext = 35 p'

ì VSO
5m Change vc@ j 3.8 1 4 2 MHZ Cext

:
es p'

3 TA

:
75‘C 35 1 MHZ Ce><1= 35 p‘

Cext
i Adtustabie external capacxtor 20 45 100 p! VCO

: A OMHz

1 HOT“
RCLK 3 Dem/ed read clock vco :

4 (NH;

:
VCO ~ 8 16 32

ì
500 KHZ

Á

_
250

`
KHZ

ã
\

I
250 KHZ

V t 1,
y i 125 KHz

‘
PL)sDON \ PLMFTDume on

ã
250 ns

\ (pulse »msm
`

500 ms

20
WD2793
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..4—
‘K

V
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D.* my E.
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c

'

1 NOTES:

1 1 Trmes double when clock = 1MHz.

WRITE DATA TIMING

;¥_ A __` r 2. Output tlmrng readrngs are at VQL = O Bv and VQH

:
_

20v,

r._r. .-4

í

->{ HEMP

+—Tsc-r
«i + >—‘=~+ «L

MISCELLANEOUS TIMING READ DATA TIMING

‘ FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPE I READ READ READ WRITE WRITE

BIT COMMANDS ADDRESS SECTOR TRACK SECTOR TRACK

57 NOT READY NOT READY NOT READY NOT READY NOT READY NOT READY

S6 WRTTE 0 O O WRITE WRTTE

PROTECT PROTECT PROTECT

S5 HEAD LOADED 0 RECORD TYPE O O O

S4 SEEK ERROR RNF RNF 0 RNF 0

S3 CRC ERROR CRC ERROR
`

CRC ERROR 0 CRC ERROR O
\

S2 TRACK O LOST DATA ; LOST DATA LOST DATA LOST DATA LOST DATA

ST INDEX PULSE DRO DRQ DRO DRQ DRO

l

SO
‘

BUSY BUSY BUSY BUSY BUSY BUSY
.

STATUS FOR TYPE I COMMANDS

[ arr NAME

sv NOT READY

MEANING

This but when set mdrcates the drzve T5.not ready When reset rt rndrcates that the dnve rs ready.

Thxs bu rs an rnverted copy of the Ready rnput and Togrca?) crecí wnh MR

S6 PROTECTED

S5 HEAD LOADED

When set, Intimates Wnte Protect rs actwated Thus bn Is an rnverted copy o1\’VRPTrnp-st

When set. rt Indicates the head (5 Toadea and engaged Thrs Dr! rs a boglcal "and oi HLD and HLT

signals

84 SEEK ERROR When sex‘ the desrred track was not venlred Thus but IS reset to 0 when updates

S3 CRC ERROR CRC encountered m TD hen:

S2 TRACK 00 When set. rndrcates Read/Vvnte head rs posmoned to Track 0 Thrs bn rs an mvened copy of the

TROO rnput

S1 TNDEX When set Indrcates rndex mark detected from dnve This but rs an rnvened copy o! the T? mpu:

so BUSY When set command rs rn progress When reset no command T5In progress



STATUS FOR TYPE II AND III COMMANDS

BIT NAME MEANING

S7 NOT READY This bi! when set indicates the drive is not ready. When reset. It indicates that the drtve IS ready

This bit is an inverted copy of the Ready input and ‘cred’ with MR The Type II and III Commands

will not execute unless the drive is ready.

S6 WFHTE PROTECT On Read Record: Not Used On Read Track Not Used On any WW8‘ lt indicates a Write Protect

This bit is reset when updated

S5 RECORD TYPE On Read Record‘ It indicates the recordtype code from data held address mark 1 :
Deteted

Data Mark 0 z Data Mark On any Write: Forced to a Zero

84 RECORD NOT When set. it indicates that the desired track. sector or side were not found This bit is reset when

FOUND (RNFi updated.

83 CRC ERROR H 54 is set. an error is tound in one or more ID fields. otherwise it indicates error in data tietd. This

bit is reset when updated

82 LOST DATA When set it indicates the computerdtd not respond to DRQ in one byte time This bit is reset to

zero when updated

31 DATA REQUEST This bit is a copy at the DRQ output When set. it indicates the DH is tuH on a Read Operation or
the DR rs empty on a Write operation. This bit is reset to zero when updated.

80 BUSY When set. command is under execution. When reset no command tS under execution

SUMMARY OF ADJUSTMENT RROCEDURE

WRITE PRECOMPENSATION

ti SE’.?§(PH'\22)10a\OgiChigh

2; Strobe VR(Pin19).

Q3) SGÍWUIW 22rroalogrclow.

14) Observe putse widthoriWDtPin3t;

5) Adjust WPW (Pin 33) for desired putse width tPrecoi'np Value).

Gr Setírl?rnärtoatogrchrgh

DATA SEPARATOR

‘ 1i Set TESTtPin 22v toa togic hrgh

¡Zr Strobe Wt tPin 19i Insure that 58, and DDEN are set property
Er Se'.TEST(P4n22itoatogictou.

4 Observe Pulse Width on TG43(Piri 29:

Si Adius'.FtPWiPin1Bitor1'8 ot the read ciock(250ns tori!‘ DD. 500ns tor5'ia " DD‘ etc)
6i Observe Frequency on DtRC(Pint6i

7)

Bi

N

Adiust yariabte capacitor on VCO pin tor Data Rate (500 KHztor8' DD. 250 KHz tor 5‘ e' DD, etc i
Se‘. TEST (Pin 22) to a |OQtC high

OTE To maintain internal VCO operation, insure thatTEST

: twhenevera master reset pulse is apoiied

22



Z8400
280@ CPU Central
Processing Unit

gggåicclzatlon

September 1983

Features I The mstructlon set contazns l58 xnstructtons, may be daisy-chamed to allow xmplemente
The 78 mstructxons of the 8080A are lion oí a pnonty mterrupt scheme. Lxttle‘ 1f

mcluded as a subset; 8080A software corn— any, addmonal logic 1s requlred for daLsy—

patlbthty 1s mamtamed. chammg.

I Exght MHz, 6 Ml-lz, 4 MHz and 2.5 MI-lz I Duphcate sets of both general-purpose and

clocks for the Z80}-l, Z805, ZBOA, and Z80 flag regtsters are provlded, easmg the

CPU result m raptd mstructlon executzon design and operanon of system software

wxth consequent hrgh data throughput. through smglevcontext swrtchzng, back-

ground-loreground programrmng, and

I The extensve lnsiructlon set Includes strmg,
.smgle-level mterrupt processmg In adcx»

bit, byte, and word ope-rahons. BlOCl(

searches and block transfers together Wllll
mdex-ed am: relattve addressmq result m
the most powerful data handlmg capab1l:t1es I There are three modes of h1c_xh-speed mter—

gram processmg of tables and arrays.

m the microcomputer mclustr)‘. rapt processzng; 8080 slrmlar, non-Z80

I The 280 mzcroprocessors and assocrated penphera‘ device’ and Z'8O,Fa”

,
iarmly of penpheral controllers are lmked penpheral Wim Or Wnhout Gus) Cn°"h“

by a vectored mterrupx system. Thzs System I On-chtp dynarmc memory refresh counter.

A<
A.

y

IVSTEM *ã
covnam. A‘

t, .. 1 w
5

.M
A. A‘, 2 as j A;

*r Aman: Au : is D AA
A. nus Au . :v r.
A@ m; s u

ã

AQ
Aw CLKQ 5 ss :1 A!
m n. 7 :4 :1 A4

cru z to en: AY? n, a :3 j A:
cannot. A” D’ i ,2 J Ã;

A.. o. w =¬ A‘

x D; j am:
99 n. 3 Vs»-

353 °' °~ II W

common ‘\ In D. j v@
D, D", m 3 .mm
D; .us

í WAN
D, e.,
m ã w»
D, m

ge

Fiaun 1. Pin Function: Hgm z. Pin Amgnmenu

203 (2.1 L2..

7RI'l—(‘PIl—l

new
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General
Description

The Z80, ZBOÄ, ROB, and ZBOH CPUs are

thirdgeneration smglevchlp microprocessors
with exceptional computational power. They

offer hlgher system throughput and more eth-

c1ent memory uhlìzanon than comparable
second-and thlrd»generat:on mlcroprocessors
The mternal reqlsters contam 208 bus of

read/wrlte memory that are accessxble to the

programmer. These regxsters mclude two sets

of slx general-purpose reqlsters whxch may be

used indnvndually as either 8~b1t regxsters or as

16-bit regxster pa1rs. In addmon, there are two

sets of accumulator and flag regxsters. A group
of "Exchange" mstructxons makes elther set of

main or alternate reglsters accesslble to the

programmer. The alternate set allows operatzon

m foreground-background mode or rt may be

msmucnou
nzconzn

»sv _›

aw -
cvu

mama
cannot

e svsrsus s cvu
AND:vu couwot
cannot mvurs
oumns

caocx ..
Tulum

reserved tor very fast mterrupt response.

The Z80 also contams a Stack Poznter, Pro-

gram Counter, two moex reqlsters, a Ref: "

reglster (counter‘, and an lnterrup: recrst

The CPU 15 easy to mcorporate mtc a

smce 1t requxres only a smgle +5 V power

source. All output slgnals are fully decoded
and tzmed tc Control standorc memory or
penpheral clrcuzts, and xt ¡s supported by an

extenslve ta:-mly of perlpheral controllers. The

mternal block cuagram (171:/Iure Et, shows 'he

pnmary functlons of the ZBO processo

Subsequent text provxdes more deta

Z80 I/O controller tamlly, register
set, mterrupts and da'.sy char

tlmmg.

lnstru

, an; CPU

mu nus
manner

ream; mu 5 ALU

asoma:
nan

Íï
ADDRESS

Loan: AND
aurrsns

1|-IIY
Abbllus nus

Figure s. zao CPU Block Diagram

Z80-CPlI—2

N



Z80 Micro-
processor
Family

280 CPU

Registers

The Zilog Z80 microprocessor IS the central
element of a comprehensive microprocessor
product family. This family works together in
most applications with minimum requirements
for additional logic, facilitating the design of

efficient and cost-effective microcomputer-
based systems.

Zilog has designed five components to pro-
vide extensive support for the Z80 micro-
processor. These are:

I The PIO (Parallel Input/Output) operates in
both data—byte l/O transfer mode (with
handshaking) and in bit mode (without
handshaking). The PIO may be configured
to interface with standard parallel
peripheral devices such as printers, tape

punches, and keyboards.

I The CTC (Counter/Timer Circuit) features

four programmable 8-bit counter/timers,

Figure 4 shows three groups of registers
within the Z80 CPU. The first group consists of

duplicate sets of 8-bit registers: a principal set

and an alternate set (designated by ' [prime],

eg., A’). Both sets consist of the Accumula-
tor Register, the Flag Register, and six

general-purpose registers. Transfer of data

between these duplicate sets oi registers is

accomplished by use of "Exchange" instruc-
tions. The result s faster response to interrupts
and easy, efficient implementation of such ver-
satile programming techniques as background-

nmu unn-rn ¡n

each of which has an 8~bit prescaler. Each

of the four channels may be configured to

operate in either counter or timer mode.

I The DMA (Direct Memory Access) con-

troller provides dual port data transfer
operations and the ability to terminate data

transfer as a result of a pattern match

I The SIO (Serial Input/Output‘, controller
offers two channels. lt is capable of

operating in a variety of programmable
modes for both synchronous and asyn-

chronous communication, including
Bi-Sync and SDLC.

I The DART (Dual Asynchronous Receiver’
Transmitter) device provides low cost

asynchronous serial communication. lt has

two channels and a full modem control
interface.

foreground data processing. The second set of

registers consists of six registers with assigned

functions. These are 'the l (interrupt Register‘/,

the R (Refresh Register), the IX and IY (lndex
Registers), the SP (Stack Pointer), and the PC

(Program Counter}. The third group consisis of

two interrupt status flip-flops, plus an addi-
tional pair oi flip—llops which assists in identi-
fying the interrupt mode at any particular
time. Table l provides further intorrnation or.

these registers.

‘nun-rs unmn [EV

A AccuuiJ..AvoR s FLAr.nEc.<sv:n A iccwumoa r we nsmsvsn

a LIENERALPURVDSE c a:~m.>wos: a GENERALPURPOSE c ammtamoss

a GENERMPWPCSS i s az~s=i.»mos: n Gsusmivukvosi s GENERAtvw=cs£

u Gsnsbutvunvosr L as~m.m-=as: N aznmtmvoss t GENERALPUWOSE

qjawsm.
«pie

airs

L...»ix won wsmsvsu

w muzx nscnsvzu

sv sum voivsi

ac sanear» :suman

«wvznuuvv vscio: w MEMOHVnsrnss-4

-saws T»

:misma mwtws sum:

in-, w:

è, a e tmfnwvrs msnstzr

.i e wmwuvrs ensign

sroazsirr
ms m W l'

scams 4

mTEr<nu='was ms ns=s

Ms. M:

c c imzanuw MDDED
c t mv uss:

c hwri?iur
wear' Mo

Figure 4. CPU Register:

Hitman 7
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Z80 CPU Size mm) Remarks

H°935*°T5
A L' 5 Stores an operand ar the resaits si sr. opera‘.

`

(commued)
r r a See Instruction ss-

E s' 8 Car. be mi separa-.51, or as a 16513.: reg.. C

C C 8 See E, abcvs

:r D r..rp:Js: B Can be use: separately or as a 1b—b1‘.re:;:='er m.. E

E E 'a Pwrpnsf- 8 See U abcve

H I" uf Pgrpcse 8 Car. De used separates,‘ cr es a 15h! register wztr L

L, I. Generar Parpcse E See H above

Note The (E C) (UP, and (H11 sets are CC!T.D.n':C a
E

-
Huh byte C

—
Low byte

D — h byte E
¬ Lo». nyte

H — high byte L
_

Low Byte

x 1.—.«e.v:,pzR s Stores uppe -2.:/ht an: of memory ead'ess 1:: ve:‘3re: ..
p.vocess.r.;

R h. Fieznsler B Prmxdes 1;ser—transpa:‘e:i ciynarmc memory retr
his are a.;tomat:.al., mcremente: an: f
the address ms Iiurmg each 1T)S‘..'.JC‘.t3nIe

IX Inaty Re: l€ Uses tur indexed adcressmg

IY Incex he: l€ Same as IX abcve

SF Siam. Fcmïer 16 Holds address oí the top c! the stack Se»: Pas. t . .n
HOT‘.SE‘

PC Prcararr Cante' 16 Hard: address ot next 1ns‘ru

Se' or reset v. md Cate .mer 5 (see

He r.te.'r.;:’ made (596 .:.;.r( 4

Table L Z80 CPU Registers

Interrupts: The CPU accepts two Interrupt mput signals: I Mode 1
~ Peripheral Interrupt servtce, fs'

General NM} and DVI. The NMI xs a norrmaskaole use wxth nc.1~8OE1C/Z83 systems.

Operation interrupt and has the highest pnorlty. WT ls a

lower przorxty mterrupt and ¡t requzres that

interrupts_;e enabled 1n software m order to

operate. INT can be connected to mulhple
perxpheral devzces L: a w1redvOR contxgura-

tron.

The Z80 has a single response mode tor
mterrup: servlce rar the nor;-maskable mier-
rupt. The rnaskable mterr'_1p‘., has three

le response modes avaxlab.

I Made C

f
sxrnnar to the 8080 m_crC—

processcr.

I Mode 2

-
a vectored 1nterrupt scheme,

usually da y»cha1r.e:i, tor use with Z8"

Famzly and campaztble pe..pr.eral dem

lxs CPber\'1ces lnterrupts by sarnpi:
_

NMI and INT signals ô', the r g edge ct 1: s
last clock ct'ar.mstru::1or.‘ Further mt-='. gg:

servxce processmg depends up me '}
mterrupt that was detected‘ Detazls

rupt responses are shcwn :n the CPL TU"
Secuom

ZSO-CPTY-L



Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (I??). The non
maskable interrupt cannot be disabled by pro
gram control and therel 'e will be accepted at

all times by the CPU. NMI is usually
reserved tor servicing only the highest prioriiy
type interrupts, such as that tor orderly shut

down atter power iailure has been detected
Alter recognition oí the NMl signal (providing
BUSREQ is not active), the CPU Jumps to

restart location 0O66H. Normally, sottware

starting at this address contains the interrupt
service routing.
Maskable Interrupt (Ñ). Regardless oi the

interrupt mode set by the user, the Z80

response to a maskable interrupt input follows
a common timing cycle, Alter the interrupt has

been detected by the CPU (provided that

interrupts are enabled and BUSREQ is not

active) a special interrupt processing cycle
begins. This is a special fetch (Ml) cycle in
which IORQ becomes active rather than

MREQ, as m normal m cycle. In add: ion, this

special Ml cycle is automatically extended by

two WAIT states, to allow tor the time required
to acknowledge the interrupt request.

