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#*%* TNTRODUCTION ****
The INTERCONTINENTAL MICRO SYSTEMS CORP. (ICM) CPZ-4800%

single board central processor {SBCP) is a Z80A (tm) [CPZ-48004]
or Z80B {tm) [CPZ-48006)] based computer board designed to meet or
exceed the IEEE S5-100 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 systems such as Turbol0OS (tm), MP/M (tm), OASIS (tm)
and CP/NET (tm).

Features such as an independent interrupt structure, Direct

Memory Accese, a 16 Megabyte Memory Management Unit and a bank
selectable on-board 64X byte memory coupled with I/0 devices such
as a floppy disk controller which controls 5 1/4" or 8" drives
simultaneously, a 2-pocrt serizl conirecller and a 2-port parallel
controller provides the user computing power on a single board
heretofore unmatched in the S5-100 Bus industry. Other features
incorporated are listed as follows:

*

* %k %k ok Xk

FEATURES

IZEE 5-100 Bus Compliance

Z80A (tm) 4MHz COperation [CPZ-48004] or Z80OE (tm) 6MHz
operation [CPZ-48006 ]

Single or Double Density Filoppy Disk controller with up to
four 8", four 5 1/4" or four 8" and S5 1/4" floppy drives in
any combination programmable in either DMA, Interrupt or
programmed I/0 mode

Two Serial I/0 channels with one channel programmable in either
DVMA, Interrupt or Programmed I/C mode.

Two Parallel I/0 channels with one channel programmable in
either DMA, Interrupt or Programmed I/0 mode,

Four Channel Direct Memory Access Contreliler

64 Xvytes of On-Roard Dynamic RAY with Memory Deselect of 4

Kbytes to 64 Kbytes under scoftware control

Memory Management of 16 Negabytes of syster memory

Eighteen Vectored Priority Interrupts chained together with I/0

Interrupts for use with Z-80 Mode 2 Interrupts

Provisions for either a 2 Kbyte, 4 Kbyte or 8 Kbyte on-~board EPROK
(Monitor in a 2 Kbyte EPROM supplied with board.)

Software Selectable Baud Hates

Reg]l Time Clock

Synchronous or Asynchronous cperaticon using the Z80 BIC chip

CP/M (tm), MP/¥ (tr) and TurbeDOS (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 (SBC} in the 5-100 market,
the CPZ-48000 series 1s more than just a CPU. It
will act as a sophisticated single board Personat
Comouter or as a master CPU in a master slave
network. The CPZ-4B000 can also be used as a
single processor. multi-user/multi-tasking host, or
as & CPU with high speed serial data link for loca!
area networking.

In bott 4 and 6 MHz versions, the CPZ-48000 is
fast and versatile, but don’t be deceived by clock
rate alone—the CPZ-48000 provides many advan-
tages for systemn architectures requiring high speed
and high throughput precessing. In fact, our 4 MHz
CPZ-48004 with our memory mapped siaves is
37% taster than the competitions’ 6 MHz master,
10 mapped slave combination. Cur 6 MHz
CPZ-48006 master is 106% faster

That's because a powertul on-board Memory
Managerment Unit (MMU) controls 24 bits of
address for up to 16 MBytes of extended memory.
equal to or befter than any 18 bit CPU availabie
today

THERE'S MORE

T IEEE 696.1/02 5-100 compfiance. The CPZ-
4800C will interface with most tEEE 5100 bus
products on the market.

— RS232 communications and floppy controller
Personality Boards incluged.

— 6 MHz Z808. 4 Mz ZBOA Operation.

__ Foppy disk controlier (FOC) with on-chip data
separator. Single or doubie density 8" and S
it any combination. The choice is yours. up to
4 drives.

_ Two synchronous or asynchronous serial 10
¢hannels (S10). One channel can be pro-
grammed in direct memory access (DMA).
interrupt. or programmabie /0 moge

— Two paraliel /0 channels {PI0). One channal is
programmable in DMA interrunt or program:-
mable /0 mode.

T Four channe! DMA controlier

T 64K on-board RAM Bank selection puts from
4K 10 84K under software contro’

. Memory management unit (MMU)_ Acdresses
up to 16 megabytes of system memary

_” Eighteen vectared priority interrupts are chained
with serial and paralie! |0 interrupts for Use with
Z-80 mode 2 interrupts.

T Provisions for 2K. 4K or 8K on-board FPROM.
A boot up tunction and monitor in a 2K EPROM
is supplied.

T Software selectabie baud rates. Eliminates
costly, complicated hardware modifications
to change haud rates. Up to 800K BAUD 1n
synchronous mode, 50K BAUD in asynchro-
nous mode.

Z |BM Bisync. HDLC, SDLC anc other protocols
All are handled through a Z-80 SI0 chip
Permits communication with micro’s. mini's
or mainframes

Z CP/M¥ MP™ ang TurboDOS™ operating
gysterns available

— Turbo-Disk™ implementation included.

INDEPEMDENT COMPARISON OF S-1D0 SBC &
BY MICROSYSTEMS MAGAZIKE

EEATURES iCM TELETEK SIERRA  ADC
Cnanme s 2t DA : : T A
Meaey Maragerst on vz . *il

A 4-channel Direct Memory Access (DMA}
controiter provides data transfer rates over 30064
faster than standard Z80™ block move rates. DMA
transfers off-board memory directly. bypassing the
CPU. No cther S-100 SBC offers both MMU and
DMA in combination. Significant increases in speed
resut,

Vectored Priority Interrupt (VP allows the CPU
to recogrize and prioritize simultaneous service
requests for up to 18 interrupt sources. VP
increases CPU efticiency and eliminates potential
data ioss due to simultaneous service requests,
often a problem with standard “polied /0"
methods.

Turbodisk (RAM disk) allows any extended
address RAM memary to emulate a disk. and is
the fastest method of storing and retrieving data
in the $100 market. Transfer rate in file accessing
is 1 MByte/sec—vs-—60KByte/sec floppy or
.5 MByte/sec hard disk rates.

Peripheral Interface through ICM's small, inexpen-
sive personality beards allows extremety versatile
interfacing and eliminates costly modifications to
the CPU. New personality boards are constantly

HOW USING OUR WHOLE PRODUCT LINE
WILL HELP YOU

The CPZ-48000 GPU,CPS-MX slaves. and
256KMB-100 memaories from Intercontinental Micro
Systems give you the perfect team for the most
demanding of tasks--multi-user/ muiti-tasking,
RAM disk or single user functions

being developed as new peripherals are infroduced
into the market.

TurbeDGS™ CPM™ and MP/M™ compatibie
TurboDOS 1s compatibie with virtually all off-the.
shelf CP/M application software. Since CP/M has
been the standard 8-hit Operating System for a
number of years, there are literally thousands of
appiications software packages readily availabie.

Master/Slave Networking aliows putting up 11
master (CPZ 48000) and 16 staves (CPS-MX) i an
$-100 bus. Up to 16 masters can be netwoked
together for 256 users with an ethernet or argne:
S-100 board. Each slave CPU can act indepengentyy
of the master, 0 each user has a dedicated proces
507, making the network much faster than a sharec
processor muttiuser system. Master/Slave nelwors
are also very cost effective—alt users can sharg
common peripherals, Overall. savings of up to 65%¢
can be reafized by using a Master/Siave TurboUSE
Network as opposed to a PC OMNINET™

in short, the CPZ-48000 series is sophisticated
and fast. The CPZ-48004 and CPZ-48006 offer
more processing power and yet are some of the
most competitively priced SBC's on the market

WE'VE GOT PERSONALITY

So you've got a sophisticated Single Boarg Sys-
tem. It won't do you much good if you can't inter-
face with peripherals. Intercentinental Micro has
designed a tull line of personality boards that allo
yau 1o interface with anything from fioppies to ha~
disks inctuding modems and printers. They're a‘se
smalt and won't take up any S100 Bus space

Here it is in biack and white. Have a look. Then give us a call. We'd love to help with your CPU or

single board system appiications.

MICROPROCESSOR

Clock rate.. .6 MHz Z80B CPZ-48006 or 4 MHz
CPZ-48004

BUS INTERFACE. . {EEE 696. /D2 $100

SERIAL I/0 CHANNELS
Synchironous Operatica
Bauc Rate...Up to 800 K Baud
Data Transter.. DMA. Inte-root or Programmed /0
Asynchronous Opesanon
Baud Rate.. . Up to 50K Baud
Clock Rate...7, 16, 32 or 64 Times Baud Rate
Bits/Characte” . 5.6, 70r8
Stop Bits. 1.1z pr 2
Party...Odd. Even or None
Data Transfer...DMA, Interrupt or Programmed (/0
16 interface. .. Through Personairty Boargs

PARALLEL /0 CHANNELS

Data Rate.. .Up 10 30C KBytes/Sec

Channel A Data Transfer. .. DMA, interrupt or
Programmeg (/G

Chianng!' B Data Transfer. . Interrupt o
Programmed |0

Intertace Signals.. 16 Data Lines Plus 4 Handshaking
Lines

I¥0 Interface . Through Personality Boards

FLOPPY DISK CONTROLLER
Data Rate/B-Inch Single-Density. .. 250 000 Bits/Sec
Data Rate/8-Inct Doudie-Density . 500,000 Bits/Sec
Data Rates/5T«-nch Single-Density. . 125,000
Bits/Sec
Datz Rate/S a-Inch Doubie-Density
Bits/Sec
Forma: . 1BM 3740 or 512 ¥ 16 Sectors
Daia Transter.. DWHA. Interrust or Programmed /0
I“C interface. .. Through Personafty Boards
INTERRUPT CONTROL
Number gf channgls . 18
Prigrity  Rotasng or Fiead
Inter-upt Mooes. . 280 Mode (. Kooe 10 Mage 2
REAL-TIME CLOCK
Operatior:. . Scttware Polied o Interrup: Driver:
Range .37.5 Hrto1.2288 MH:

250.00C

64K DYNAMIC RAM MEMORY

Bank Selection. . May be bank selected in incremenie
of 4K to B4K commencing at 4K boundaries €5,
8K o memory may be selecied or deseiectes oo~
mencing at location CO00 {hex) as defined oy
software

Wait states. .. None

Direct Memory Transfers. . To/From Si0. P o DO

MRECT MEMORY ACCESS CONTROLLER
Channel 0.. Cascade Made for IEEE 5-100 Bus o
Used with Channel T 10 Memory to Memory
Transters
Channel 1...Channe: A of SI0 Contraller
Channel 2. Floppy Disk Controiie
Channel 3.. Channe A of PO Controtier
DIRECT EXTERNAL MEMORY TRANSFERS
To/From SI0. PIQ or FOC

EPROM
Type. ..2716 2K EPROM. 2732 4K EPROM or 2768
8K EPRON
Wart States. . .None with CPZ-48004. 1in CPZ-450:%
Function. .. Boot up and monite:

POWER REQUIREMENTS
Voitages .. +8 VD0 @ 2 24 (max:
+16VDC @ 0.24 (maxt
—16VDC @ 0154 (max)
Power  23W (max
OPERATING ENVIRONMENT
Temperature... 0 to 45 Degrees Ceisiug
Relative Humidity . 0 to 85%

CONSTRUCTION
Circul: Boarc. . Four Layer Giass Epoyy. Soidermas.
over Copper
AllIC s In Sockets
Cornectars - Snrouged fo- Protection
TESTING. .Completely tested anc 24 hoy' Suries-~
WARRANTY  One Year Warranty (Parts anc Labo

Fg 2a
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ANSWERS TO QUESTIONS YOUR CUSTOMERS MAY BE ASKING

1. WHY GO INTO THE 8-BIT MARKET, WHEN IBM HAS ESTABLISHED THE 18-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 8-bit
Application Software packages. They also have found that the 8-bit software packages are more
than adequate for their business needs. They may consider converting to a 16-bit machine, but the

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 37) 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 ! USE ICM BOARDS?

Qur 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 1TMB.

3. VECTORED PRIORITY INTERRUPT (VP allows the CPU to recognize, prioritize. and
respond to simultaneous requests for service from up to 18 interrupt sources. VP| eliminates the
problems usually associated with “Polled /O™ Failure to recognize (much fess 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 transters to the slaves are 200% faster than standard I/O mapped slaves.
Memory mapping also eliminates much of the code usually required to access aslave, thus leaving
more memory tor TPA.

OUR FUTURE PRODUCTS WILL CONTAIN THESE FEATURES AND ADDITIONAL “LEADING
EDGE TECHNOLOGY” AS WELL.

In addition, we offer all of the Single Board Computer features that you would expect from the
technological leader in the fieid. By the way, Microsystems magazing's review of S-100 single
board computers concluded that our CPZ-48000 is “the most hardward advanced” and a program-
mer's “Nirvana”

Pg. 2b
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3. WHAT IS ICM DOING TO HELP ME GET POSITIONED IN THE 16-BIT MARKETPLACE?