Mode O Interrupt Operation. This mode 15

similar to the 8080 mvcroprocesscr interrupt
service procedures The interrupting device
places an instruction on the data bus. This :s

normally a Restart instruction. which will in',ti—

ate a call to the selected one ml eight restart
locations xr. page zero oi mera

. _
the

8080, the Z80 CPU respono. to th Ca.
.

struction with only one interrupt acknowledge
cycle followed by two memory reo: :yC.es.

Mode l Interrupt Operation. Mode l ooe.'~

ation is very similar tc that tor the

principal ii. iererics is t` at the Mode l :

rupt has a restart loca or. of 0038}-I or._

Mode 2 Interrupt Operation. This interrup‘
mode has been designed to utilize .most e e:›
tively the capabiihes ol the ZBC micropr '-
essor and ts associated peripheral tarr y, The

interrupti _' peripheral d ce selects the

starting address of the interrupt service
routine It does this by pla~ rig an 8-b.t vector
on the Gata bus during the interrupt ackriovw
edge cycli The CPU forms a p

ythis byte as the lower 8—bits and the co *e
the l reqi er as the u;per 8—b;ts. Th‘ p

an entry in a table ‘addresses for interrupt
e routines. T‘ CPU then ;\;rr t: the

adcress Tnzs tlexzh '

selecting the interrupt service rou._rie acìcress

.Ter

allows the peripheral device IO use severa. dil—

lerent types ol service routines These routines
may be located at any available lo:

memory. Since the interrupting de'

plies the low—order byte ot the 2›

bit 0 (AQ) mus‘. be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The il'1»‘err"_Et priority ct

each peripheral device is deie ed sy its

physical location wzthm a da:

uratiori. Each device in the chain has
a.

rupt enable input line (IEI) and ar. int
_enable output line (IEO), which 's :eu to the

next lower priority device. The ‘ dP\'lC*E in
the daisy chain has its IEl input hardwired to a

High level. The tirs! device has h
I _

priority, while each succeeding device has a

corresponding lower priority, This arrange-
ment permits the CPU to select the highest
priority interrupt from several simultaneously
interrupting peripherals.

The inferruptzng device disables ‘

to the next lower priority per.phe
been serviced. After servicir
raised, allowing lower prio
demand interrupt s

The Z80 CPU VM nest ‘iqueue,

interrupts or interrupts rece;
selected peripheral is being set

Interrupt Enable/Disable Operation. Twc

tho-flops, IF?, and IF e

is described u', Table A. for more oe

to the ZSC CPU Technsccf /Vunutcf aria ZM

Asserr` ¡y Language I/ƒchuof.

Action LET; KIT; Comments

CPL' Reset C C Maskable lnte’ up:

CI :nstr “t or. O C‘

execution

. .

c in]

1."; -
execution

Tab}: 2. Slat: ol FJtp«.F'.Iops
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16-bit arithmetic operationsInstruction The Z80 microprocessor has one of the most [3

Se: powerful and versatile instruction sets D Rotates and shins

available in any 8-bit microprocessor. It
¬ . v d

includes such unique operations as a block Q B“ Sa' “Se” 5“ ‘est Opem?ons

move for last, efficient data transfers within 3 Jumps

memory or between memory and I/O, It also
E Cans re,u,r‘5 and restars

allows operations on any bit in any location in ' '

memory. 3 Input and output operations
The following 15 ã Summ?-'Y Of ‘he Z80 A variety of addressing modes are

m5U"UCU0i‘A 59? and 5hOWS The 555emblY implemenied to permit efficient and last date

language mnemonic, the OPETGUOE “'15 “G9 transfer between various registers memory

status. and gives comments on each m=’»wC- locations, and input/outpu: devices. These

tion. The Z80 CPU Technical Manual addressmg modes include;
(03»0O29vGl) and Assembly Language

D Immediate
Programming Manual (O3-0002-O1) contain
significantly more details for programming 5 Immediate Exlendec

U55‘ C‘ Modified page zero
The instructions are divided into the

_‘ R 1 1
following categories: ” e a We

u 8—bit loads ~ “ended

: l6—bit loads 5 1“de"e°

Z Exchanges, block transfers, and searches
E Register

r - . r
C 8-bit arxthmetzc and logic operations L Regmer md^rec^

C General-purpose arithmetic and CPU L Imphed

control 2 Bi:

6-Bit Iynbollc nap Opcodu nu: Nn.uIM unn
Load Knnnnnlc Oparcllon 5 Z I! FW N C 75 M5 210 HO! lyt? Cytlol Slain Comnnnu

Q . . >_ . X . . . _ . A"°“P ..;;.x...&. 2 _?
r > H, I › X ø X v › › j Q Í

Iloc ' ' Z I X I o - E E 'f-

. . l . X . . . 3 K

. . x . X . . . , ; ›

' 0 X I X I ¢ o 3 5 1;

U .d _ . . x . x . . . 3 5 .g

U s» r_— .. ) .; .. . 2 _

.;>~:r '>.:~v . . › . ) . . ¬ â r 3

0‘ ~ c ~ f - - ) - › - . . 4 5 3

' I X I X I n n _ I
. . x . r . . . , ;
- .x .X .. . 3 ,

. . › . > . . _ ¿
- . › o › - . . ¿ ¿
- - N . X . . . 3 4

X , Y l f L ' ‘ 2 Q

Y C X UF \ I 2 4 5

. ¬› .X .. . ; Z 9

. .x .y. .. ¡ 4 9

T0
.;

ZÑÑ-FDF-É



16-Bit Load Iynbnlh: nag. Io.ul um: I Rn.oIT

II¢I308I

Group 2 n v/v n c us nu. I an.”In-?ank an S 7| I ?ll limit 11

USCl: nr. dd- nr. ~ I X I X I ~ o DCddi OC. 3 3 ll dd Pan
m EC
Q. DE

LDlXnn 111-”. - - x - x . . . 4 « 14 1: 1-1'.

ll SP

LD KY,nr. [Y > nr I I X U X ' ' ' 1| lìl :OI F3 4 4 H
U3 XO?.OC

1.C‘HL!n.n‘, H—(+>1 u 0 X I X - a - DC 0. 5 IE
I. — lnrfr

LD ad Ind! dd}: f I I I X ‘ X ' ' ' xl X0 â 6 2C
dc|1_› 111». o. ?dl ^

n n o l. 4 E K
[XI lil DIG 21's

_ ,__
_ ,, _

* ‘ ' l] li. 151 FD 4 6
00 l?. C13.ZA

_ ,, _
_ _ _

' ‘ I DOHX 01$ 22 3 5 ‘E

_ ,__

. l o 4 E Z

. . . 4 5 2c

. . . o e

. . . 1
_ 6

. . . 2 2 1:

l n a I Z l@
gs Fa

. n u l 3 l. D1.

- ~ - u 01. 1: c: . < 1:
ÍÍ

|ì III. 1» E5

' i ' I 2 á 15

. . . 1 an 1 a 1:

. . . z a 1:.

. . . 2 4 1<

.Mm ,

Exchange. . . . A 4
Block ' ' ' I 4

- - - 4 ” 1: f n n fTrunsler. "e::$,,f.:;
Block Search

. . . ~ = »a
D” 8"

Groups ' "
‘ ' f Í E» 23

- - - 2 E 23

C

` C 4 4 4 ¡E

"1
_.,
C _ I 2 5

L 4



§xchgng., ,,_,,,u¢ n". oma- lam! ¡mi M Hm: 'r

mock Inanml: Optativa s z n r/v n c n us m nu ma Cy\'.|— Inna: Cannnnh

Truxulor. (3

E 2 A EL5; ~ - x c x x o - x: 1:1 xc. z xgackS«nch lam w¿M

roupl
(Continued) Q)

Aaa - - x o x c c - .x xcx 1:1 ¡zx 1 = 2. :
,xx ooc BE 2 4 xx c

@ O

CPI x x x x x x - 2 4 If

3 O

cm x . x x x 1 1 - x: xox xo. s: 2 s 2.

1c xxx:om a: 2 4 5

® O

CPD 1 1 x 1 x x 1 - 1. xo; 1:1 E.. 2 4 16
1: xo: oox Ac

f@ O

CPDF x x x x x x x - x xax xo. E: 2 s 2

1: x x so. 159 2 x e

xx¬vn* o*B"~ . x C ulnew M} ‘v = .
1.1.11.5a' W.-

n':ew1s¢Z x C

3-3“ x x x x x x c x m@ 1 4

A1-lthmonc x x x x x x x : .1 @ .1: z ” "

and Logical ' “ ‘Group ADC A 11-1; . x x x . >x v o x x 2 r
AnnAxxx-Q A—A.1:)..¢ 1 1 x x x \‘ o x 3 5 , ,

x
A::A :ha :WA-xrx-«x x x x x x xx n x 3 e x«

x x x 1 x 'x c .
x x x x x v x x

x x x x v 1 1

x x )1 F c x:

x x x z x F c c

. 1 x c x F : x

x . x x x x' x x

x x x x x v c - , x

x x x x v ø o :
x x x x c - 2

x x x x x . ; . 3 E A

DEC.-. x.› x x x 1 x V x .

12
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Cv0noruI- noun: Hag: Opwdn ¡M1 nun: No.3] 'r

¡luli!

082

PNP”. I»-one Opuatlan s 2 H r/v II c 7: sum an I-nu Cydau ¡mn can-m.
A,-n_hm.“c DBA CUL-.ve?sex W/.Y‘\:‘!'.Y \ ì X '. Y. P ‘ 1 (Ñ l@ H. 'II . 1 å Deana a: r
and mu: packed B».y accurnulaiar

CPU Control
Group: CPL - - x x - . - oc m xx 2; x «

NEG ' l X l X V ` Y l] IÉÍ 101 Eu 2 2 8
L71OK III 44

cc: - - x x x - y 1 «un a; ~ x 4

sc? - - x c x . c 1 ; x 4
NO? ' ' X I X - I u I 1 4
H 'f I I X I X n u n ¡ ¿
D11 0 \ X l X I I v . 1 4
E}! I ' X ' X I ‘ 0 . I 6
IML - - x - x - - - 1 2 e

IM! ' ' X ' X v n u 2 Q 5

IN. 2 ' ' X ' X n n n 2 2 5

NOTES ¡FF1.-umcatcsumu-ue>u:>1e1a:11e.‘.;M‘zv[
cx .mamesm. u», s.
D mmcaïn ,Hrmvx rr z' D]

15-Bit ADDHZ. u H_»H'..+ns - - x X x - C z 1

k\ìhme`lc ADC HL ¡s HL > L<~CX i ¦ X Y X V C 1 l. JC. . EX‘ 2 4
Group 5; ss, : .

SBCHL xx H.- HL~L<›CÍ i x X X X V‘ Ã I H ÉÍ 2 â ._

Aømx” :›'~.;<»;›; - - x x x - c;
Í

2 4 15
c. x LC. DE

I' IX
v,

‘ U X ). X - Cw ~ ¡Ã 7: Z 4

- x - - - . . e
. › . . . ; ; —

. 1 . . . ; ; 1

. , . . . ¡ _

. X . . . 2 ;

. y . . . A ¿ ¿f

Rotate and
Shift Group ï Y ' ï W W ‘ f" f-

C X ' Í . ’ <

I X I f. 0'. x1 4

» X I I R ‘L ] I á

, ) F x 1 CE‘ x 2 E

’ ) F , A -‘< lr

3 i' C ¬ 5 Í. Í

Y í . 4 É Y

» X F .

_ Y Í I

ZOO}-CK.

non ?hvv /\



Rotate and nag: Opcodzlm
H

:u »r Remix 13m1
co .

_ g ,fv n 5 Iain manu .Sm“ Group Immuc 2 P 7: us n 11-: 7"-
Continued( J

P? 1- 1 x c x F :

5.; m 1 >: C x P c 1 f:
511,1_, 1 7. . ) C 1

s=_ .. 1 c x v n 1

. X C‘ X F C ' L ã .E

1 X í X F L ' . 5 ‘:

Bit Set, Base! 51:: 1 x y x x x c - 2 2 e

and res!
X ‘ Y X X L l I 3 11‘

Group
X X A X X E ' 4 5 L

__
Z f .1‘,»d ) I X X Y ' 4 5 TC

X ' f ' 2 2 8

X I ' ' 2 â 1E

y . . . 1 f

ì ' ' ' A E

x . . .

ÍUmP )1 - - - _ 3 it

Group : :
) o n v |. 3

_ , _

X 0 ' U Â 3 _

X u u 1 2 1 "

2 3 ¡Z

) u o u 2 2 Í

2 7 I.

X u a y 2 Í "

2 3 12

) - a y I Z "

2 2 u

X ' ' U 11 IX. E9 l 1 6

Y ' I ° Oh IL. UL 2 2 5

. `" J». 3
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lump Group Irnbnue n... opwa. n...- nmm Nn.u!1’

(Continued) llamame cpm». 1 u wv N c n su 1m s.. uy»- cycsu sum. Cannnnn

IPIJYJ PC > ¡Y 1 X ' X ' ' 0 l. 121 Am FC 2 2 E
1; m; m; :2

DIME: I X ' X f ' * KCRCCOC IC 2' 2 B UEIC

_ ,_; _

Z 3 II: If B 8 L

e - Ji ›
idren J :wwe asP- A:-9-ve'1e:

Call and - x - x - - - J 5 L."

Return Group

' X ' X I l 0 3 3 ¡O If c: I5 ¡ame
_ , _
> n ~ 3 5 17 1.n::\5 L'.A6

cvherw¡S sameas
cu. m

RE I X I X * ‘ U .` {XL if C‘: 3 {C

nar c.» . x - x - - -

FET. - x - y - - -

. X . X . . .

. X . X . . .

[npm and n.';-. r . x v >4 . . .

Output Group 1:. c A y 1 ›: = : -

Y Y ‘ ) X

1m x › w › >1

3
4 X Y X ) ).

F;

ì. X 1‘ .Y /V

F c y | y, o . v

› o X I X u n n

G

. _" Y, 7 X . X

W
k } )' Y .X . I : I

2 ,É

C

í
_’: : '2 > , . X ›

013082



Input and Flag: Opeodn ¡Mx xo.om la.c|T

Output Group K???nnlc s z n r/v n c 7: u: nn 1-1.11lytu Oydol sun.. cnmm
(Contmued‘/

x x x x x 1 x 1:1o1.o.:1: 2 s 21 C(cA( . A7
1: 111 mua

It
21cAe»A1g

2 4

O
(mw:

NCTÍ `

Summary of Y» D11

nag ln?mc?an s z u rfv N c

1 1 x 1 x v c 1 we »W um°P°"‘m°n NEG 1 1 x x v . 1 . _. .111»um ccu:T.pd'e.nd negais 1
1 1 x x v 1 o}
1 1 x x P c c
1 z x 1 x v c -
1 1 ›: 1 x v 1 -
- - x x x c ;
I I X X X E 1 .

›
1 1 x x x 1 1 151111151» Cm

LA mas am RP a - x c x o 1 Ralareaccum
.HLR1: RLC 1' RF f 1 1 X L x F o 1 Route and s!111IJocLI‘1::1s

1; rr 5.1: r'
sw. 1-, su

n: FF: 1 1 x e x p c - 11 a\ed1q:E1e"an w»
:AA 1 1 x 1 x v - 1
cm . . X 1 X . 1 .
sc; . . x n 11 . 5 _cc; . . x x x . c 1
IN 11 : 1 x o x r c -
m: mt ot.. x 1 x x x x 1
mw ¡su c x x x. x. x 1 ~

' x x L x 1 z
x x c x c z -
x 1 x. x 1. 1 . -

F I I X C X C - s cope: ~11;»1e.:::11;
x . x x c - _ 11521.1;

Symbolic Symbol op.111111111 Symbol

No[u?on S 5113: flag É l 11the MSH of :ha 1-esul I Tae flag 1: af.
Z Zer1:111a:_1L 1 Mine .--2s.1]1oHhe opera‘. opera cr.
PN Pa. «_\or ov ..1:~w§Iar‘ Farr} ¿m 11:4 eve - " ¿g 15un:‘*er'*e;‘ m 11.1 ::7e'>" 1

(V? Ware the same na Logxcal cpera C‘ The (leg
.