We considered the entire family 8086 CPU’s, including the 186 and 286 CPU's. However, the 186
& 286 are highly aliocated, and won't be available in production level quantities for quite some
time. In addition, our 16-bit 8086 board will contain ali of the features that a 186 can offer, and then
some. Forinstance, MMU is already an onboard feature of our 8-bit board. We also offerd channels
of DMA. An 8086 SBC willallow you to deliver a 16-bit product in averytimelyfashion. You won't 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 TurboDQOS
configurations.

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

Our CPZ-48000 is a true single board computer. It is an excelient stand alone, single-user com-
puter; but it also has been specifically designed as a master computer for 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-testin January, 1984) will permit connecting PC's
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 all the processors and peripheral controller boards in
one S-100 chassis{mainframe). The usertiesinto his slave processorviaa“dumb” terminal and an
RS-232 interface. The master processor, slave processors, and peripheral controflers are net-
worked together on the S-100 bus. With this architecture, a usercan be added to a network for less
than $1000, including terminal. REMEMBER-LOW COSTDOES NOT MEAN LESS SOPHISTICA-
TION, ICM 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 siow 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 wel).

Pg 2c¢
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MICROPROCESSOR
CloCK TatE.eeetiteesesanacannsensns G ee e a e e s e s AMHz or &Mh=z
P D € eeeerannneesnnneeennnns Ceeenanee e eiererreraana Z80A or Z80CE
BUS INTERFACE . seiiiesssnarsssnnssssrssnananses e IEEE £€96.1/D2(5~-10C0C)

SERIAL I/0 CHANNELS
Synchrenous QOperation

Baud Rate.veeereeiirssssneerivocronansasnnnes «ve...Up to BOOK Baud
Dtz Transfer...cisciiisenansssss DM4, Interrupt or Programmed 1/C
Asynchronous Operation
Baud Hateeewerevervunenans Wt e e e e s et aa ettt Up tco 50K Baud
Clock Rate..... ...................1 16, 32 or 64 Times Baud Rate
Bits/Character.ee e eeeeneenenonanens . et ..5, 6, 7 or &
Stop Bitsevernenenn et i, I, e Ch e 1, 1 1/2 or 2
Parityeeesearasanaasannsanaas t et t e ++..+0dd, Even or None
Data Transfer.ie...... cr e ....DNA Interrupt or Programmed I/0
I/0 Interface.s..... Cereeraaas .........lkrough Personality Boarde
PARALLEL 1/C CHANNELS
Date Rate..ev.ao.t, s e . cvseeensUp to 300K Eytes/Sec
Channel A Data Transfer............ DMA&, Interrupt or Programmed I/0C
Channel B Data TransSfer.i..veesssesseessslnterrupt or Programmed I/0
Interface SignalS.iveeeeaeeess 16 Data Lines Plus 4 Handsheking Lines
I/0 INterface.eeeeuraseronensssossnsnnnns Through Personality Boards
FLOPPY DISK CONTROLLER
Data Rate/8-Inch Double-Density.eceeivinnennen. +++..500,000 Bits/Sec
Data Rate/8-Inch Single-Density.e.sveennscaernanaans 250,000 Bits/Sec
Data Rate/5 1/4-Inch Double-Densityeieeeesertaassons 250,000 Eitsg/Zec
Data Rate/5 1/4-Inch Single—Density .......... Ceees 125 000 Bits/Sec
e o 11 IBVM 374C or 512 sectors
Data Transfer.ceeceeess. C e .DhA, Interrupt or Programmed I/C
I/0 Interface.sceseecrianesonraneasss +eses.Through Personality Boards
INTERRUPT CONTROL
Numberof ChannelsS.iieseeessssseracasssnns teessasrssnassssernssas 18
Pricrityeeceieeen., e et e e e et ae s Rotating or Fixec
Interrupt Modes..... B AT e e Zz80 Mode 0O, Mode 1 or Mode 2
KEAL-TIME CLCCK
Operation.sceeeveeeeesvas veansae .Software Folled or Interrupt DTIVE”
RaNge. st vtssansranns Ceriaens veeras e S5 hz to 1.2288 KME

Information contained herein is Proprietary to I.C.K. Corp. Pg. 3
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64K DYNAMIC RAM MEMCRY
Bank Selection....... v+++..May be bank selected in increments of 4K
to 64K commencing at 4K boundaries; e.g. 8K of memory
may be selected cor deselected commencing at lccation
C000(hex) as defined by software.
Wait Statesivvviereivnnnneenn ettt et s ettt ...None
Direct Memory Transfers.....................To/From 310, PIO or FIC
DIRECT MEMORY ACCESS CONTROLLER
Channel O.vvivevnciesissessCascade Mode for IEEE 85-100C Bus or Used
with Channel 1 in Memory-to-Memory Transfers

Channel 1....000..... ceeaees sesssssesss.Channel A of SIC Controller
Channel Z..eeeierrieecrnaonosnnnns ceear e .Floppy Disk Controller
Channel 3..i.veeececarsecsasnsssnscaannsaas Channel A ¢f PIO Contrcller
EPROM
Ty PEessvvesasssnnenns ...2716 2K EPROM, 2732 4K EPROM or 2768 EPRONM
Wait States On Eprom Access.......None in CPZ-48004, 1 in CPZ-48006
Functions.ceesean. e hee st re s ansaans carenane ...Bootup and Monitcr
POWER REQUIREMENTS
Voltages..eeeans et i tet ettt eteracas s aeasaans 8 VDC € 2.5 A (mex)
+16 VDC € 0.2 & (max)
~-16 VDC € 0.2 A (max)
P OWE T et ettt ovennonnonnsnnsnnnses e et easarseeserseanssneedll W (max)
OPERATING ENVIRONMENT
=D 111 01 = o= e v b of = cessassessss0 to 45 Degrees Celsius
Relative Humidityeeeeeeeeeaoenooereanannanns e e o0 to O5F
CCONSTRUCTION
Circuit Board....... Four Layer Glass Epoxy, Scldermask over Copper.
£11 IC's in Sockets
ConNNectOr S . v e svsnsesentanoansas casesssssohrouded for Protection
TESTING. s et eenann Gt e et et ter e Tested and Burned-Iin
WARRAN T Yeereveeanannnnnsnnan .Full One Year Warranty (Parts and Labor)

* Z80 is a Trademark of Zilog, Inc.
CP/M, MP/M and CP/KET are Trademarks of Digital Research
OABIZ 1s a Trademark of Phase Cne Systems
TurbelDCE is a Trademark of Software 2000, Inc.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 4
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**x% FUNCTIOKAL DESCRIPTIOR ****

The CPZ-4800X is functionally partitioned intoc the following
mgjor groups:

—~ INPUT/OUTPUT STRUCTURE
- OFF-BCARD PERIPHERAL CONTROLLERS
~ SERIAL I/0 PORT CONTROL
- PARALLEL I/0 PORT CONTROL
- FLCPPY DISK CONTROL
— ON~BOARD PERIPHERAL CONTROLLERS
- DMA CONTROL
- INTERRUPT CONTROL
~ MEMORY MANAGEMENT UNIT
- 64 KBYTE DYNAMIC RAM/LOGIC
- 2/4/8 KRYTE EPRON
- INPUT/CUTPUT CHIP SELECT LOGIC
- CPU COKTROL SIGNALS GENERATOR
- CLOCK GENERATOR
- POWER-ON CLEAR/RESET LOGIC
- 5-100 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 ¢f the computing power available to the
user. A block diagram is included in the following page.

INPUT/OUTPUT STRUCTURE

ks a point of reference, an I1/C device is defined as =a
device which, under program control of the Z80 CPU, controls a
peripheral device or memory.

The 1/0 devices contained on the CPZ-4800X consist of:

- Z804/B DART-0 (Serial Port Controller, DART, SIO Optional)
- Z80A/E PIG (Parallel Port Controller, PIO)

- WD2793 (Florpy Disk Controller, FDC)

- AM 9517A-4/5 (Direct Memory Access Controller, DNi)

- ANM S©5194 (Universal Interrupt Controller, UIC)

- 825% (Programmable Timer/Counter, PTC)

- T4LB610 (Memory Management Unit, MMU)

Of these, the firet three are used to communicate with off-
board peripheral devices and will be referred to as the "QOFF-
EOARD" peripherzl 1/0 controllers, The reraining are "QON-ECARD"
I/0 controlleres.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 5
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Programmed I/C, Interrupt or Direct Memory Access (DMA4A) is
possible to/from SI0 port A, PIC port A and the FDC. No DMA is
possible for SI0 port B or PIO port B. A DMA port is assigned to
the 5-100 Bus DMA request line tc 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 PMA and external DMA reguests from the S5-100 Bus.
Selection of fixed priority gives the 35-100 Bus the highest
priority and PIO port A, the lowest. Thus,

DEVICE PRIORITY
S=-100 Bus 1 High
DART/SIC A 2

FDC 3

PIC A 4 Low

The CPZ-4800X uses 128 of it's possible 256 I/0 port address
for on-board use. The range used is from 80 Hex to FF Hex.
Flease refer tc the BOFPTWARE Section of this manuzl for further
explanaticn.

OFF-BOARD I/0 CONTROLLERS

The Off-Board I/0 Controllers consist of the Serial I/C Port
Control, Parzllel I/0 Port Control and the Floppy Disk Control.

SERIAL I/0 PORT CONTROL

The Serial I/0 Port Control consists of the Serial I,/C
Controller and the Baud Rate Clock Generator.

Serial I/0 Controller

The Serial I/0 (SI0) Controller is & programmable dual
channel device which prrovides formatting for serial datsa
communications. The channels can handle either asynchronous or
synchronous data transfers to/from serial peripheral devices.
The SI0 operates either under programmed I/0, Interrupt Control
or DMA control. DNMA is provided for Port & only. All lines
necessary to handle asynchronous, synchronous, synchronous bi?
oriented protocols and other serial preotocols are available to
the user at the interfece connectors. In addition, +/- 16 volt
DC and +5 volt DC power are aveilable 2t these connectors. The
SI0 may be interfaced to perirheral devices requiring differing
protocols. This interface is teilored to the exact device
reguirements by use of 2z Fersonality Medule. The interface Is
implemented through twec 16-pin Ansley connectors.

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

registers allow the programmer to read the status ¢f each
channel.

Baud Rate Clock Generator

The Eaud Rate Clock Generator consists of & clock genersastor
and an 8253 Programnmable Interval Timer. The 825% is a device
which, under scftware 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-4800X operation will be described here. This is Mode
%, the square wave generator mode.

The 225% consists of three channels, each with a clock input
and a gate input. Channel O is tied to Serial channel A transmit
and receiver clock inputs, channel % to Serial Channel E transmit
and receiver clcock inputs, and channel 2 to the interrupt select
jJumper area (as a select input to the 951%A Interrupt
Controller). Channels O and 1 are intended for baud rate clocks,
whereas channel 2 is intended for the "real time" clock.

Channels O and 1 are connected to the Serial inputs vis
Jumper cptions PJA and PJB. These gignals are also tied to the
serial interface connectors. If cleck signals are originated by
the interfacing devices, the jumpers are cut appropriately. The
channel A jumper provides fcor geparate Tranemit and receive clock
inputs from the interface (connector J2, or may serve as beaud
rate generator ocutputs to the interface. This arrangenent is
intended to provide & clecck to synchroncus MODENM's via "external"
clock (pin 24 of the 8-100 Bus) in accordance with the EIA RS-
2%22C standards. The moder can then return s transcit/receive
clock to the serial contrcller. In summary, means are provided
to implement serial interfaces saccommodating asynchronous,
synchronous, EDLC and a great number of currently defined
communications prectoccls.

While cperating in Mcde 3, the 825% generates a square wave
whose period is defined by a count programmed intoc the respective
channel's counter. The square wave will remain at a logical ZERC
etate Tor one helf the count, and at lcgical ONE fcr the
remaining half of the count. The counter decrements for each
clock period that is received.

Informaticon contained herein is Proprietary to I.C.M. 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 PFrequency (16 x clock)

50 0.8 kiloHertez
75 1.2 kilcHertez
110 1.76 kiloHertz
134.5 2.152 kiloHertsz
150 2.4 kiloHertz
300 4.8 kiloherts
600 8.6 kiloHertz
1200 19.2 kiloHertz
1800 28.8 kiloHertz
2000 32.0 kiloHertz
2400 38.4 kiloHerte
2600 57.6 kilcHertz
4800 76.8 kiloHertsz
7200 115.2 kilocHertz
9600 153.6 kiloHertez
16200 307.2 kilcHertz

PARALLEL I/0 PORT CONTROL INTERFACE

The parallel I/0 Port Control Interface consists of the
Parallel I/0 Controller (PI0). The Parsllel I/0 Controller is =
programmable two-port LSI component, which interfaces peripheral
devices to the 280 microprocesscr. The PIO provides dats
transfer to and from peripheral devices under programmed I/C,
interrupt ccntrol cr DMA control. Handshaking data transfer
control 1ines are provided t¢ the interface in addition to the
two eight-bit date ports. The CPU reset line and the CPU clock
are alsc connected to this interface. The PI0 is flexible and
may be connected to periphersl devices requiring differing
protocols.