' 1 The flag - set k, fm oper
".1E‘.\Cope. nor. a. .1

X Tre Hag H a ` darn care‘
11111191

_.
V F ‘ga'e:

we vesul‘ of the opera‘11“'.1s ever D V = U cf the opemtx
' P V ha: a

the one:
r one o: th? CPU red’? >5 l. E E x.

operancn p. :1.cec a s

_
‘ a.. wed m m pa

IV ss Any l6—u:11o<:amr m: 131.111:aaares

H ¿i N ¡_
F'

1-1

C

1.6
ZUÃ .Í



Pin
Descriptions

Ao~A15. Address Bus (output, active High,
3—state), Ag-A5 form a 16-bit address bus. The

Address Bus provides the address to: memory
data bus exchanges (up to 64K bytes) and for

YO device exchanges.
BUSACK. Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,

@a bus 31d control signals MHEO, IORQ,
RD, and WP. have entered their hig'
impedance states‘ The external circ _
Car. now control these lines,

BUSBEQ. Bus Request (input, active
Bus Request has a higher priority than NM}

and is always recognized at the end of the cure

rent machine cycle. BUSREQ forces the CPU

address bus, data bus, and control signals

MREQ, IORQ, RD, and WP. tc go to a high-
irripedance state so the”. other devices can

control hese lines BUSREQ is normally wire—

Ohed and requires an external pullup to:
these applicaiiorts. Extended BUSREC

periods clue to e 'tensive D3‘/J5. operations can

prever' the CPU lrcrr. properly refreshing
dynamic RAMs

D3-D7. Dctc Bu: i'in;:'.it'outpu:, active High
3- .e) Dç-Dj Cons‘ te an 8-bit bidirectional
data pus, used for d a exchanges with
memory and LO.

HALT. Hal.‘3t:te active Low‘ ifindicates that the CPU has executed a Ala

instruction and is await g ezther a r.:2n—
maskahle or a rr ` ` rup: [wit the

mass. enabea, be :ri ca . regs‘.-ne,

e halted the

;n rnerncry

“TI. l'.n.‘e:.r
_

lnferru ' '
The C

Curi’e.'.

com@

ena: ,e w:re-Ohed and

these

C:"»»vrtC

` icutput, active
I-= that the lower

vaidl C

E. Machine Cycle One (output, active Low).

Ml, together with MREQ, indicates that the

current machine cycle is the opcode tetch

cycle of an instruction execution. Ml together
with IORQ, indicates an interrupt acknowledge
cycle.
MREQ. Memory Request (outpui, active
Low, 3~state). MREQ indicates that the add:
bus holds a valid address for a memory read or

memory write operation,
Fm. NbrrMcskab/i/'nterrupt (input, ne

edge?igqqggdl. NMI has a higher priority
than INT. NMI is always recognized at the end

of the current mstruction, independent of the

status of the interrupt enable tlip—tlop, and

automatically forces the CPU to restart at toca
txor. OOGGH.

ñ_ñ. Head (output, active Low, 3vstate\ ñindicates that the CPU wants to read data from
memory or an {/0 device. The addressed 1 3
device or memory should use this signal tc

gate data onto the CPU data bus.

RESET. Reset (input. active L:>w‘,. RESET

initializes the CPU as lollows. it resets the

interrupt enable tl1p—llop, clears the PC ar '

Registers l and P. and sets the interrupt 515" s

to Mode 0. During reset tzme the address and

data bus go to a high-impedance state axc a@

control output signals go to th inactive st

Note that RESET must be active tor a rmnimdrr.

oi three tull clock cycles oeicre the reset

operanon IS complete
RFSH. Refresh (output, active Lowi. F. SH

together with MEEQ, mdzcates that the lower
seven b;ts of the systems address bus can be

used as a refresh addre_. o the system/s

dvnancic memories.

WAIT. Wa1.‘(:npu:, active Low‘. W .IT

indicates to the CPU th :he addressed rr.err.—

cry or l 0 devices are not ready for a da

transfer. The CPU ccr‘ir.ues tc enter a V»
.

state as long as this $151 ' Extended
WAIT periods can prevent the CPU fror.
refreshing dynamic memory prope.
VTR. Write (output, active Low 3—st".e‘,

indicates that the CPU data bus hot 's va

data tc be sacred a: the addressed rr.e.'r.cry CI
l O locancn.

Z80—CPL l3
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CPU Timing The Z80 CPU executes mstructtons by pro-
The bastc clock pertod 1s relerred to as a

ceedmg through a specttlc sequence of opera» T tlme or cycle, and three or more T cycles
?onsg make up a machme cycle (M1, M2 or MS for

instance). Machine cycles can be extended

I Memory read or write etther by the CPU automatxcally mserttng one

I 1/0 d5V1C€‘ read OT “Tile or more Watt states or by the insertton of one

. lmermpt acknowledge or more Wat: states by the user.

Instruction Opcode Fetch. The CPU places The CPU samples the WAIT mpu’. with the

the contents ot the Program Counter (PC) or. fallmg edge of clock sge T;. Durmg clock
the address bus at the star: oí the cycle (Flgure states T3 and T4 ot an Ml cycle clynamtc RAM
5l- APDF0Xlm3l6lY OYE-half ClOCk ggle laler, refresh cen occur whtle the CPU starts

MREQ goes actwe, When actwe, RD mdxcates decodmg and executmg the mstructton. When
that the memory data can be enabled onto the the Refresh Control sxgnal becomes actlve,
CPU data bus. retreshmg ol dynamtc memory can take place.

CLOCK JW

i
f-

C

-t ¢,_.i «f tt »l

«ji-«ëì tw " l

.~,-ì¬, __;_}———
tt f e ll

_, ,<¬«_:

o.,.n, ie??? m,W,,j( `

T,‘-W3-‘ Cycle ease: me» neeessa-,

Figure 5. Instruction Opcode Punch

18



CPU Memory Head or Write Cycles. Figure 6 MREO also becomes active when the address

'?mlng shows the txmìnq of memory read or_1vrite bus is stable. The WR line is actwe when the

(Continued) V-‘V0195 other lhagn opcode fetch (Ml) cycle. data bus is stable_,_so that 1t can be used

The MREO and RD s1gnals iunctlon exactly as cllrectly as an PJW pulse to most semi-

in the {etch Cycle. In a memory write cycle, conductor memories.

v- n v. v

._.f\L_/jL [t t

‘V3-1 1
‘

ll “I

+
@ IV’

~74-rs l x
l

nun is
f

A
J

l
: t -

-1 h@ A
l f@ `

—
l J l

X‘?I ø l
1

l

`
'T le»

u ¡à p@ 1 í

__-
`

`

É»
ÄIY

` `
a l ` ` `

ì l : l

1 P@ ‘ -5' í?

f t

ñ--f\__ 1.

,
l

l ~ l

..=.::;:t ¬ t@¿ =

E,
L; er

l —u——-—/ °““
` J +3 w@ _.. ~<—

‘ Wvíágìì.m l ¡___t J f-ì-¿f/í ` .gt/¿ì/,f

.,...::‘:.',: w
Du-D7

— 
mm W }-——

Figure E. Memory Rumi or Write Cycles
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CPU Input or Output Cycles. Ftgure 7 shows the
Timing ttrmng for an l/O read or l/O wrlte operation.
(Contmued) During X/O operattons, the CPU automatically

:Loca

Ac-A1 vmu von mnazss

un
READ

OPIIATIOIO

_,@;

inserts a smgte Wait state (TW), This extra Wait
state allows suffxcxent tune for an I/O port to

decode the address from the port address lmes.

,
.255-rted Dy CPU

mu ou'

UT;
Figure 7. Input or Output Cycles

Interrupt Request/Acknowledge Cycle. The

CPU sampies the mterrupt sxgnal with the ns»

mg edge of the last clock. cycle at the end of

any tnstr ïlon [F1qure_B). When an Interrupt
ls accepted, a specml Ml cycle )5 generated.

Durmg thus .1 cycle, IOBQ becomes ac"ve
(mstead of MREQ) to mdlcate the‘. the tr
ruptmg devlce can place an Bbll veclc
data bus. The CPU autornatxcally adds

Want states to thts cycle‘

c Wat‘ C‘-C165ag

Figure 8. Interrupt Requestv?cknowledge Cycle

Z80—CPU-16



CPU lg-Maslmble Interrupt Requul Cycle. normal instructxon fetch except that data put
Timing NM] is sampled at the same time as the mask- On the bus bY me m9m0-“Y 15 iC.m°"ed- The

(Continued) able interrupt mput WT but has hxgher priority CPU instead SXECLS ö restart (BSD OPETGUGU

and cannot be dxsabled under software control. and lumps 10 th@ NM1 SETWC9 TOUÚU@ located
The subsequent tlming is similar to that of a 31 address OOSEH (FIQUTE 9]-

usr .. um

e.
uv

tmzn-a w. v. v. H

mj:::::?::::::] """
In-Au

'Althox.qr. N‘

recognized on
(ee zts bem@ mus* 0"
J'a1l:n<;edge precedmg

later than the rising edge a: me C.o:x cyme

ngur. s. Non-Mcakable Interrupt Request Operation

IIJOOCI

Bus Request/Acknowledge Cycle. The CPU lmes to a hrqh-tmpedance siete wlth the rzsmg
samples BUSREQ with the rzsxng edge oí the edge of the next clock pulse. At that hme, any
last clock period of any machme cycle (Ftgure external devtce can take control of these lines,

10). If BUSREQ is act: e, the CPU_s§ts its usually to transfer data between memory and

address, data, and MRLQ, IORQ, RD, and WR I/O clevxces.

r
.

TÍ? u~::~a-var;

'IX = Ar. arbnrargs :mu :y:te use: 0} re:}..eS‘...‘4:;dexace

Figure m. nus Reques1’Aclu-mwledge Cycle

20.25-0216 55‘. 2
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the I-{ALT

Thning recewes a Halt mstructxon, it executes NO? OIHPU1 15 55"”? and remains 5° “nm an 'mer
(Continued) states unhi exther an INT or NMI mput ts PUP‘ IS received (Figure U)-

"'
1,

I'
1, v; I n u

I‘
v« h

m

=-=-

mmas -4 Is

'ÍÃLT
N... ............n
»mw f; -

¡ñ

NOTE Wm mx some 1! Han ex:t 'See note Figure e

Figure H. Halt Acknawlndgu Cyclu

Reset Cycle. RESET must be actxve for at least inactive, three internal T Cycles are consumed
three clock cycles for the CPU to properly before the CPU resumes normal processing
accept it. As long as RESET remams actwe, the °}3€T5“-OW RESET C195“ (he PC Te9\5‘eTy S@ me

address and data buses float, and the control first Opeede fetch Win be f@ ÍOCôUUH 0000

outputs are mactive. Once RESET goes (Figure 12)-

CLOCK
\

-›1 _» («ff-

»i 3 k 1 4 í; Ñ `

A@ m f“\ \/“’ j \ jh V1 1
A-95. we ?é _,

.04.; N

\ ,~ '

,
.. to

_, .3 x*

Figure X2. Rout Cycll

¿mi ÓÍM ÚÓÍ



AC Characteris?cs
zac CPU zeoA CPU zeoB CPU zen}-1 CPUT

Number Symbol Parameter Min Max Min Max Min Max Min Max

1 Icc C1o:k Cycle Tune 400' 250' 165‘

2 TwCh C1031 Pulse W1dt1: (H1gh> 180' 110' 65'

3 Twc; C1ock Pulse \N;d‘.h (Low) 1130 2000 110 2000 65 200:

4 T1“; Clock Fat. T1me
_

30
_

ac
_

20

5 TrC Clock Page 'Íxme 3C 30 20

6 TdCr(A1 Clock. l to Address Vahd Delay
—

145

-
110 —

9G

7 Tc.11(MREOi‘, Address Val@ :e MREÉ 125'

-
65'

—
3E‘

_1 Daay

a 'ra':1».'MR£Q:“1 C1551 1 151/TAQ 1 Dela)
_

100
_

85
_

70
_

e@

9 IdC.—1vF.£Q:; C;oc1-. z Kc 1 Dec) _
100

_
85 — 70 — at

10 TwMREQn MTm P1115; w1c11:>.11-:.g1.1 170' 110' 65' 45'- _
11 TwMF.EQI MTQ Pulse wmnf. (Low: 350' —

220'
_

135' —
100'

_
12 TaC1{MREQr‘,~ Cmcx 1 10%: 1 Dela)

—
100 —

8:”
_

70
_

s@

13 Tc1Cz'<RD1i1 C1o:1 1 :oí: 1 Delay
_

130
_

95
_

80
_

70

14
_

100
_

8E
_

70
_

5:

15 sc 35 30 3;— _
16

_
0

_
0

_
-:1

_
c

17 70 —
70 s; _

5a
_

15
_

c
_

o
_

o
_

c

19 id .a C153 1 m
_

130
_

1:10
_

ac
_ 7:

20 1dCr\1.1.r««— c1o;1 1 130 100 s@
_ -rc

23 TdCr,'RF ' Clacr. '
_

1&1;
_

130
_

11:
_

95

22 cm@ '
_

150
_

120
_

10; — si
23

_
1:0 — si _

7@
_

6:

24
—

100
_

85
_

7c
_

s;

25 150161; e@ 50 <10 ae- _
2e '1:A:1OP.C-' Adclress —m101o.=.Q . 320'

_
180' —

110'
_

75 —

27 Tc‘C.—11O.=Q:', Clack 1 m?- 1 13215;;
_

90
_

T5
_

65 —
55

25 IdC!1lOP.C1:,1 Clau 1 to TíRÓ 1 Delay
— 110

_
85

_
7a

_ 6:
29 TdD1"»’\'E<.: 7 192'

_
80' —

25'
_

5'
_

30 90 si 70
_

——6:

31
.

36C‘ —
220'

_
135'

-
13: —

32 P. 1 Delay
_

100
_

ac
_

70
_

51;

33 Data Szab1e pncr :CTE 1 20'
_ .10' _ .55' _ _

:14 :CW 1 Delay
_

81:
_ .1 _

60
_

55

2.5 Data Same 120' 60' 3:' 15'—
_

36
— 300

_
3a@

_
260

_
37 so

_ e; _
7:

_
65'

_
38 ac

_
50 — sc

_
4@

_



ÃC Characteristics (Contlrlued)
zw cru zaoA CPU una CPU zeon crm

Number Symbol Parurnelnr Min Max Min Max Min Max Min Max

se ThBUSREQ~(Cr;- EH) Hold Time alter Clock l o —
o

_
o

_
0

-4o —TdCr(BUSACKl)—Cloclt I to

 (
l Delay

—j—
120

i?
10o

-ì-
9@

_ — B;

41 TdCl(BUSACl(r) lock I to

 (
l Delay

_
11o

_
loo

_
90

_ 8:

42 TdCr(D2‘l Clock I to Data Float Delay —
90 —

so
_

so
_

7C

4a TdC.r(CTz) Clock l to Control oulpu? Float
_

110 —
so —

70
_

60

Deleul/.m—:Q, IORQ, HD,

and WR)

44 TdCr(Az‘, Clock l to Address Float Delay
— llo —

90
_

ac
_

7~;

45 -—'l'dCTr(A‘, IE6 'x Ñ.) x, ET: l, and 160‘ so' 35‘ 2:'— _R l to Address Hold Tlme

46 TsRESE’l'<Cr) íšïï to Clock x Setup Tlme 90
_

eo
_

eo
_

45
_

47 ThRESET(Cr) ñï to Clock l Hold Tune
_

o
_

o
_

o
_

c

4a TsINTt(Cr) TT «e Clack x sem; llme so
_

ao
_

7o
_

55
_

49 ThINTr(Cr) l'—T to Clock x l-lold Tlme
_

o
_

o
_

o
_

o

so —IdMlllloRQt>—m l tom x Delay 920' 565‘ 365' 270'—
_

51 TdCl(lORQll Clock 1 tom?) l D:-lay
_ llo _

as —
70

_
e@

52 TdCl(IORQr> Clock x to ¡TQ x Delay
_

loo
_

ae
_

7o
_ s:

53 TdCf<Dl Clock l to Date Valld Delay
—

230
_

155
_ :3: _

1.5

‘For clorx per s o\r.e- than the.