The interface is taillcred to the exact device reguirements
by use ¢f a "Personality Module". The Personzlity Mcdule is =2
small external circuit board which connects to the CrZ-4800% to
provide the hardwazre drivers and receivers, logic and other
circuitry as required. Refer to Personality Bcard Users Guide

Section for a description of the parallel Fersonality NModules
currently available.

An interrupt line 1s brought into the interface to give the

user the capability of servicing interrupts. The interface is
implemented through & 26-vin Ansley connector.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 8
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To program the PIO, the system software issues commands to
initialize the mede of operation. Initislization is provided by
icading the interrupt vector, mode, I/0 and interrupt control
registers.

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

The CPZ-48004 and the CPZ-48006 wuses the Western Digital
WD279% Floppy Disk Controller plus descrete suppori circuitry as
the basis for the controller. A reliable phase-lock-locop circuit
is implemented giving the user error free disk operaticn. 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 dcuble-density drives
may be interconnected. Any combination of single/doutble sided
and single/double density drives may be connected.

The FDC is connecied to the drives via Personality boards
FPB10C-XY or FPE158-XY and adaptor boards FPB100-XY or ¥FPFE158-XY
The FPB158-30 accomodates 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 5C pin box connector for 8-inch drives. The
FPB10C-11 adapts 8-inch drives only and the FPBE100-22 adapts 5
1/4-inch drives only. This technique greatly reduces the overall
cost of interfacing to floppy drives. With a lcw cost
personality bocard and even lower cost adaptor, the user may
connect the drive configuration fitting their particular needs.

See the "PERSONALITY EOARD USERS GUIDE" section for
clarification on the use of the Floppy Fersonality bDoards
discussed above.

ON-BOARD 1I/0 CONTROLLERS

The On-Foard 1/0 controllers consist of the DMA Controller,
Interrurt Conircl Logic and the Memory Management Unit.

DMA Controller

The LKA Controller consists of the 95174 Nultimode DIA
Controller, which is a LEI component designed tc allew externszsl
peripheral devices %o transfer data directly toc and from the on-
board system memcry. The use of this data transfer techniqgue
greatly enhances the syster data throughput because the Z&U
microprocessor does not have to desl directly with the transfers,
and is free to perform cther computing functions.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 9
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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
cff-board system memory and vice-versa at DMA speeds.
Additionally, FDC, SI0 or PI0O 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 DNA
transfers data to addresses translated by the MMU, the data is
directed to the off-board pemory. Memory-to-memory transfers
within the on-board memory may also be made. While the Z80
executes block move transfers (LDIR etc...) at 21 clock cycles
per byte, the memory-to-memory function of the DMA controller
will move & 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
isoclates the CPZ-4800X from the S-100 Bus while the off-board DMA
transfer occurs. The power of this technigue is that any number
of DMA type devices may reside on the 85-100 Bus limited only by
system data thrcughput considerations.

During power-up or reset, the DMA Controller is cleared to a
state in which DMA reguests registers are masked. The cascade
mode and other registers must be programmed before channel C 1is
active., This should be done as part of an initialize sequence.

Interrupt Control Logic

The interrupt control leogic gives the CFPZ-480CX user the
power to respond to the maskable interrupt (INT*) in any of three
modes. These are referred to as mcdes O, 1 and 2. Mode O is=
identical to the 8080 interrupt response mode, whereby the
interrupt controller instesd of memory can place a restert
instruction on the dsta bus and the CPU will execute it. Mode 1
response is identical to that of & non maskable interrupt, except
that & restart to location 00%8H is executed instead of to CQE6E.
Mode 2 response allows the user an indirect call to any memory
location within & 64 kilcbyte memory address space by forming a
16-bit pointer to a table of interrupt service pointers. The 16-
bit address is formed bty combining the upper 8-bits of register I
¢f the CPU chip with the lower 8-bits ¢f the interrupting device
address to forn a pointer to a table of 16-bit address pointers
to the interrupt service routine.

Interrupt Controller/Select

The CFZ-4800X interrupt controller consists of the 95184
Universal Interrupt Controller. This is a LSI device which
prevides up to eight maskeble interrupt request inpusts. Upon
receirt ¢f an unmasked interrupt request, a byte ¢f previcusly
stored information is output to the data bus. This enabtles the
CPU to rrecess interrupt service routines by executing restartes
or indirect jumps to those service routines. ZExpansion to the
interrupt structure is provided by a priority technigue in which
enatle in/enetle out signals are connected in series ("daisy-
chained").

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

The $517A4 1is a prograemmable device, which enables the
programmer to free the CFU from the repetitive task of
contreolling data block transfers by providing "external" hardware
control over such operations. PFor example, the progremmer may
specify that a data block of "X" number of bytes contained in
system memcry starting at location "Y" is to be transferred. The
programmer msay 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 %o automatically re-initialize the data block transfer.
Once the software command is transmitted to the 9%17A, it
performs all of the indicated actions without further supervision
from the Z80 microprocessor. In all cases, the user of the CPZ-~
4800X 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 (alsc enabled under software
control), the CPU may then be used for other processing or for
controlling other peripheral data transfers in & similar manner.

The DMA4 Controller may be cperated 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 reccocrmended for coperating with fast peripheral
devices which could lose data if not responded to in a timely

fashion. The transfer rate is 1 megabyte/cec. with DMA cperating
in burst mode.

DMA Channel Assignments

The CrZi-480CX utilizes =211 four channels of the 95174,
Channel 0 i1s dedicated to the £-100 Bus pHOLT line, channel 1 to
the SIC serizl dste channel A, channel 2 to the FDC Data Reguest
Line, and channel ? to channel 4 of the PIC parallel I1I/0 port.
The DMA channels may be programmed for elther fixed or rotating
service priority. Selection of fixed priority gives the 5-10C
Bus the highest pricrity and parallel port A the lowest. The
peripheral device which has higher throughput and which may
require closer supervision could connect via the 5-100 Bus, or
reside in the peripheral device enclosure and communicate via
data ports. Should that peripheral be connected directly tc the
S-100 Bus, fixed pricrity servicing is recommended. A memory-to-
memory block transfer feature is provided which enables the user
to transfer bleccks of data from a source area of memory to a
destiration area of mencory with an overall throughput increase cf
%2 times that available using Z80 btlock moves. Further,
programeing overhead is reduced in that the CFU need only
initiate the DMA device and enable the DMA transfer. The CPU nay
then execute other code 1f so desgired,

Infermation contained herein is Proprietary to I.C.K. Corp. Pg. 10
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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 PI0O and the PIO enable cutput line is tied to the
enable input line of the 9519A. The enable output line of the
95194 is tied to an S-100 Bus. The eight interrupting channels
are serviced on a fixed or rotating basis. Within the SIC,
prierity is fixed, Channel A is assigned & higher priority than
Channel B. The receiver, transmitter, and externsal status are
assigned priority in that order within each channel. Eimilarly,
interrupt priority for thePI0O is fixed, with Port A having higher
priority than Port E.