Calculate par
ve.ues above assume

Footnotes to AC Charactorilttcs

Numbol Symbol no 130A 1905

l TCC TwCr. e wc; e nc e nc 'l'wC'r. e TwC] e nc en; rece. e rwcx e r.-c e m:
2 TwCh Although statlc by deslqn, Although sun: by des;gn, Although slam: by desxqz

TwC'r. cl greater than 200 us TwCh of greater than 20C pi 'l"wCr. of greater (her. 20€ us

ls not guaranteed ls no‘. guaranteed ls not guaranteed

7 ——-Tu‘A(MREQt'l—TwCh e nc _ 75—A._-lwcl. e nc _ asin@ e nc _ so

lo TwMREQh 'l’wCh -r nc _ ac TwCr. + nc _ 22 TwCr. e m: _ 29

ll 'l'wMF.EQL TCC _ 4a rec _ ao rec _ so

26 TdA(lOPQ5l TCC A ac TCC A 70 TCC A 55

29 TdDlWEl} TcC — 2lQ TcC — 170 TcC _ MC

31 iTwWF. TCC — 40 TcC — 3C Tc@
-

3@

33 TdDlWRl‘ TwCl + 'l'rC — ¡BO TwCL † TrC ~ 14C TwCl + TrC — 140

as TdWF'lr<D‘l TWCI e nc _ se rwc: e nc _ 7c wc; e r.-c _ se

45 Tacna; Te-cx e nc _ 4o 'l'wCl e m _ sc rwc: e 1.-: _ sc

s: ..,lOHQfl zlec e TwCr. e Tic _ at ZTCC e 'rwcn e TIC A es zïec e TwCr. e nc _ 5c

24
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Absolute storage Tempemgu,-e
4 _ _ V_ _ _

_,65 0c ¡o 4. 15@ °C Stresses greater than those listed under Absolute Maxx

Maximum Temperature Ratings may cause permanent darnazge to the oevrce.

. . ¡S IS a stress :aunq only, operattor. of me DEVICE atRatings under Exes
- - › - - - -

Speci?ed operating range Ccndmon above those mdtcaied m the operations sec
Voltages cn all mputs and 0: these speciltca‘ ans )5 not implied Exposure se abs

ougpugs with respect ¡o ground _O_3 V to + 7 V ma mam rat - ndmons to: extended periods may a.
yPower Dissxpatlon

, ` , . , . , . . . . . . . r . . . . _
1.5 W

d e “Hab

Standard The characteristics below apply for the All at parameters assgme a load capacitance
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 5G p? m—

Conditions otherwise noied. All voitages referenced to crease m load up to a maximum of 206‘ pF for
GND (O V). Positive current flows into the the data bus and 100 p? for address and contro.
referenced pm. Available operating lines,

temperature ranges are:

n s- = 0°C tc +7o°c,
+4.75 V s V;-C 5 +5.25 V W

I E‘ = -40°C to 4-85°C, "L“~'3é’.§‘§§¥l

+4.75 V s Vcc 5 +5.25 V

to +12“°x,r m" 'ff

+ 5 V I

DC Symbol Parameter Min Max Unit Tut Condition
Character

_ _¡g?cg Cfocx Input Low Voltage V

Cxocx Input Hi; Voltage V

Input Low Volta V

Inpw h Voltage V

V5; Outp' Low Voltage V 10L: 1.8 mA

V3; Output Ht; V 13;.-

:
-252 yA

IC; Power Supp.y Current

ZBC '.50' mA

ZBCÄ 2902 mA

BCE 2M‘ mk
Input Leakage Current

3»Sfa’.e Ou' m Leakage Current xr

Capacitance symbol Parameter Min Max Unit Note

C; 35 pt‘

C, p:

C; M «O p?

van PDT‘ '$1

010082



°,de,;ng Product Puckugc/ Product Puckage/

lnformauon Number Temp Speed Description Number Temp Speed Description

Z8403 CE 2.5 MHZ Z8‘? CPU MC-pin) Z84CUA CMB 4 C MHZ ZECA CPU '_

Z8400 CM 2.5 MHZ Same as above Z8400A CS 4.0 MHZ Same as abo

Z8430 CMB 2.5 MEI Same as above Z84OCrA DE 4.0 MH: Same as an:
Z8402 CS 2 5 MH: Same as above Z.84OOA DS 4.0 MH: Same as abc ›:

Z8400 DE 2.5 MHz Same as above Z8400}. PE 4 O MHZ Same as above

Z84OC DS 2 5 MHz Same as above Z84OC}R P5 4.0 MH:

Z8400 PE 2.5 MHz Same as above Z84OC'B CS 6.0 MHZ

Z8400 P3 2.5 MHZ Scams as above 284023 D5 6.0 MHZ

Z840C‘A CE 4.0 MHZ ZBUÄ CPU ?-'sü-pir?, Z84CIOB PS 6.0 MHZ

Z84OOA CM 4.0 ME: Same as above

D : Card» F = P‘.as:.¢, E : 40°C to 455”; M

as: E procesan S = U‘C «c -v-72°C
»55°C to 4125°C, MB = —55‘C to ~ .25"; min‘NOTES. C = Ce

MI

26
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28420
280’ PIO Parallel
Inpull0utpuI Controller

Zilog Product
Specification

September 1983

Features I Prov ae< a dlrect mte "ace betwee
r

Z SJ I Programmable 1n1e"'.1p s on pewste A
_ f. rÃ r-r P .mi .Árrvl

rrncrocomputer systems and perxpheral status condmons
demces‘

I Standard Z80 Famliy bus-request ana

I B31}: ports have lnterrupt-drlven handshake prrorltized 1n.errnp’—requesf daisy Q

tar tas: response. xmplemented wmxout external log

I Four programmable opetatmg modes‘. byte I The exght Por: B DI.‘.;>\;\S car. di“.

mpu' byte outpw., byte mputtøutput (Port Á lmgton Iransxstors (1.5 rnÄ a* 1.

o `
`

and b1t1npu‘L~outpu‘..

General The Z80 PIO Parallel 'MO Ctra: rs a tc- accomolxshec under intern; ~: Comte.. Tr,P
_

13

Description grarrsmabie, dual»por‘. cievzce 1}“: pI‘OV1d9E a tne mterrup' 10:11: ot the PIO perrr ‘,1:
TTL~compe"' e 1r.‘r>.{ace between penpheral oi ' e eff;Cier' znte.. pt capabn‘

_
dev;ces and tne Z» Ó CPU, The CPU config Z-80 CPU during 1 O xransiers.

me: me 263 PIO :c xnzertace m ' a wxde necessary to '.rnp1emer.‘. a xuily nested m

range of peripheral dextces wn.. no other structure 15 zncluded Jr. :he PIC).

external ÍOTC, Typzcal perpheral devxces that Another feature ot the PIO 15 the at...“
are compa le wrth the Z—8O PIC 1r.<:i'_1de most mterrupt the CPU upon occurrence cf 5:
k cards, nape: ,ape teaaers and punches, (red s!a.uS Condmons m (he per ` ` cewxce

prfters, PROM programmers, e: .
For example the PÉO car. be prc:;rarr.:r.e:i to

One charizclerrstsc of the Z83 peripheral l?lëffuf" tz' any spectnec perrpxere alarm f
Controllers tnat separates them from other mid OCCLJ. Thzs mte

mt face controlle s tha* all data tra ‘ :9 tune the
between the penphera. devtce and the CPU 15 pol "g penphe.

D, N
D. A‘
n, A7

DIYA D. Á;
IUS n. A.

D» A, ron A n; E ¬ w p
u. A. mI: 2 59 u.
u, t, o. 1 u 3 D.

c’: - n ji-c/É t ± u ã tf;
am ‘i 15 nn

no
r. ã 1 ,t :1 e

cnnrnm k â = n a et
A v :2 5:
A4 .t :1 3s.

M” v
:.14: no

u :Mi

t, y; t; 21 jr.
»un LE1? 2. jr.rm .r ,¬ 5

-5 zs
m» ». e c»
¡mi v r. 3»

“uuu”
y Ann»E} u n gw

CONTROL U1á V‘! ZZ ‘ii
a H 2: 2‘ mm

L- Figure x. rm Functions Figure 2. Pin Assrgnmems

ZC3rvL¢:T
_

Old
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General
Description
(Continued)

The Z»8C PI@ tnterfaces to pertpherafs via

two independent generalvpurpose 1'0 ports.

designated Port A and Port B. Each por: has

eight data bits and two handshake srgnals,

Ready and Strobe, whtch contro; data transfer,
The Ready output tndtcates to the penphera‘.
that the port is ready for a data transfer.
Strobe ts an Input from the perlpheral that

tndtcates when a data transfer has occurred

Operating Modes. The 280 PIO parts can be

programmed to operate in four modes: byte

output (Mode 0), byte input (Mode 1), byte

inputbutpu‘. (Mode 2} and bit input output
(Mode 3}.

In Mode 0, either Port A or Port B can be

programmed to outpa‘. data. Both ports have

output regtsters that are mdivtdually addressed

by the CPU‘, data canbe written to either por".

at any time. When data is wntten to a port, an

acttve Ready output ind ates to the external
devtce that data 1': ava e at the associated

port and is ready tor transfer to the exte "f

d ce After the data transfer, the ex‘.

device responds wtth an acttve Strobe input,
wnrch generates an xnterrupt, ff enabled.

Ir. Mode 1, either Port Á or Port B can be

ccn‘:gure:‘l in the input mode Ea"h port has

Alt register addressed by the CPU. Vt.‘ er.

the CPU reads data from a po , the P10 sets

the heady nal, whtch ts dete ed by the

external dev e, The external device then
places aaza on me 1'0 1231635and strobe: t e

I 0 port, wmch Éatches the data into: PCT’.

Input Ftegxst
,

resets Ready, and trxgqers the

tf enables. The CPU can

sets Ready.

Made 2

.. .
zxatze st: ls

be set to Mode 3 an

on, Por‘A1suse:itor

Crr.

hands are s1g_r.a.s and the

enabled‘.
parts can DG used ¡n Mode 3, In this

e, tndtvtcually dennea t:::<1rv ea

port. During operat: .,
Ready am: 5 be are

not used. Instead, an mterrupt ¡S generated t:

the Concnttcn of one input Che ges or
it an

inputs change. The requirernen tor gener
afzng an interrupt are defined d z; the pr:-
grammzng operattoxi; the active leve. ¡s

specified as either High or Low, and the 1:

:s specttzed as e;'.ner one Lnpu: a .

(Oh) Or all inputs actrve (AND) For example
tf the port ¡s programmed for acttye Low

inputs and the logic functxon :s AND, then ah

1np_".S at the specified per: must gc Low to

generate an Interrupt.
Data outputs are controiled by the CPU añc

can be written or changed at any ume.

I Indzvtduat bits can be masked off,

I The handshake signals are not used tr.

Mode 3', Ready rs held Low, and Strobe is

disabled.

I When usmg the Z80 P10 tnterrupts, t e

Z—8C CPL‘ interrupt mode must oe se.

Mode 2.

mmIusss

/\_r d»
05V `

cvu
f noE 1

(a,
I W

f

, te

‘H
t

t o

*. t
‘

/et ` ;

E crc
"NÉ-tjt

‘

,—zcwc; tTv t
_* l

, tii) J J

_
«E ,

ti@

mi rm ' rm

HT; tm

e
tf

m;t—_. nes

Wm .__. as.

¡IO DNA

t 1‘

Figure 3. PIO tn u Typical 280 Family Environment

46

Z80—P10



Internal
Structure

The internal structure of the Z-80 PIO Con—

sists of a Z-80 CPU bus interface, internal Corr

trol logic, Port A 1/0 logic, Port B l/O logic,
and interrupt control logic (Figure 4). The

CPU bus interface logic allows the Z-80 PIO to

iritertace directly to the 280 CPU with no

other external logic. The internal control logic
synchronizes the CPU data bus to the per-
ipheral device intertaces (Port A and Port B).

The two ‘I/O ports (A and B) are virtually
identical and are used to interlace directly to

peripheral devices.

Port Logic. Each port contains separate input
and output registers, handshake control logic,
and the control registers shown in Figure 5.

All data transfers between the peripheral unit
and the CPU use the data input and output
registers. The handshake logic associated with
each port controls the data transfers through
the lnpJl and the output registers. The mode

control register (tw: bits) selects one of the

tour programmable operating modes.

The control mode (Mode 3} uses the remain—

ing recisters The input/output Control register
speci?es wt" ` oi the eight data bits in the

port are to be outputs and enables these bits;

the rema g
bits are inputs. The mask reg—

ister and the rnask control reg;s'.er control
Mode 3 imerru orzdiiions The mask register
Sp€Cll]€S W} o the bits in the port are
acuve and wr

. are masked or inactive.

meant
coumoi

LDGtC

cw 3.1.’ 5::
IMYEIFACE . m

comun»

mrsnnusr
cannot

a

miznnuuv EDNVIOLunes

The mask control register specities two

Conditions: first, whether the active state of

the input bits is High or Low, and second,

whether an interrupt is generated when any

one unmasked input bit is active (OE condi—

tion) or ii the interrupt is generated when

all unmasked input bits are active (AND
condition).

Interrupt Control Logic. The interrupt control
logic section handles all CPU interrupt pro-
tocol ior nested»priority interrupt structures
Any device's physical location in a daisy-chair.
configuration determines its priority Two lines

(IE1 and TEO) are provided in each PIO to

form this daisy chain. The device closest to the

CPU has the highest priority. Within 6 P10.

Port A interrupts have higher priority thar.

those ut Port B. in the byte input, byte output,
or bidirectional modes, an interrupt can be

generated whenever the peripheral reque
new byte transter. In the bit control mode

interrupt can be generated when the peri
era} status matches a programmed value.

..
PIO provides tor complete control of nessed

interrupts. That is, lower pl”]Ol'll}' devices m

not interrupt higher priority devices that ii- -
not had their interrupt service routin on,-
pletecì by the CPU. Higher p.'l3l']‘i} Ge‘

may interrupt the servicing of lower pr
devices.

Ohl

082

‘, mu
,en on counter

A
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I
, mu
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Internal
Structure
(Continued)

It the CPU (in interrupt Mode 2) accepts an

Interrupt, the interrupting device must provide
an 8-bit interrupt vector for the CPU. This vec-

tor terms a pointer to a location in memory
where the address of the interrupt service
routine is located. The 8-bit vector from the

interrupting device torms the least signittcant
eight bits of the indirecf painter while the

I Register in the CPU provides the most slqnili»

cant eight bits of the poznter. Each port (A and

B) has an independent interrupt vector. The

least s:qn¡f1<:an\ bit of the vector is automati-
cally set to C within the PIO because the

pomter must point to two adjacent memory
locations tor a complete l6—b;'. address.

Unlike the other Z—8O peripherals, the PIO
does no‘. enable interrupts ir_n_rhediately after

programming. lt waits unn] M1 goes Low (eq,
during an opcode tetchl. This cond:t1or. is

unimportant in the Z80 environment out might
not be it another type of CPU is used

The PlCl decodes the BET} (Eetarn from

Interrupt) instruction dsrectly from the CPU

data bus so that each PIO m the system Knows

at all times whether it is being serviced by the

CPU interrupt servzce routine. No other corn
munication with the CPU is required.

CPU Bus l/O Logic. The CPU bus interface
logic interfaces the Z80 PIO directly to the

Z-80 CPU, so no external logic is necessary.
For large systems, however, address decoders
and/or butters may be necessary.

lntorna1Contxol Logic. This logic recezves the

control words for each port during programe

mmg and, in turn, controls the operating func-
tions oÍ the Z-80 PIO. The control logic syn»

chronizes the port operations, controls the DO)”.
mode, port addressing, selects the reacL’write

function, and issues appropriate commands to

the ports and the interrupt logic. The Z»8O PIO
does not receíïveììvnte input from the CPU;

instead, the RD, CE, C/'15 and IORU signals

generate the write input internally.