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

Priority Device
1 DART/SI0 channel A4 receiver
2 DART/SIC channel A transmitter
3 DART/SIO channel A external status
4 DART/SIC channel B receiver
5 DART/SI0 channel B transmitter
é DART/SIC chennel B external status
7 PIC port A
g PI0 port B
9-16 95194 inputs (fixed or rotating)
17-nn S—100 Bus interrupt device(s)

WOTE: Any 1/0 device in the S-100 Bus which uses the IKT* line
must use this pricrity 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 8-100 Bus). The IPROCESS* connection
must be made with an open-collector driver. If the I/0 device
does not meet these conditions, then it must use the vectored
interrupt facility of the S~100 Bus (lines ViO*-Vi7*).

Inforration contained herein is Proprietary to I.C.M. Corp. Pg. 12
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An =zdditional feature o¢f the CPZ-4800X is that data
transfers from the peripheral devices may be handled in a polled
mode. This requires that the 95194 device be programmed for
polied mode &nd the status register interrcgated for the
cccurrence 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 %0 choose among twelve S5-100
Bus interrupt signals (VIO¥ to V17%, IKT*, PWRFAIL*, KMI* and
ERROR*), ac well as six internally generated interrupt signals
corresponding to the ccocmpletion 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 tec be generated at a programmable rate, or they may be
scftware polled.

Signal Source

VIO*X-V17% S-100 Eus

FINT* FDC Interrupt

EDMAT* DART/SIC channel A DMA end of transfer
EDMAZ¥ FDC DMA end of transfer

EDMAZ* PIC port A DMA end of transfer

SERR* S-100 BUS ERRCR

RTCLY Heal time clock

FINT* Parallel port interrupt

The 5-100 Bus signal INT* is connected to the CPU's INT* bus
via an open-collector gate to OR-tie ontc the bus to which the
cn-board interrurt devices are connected (DART/SIO, PIC and 85104,

The CPU's non-maskable interrupt line (NNMI*) mzy be selected

te respond te signals on the S-10C Bus NMI¥ or PWRFAIL* line. 411
of these options are implemented by use of jumper plugs.

Information contained herein is Proprietary to 1.C.M. Corp. Pg. 13
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MEMORY MANAGEMENT UNIT

The Memory Management Unit consists of the 7415610 MEMORY
MAPPING DEVICE plus associated logic. The 74L3610 is a paged
memory mapping device which expands the Z80O 16-bit address to 24
bits, increasing the addressing capability of the Z80 from 64X
bytes to 16 Megabytes. Two modes of operation are gpossible.
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 mcde, the Z80's 4 MSBits merely pass through the
74L8S610 to the corresponding 74LS610 address outputs. The
remaining 8 btits of extended address lines are forced to logic
zZero. In map mode, the contents of the addressed mapping
register are output on the address btus. This technigue proves to
be guite powerful since the exitended 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 sterage.

The Memory MNanagement Unit allows the user to map any
logical 4K block of memory to any pvhysical 4X block within the 16
megavyte range. Thus, several preograms or "TASKS" can share cne
main program by changing logical 4K block addresses.

The Memory Managerment Unit lends 1tself to the generation of
address lines in compliance with the IEEE S5-100 Bus
specification. The signal PETVAL* is input to the 74LS61C to
control the transparent latch function. Thus, the address lines
as sampled on the fallirg edge of FPSIVAL* are latched for ihe
duraticn of 2 memory cycle as reguired by the specification. The
iatching operation functions in both the pass and map mode.
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64 Kbyte Dynamic RAM/Logic

The 64 Kbyte Dynamic RAM and associated logic consist of
eight 64XK-by-one-tit Dynamic RAM's, an address multiplexer,
RAS/CAS/REFRESH generator, RAM enable logic and the Window
Deselect circuiltiry.

External logic provides effective refresh technigues
suitable for Z80 and S-100 Bus operations. Two octal drivers are
utilized to multiplex the 16-bit address lines tc the RAM's., A
RAS/CAS/REFRESH circuit generates the required timing for the
proper reading, writing and refresh operations ¢f 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 alsc
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 & portion of RAM during cold-
start boot-up to allow a 2 or 4 Kbyte monitor/boot-up PRCHM to
exist in the 64 Kbyte address space without bus conflicts with
the RKAM. The cold-start boot-up process consists of:

— Deselecting the 1st 4 kbyte locations of the RAN address
space.

- Deselecting all of RBAN through commands from the EFRON.

- Relocating the EPRCM 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 EPROK
exists (EQOC-FFFT).

— Performing the Operating Syster load process.

-~ At completicn ¢f the Cperating Syster load process,

deselecting the EPROM thrcough commands loaded in the RAN &

enabling all cf RAN.

The second function ie to deselect 2 "Window" of RAN as
specified uncer software conmrands. This "Window" 1s defined as =
section of memory which is enabled or disabled under software
control. The window boundaries are specified by the contents of
two four-bit registers. Une register holds the lower boundary and
the other holds the upprer boundary. The values of the register
can take on any value from Ot(hex) to F(hex). In this manner, any
window cormencing and ending at any 4 Kbyte boundary may be
specified. This feature enables the user toc configure multi-user
bank select architectures using bank selectable memcory boards
installed in the 5-10C Bus. The feature a2lsc enables the user to
configure systems where an external memory, such as & memory
mapped video board, is required to co-exist in the 64 Kbyte
address space with the on-bcard RAM.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 15
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2K/4K /8K EPROM

The CPZ-4800X may accommodate either a 2K (2716), 4K (2732
or 8K (2764) EPROM. 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 PRONM. As a boot-up PROM, the EPRCOM
contains the software routines necessary to manipulate the Window
Deselect Circuitry and to load the required Disk Operating Systen
contained on Floppy Disk Drive diskettes. The EPRCM also

contains monitcr routines which are discussed in the
SOFTWARE/PRCM MOKITOR sections.

1/0 Chip Select Logic

The I/0 Chip Select logic generates the "chip select"
signals for the DART/SIC, PIO, programmable counter, universal
interrupt controller, FDC, Memory Management Unit (MNU),
Boot/Monitor Enable, Memcry Deselect Logic, FDC Configuration
reglister and the DMA Controller. In addition, the regquired
control and data signals zre generated for the DART/SIO, FDC and
PIC. Because the DART/SIO, FDC and PIC may be operated under DNA
control (as well as programmed I/C), the chip select, control and
data signals are generated to handie each case within this logic.

POWER-ON CLEAR/RESET LOGIC

This logic provides reset signals to the CPU as well as to
the 5-100 Eus interface. The logic is activated under twec
ccnditions, when power is first applied to the board, and when
the S5-100 Bus signai RESEIT* is activated.
Signals acserted upon aprlying power are:

a. S=100 ZEus signsls 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-4800X reset

Information conteined herein is Proprietary to I.C.M. Corp. Pg. 16
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CLOCK GENERATOR

The clock generator divides en 8 or 12 Megahertz crystal-
generated clock signal tc provide the internal CPU clock (OCLK),
the S-100 Bus clocks (0 and CLOCX) and internal clocks BUSCILK and
SCLK. These clock signals are utilized to implement 5-100 Bus
signals in conformance with the IEEE standard for the 3-100 Bus
on & well-defined, clocked-logic basis.

CPU Control Signals Generator

The CPZ-48CCX architecture is enhanced by use of state-of-
the-art LSI components. The board utilizes a mix of Z80 support
components (DART/SI0 and PIO) and 8080 support devices (8253,
G519A and 9517A). A variety of logical conflicts arise due to
the differing reguirements of these ccmponents 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 CONTRCL SIGNALS GERERATOR to generate all of the
appropriete control signals reguired by each of these components
and the S-100 BUS CONTROL SIGNALS GENERATCR {described below).

5-100 BUS CONTROL SIGNALS GENERATOR

The S5-100 Bus Control Signals Generator consists ¢f the
logic necessary to generate key S-100 Bus signals such ag p3SYKRC,
pSTVAL*, pwWR¥*, and pDBIN.

pSTVAL* is of particular importance, as this signal is used
to to perform & transparent latch function for other signals, the
result of which is to generate 5-100 Bus signals Iin conformance
with the IEEE timing standards. Address and data lines are
latched with this signal whereby status 1s latched or unlatched
as selected by a jumper. WwWhile in the latched mcde, the CPZI-
4800%X is set for full Irrr timing conformance. The transparent
node enables systems to operzte in conformance with Z80 timing.

Jurper option JE is provided to configure pDBIXN tec any given
systemr which may not tolerzte the stringent IEEE timing
reguirements for this signal. ERead access time can be adjusted
by selecting cne of the two pcsitions on the header.
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S-100 Bus Interface

The 5-1C0 Bus consists of 100 electrical signal lines.
These are grouped into sets of lines used to transrit data and
control among interconnected devices.

The groups are:

Group Ko. ¢f Lines

Address Bus

Input Data Bus

Output Date Bus

Status Bus

Control Input Bus
Control Output Bus

DMA Contrcl Bus
Vectored Interrupt Bus
Utility Bus

System Power
Manufacturer specified lines
Reserved lines

—— e e e —— e ——

U oo O N

Devices connected on the bus &re classified as either bus
masters or bus slaves gnd as either permanent or tenpeorary
mesters. The CPZ-480CX 1s & permenent bus master. Any cther
master connected to the S-100 bus may teke control of the btus by
making the appropriate DMA request provided no internal DMA by
the DART/SIC, FDC, or PIC is in progress. If the DMA contrclier
is prograrred for fixed priority operation then the S-100 Bus TKA
request will be honored first if simultaneous DMA requests occur.

EFach of the 3-100 Bue signeles utilized by the CPZ-4800% are
described on the following pages.
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Address Bus

The address bus consists ¢f 24 1lines used toc select a memcry
location or an input/output device during a bus cycle. All 24
lines are sctive during a memory read, write or opcode fetch (M1)
cycle unless the Memory Management Unit has been programmed for
rass mode in which case the uppermost 8 bits (A16-A23) are forced
to logic zerc. 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
precgress). The address bus lines are dencted as A0 through A23,
with line AO representing the least significant bit. Lines AC
through A7 compromise the lezst significant byte and lines A8
through A15 make up the "high" address byte with bits A16 through
A23 constituting the extended address byte. Two octal-drivers and
the Memory Management Unit are used to condition the lines in
conformance with the characteristics required dy the IEEE 3~100C
Bus standard.

Input Data Bus

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

1 AN EXTERNAL I/0 CYCLE IS IKITIATED.

2. AN EXTERNAL MEMORY CYCLE 18 INITIATED.

3 AN EXTERKAL DEVICE INTERRUPTS THE CPU
AND PLACES A VECTOR CN THE DATA EUS.

Output Data Bus

There are eight data ocutput lines which are enabtled by the
signal DODEE*. A line driver conditions these lines to conform
with the IEEE 35-10C Eue etandard.

Cutput Data Bus lines are designated DOC througk C7, with
line DOO representing the least significant bit.
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Status Bus

The status bus consists of eight cutput lines which define
the current CPU bus cycle type. Seven of the eight lines defined
in the 3-100 Bus specification are utilized by the CPZ-43CCK.
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 opticn JD. An octal latch/line
driver is used to ceondition all lines of the BStatus Bus in

conformance with the IEEE S5-100 Bus standard. The seven lines of
the Status Bus are:

Status Function

sMEMR Memory Read

sM1 Opcode Fetch

sINP Input

sQUT OQutput

sWO* wWrite cycle

sINTA Interrupt acknowledge
sHLTA Halt acknowledge

The status signal SXTRG* {(16-bit data transfer request) is
not used in the CPZ-4800X and is left open. The remaining Status

Bus lines are described in the following paragraphs.

gMEMR (Memory Read)
sMEMR is a status signal indicating that & menory read cycle

is in progress. This signal isvalid during a normal memory read
cycle {memory read or copeode fetch cycle).

sM1 (Opcode Fetck)

sVl is & status signal indicating that a memory read/opcode
fetch cycle ig in progress.

sINP (Input)

SIN? is & statue signal indicating that = peripheral device
read cycle is in progress.
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s0UT (Output)

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

sBWO* (Write Cycle)

sWO* ig a status signel indicating that a write cycle is in

progress, wherein data is transferred from an S-100 Bus master to
a slave.

sINTA (Interrupt Acknowledge)

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

sHLTA (Halt Acknowledge)

sHLTA is & status signal indicating that the CPU is in a halt state.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 21



CPZ-4800X CPU Manual Manual Revision 1.0 of 1-18-84

Control Input Bus

The Control Input Bus consists of six signals, five of which
are used in the CPZ-4800X. These lines allow S-100 Bus slaves to
synchronize the CPZ-4800X with conditions internal to the bus
slave, to request the relinguishment of the S-100 Bus (DMA
request) and to disable the CPU from the 5-100 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 walt states in a CPU cycle. Slaves may
connect to this line bty using an open-cecllector driver.