INFUV‘'
uurvur

none
CONYROL
nzuzsvzn
m:ms;

IIYERNM nus

SELECY
lEGlSYE6?
u msr

at/mu
ENABLE

:un
owvuv

nsmsrsn
«ams

&ltT I/OBUS

. .
nus-< DAIA

courno. ,,;g:::E_ W.nzmsrzn (_ mm nsaxsrzn
¡ZI4Y$^ tl HITS!

mw1:-mun “W —>"éa.mt‘

_..
cg::;g

e
---nvuxr

LOGIC L SVIIOIE Ncalyuat,
mam

wm ›~n.. su mas.«w In .un ,fm-nm at .nwww u (M »ww-mt no .m goto«M»num mu

Figure 5. Typical Port I/O Block Diagram
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Programming Mode CI. l. or 2. (Byte Input', Output, or
Brdrrectronol). Programming 6 port Íor Mode
O, l, or 2 requzres (w: words per port. These

words are:

A Mode Central Word Selects the per: operatmg mode
(Prem e, ms wort: may be wrttter, w, cm-

An Interrupt Vector. The Z—B P1315 aesrgned fc: use w
the 280 CPU rn lnterrup: Mode Z {hqure 77 Whe tr‘e:—
rupts are enabled, the Pro ms: p.'o‘.'.:v: af. ...tw p
vezvov

Mode 3. (B.'.‘]r1p'.'.“O:!_Dut). Proqrarnmrno a

port tor Mode 3 operation reqazres a control
word, e vector (2.‘ tnlermpts are enabled and

three addttional words, described as follows:
X/O Reqtster Control. When Mode 3 rs selected the mode

Ccntro. c must be tohowed by anoth
. contro, word the',

sets the LC Ccntrolre:_1.ster,w ‘r In trlrn demes wlmch
port ìrrtes are mp_.ts and Wl’:l f. ere o..:p4'.s {Ftgure 5

e* toswtrtzs nos:
comnetwono

nomcn:

L———T—— Mnusssjcv

a a Moon
9 t Mono
r tr »nos
r 1 «our:

Figure 6. Mode Control Word

L, mmm; wrx-mr:-
crop

usas swmzamtsuauvv
VECYDF

Figure 7. Interrupt Vector Word

*7 l“-‘"2"’:
_,

c smmco ,r
«sus w vo »mr

Frgure 8. {/0 Register Control Word

Interrupt Control Word lr. Moms 3 har.asr.axe :s
used. Interupts ere generates ns a logtc Llncnon oi

.
Input stgnai levels The mterrupt comm. word sets the

logxc ccndttto. and the tag@ ¡eve ree .ed :or gene
aunq ar. rrrterrop' ïw: log cond: (ms or tu.-
.svattetre AND (zi all Input mts change to the entre tens-.

an tntermp‘ 15 ggered} om: OFt.1ar c. e cf me r: '
brts changes to the acnvs level an tnterru, '
But D6 sets e log); tunctton as shour. Ftgus

actwe lev cl the tnput bus can be se! ezther Hrçtr or Law

The acttve leve. tr controlled by B; D5.

Mask Control Word Tm: word sets the nrask ccwvc.
re-gxster lowmg any unused brts t@ be masked off rf mbus are to be masked, then D; ms: be set When D@IS se'
the nex‘ wan: wrttter: to :he port must be a mast: cor cl

word (Ftgxe ‘.0’
_

Intorrupt Disable. There 15 one other control
word which can be used to enable or dtsable a

port mterrupt. It can be used wtthout changing
the rest of the Interrupt control word
(Ftgure 11).

IDENHFAEStr.-vznnuvt
CONTROLwon:

no wlsx WORKrmtows
wlsx WDRDFotrows

:tcnvs LEVELrs to»
ACVWELEVELrs me»

rmennuvv on on FUNCHON
turumnv o~ »tu FUNCHON

INYERR;,v'Dt$AELEL
menmm ENABLED‘

wm: we now ¿Swar ENAELEDnun.
ms INYERRtr='_ENAELEIS rottowsn
av Ah ACYWEm

Figure 9. Interrupt Central Word

o- Di DL c. o. opa w.

urwuramrtst ws r
t ¡tv ts »omvonsn sou AN
~——— INYERRUPVtr rr ts

nssmzn ASr~ www M:
m: -usx on rs sv vo c

Frgure IO. Mask Control Word

1 r tnzunnzs ma..wt msutz Wm
t

o
mi

Frgure ll. Interrupt Disable Word
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Pin
Description

Ag-A7. Port A Bus (bidirectional. 3-state).

This 8-bit bus transfers data, status, or control
information between Port A of the PIO and a

peripheral device. A0 is the least significant
bit of the Port A data bus.

AHDY. Register A Ready (output, active
High). The meaning of thts signal depends on

the mode of operation selected for Port A as

follows:

Output Mode. This signal goes active to irid;:ate that the

Port A output register has bee: loader: am: the peripheral

data bus is stable and ready to: transfer tc the periphera.

aevice

Input Mode. This signal is active whe the Port A input

register is empty and ready to accept data from the
peripheral device

Bidirectional Mode. This Signal is ad)‘/6 when data ts
available t?. the Port A output register my transfer te the
peripheral device ll’. thts mode data is not placed an the
Por: A data bus unless ÃStÉ ts active

Control Mode. This signal is disab,ed

stare.

ASTB. Port A Strobe Pulse From Peripheral’
Device (input, active Low‘). The meaning of

thts signal depends on the mode oz' operation
selected for Port A as follows:

«e terceá to a Lew

Output Mode. The pasme edge e; tns be is este@ *er

the periph e azknowiedge the rec
mi.~se.e by »e Pto

Input Mode The

data ‘
D a .s loa.

-t _: ins PIO

Btdtrecttnnul Mode

the Port A o
Lena, data a

eages the recezpt ct the daze

Control Mode The strcbe V5inhibzted izterr

Bg-B7. Port B Bus (bidirectional, 3—

8»bii bus transfers data, status, or cc
informan etweer. Per‘. B and a pe pheral
deuce. The Port B date bus can sup .
1.5 mA at 1.5 V to drive Darlington transistors.
Be is the least significant bi‘ of the bus,

B/X. Port B Or/l Select t. put, High = B).

This pr. defines which port is accessed during
a data transfer tween the CPU and the PIC).

A Low or. this pin selects Port A', a High
selects Port E. Often address bzt AC from the
CPU ts used for this selection function,
BRDY. Heggszer E Head)’ (output, active High).
This signal is similar tc ARDY, except that ir.

the For: A bidirectianal mode signal is

High when the Port A input registe ts empty
and ready te accept data from the peripheral
deuce.
BSTB. Por? B Strobe Pulse Frorr Peripheral
Device (input active Law). This stgnal i

s:rnilar to ASTB, except that the Port A
` mode thzs s;gr.a: strories data

eral device into the Port A

input regis:

C/5. Control Or Data Select (input,
High = C). This pm

defines the type cf data

transfer to be performed between the CPU añ.:

the PIO, A High on thts pm during a CPU

write to the PIO causes the Z~8C data bJS tc be

interpreted as a command tor the port selected
by the BA Select line. A Low or. this pin
means that the Z80 data bus is being usee tc

transfer data between the CPU ano the PIO,
Oftert address btt A; from the CPU is use:
this function.

ã Chip Enable (input, active Low‘. A Low

on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a

write cycle or to transmit data to the CPU d_r—

ing a read cycle, This signal is generally
decoded from four l/O port numbers for Ports

A and B, data, and control.
CLK. System Clock (input). The Z—8Q Pl@ uses

the standard sinc_ile—phase Z—8Q system clecr.

Du-D7. Zv8f“ CPUDGIG Bus (bidirec O

Estate). This bus is used to transfer all
and commands between the Z80 CPU a.
Z~BÚ PIO. Dc is the least Slgfiillidnl bn

active High,
Oriiy-interrup

IE1. lnterrupt Enable ln (input
This signal ts used to for" a
daisy chair. when more

driver deuce is bang used.

this ptn indicates that no ot

higher priority are being se

interrupt service rout;
[EO Interrupt Enable Qu: {CL.t_;i;t, ac
H

,.
The IEO signal is the ctner

required to torrr. a das
l: 15 High only if IE

not S6l’\'lC'

this stone

WT. Interrupt Freques.‘ (cut
active Low]. Wher. IN? is

is requesting ar. interrupt '

IORQ. Input/Output Frío

commands and da

the Z83 PTC* Vw.

a ‘we, the port GCICJIESSEC. by B

data tc the CPU (a reac opera‘.

versely, when ã and IORC
is not, the port addressed by B Í.
into from
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Pin Ml. Macftxne Cycle (input irorn CPU, active the PIO interrupt lOC_I':C', when W occurs
Description Lewfi This sicnai LS u<ec as a sync pulse to witliou‘. an active RD or IORQ signal, :he PIC
(Continued)

. .
l Pl@ Operations, When is reset.

the HD. Head Cycl5_Sfarus (input tram Z—8C CPU

_
iron’!

active Low) ll RD is active, or an 1 C‘ ope '

' "ti
Wller‘ bah M1 ana tion is in progress‘ is used with B C

107v EV‘: 55‘”'5~ m* CPUJ5 5:l"”O"";C’3gmg ã, and IORQ to transfer data irorr. the 2-8‘;

an lt‘il€:‘.'t‘_i,L‘. lr. ad tion, Ml has two other HO ‘O m? Z80 CPU'
functions v;ttJi.n t .~

Z—8O PIC] i‘. synchronizes

Timing The following timing diagrams show typical ., k v., v, v.

timing in a Z~8O CPU environment. For more “K
precise specifications refer to the composite
‘*9 “m” d”’‘’”’’‘‘‘ “Hi32::Write Cycle. Figure 12 illustrates the

timing tor programming the Z-80 PIO ¿í \ /
or to: writing data to one ot its parts. No

Wait states are allowed for writing to the ¡añ
PIO other than the automatically inserted
Twig. The PIO does not receive a speci-

mu

:> 
tic write signal‘, it internally generates

its own from the lack of an active
_í) signal. 'm'

‘mum-E-‘CT-ior<c

Figure iz. wine Cycle Timing

Old
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Read Cycle. Figure 13 illustrates the timing
kfor reading the data input from an external

device to one of the Z80 PIO ports. No Wait C“

r 
states are allowed for reading the P10 other
than the automatically inserted TWA. °"""‘

 COutput Mode (Mode O). Ari output cycle
ã "¬ /—

(Figure Mt 15 always started by the execution
of ar. output instruction by the CPU. The WR'

__pulse from the CPU latches the data from the ' m
CPU data bus into the selected port's output

iregister. The WE‘ pulse sets the Ready flag 'D

after a Low-going edge ot CLK, indicating
data is available. Ready s:ays active until the °^`f^ °“
positive edge of the strobe line is received,
indicating that data was taken by the periph— ñ'

TMeral. The po5iti_y_e edge of the strobe pulse
¿ñ _ F

generates an INT it the interrupt enable flip—

llop has been set and it this device has the
hlghesi pncmy Figure ll Head Cycle Timing

-"5-E-ioivc(1

cu:

v- /" / l
ou?‘23¥ Ú l\

num

suní;

-?enn-ã-ëÍ-roa (7

Figure 11. Made n Oulgul Timing

(n



that the input register is full and cannot acceptTiming Input Mode (Mode l). When STROBE goes
_

(Continued) Low, data is loaded into the selected port input any more data until the CPU completes a reao.

register (Figure The next rising edge of _\/Lhen a read is complete, the positive edge ct

strobe activates INT, it Interrupt Enable is set ED sets Ready at the next Lowgoing trans:.:on

and this is the highestpriority requesting ot CLK. At this time new data can be loaded

device. The following falling edge of CLK into the PIO.
resets Ready to an inactive state, indicating

an

"Tn

m
/

mm

u... \
m

;,¡,_

-ã =?-ã-Ñ:-¦orto
sign" is. Mode 1 Input Timing

Bidirectional Moda (Mode 2). This is a com- It interrupts occur, Port A's vector wiil be used

binatzon of Modes 0 and 1 using all tour hand during port output and Port B's vall be used

shake lines and the eight Port A 1/0 lines during port input. Data is allowed out onto tne

(Figure 16). Port B mus‘. be set to the bit mode Port A bus only when ASTB is Low. The rising
and its inputs must be masked‘ The Port A edge of ihis strobe can be used to latch the

handshake lines are used for output control data into the peripheral.
and the Port B lines are used for input control.

cu
Q Q

-7.» i I k

AIDV 7 `V\ ‘V

rm \
IGIV A \ `

an on or: Mnun:
mm

A

a? ¡
t

( ø

f" \___)*'_Í'

\
IIDV

-

Figure l6. Mode 1 Bidirectional Timing
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Timing
(Contmuedl

Bil Mode (Mode 3). The btt mode does not

utthze the handshake slgnals, and a normal
por". wrtte ot' port read ca: be executed o! any

ltrner When wrtttnç the data ts latched into
the output regtsters wtth the same tlrmng as the

output mode (Flo re l7l.
When readm_

_
PIO, the data returned to

the CPU ts Composed of output register data

lrom those por: data lme-5 asstgned as outputs
and mput regtster data from those port data

cu

lmes assigned as 1r.pL;ts. The mput regxster

Contams data that was preselttrnmedtately
prior to the fallzng edge of RB. An xmerrupt ts

generated tt Interrupts from the por', are

enabled and the data or. the port data lmes

sattsfy the toqtcal equatten deitned by the 8»l:.~‘.

mask and 2-mt mask control regtsters. How

ever, tt Port Á ts programmed tn btdtrecttorteí
mode, Port B does not tssue an tnterrupt tr. bt
mode and must therefore be polled.

Don
M” N‘

X w. nm» X an new x X

"" Mu um.
Damn ms

nun

¡Tn

Inem mu M

meme utsqmm Raters tu En Mode ?end
Z.......o..,

. ...em .tt

Hgm 17. Mad: a nu Mode Timing

Interrupt Acknowledge Timing. Durmg W
ttme, pertpheral controllers are tnhtbtted from
chanqtng their tnterrupì enable status, perrntt~

tmg the lnterrup: Enanle stgrral to ripple
through the datsy chatn. The pertpheral with
IE1 Htqh and H30 Low durmg INTKCK places
a preprogrammed 8~btt tnterrupt vector on the

data bus at thts ttrne (Ftgure l8). IEO ts held
Low untll a Return From Interrupt (BETH

tnstructton ts executed by the CPU whtle IEl 15

Htgh. The 2-byte RETÍ tnstruotton ts decoded
xnte "y by the PlOforth1s purpose.

mnvl
.

t t
"HU x ‘*5, r..‘V...‘ Ht,

:Ll

m»m t..

mamut.

ñ [usen
»mn-m|.e.~o».tma
mm

T!

In \

G

Figure l8. lmonupt Acknowledge Timing

Return From Interrupt Cycle. It a Z—8C‘ per~

ipheral has no tnterrupt pencltnç and ts not
under setvtce, then tts lEO 2 lEl It tt has an

tnterrupt under servtce (ter, tt has already
mte.-rupted and received ar. tnterrupt acknowl-
edge} then tts IEO ts always Low, inhtbtttng
lower prtortty devtces trom mterruptmg. It tt

has an tnterrupt pendtng whtcrt has not yet
beer. acknowledged, IE@ ts Low unless an

“ED 15 decoded as the ttrst byte of a 7.-l:-y\e

opcode (Ftoure l9}. In thts case, ¡EO goes

High unttl the next opcode byte IS decoded,
whereupor, z' goes Low agazn It the second

byte of the opcode was a “4D," (her. the

opcode was a t
RETl tnstructton.

After “ED' opcode IS decoded, only the

IEO Low, Thts cìevtce ts the htghest~prto

devtce tn the da:sy cha; that has rece

mterrup‘. aclmowledge. All other per‘
have lEl = IEO. It the next opcode oy ›
decoded ts "4D," thus pertpheral de L _

Figure ts. Return From lntnrrupt
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Z-BO P10 LOOK P10 Z-BOB P109.

Mln Max Min Max Min Max

Number Symbol Parameter (us) (nil (N) (Di) (DE) (D51 c°'nm°“‘

1 'ICC Clock Cycle Tlme 400 [l] 250 [l] 165 [l]
2 TwCh Clock Wldlh (Hlglï) 170 2000 105 2000 65 200’.

3 TwCl Clock Wxdth (Low) 170 2000 105 2000 65 2000

4 TÍC Clock Fall Tzme 30 30 20

5 -TrC Clock Else Time 30 3G 20

6 TsCS(R1) cì, Ã, cfñ to ñ,
yIORQ l Setup Txme 50 SO 50 16,

7 T1: Any Hold Ílmes lor Speci?ed

Setup Time 0 0 0 C’

B TSHHC) m, IORQ to Clock l Setup

Txme 115 115 70

9 -—-TdRI(DO\, —?, IORO no Daze om Delay 43o sac ao@ 12;

1o_ TdE1(DOs) Tu‘), IORQ I to Data Om Float

Delay 160 110 70

ll TsD1(Cl Data ln to Clock l Setup Tlme SO 50 4C‘ CI. = 50 pl?

12 TdIO(DO1l IOFQ l :c Data Out Deiay

_(INTACK Cycle) 340 160 12.‘ 13.

13 —TsM1(Cr) W l to Clock l Setup Tlme 210 90 70

14 'IsMl(Cf) ’m_no Clock l Setup Tlme

(Ml Cycle‘, 0 O 0 181

15 TdM1(lEO) l to IEO l Delay (lntgïupt
Immedxatejy Prececimg Ml l¡ 300 190 10$ l5 7

16 Ts1E1(1OJ 1E1tc1ORQ l Setup Tune

(INTACK Cycle) 140 14C 10C 17:

17 -—Td1E1(lEOll:1E1 l to IEC 4' Delay 19C 130 123 :5‘,

CL = 5C‘ pl
18 Td1E1{1EOr) IE1 Y to1EO l Dela)‘ (after ED

Decooe) 210 16C 160 [5:

19 T<:IO(Cl IORO l to Clock l Setup Txme

(To Actwate READY cr. Next
Clock Cycle) 220 200 170

20 —'TdC(RDYr‘,‘:- Clock l to READY l Delay 20; l9Ã l5l

c; = se p?

2l 'I'dC(FDYll Clock l to F.EA:‘Y
-

Delay lEÍ l-é? lÂL l5l

22 TWSÍB STROBE Fqlse Wldtl. 150 15C 12C l4:

23 TSSTBICF STHOBE l to Clock l Setup

Txme (To Achvafe READY cr.
_New Clock Cycle} 22C 220 150 lï,

24 —Td10(PDl—éIORQ l toPO1:.T DATA Stable
Dela)’ (Mode C) 205 180 16:‘ li]

25 TSPDÍSTB; PORT DATA to STROESE l
Setup Tzme (Mode Í) 26@ 230 19C

26 TdSTB‘.PD,l STROBE l to PORT DATA

Stable (Mode 2‘ 23C 21C 18C‘ li
27 ""TdSTB{PD.')‘—‘STRO3E l to PORT DATA Float

Delay (Mode 2) 200 18C 16C C- = 5'. c:
28 TdPDl1NTl PORT DATA Match to? l

Delay (Mode 3, 540 490 432

29 TdSTB‘[lNT‘; STEOBÍ I IQTT l Delay 433 441 350

loeamq t.L1t.l0:.pF max
:<e ‘L5’ \e.‘

m
<
n
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Absolute Voltages or. all mputs and outputs Stresses greater the: :nose hszed uxder Absoiure Mex —

Maximum wzth respect to GND.
. . . . . . ,

.-0.3 V to +7.0 V §:‘:“?:sm:a¥;”°f“:: P5"-'“5“ damage f” me 55"

, 15 x 5 :_ .R¢mn95 Operatmg Ambrent dmon abcve those red xr. me 5_:>e.'auar.eI Se

Temperature
. _ . . V. . . . . . . _

‘As Speczfred in hese spef" a"‘°n5- f n ,EX!:><>SUTé_t0f@

Ordermg Iniormahon .nc con...1:m_ . “asc penoas me‘

Storage Temperature.
4 . .

>65 "C âo +150°C

Test The characrenstxcs below apply ¡or the All ac parameuers assume a load capacnance
Conditions fpllowmg test condmons, unless otherwrse of 100 pF max.

noied. All vohages are referenced to GND
(0 V). Posmve current ?ows into the refer
enced pm. Avaxlable operatmg iemperature ‘“
ranges are: zu

I S‘ = 0°C to +70°C "g;-;,g:;;g:

+4.75 V s VC; s + 5.25 V

I E‘ = —40°C to +85°C mar ‘ff

+4.75VsVg3s +5r25V I
I M' = —55°Cto +l25°C, f = -

+ 5.5 V

a» pacmage
nether

DC Pummeier Min Max Unit Test Condition
Churac-

›ge?s?cs Clock Input ' om Voltage V

Clock Input H‘c_r. Voltage V

Input Law \ Mage v
Inpat H-~* Voltage V

oufm -W Vcltage + 4 \
Om, H19}. Yohaqs +2 -4 \.

Ir_p_t Leakage Cur '’ z lll på

3 State O'.1t_:n'J‘. Leakage Caren‘. xr. I-Hoe‘. :1U.O MA

Power Suppiy Current 1055 ,m
Dar11ng'.<:r.Dr1\'e Current ~1 D mÃ

cqPuCiïance Symbol Parameter Min Max Unit Test Condition

C Clock Cape ‘ nce ¡U ¡GF Unmeasr.

C ÃnpJ! Cepacnance 5 p}? pff ‘'5
[C YCJ..."

C O:‘.;:.;‘. Cape“ Me ¡C pF
g

C 9.» range « : una
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Ordering Product Puc|mge/ Product Pcxckuge/

lnlorxncmon Number Temp Speed Description Number Temp Speed Description

Z8420 CE 2.5 MHZ Z80 PIC (4C%pm) Z842(/‘A CMB 4.0 MHZ ÍUÄ P1Or4‘7—;1:‘

Z8420 CM 2.5 MHZ Same as above Z8-420A CS 4.0 MH: Same as amaze

Z8420 CMB 2.5 MHz Same as above Z842OA DE 4.0 MHz Same as 550%’

Z8420 CS 2.5 MHz Same as above Z842CA DS 4 0 MH: Same as a* e

Z8420 DE 2.5 MHz Same as above Z8421‘/A PE 4.0 MHZ Same as above

Z8420 DS 2.5 MHZ Same as above Z8420)-'~. P5 4.0 MHZ Same as above

Z8420 PE 40 MHz Same as above Z842OB CS 6.0 MHz Same as above

Z8420 PS 4.0 MHZ Same as above ZS42OB DS 6.0 MHZ Same as abcve

Z842UA CE 4.0 MHz ZBOÁ PIO (40—pm‘, Z8420-B PS 6.C ME: Same as abcve

2.842011 CM 4.0 MHz Same as above

‘NOTES C = Ce.'a.'r..r
MIL STD 83:

WZOOG-Uì

Old
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Z8440
280@ S10 Serial
Input/Output Controller

Zilog Product
Specification

September 1983

Features I Two mciepenclent fuilduplex channels, wn?. I Synchronous protocols: every1h1ng

separate control and status lmes for modems necessary for complete hn- or byte-ornentea
or other devices. ‘messages m 5, 6, 'Í or 8 l:>1'.s’<:haractEr,

I Data rates of C tc SC/CK bxtsseconci m
mcludmg IBM B_‘5y“C' SDLC' HDLC'

,_
the xl Clock mode w1‘.r. a 2.5 MHZ clock CClTT'x'25 and Others‘ Auljomahc CR3

(280 510)‘ or 0 ¡o BOOK bltgsecond Wm,‘ a
qeneratxon/cheçlung, sync character arm

¿LO MHZ Clock (Zack SEQ’
Zero1n5ertxon/ue1e'.¡on` abort genera»

`
txonfdetecnor. and flag xnsemon.

I Asyncnroncus protocols: everything
. _

necessar _ for compyeye messages m 5’ 6’ 7 I Fiecexver data refgxsters qqyadrugly bntlere:

or 8 bits character, Includes Vanable stop lransmmer mamas Qouby bu‘zereG'

s ano several clock—rate
._ ulnplxers; I H1gl'1ly sop?msncated and flexlble day}-

oreak ge.n.erat:on and detecllorx perm)" Cha xnìerrup* vecacrmg for mterrupts
overrun an: irarr_1ng error detectlon, w no'.;‘. external lOglC.

General Tne Z-El‘ SÍC Sena. lrput Ompqt Corxrol» b1'vO1'1Enl9Cl, and pericrms all of the lune:
Description a cuagcnannel data ccrnmunxcanor. 1rad1‘.~.onal‘;y done by UARTS USARTS and

with extraer and

.
hs ba 'C lur.:'.1cr.s as a serzaïføf

`
, :cn\'erter‘comro}ler

CPU far a broad
a. atzcn applrcanons.

e s'.'._:::r‘.s all ccrnrncn asyr.—

synchronous commumcatxon conirollers cor:
bmed, p‘ Lfunctzons trad.t.or
perrorrred by 'fé CPU, Moreover, 1'. oo

on :wc full} . . spendent cria .ne
,

w '

exceptlonally sophzshcated :nterrupt struc
that allows very fast transfers.

112.5 and syncnrcncgs protocols‘ byte- of F411 ' terlaczng Ls prende: ls: CPU o: DH}.

.__ 5

er»

.*.
Z

mu. _nus *â -›

._. D. cum-n.

._. D,
`4———>D `
’ noon

_common
I y

' *-’ as

I
Si1

_couvnm \

_» m.

s Mnon
"U 1 4.4 uf» .é 2,

3 ff i'
7.

1

â
c:

w
nc! +_. ,_

‘

4.. BL “E cu-uuu f*

nnsv 1

.é
1- .__-_ “w”en.” i» xi _, CONTROL

cournmj

«i f: ._+/, /,
. - 4

.ü M; I..

Figure I. Z-BO S10 '2 Pin Functions Figure 2. Z-50 S10/2 Pin Aulgr-mam:
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General
Description
(Continued

control. In addition to data communication, the

circuit can handle virtually all types oi serial
li'O with fasì (or slow) peripheral devices
While designed primarily as a member of the

Z-80 family, its versatility makes it well suited

to many other CPUs

The Z—8U Sl@ is an n—channel silicori-gate
depletion-load device packaged in a 4:/»p..
plastic or ceramic D.. it uses a single +. `

power supply and the standard Z—8C iarnhy

single-phase clock

Pin Figures 1 through 6 illustrate the three pin ã. Chip Enable (input, active Low). Á Low

Description configurations (bonding options) available in level at this input enables the SIO to accept
the SIO, The constraints of a 40-pin package command or data input from the CPU during a

make it impossible to bring out the Recezve write cycle or to transmit data to the CPU

lock (EXC), Transmit Clock [TxC), Data Ter- during a read cycle.
mmal Ready (DTHT a_nd Sync (SYNC) Slqnals

CLK. System Clock (input). The SIO uses the
{orkboth channels. Therefore, either Channel B

standard Z80 system Clock io Synchr e
ac S a signs} or two Signals are bonded internal signals This is a s:ngle»phase ck‘

together in the three bonding options offered:
,

. Z80 510,2 lacks S-‘jYNCB ETS)}X.WC:SB. Clear To .šegisaAfiriãuEtìããCålsiøe

ow . ren prograrnmeo u _ A \ a

I 280 510” l5Ck5 DTRB Low on these inputs enables the respective

I Z—8O S100 has all four signals, but ÉÉÉ ¡fansffïlflef- H “Of P fåfömme-“Ã 55 Al‘-WC

_and RXCB aye banded tggefhef Enables, these inputs may be programmes as

The firs‘. bonding option above (SlO’2) is the generarpurpose inputs‘ Bom mpms are

V . ‘ t
SChrriitt—trigger bzilfered io accommodate slow

preterrea version ior most applications. The
_ -

pm descnptlons are as follows‘
rvisetirne signals.‘ The SIO Cetec pulses‘ ñ

_
these inputs anc interrupts rhe CPJ ot. pct}.

B/A- C?cn?eil A Q’ B 561531‘ (INPUT, High logic level transitions. The Schrnit gojer Duf-

seects Channel B». This input defines which term; does ¡mi guarantee a 5pec;§;e;,~‘ mas@
channel is accessed during a data transfer ievej margm,
between the CPU and the S10 Address bn A;

_
from the CPU is often used for the selection DvD* Sysfem Dom B” lblclrech

funczlon’
Estate‘, The system data bus tra ers :rata

c/ñ h `_ ¢
and commands between the CPU 5,“ the Z83

'l ' hâmfo' EKIPO@ S9/eci (‘mpuh High SIO. D; is e least significant bi:
se ects ontro ,.

nis input oe.ines the type 0:

_» A yinformation transfer performed between the DCDA; DOPE‘ Dc‘lC_C3“:"1e‘V Deiec‘ ‘WT

CPU and the S104 A Hi,
_

at this input durinc aclwe “°,W’l,' ‘Eerie pins mncucr‘ a; Y
- .i . Va CPU w :te to the 510 causes the 1!‘.iOI‘i"i15'.iO."l

Enables
“ We ““" 15, pmgmn?wed ml A' “

on the data bus to be interpreted as a corn
E'T"3b‘e.5

‘ WISE they may 59 usa: ã

r the channel selected by B Ã. A Low genera purpcse mp‘: pl Bom p:

ans that the information on the data Sch? l'

A
om

_
Address bi‘. A‘ is often 'used for rlsetlme Sign

_
*te 51V Qeteftsvpuåš

this ianction. an@ 'e “P” or‘ E@

l ttetrigçer
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Figure 3. Z-80 SIO 1 Pin Functions Figure 4. Z-BU Sl0’l Pin Assignments
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Pin
Description
(Contmued'}‘

me; does not guarantee a spec noase-Revel

margin

Íì. ílïä. Date Te. 'Ready (outputs
acttve Lev.) These output s fc.1cw the state pra
grammed mt Z—8C SIC They car. else be prof
grammed as genera. pprpczse outputs

In the 380 S10 l bonding option, w" ts

Ormìtec

IE1. If.‘€:.'.'J_CT Enobfe In (mpat, actlve 1-hgh‘,

Tits stqne, ts user: wtih IEO to term a prtort jdazey chatn when there :< more than one

Lnterrupvdnven d9‘/‘ICE. A Hzgf cm ft" s 11:19

mdlcates that no other devtce o ruqher pn-
^ ty ¡s bem@ serwcezi by a CPU interrupt se."

vtce routme
IEO. Interrupt EnabJe Ou! (outpy actwe
Hzghj. H30 15 H1g};or..y tf IEI as Htqh and the

CPU ts not servxcing an Inter“
SIO. Titus‘ thts stqnal bloc.
devtces fret: ' - e e htgher
puorgty deuce .s bem" sen.<:ea b)
tnterrupì sertüce ran

rorv “ns
prtonty

INT. Inrerregst Request (oy-tpy, ope

acztve Low‘ Whe* t e S10 15 requi-
Lnxerrupt 1‘. p‘ " INT Low.

IORQ. [nput'_O_*:'1p:1.' Reqqesr (1'F'.J‘ from CPU,

actzve Low
. VOHQìttsed tn cor.,a'r:ctxor. wtth

B Ã, OE“ LE and RD IC trans' commands

?e} ita betw the CPU and the S10 Wnen
CE, HD and IO!-{Q are al. acttve the channel
selected by B ~ ar=ters cata to the CPU ta
read ope.'a_t_1::_>r.‘, Wner. CE and IOHQ are
act1ve_but RD ts mac?ve, t} channel selected

er. t; by tiñe Cr Lt W either
=’ Or. as sped

l

t

gamas»

í

cnunam

$- ~ z so srmo - —

Enuvuox e _, _», t ft -__ \
rlum

_n» Ñ* t

t
mts» ._ ,ww t
cum t__.- t . t mu@...m...m V t

coma. - e ~ _ V

Fngura 5. Z-BU SID/O Pin Functions

>c><A~~£LA

cantan. n

ousìy, the CPU ts acknowledgmg an mterrup‘.
and the S10 autornattcally places tts mterrupt
vector on the CPU data bus tt tt 1s the htghesi

prtortty devtce requesttng an xr?errupt.

m. Mcchme Cyc/emítrtput trorn Z»8C£PU
acttve Low). Wner. Mi ts acttve and RD IS als:
acxve, the 280 CPUitetchmg an msrr ‘

from merz1o.y: when MI ìacttve w tie ÍORQ
acttve, the S10 accepts Ni and IORQ as an

mterr . ackncwledqe ¡t the S10 ts the htgìes'
prtortty devtce that has xmerruptec the 283
CPU.

men, ìíšãìá. Receiver Clocks (u':p\."

HÁSIVE data IS sampled on the rxszng edge c:
RXC. The Retetve Clocks may be 1, 1€, 32 c:
64 txmes the cata rate tn asynchronous modes

These clocks may be dnven by the ZBÚ CTC
Counter Ttmer Cxrcutt tor programmable ba@
rate generate Beth mputs are Schrnrt»

tngger buffered (no notse leve ma’:
Sp€Cl11eC:‘.

Ir. the 2-80 SIO C

D. Head CyC}e_5Ic.*_:5

'",t1ve Low‘,. If RD J5 at

¡ESET Ítesei tmçm: actzve Low. Á Low.

RESET .abJes botï- recetv

Figure E. ZvB0 SlO"0 Pm Assignments
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Pin
Description
(Contxnued)

rewntten alter the S10 rs reset and before data ln the mternal synchronxzatxon mode

15 transmltzed or reCe)Ved_ (Monosync and Brsync), these ptns act as out—

'i' í
_

puts that are actxve durlng the part ox tneRTSA 'RTSR fequest TO çsendv(ouïpdts`

rece.ve clock (EXC) cvcle xr. which sync
actwe Low). V\ nen the FT- btt m Wrtte

H t Veco
F‘zed

Tre sy IC C n
_ “_ _

c. ‘rat ers are. .z _ t r C " »-Regtster 5 (hxqure I4) 15 se., the HTS output 15:0'
iamher: SC

‘Lisa
Ompum are ac.

goes Low‘ Vvher. the RTS br! :s reset tn the “me; c TC
é'HePr‘lS

rncogmzed renarufssAsynchronous mode, the output goes Hlgh t*
y

JJ pb ‘u‘_“d‘ane: ‘ ‘ *

alter the transrmtter IS empty. In Synchronous o cnara§e^ o '
, " . <V?.—--h _ f — " " h .' _,

-.Í\C'3modes, the HT: pm stnctly follows the state ct 1“ tie; 8° 510'‘ bend‘ q Op ‘Or

the RTS blt Both pms can be used as general ‘_5__°_r_n_“

_
purpose OutputS_ TXCA, TXCB. Transmitter Clocks (mputs: I:
T—« T , y

asynchronous modes, the Transmitter Clocks
SYNCA, SYNCB. Synchronxzauon \mputsrout—

may be ‘I my 32 or 64 “mes me dare Tate.’
pum' active LOW)‘ These pm5 can act either as however the clock multlpller for the trans.
mputs or outputs. In the asynchronous recelve ter and the receiver must be me same The

¬ y , e
` y9&3 the’ are Inputs 51mm' to CT: and

Transmtt Clock mputs are Schm1tt-mgger Du:—
BCD I? this mode' the lmnsmons on these

fered tor relaxed nse- and tal‘-tlme requxretries aléecl ll: slate Cg’ u? Syncl/šìurï sttìws
ments (no noise level margm ¡S speclhed).

‘LS efg egmír tf ?gure ls’ u av? Transmmer Clocks may be drxven by the Z—8~.

r t , _ V n ,rlo O ‘ler Lmchon r’ “c xterm?‘ ,nc moat’ CTC Counter Ttrne: Ctrcutt tor prograrnrr.these tmes also act as 1nputs.l\’nen externa. baud rate generayloq
syn:r.rcn:zat1c»n1s achteved, SYNC‘ must De

y In the la@ SIO/Cfbondïnq
0010:‘ 17:5 :5

art‘./er: Low or. the secohoínsxng edge of Flxc
bonded mgemer wl_ TRXCB‘ ’

after that nslng edge ot RXC on whrcr. the test
m

bl: cf the sync cl racter was recerved. In T"DA' TxDB' Transmlf “am (O“l"p“”S' a

other words after the sync pattern IS detected, H19hl- Serlal data at TÍ liìvek TXD Ska”
'he external loqlr must watt for two full {mm he fal”-“Q edge Cl TXC
Recerve ClOCK cycles to activate the SYNC W/HDYA, W/HDYB. W:1:t’Hecd',' A, We ‘

mpg‘. Once SYNC IS forced Low, :t should be Ready B {outputs open dram wher. prof
mp’ Lev: qr": the CPU mtcrms the external grammed tor Wa1‘t\.r.ct1on, drive* ÍAY"
s'yrtcrtrontzat.on detect logre that synchror.:za— Low when programmed tor Read '

tren nes Been lost or a new message rs aoout (0 These dualpurpose osxtpuxs

rt Ch racter assembly‘ begms on fhe rxsmg gramrned as Ready Imes to: a Dl'/.r'*.
:cfedge cl hxC that Mr ledzately precedes ?ne or as Wart lanes tha* syr.cr.'or.1ze ?ne CPU

lallzng edge of SYNC 1n the External Sync the SÍO data ra'e. The reset state ¡S oper;

TOS@ dram

ea: SERA.DA‘A

c~A~~E.n *_ cm~.>.~z.;_c:r:

CHANNELA l

-f› ¿Ív
_ ,,lN'E?NAL CONYR17. ^ -íf WA" ‘EAT’

CUNIIOL ma ;
.:;;:::< t l

l
CHANNE;A “è”comaor «f

I Manz» :=
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¿po <* mvsnmaraus
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l
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Figure 7. Block Diagram
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Functional The functional capabilities of the Z80 SlO the SlO offers valuable 'features such asno@
Description can be described from two different points of vectored interrupts, polling and simple hand

view: as a data communications device, it shake capability.
_ _

trans rs and receives serial data in a wide Figure B illustrates the conventiona; devices

variety ot datacommumcation protocols; as a that the SlO replaces.
Z—8O ic‘:1'l'.1l‘y' peripher ` it interacts with the The tirst Pam 0’ ihe10ll0W'-TAG 51155145 `

Z-BC CPU and other peripheral circuits, shar» covers SIO data-communication capaclties.

mg the data. address and control buses, as the second part describes interact:ons be.weer.

ell as be:ng a par: ol the Z»8O interrupt struc- the CPU ana the SIO.

ture. As a peripheral to other microprocessors,

um
__

"— CNANNIL
A

smcnuonous
couuimlcnious

COOIYROLLER 'i''_ t-
-UÉIOÍRDCÍIIUI VNTEIIUFY

anunci *“"“ CONVIOLLER

.___
__

um
'—i

*— CNAIUIUISL
u

svncnnouous
couuumcmon

CONTROLLER --

CHANNEL

mcnavnoczuou ‘IUYIIFIC‘

CHANNEL
I

Figure B. Convuntiunul. DIViCII ?oplacud by thl Z-B0 SIO

Data The SIO _:rov1des :wc independent full- interrupts allow last servicing of er

Communi- dup.-ex cn l a' car. be programmed. lor trons usm: edicated rou nes

cation ¿se m . nous or sy chro- burlt-:rt cn sing process avo.ds inter;
Capabilities not s da.a»<:crr.r.'.i_nica..cn protocol. Figure 9 framing error as a new start b..

1.' "a" some cl these p 'trocols The follow»

mg is a .crt description of then‘ A more
de

-
d exp. we of t‘ ese_

.ocìes car. be

lou .a in the Z-EÍ Q10 Tec' .ico.lMon `

Asynchronous Modes. Transmission and

reception can De done indepenclentlv on each

.16. with tive tc eaght bris per character,
optonal even or odd parity. The trans

ters ca s c_:¬` ' one, onevandva-halt r two stop

:fs pcr ch ra er and can provide a break

ou‘“.u‘. ã', any t e The receiver break-
detection loq.: :n:errup‘s the CPU both at the

start and end of a rece;ve<i break, Reception is

prc‘eCted irorr. spikes by a transient spike
reiect .

mecha t checks the sig_ al

` a c? txrr e a ’ Low level is oeie::ed
e receive data ’.:.xDA or EXDE in

» does no' persrst-as in

‘-‘.ne character assembly

rr

error resurzs m the adchzor. of C‘.‘i€'i'

time to the point at Wt”...

nex' start‘ is began.
The SIO Goes not req.i;re svrr.rr.etriC tra

and recewe clock s:gnals—a leature tn '
allows 11 to be used Wit a ZVSC CTC or.
other clock sources. The tratisrn

receiver can handle data at a rats ct
_

L

1 32 or 1/64 oi’ the clock rate supplied tc *f

receive and trars .2: clot}: 1‘“D

In asynchronous modes, t. e St
be program ›for lunctions such as moriitcrznc a r;n;
rridzcator.

PC ã ar.

Synchronous Modes. The SlO supp;
byte-criented and b —or.ente: s‘_

cornridunicaticn.
Syr.Cl".r:wno* e»or;er.ted prc‘.

handled ¡n se "ra. roses 1:‘.

syn.h.':n.za‘,.c:. v

(Monosynd, any Â

or wzth ar. e rnal syn. s;:;r.a. Leacrnq s
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Data
Communi-
cation
Capabilities
(Con‘:..'.Jed7

c;t1me:.'-.':‘.—characters can be removed w ‘

mg the CPU.

Fwe», = x— or seven-br sync Chara, ,e

detects: w1th8» or l6—bn patterns rn the SIC»

by cverlappmg the larger pattern across malty
ple 1n—com.r.g sync c. ester: is shown rr.
Frgxrre lO.

CRC Checkmg for s nthro .sus byte-

orxented mode: 15 delayed by ene craracter
time so the CPU rn x' dxsable CFC checkmg on
spec1l.c characters Tm: perrnxs .mplemenïa-

her. of prcfocol such as IBM
Both C C—lt {X10

~ Xïf « X‘ + ll arm

CCITT (Xli + X12 + X5 + l) error checl-:;r_g

polynormals are supported. In all non-SDLC
modes, the CBC generator 15 1n;t1al:zed tc O s

m SDLC modes, It :s xnìnahzed to ha The SIO

can be used for m:erta.:ng to perlpherals such

as .
arci-sectorec’ floppy dxs}:, but cannot

generate or check CRC tor IBM-compatmle
scttsectored de

.
The SIC also provlcies a

leature that automa ca
_

trarismms CRC data

when na “her Qc..u rs avalabie ic' tra:
slo?. Trns a.lows very mqrxspeeci trans

unaer DNA Servo: w;:H nc need ic! CPC

1r.Ie.'ven:;or at the end cf a message
` no c XC :c send r.

_ _ :nose t:ansrr.1‘ter 1.
l6—b1t syn: Cha ers regardless
rgranzmed :mmm er length.

..C by per

ZSTC UTEQ"

me

mess qe tr

vAn"v
sun’

l i”
www; .mi

¿naerrun occurs m the rmdcle at a message

an external?atus mterrupt warns the CPL‘ at

thls Sta S change so that an aber', rr
Issued. One ic erg. blts per Chara:‘er car ::
se. ,

which allows receptlor. o: '

nc prior miorrraner; ¿bom he

rare in the zntormanor. held oí

The recewer autor:1at1:al.y synC...t,t
the leadxng flag o: a frame m SDLC o

ar Drovxdes e synchronlzetlon stgna

an Interrupt can also be n

m tram:

gr ei The recenfer can be pr
search tor fr

a specmed use ele: ` address c

global broaacast address. In tms mode fra."
that do n3tmatcr.e1t'r.erthe userselec.
broadcav. address are lgnored The nurrb
addre bytes can be extended nder scitw

.
Contra For transrruttmg Gaia ar. mterrspt or
the llrst recezved character or on eve

character can be selected. The receive
axitomaucally fï etes a? zeroes mserted h”
Iransrntzer during character assernbiy. It a

calculates and aL1’.Q]'.‘“.<Et1C<§l ' cl~ec;;< tr: c:~
10 valcate . arre trer ‘V

DH,‘ ’ Y
M.. UVA ] MARK|NGLME

ABYNCIIROIOVS

l g J 1 5 l J

IIONOSVNC

Lsw l Sm: l om. ' l mu l can. ‘ one Jl AL l . I f
SVGNA IISYDIC

V

EXTENIIAI. ¡VIC

SDLClNnLC!x.25

Figure 9. Some Z›BU SIO Prowcols
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Fxgure lU. Slx-Bìl Sync Character Recognition
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l/O Interface
Capabilities

The SIO otters the chotce oi polhngt truer-

rupt wectored or norv.-veczored) and block-
transter modes *o trans, r data, status and con
trol zniormatxon to and from the CPU. The

t;1o.:}<—transter
. one can also be Implemented

under DMA control

Polling. Tw: stats registers are Updated at

appropr , tune. .or each funcuon bem; per-
formed (tor exa
the erzd or’ a m. Wher, the CPL’ ;s

o‘ erated m a poI.1r.g hron one ot the 510's
a‘.L‘.s regzsters ls used to mdxcate whether

the has some data or needs some data.

Dependmg or. the Contents of this regrster, the

CPU W111 e .er wrxte data, read data, or yust

go on. TW: bus m the recjzster mdzcate that a

transter ZS needed In add rm error and

er Condmons are }Hd}C5'.‘Sd The second

re' tspeclal receive condmons) does

not have to De read 1': a polhng secuence,
un' a Crara:ter nas been received, Ah 1nter—

rupt mos- are dpasled whe' operaxmg the

.‘EC E]'.‘.'Z.rC.

.ple CFC errorstatus vaird at

deuce .er5 e

Interrupts. The $10 has an
scheme to pro\‘:deta.=t1r.'

abcra‘-;— mterrupf
up! service tr.

.n the inter
tc do s: the

ee bus o: the ¡nterxupt vec-

¬g,ster s:‘,ha'1tpo'
ly to one ct eg”. :nterr p' servlce routrnes 1r.

‘W; condmcns m both

nes and ehrzrnattng mos‘ of the needs tor

programs.

..:e.\’»:— rmerrupxs and

are the mar sources

.1nterruc'. source 15 enabled
'ral ` Â. han*

Char. el B and wrtr,
pro:

a a .mqher prtort) ti.

CPU rs interrupted by the transmtt butter
becommg empty. (Thrs rmphes ti .

the

transrmtter must have had a data character
wrmen mt: xt so tt can become ernpty.) The

recewer can mterrupx the CPU :n one oz' tv

wa

I Interrupt on first reCe;ved character

I Interrupt or. al] recewed characters
Interrupt—or.—txrs‘.~recetvedcharacrer LS

typrcalty used wuh the b1oc1»;—tra.‘.=‘er mode

Interrupt~on~a]l—recewed»character. has the

optxoh of modriymg the mte. up‘. v
_ _ .

event of a parlty error. Both ot these .nteius
modes W121 atso mterrupt under spectal re:
condmons on a character or message basts

(eno'—of—trame mterrupt m SDLC, tor exarrcle
Thls means that the spec1a1—rece;ve corrdrtr r

can Cause an mterrupt only ¡f the lmerruptvcrr
hrst-recelvedcharacter or mterrupt-c.
recezvedcharacters mode rs selected. In
1nterrupt-on—i2rst—rece:ved—chara:{er at:

rupf can occur ¡rom spectalre '

(except parlty error} after me x'

character rrtterr-up: (example: :e.e1v:—:~.'err;r.

Jmerrupfi
The mam tuncticn

mterrqpt rs to mon gnei t
.

the Clear To Se. C Q) Data Car.
{DCDI and Sy ?romzatrcr. (SYNC, _;
(Fxgures l through 6). Ir. acidrzron, an exte'—
ncl status mterrup‘. rs a caused 13

sendrng Condmcn or by me detectzcr C

break sequence tasyrrchroncgs mo-
sequenre {SDLC mode‘, *
The 1r,te.“rupt caused by t.
seque Se allows the S101: :n ap: \ `

break abort sequence 1s detected or ter'
"ed Tm: ie re tact:

rrrnaztor. ot :he CU.'I‘eT.‘.1'T.E:::Eg’c Cor. /

:n talzzattcn of the next rnessaqte an: '

accurate ‘ ç of the break <’:J’7.'f c

external logrc.

.k
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[/0 Interface
Capabilities
(Cor1t1n1.'ed)

ln a 23@ CPU environment (Figure ll), SIO
m.!err1..ptvector1ng ¡s "automat1:": the SID
passes 115 rnternaliy-modxilabie 8~b1t 1nterr;1p1

Vector to the CPU‘ whrch adds an addltxonal S

bus from 1:5 1merrupf—vector (l) reg1srer to form

tne memory address of the 1r.terrL;p’—ro'a

tanle This table contalns the address of :ne

beg:r mg of the tnterrupt routme xtseli. The

process emana an mcllrect transfer ol CPU

control to the mterrup: roatlne, so that the

next lnstructlon executed after an 1nterrup'.

acknowledge by the CPU ns the hrs: Lnstruczaor.

ot the mterrupt roatxne itselll

CPU/DMR Block Transfer. The SlO's block-
transfer mode accommodates both CPU block
transfers and DMA controllers (2-8-C DMA o:
other deszqnsl The bloclmransfez‘ mode uses
the Wa1!’Ready output sxgnal, wh1cr1 1s

selected wzth three blts m anm1err1al control
rec/nster. The Wan 93:)‘ output stgnai c n be

programmed as a V1 lTl1ne:r.tr.e CPU b cx-

transler rr e c? as a PEAD m tne DMÁ
broclvtransler mode

a DM25. contro e Sl@ ou:};Lt
md1:atesft1attl.e S.u1s ady :c 1r

_
er =

.Ío the CPU the V»r'a1.

Sl@ 1s nc' ready to

'reQu 51...; the CPU ::

tc or :rcrñ mernc

put ind.
lransfer data,

extend the l O :_

t, er

www
nm

t

¢:$
lm_¬±

m ` w

l
t in1 F

1l

1 t

; l

_r\ l

:__~
l_4l

1
1

rm
Vt;

_{ 1,114,
1 1

~———> l
f

___, 1.___.Rw
l

/ I

;::‘ 'V‘——w

Fxgure 11 ryp1cu1 zen Environment

Internal
Structure

The 1nterr.al Sl.'UC'J1'8 ol the de'.'1:e1r1cl.1des

a Z-80 CPU Interface, m* "rel control and

Interrupt log1:‘ ana two tu `uplex Channels.

Each channel con:a.r1s ¡ts own to: Control

and s1a'.1s (wwe and read, reg1sters and :cr.—
t ` d e that proxude tha 1r1ter1

to modems or other external CJVEVICES1

The reg.s'.ers for each char.r.el are des@
nated as Inflows‘

WRC WE."

f
Wrne Reqlsters O through 7

RP.O—F.?.2
e

Read Flegzszers O throsqh 2

The reg1s‘er Crime 1r1:lqdesf1ve B—b:‘. control
reg1sters two s ‘ Clara *ter regrsters and two

states re:;1sters The mterrup‘. vector 1s wrxtten

mio n a3d2‘:or.a1 89:31: reg1ster 1'Wr1te Flegzster

2}‘ :n Channel B that maybe read through
an:ther E1—b:t recjrster (Head Reg.s'.e.' 2, :n

Cnarne. B. .ta.“1dl1..'\ct1c;r.a'.

gr<1'.p1r1g ot ea . conlrgurea tc
s1rr.p..ly and organza the programma@ pro-
Cess Table l hsts tr1efun_‘~.1ons assgned tc

eacr. rea: or wrne reg:s'e.'.

Read Register Functions
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Internal
Structur
(Contmuedl

s?E_.

EXVEFMALsunas LOGlC

The lOqlC tor both channels provtdes lor-
mats‘ synchronxzauon and valxdatlon for data

transferred to and lrom the channel mzerlace.

'l:l1_e_moderr. control mputs, Clear To Send

(CTS) and Data Carrier Detect (DCD), are

momtored by the external control and status

log: under program control, All external
contrakanc-szatus—log:c sxgnals are general'
purpose m na e and can be used for lunc—

Zions other than moderr. control.

Data Path. The transrmt and recewe data path
Illustrated for Channel A m Flqure 12 ts )den—

txcal for both channels. The recexver has three
8—br1 buffer regtsters in a FIFO arrangement,
tn adduxcn to the 8»z:;t rece:ve shxf: reglster.
This scnerne creates addmonal tlme tor the

va ommn s

no mu Burrs:

CPU to servxce an mterrupt at the begmnmg of

a block oi hxqh-speed data. lncomzng date :s

routed through one of several pains (data or

CBC) dependxng on the selected mode

and—m asynchronous rnodes——the Chara:
length.

The transrmtter has an 8-bl‘. transmt‘. data

butler regxster that :s loaded from the xnternal

data bus, and a 2O-b1: transrmt shll' re~ .er
that can be loaded from the sync-character
buffers or from the transmlt data reqlsrer.
Dependmg on the operatxonal mode‘ ogtgcxrg
data rs routed through one of tour mazn p _
before xt ¡s rransmmeo from the Transrm: Data

output (TXDJ.

can no
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mm mm

an ERROR

m m

mm mmROCK sanos
«om: LOGVE

r l
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cncustnv
Issvsrsn
tllws‘

l EFE
Mm» i*mm:

cncnssun

smc
mu

mwsw
SME Mummsxsr. _. m;
mu mamas.“

mw msm
(5!l7St

svwc
so@ cnc "5

en: wm». ~ ¬.

"* enema: asu tam: "‘”

Figure 12‘ Transmit and Racnive Dale Path (Channel A)
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Programming The system program first issues a senes of

commands that initialize the basic mode ot

operation and then other comrnancls that
quality conditions within the selected mode.

For example. the asynchronous mode,

character length, clock rate, number ol stop

bits, even or odd parity might be set first: then
the interrupt mode; and tinally, receiver or
transmitter enable.

Both channels contam registers that must be

programmed via the system program prior to

operation. The channebselect input (B/A) and

the control/data input (C/-I3)
are the command

structure addressing controls, and are normal-
ly controlled by the CPU address bus. Figures
l5 and 16 illustrate the timing relationships for
programming the write registers and transter—

ring data and status.

Read Registers. The SIC contains three read

registers lor Channel B and two read registers
for Channel A (BRO-EH2 in Figure 13) that can
be read to obtain the status inlormatzon; RR2

contains the internally—rnodiliable interrupt
vector and is only m the Channel B register
set. The status information includes error con»

diticns, interrupt vector and standard
comrr.unications—2nterlace signals.

To read the contents ot a selected read
register other than BRO, the system program
n'..ist first write the pointer byte to WRO in

exactly the same wav as a WINE reg:ster opera
tion, Then. by exec a read instruction
the contents ot the addressed read regxster can
be read by the CPU

The status bits of RR@ and REI are carefully
grouped to sirnpliry status monitoring. For

example, when the interrupt vector ;nd1CaE€S

that a Special Receive Condition interrupt has

occurred, all the appropriate error bits can be

read from a single register (HRH.

Write Registers. The SlO contains eight write
registers for Channel B and sever. write
registers for Channel A (WRO—WR7 in Figure
l-â) that are programmed separately to con-

figure the functional personality ol the chan-

nels WR2 contains the interrupt vector tor
both channels and is only in the Channel B

register set. W;th the exception of VÍRO, pro»

gramrriing the write registers requires two
bytes. T' lirst byte is to WHO and contains

D;~D;‘ that point to the selected

register; the second byte is the actual control
word th wrztter. intc the register to Con-

IAQLQTE‘ the SIG.

WHO is a special case m that all ot the bas:
commands can be written to it with a single
byte. Reset (internal or external) initializes the

poinier bits DC—D2 to point to WHO. 'Yhs

implies that a channel reset mus‘. n3’. oe :en
bmed with the pointing to any register.

nun REGISTER u

BHD. D. D. ‘D,‘D; Dy D,

l
In CNARACYERAVMLABLE
WVFENDMG¡Ch A OMV
r. aurraa sum
ocn
svuc/Mum
ers -
Y: UNDEIRUNIIOV J
IIEAKIABORTÑ
»w

READ REGXSTEFIT

awn. min. 9,

il
l

l ‘——m
sw

meta airs mew BHSM
m IREWDUSssconu PREVLOUS

- use an:
n a

viinm nae:
nxovzanim snow
cnwaimuc sine:

i*
armor ramsisutc

»Se w ~sms nu «ezm L'

READ REGISTER Z’

51 D: Ut Di W; 92 at “V

l l_.vc ‘‘
vn ,v2~
V3. lNYERRUP'
VI vscron

Figure 13. Read Register an Functions
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Programming warn: amxsnzn o
(Cont1nued}

REGISTERU
nsmsrzvo
IEms'Ew z
acumen
misman-
Izmsvzns
nzmsmzs
nzmsvzsu

mm cons
saw Asowev:sam
nzsn smsuws mmmuvrs
cmnun ¡ESF
¡man w' cw Nix‘ :. CNARACVER
nzsn n um vinnwo
[SHCPnzszr
nzrum :nou mv (cu A own»

mm comi
nssn Rxcan cuicxza
nzszv 1: cu: amsmvoa
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Timing

82

The SIC must have the same clock as the

CPU {same phase and frequency relationship,
not necessarily the same driver).

Read Cycle. The timing signals generated by
a 2-80 CPU input instruction to read a data or
status byte from the SIO are illustrated in

Figure l5.

Write Cycle. Figure 16 illustrates the timing
and data signals generated by a Z—8O CPU out—

put instruction to write a data or control byte
into the SlO.

Interrupt-Acknowledge Cycle. Alter receiv~

ing an inierrupt—request signal from an SIO
(ÍÑT pulled Low}, the Z80 CPU sends an

interrup:—acknowledge sequence (T/l—l Low, and
TORO Low a few cycles later) as in Figure 17.

The SIO contains an internal daisy-chained
interrupt structure lor prioritizing nested inter»

rupts tor the various functions of its two Cl";aI‘.'

nels, and this structure can be used within
an external userdetined daisy chain that

prioritizes several peripheral C1l‘CL1l‘.Si
The IEI of the highest-priority device is

terminated High. A device that has an intei'~

rupt pendzng or under service forces its TEO

Low. For devices with no interrupt peridzrig or

under service, TEO

: lEl.
To

insure stable conditions in the daisy

chain, all interrupt status signals are pre—

vented from changing while Vi is Low. When
IUFO is Low, the highest priority interrupt
requester (the one with El High) places its

interrupt vector on the data bus and sets its

mu cm

Figure 15. wine Cycle

internal interruptwinder-service latch.

Return From lntorrupt Cycle. Figure 18

illustrates the return from interrupt cycle.
Normally, the Z-80 CPU issues a RETI (Return
From Interrupt) instruction at the end ot an

interrupt service routine. RETI is a 2—byte

opcode (EDAD) that resets the interrupt-
under-service latch in the SO to terminate the

interrupt that has just been processed. This is

accomplished by manipulating the daisy chair.
in the following way.

The normal d61S}"Cl’1a2l". operatzon can be

used to detect a pending interrupt; howeve.

cannot distinguish between an interrupt uno r

service and a pending unacknowledged inter»

rupt ot a higher priority. Whenever "ED" is

decoded, the daisy chain is modified by force

mg High the IEO of any interrupt that has no'
yet been acknowledged. Thus the da y cha

.
identifies the device presently under service as
the only one with an IE1 High and an ¡EO '* ow.
It the next opcode byte is “4D," the interrupt—

undenservice latch is reset

The ripple nine of the interrupt daisy cl"

(both the H‘ h—to~l.ow and the Low-to-

transitions) limits the number of ciev:ces .at

Ripple tw"
ok-ahead, ocan be improved w; —

extending the interrupbacltnowledge cycle
For further information about techn
increasing the number of claisyvchaned
devices, refer to the Z-50 CPU Produc:
Specification,

Figure is. Return from Interrupt Cycle



Absolute Voltages on all mputs and outputs Stresses greater than those 'usted under Absolute Mex;

Maximum with respect to GND
. . . . . . . . .

»(3.3 V to +7.0 V R:‘»|:H;s may caugelfegmanent d:z‘n{ahc:edx;~J1::e:c;2

.
¡s xs mese :aunq n u perauon . 'tc . '3

R°““‘95 Operating Ambient As Specmed in condmon above those mdxczsted m the operenenet sect v.<

Temperature _ _ _ _
_Qrdenng1nfo;-manon ot these speemcnttonâxs notttmplted dExposurete esse."

maximum [EUR COX’)HIGHS O.’ EXÉEÉXBC PETIOGEmay ¿ne?
Storage Temperature V . V. . . .

.~65°C to +150°C dame
,e,,eD,;;?,-

Test The charectenshcs below apply tor the

Conditions followtnq tes: concìttzons, unless otherwxse

noted‘ All voltages are referenced to GND
mwwm(O V)‘ PC-smve current flows mto the refer '”‘°“"‘"

enced pm ÄveÄabÍe operating temperature
ranges are:

I S' = O°C to +70°C,
+4,75 V s VC: 5 +5.25 V

I E' = —AO°C to +85°C,
+4.75V5VC¿s +5.25 V

Th Y _ Í h
_

e procucz nurnser or eac operatmg

: ~ 9° _I M

_ _
5‘ c to +1250 temperature range Car: be Íoun: :n the

+4.:\'sV,.,.<~5FV \ --wk. - -r or<1er.ng miormatxor. lnchmed ln the pro
duct spe ` akon (see 198283 Z110; Data

Book, document number OO—2034—O2;,

EEG
Parameter Min Max Uni‘. Test Condition

rac-
ieristics v;;— cm.-L ' pr Law '\’:..:a;L \~

_
Clocp; }r.p_". Hzgh \'o.:e:;.e S V

V1; Inpuì Lov. V ` 'Y'

v1', Input Hzqh Vcltage v
Vg_ O‘.\l_::‘.;'. Lcw Voxaae V [OL = 2@

V:/.~. v 13;. — —25: t;
L. MC. V;;_

I
O to `\7›_¿

m3. VQ_-›_ = 0 ¿_Y tc \'¿¿

S‘1I\\, Pm Leakage C “A 0<V].‘<\,":V
Power Suppl‘; Current 3; mp,

*_- :'-'u’<-‘dm; J la)‘ '5"):
_" Ñ

C°P°C“°nC° Parameter Min Max Unit Test Condition

Clock Capacitance 4:‘ pl? Unme-asured

Imp‘-1 Cape: ice : p? pms returned

Output Capa:1tar.:e 1: p?

empef?-.e range f e 1M2»,

Q)LA»
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AC
Electrical
Character»
'xstìcs

Z-80 S10 Z-EDA SXO Z-EDS SID“?

Number Symbol Parameter Min Max Min Max Min Max

1 ‘rec 23: li:
2 TWCf 105 1
3 nc 3¿ :

4 cf »_

5 ;;: ::—;: _6 E.

7 1 › a;

5 :4 H

9 5;' 2

¡U 11€ ~:›

_161 j
f kmterrup* beicr: .K v;

btt@ El ;i:_ f
16 1
wjr m, k,
25

-
'2/:_«.ey V5421

(L

7$m_:7n



AC

mic:
(Continued)

.
H «(W

‘

y

>50’
ix v

mm j*““—j”\
1

._._@í_ 1

.¬ ————x,1__1___
————————\.-1

1

Lao sxo z-eoA SIO nos S10*

Number Symbol Parameter Min Max Min Max Min Max Notes?

1 TwPìn Pu1se\’\’1d!h (1-1;g.»; 20: 203 200 2

2 TWP. Pulse V»'1:1(}*. {Low} 20C 20: 200 2'

e TcTxC IT: CyC}e Tmte 4o@ as 40: ac 333 on 2

4 TwTxC1 TT:w.a1r. (Low 18C an 180 on 10¢ on 2

5 TWTXC: ?"c'w'1d1:.(H 180 on 180 10: as 2

6 TdTxC(TxD}

Í
1 to nz Delay 1x1 Mace‘, 40o 30c 220 2

7 TdTxC(\’v’/RP.:", í@ 1 ‘.0 1 De@ (Heady Mode? 5 9 5 9 5 9 3

8 TdTxC(1NT, I'x"C x «CT? 1 Lem 5 9 5 9 e 9 3

9 TCP.xC EXC Cycle Txme 490 no 405 on 33: on 2

10 TwRxc; IT: w1a'11. (Low: 180 on 18C :2 100 an 2

11 TwFxCt E5 \~'1a'1;». :H1;_».; las an le@ a: 10: as 2

12 TsRxD{R>:C‘/ Hm 1c W w Setup T1me?xI Mode) o o o 2

13 T'nF.xD(P.xCT1 Ex: 1 tc RXD Hold T.me 1x1 Mode1 140 140 100 2

14 'l'c'F.xC(W mi, mc 1 1317/FTT1 De1ay[}iead)'MDO€9J 10 13 10 13 10 3

15 TGHXCUNT; 1o 13 1o 13 10 3

I6 TdRxC«:SY1:C> 1o—_~1pu1Modes) 4 7 4 7 4 7 3

17 Iss1'.\‘o;1exC= su- 1 (C É 1 Setup (Ex1erna1S).1“

Modes) 'los -100 -100 2

rm’-' f

B5
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Ordering Product Package,’ Product Package,’

Information Number Temp Speed Doscrlption Number Tamp Speed Description

Z8440 CECM 2.5 MHZ Z80 SICK. Z8441»?

(4C‘—p1r:}

Z8440 CMB.CS 2.5 MHZ Same as above

Z8440 DE DS 2.5 MHz Same as above

Z84éC Y-‘BPS 2 S Same as above

zama CECM 4.0 MHZ zscA 5100 Z84“?
(4C-pm‘, Z84-€13

Z8440A CMB CS 4.0 MHZ Same as above Z5442

Z844OA DEDS 4.0 MH: Same as above

Z8440}. PEPE 4 0 MHz Same as above Z5442

Z844OB CS 6.0 MHZ ZBOB SIC": "442

WWF@ Z8442

Z844CB DS 6.0 MHZ Same as above ZSAMZA

284408 P5 6.3 MHz Same as above

Z8441 CE,CIvf 2.5 MHZ E 0'1 Z1844 -"1

56 oo-204202