XRDY (Special Ready)

This control line is used as & specisl ready line to
accommodate devices such as front panels. Cnly one slave device
should connect into the XRDY line. This line also susrpends bus
cycles by introducing wait states to the CPU.

INT* (Maskable Int. Req.)

This contreol line is used to regquest service from the CFU ¢cn
an interrupt basis. The IKT* line is enabled (unmasked) or
disabled {(masked) under scoftwere 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/SIC, PIC or the 95154
interrupt cocntroller. Logic is provided to sense these
conditions and to respond appropriately. INT¥* should be asserted
ags a continuous level &nd held sctive until & response Is
received.
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NMI* (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.

Normelly, only critical signals are connected to the NMI*
line. The CPZ-4800X provides the cption to connect the 5-100C Bus
gsignal PWRFAIL* to the NMI* line via a jumper option. NKEMI* is
sensed ¢n a signal edge transition.

HOLD* (DMA Request)

This control line is used by S8-100 temporary bus masters to
request control of the S-100 Bus from the CPZ-4800X. This line
may be disabled under software control through the 95174
contrcller. When enabled, a DMA cyclie may be initiated by
asserting this line. The 9517A DMA controller will respond with
the signal pilDA when the cycle is initiated, and will reiinguish
control to the temporary bus master.

Control Output Bus

The control output btus consists of six lines, one ¢f which
is optional. These lines are enabled when the enabling signal
CDSB* is 1inactive. A line driver is used to condition these
lines to conferm with the characteristics required by the IEEE S-
100 Bus standard.

The six lines of the Control Output Bus are:

Line Function

pSYLC Cycle start
p3TVAL* Status valid
pDBIN Read strobe

DpWR* 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 2 new
bus e¢ycle. The signal becomes active when an I1/0 cycle, memory
cycle, DMA read or DMA write cycle cccurs. The signal remains
active for approximately one bus clock in accordance with the

IEEE S-100 Bus standard. pSYNC does not become active during =
refresh cycle.

pSTVAL* (Status Valid)

pSTVAL* is a control signel which indicates that address,
Data and Stastus signzls have stabilized on the bus during the
current dbus cycle. It becomes active on the first CPU clock
cycle after pSYNC becomes active, and goes inactive on the first
CPU 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)

pDEIN is a control signal which gates dats arriving ¢n the
CPU data bus frorm an external source. Header jumper opticn JB is
provided to specify the pulse width and timing for this signal.

Two options are available:

a. FULL IEEE TIMNING COKFCRMAKCE: 1In this cption, pDBIN 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 cption, pDEIN 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 &
write strobe to write data from the CPU data bus to an addressed
reripheral or memory device. pWR* goes active at the specified
time after pSTVAL goes active for I/0 write cycles, DMA menmory
write cycles and CPU memory write cycles.

pHLDA (Hold Acknowledge)

pHLDA is a control signal which is active when the CPZ-4800X
relinguishes the address, data, contrecl and status buses in
response tc a temporary master DMA request. This signal is
generated by the 9517A DMA controller, channel O DMA acknowledge
cutput.

PWAIT (Wait [optionall)

PWAIT is a contrel signal which is active when any wait
condition is active within the CFPZ-48C0X. Thus, pWAIT goes
active when either of the two 3-100 Bus wait lines (RDY or XRDY)
go active, the FDC programmed I/0 wait state generator goes
active or when the 95184 interrupt controller "pause" signal gces
active {indicating that an interrupt cycle is in progress and the
deisy chain priority is being resolved,. pWAIT is optional and
may be connected or disconnected via a jumper option. pWAIT ic
ncet =z gignal required by the IEEE S~10C 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 relinguishes 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 tewmporary
masters to determine which temporary master has the use of the
bus during a DMA cycle. The permanent bus master need not
grbitrate. The eight DMA Contrcl Bus lines are:

Line Funection

DMAO* DMA arbitration line
DMAY * DMA arbitration line
DMAZ* DMA arbitration line
DMAR* DA arbitration line
ADESR* Address disable

DOD3B* Data out disable

SDSE* Status disable

CDSR* Control cutput disabile

Vector Interrupt Bus

The Vectored Interrupnt Eus consists of eight lines,
designated VIO* through V17*. VIO* is treated as the highest
priority interrurt line. These lines should bte asserted as
levels, and should remain asserted until & response is received.

The Vectored Interrurt Bus lines are connected to interrupt
option jumpers to connect the appropriate lines to the 95104
interrupt contrecller. 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. OQutput lines are
conditioned by drivers to conform with characteristics reqguired
by the IEEE B5-100 Bus standard. The eight Utility Bus lines are:

Line Function

0 (clock) System clock (output)

CLOCK Clock {output)
MWRITE Memory write stirobe (output)
POC* Power-on clear {(cutput)
SLAVE CLR* Slave clear (output
RESET* Reset (input/output)

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

0 (System Clock)

Q0 is the £5-100 EBus system clock. © has the same sense as the
inverted CPU computer clock (BCLK).

CLOCK (Clock)

CLOCK is & 2 Megahertz Utility clock signal to te used by slave
devices.

MWRITE (Memory write)

This line is optional on the CPZ-4800X. It may be connected
to the bus via jumper opticn JE, or this signal may bte generated
externally to the CPZ-4800X, in which case the jumper would be
omitted.

Logic is provided so that MWRITE is generated by either CPZ-
4800X on-beard signals (pWR* & s0UT) or by off-board signals if
the stastus and control btus drivers are disabled. This signsl is
active during DMA end CPU memory write cycles.

*¥xx Iy O T B 3* ¥ X
Care must be taken that the signal is generated at only one point
in the system.
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POC* (Power-on Clear)

The POC* line is active when initial power-up occurs on the
5-100 Bus. When POC* is active, BSLAVE CLE* and RESET* sare
asserted. POC* is guaranteed to stay =zctive for at least 50
milliseconés.

SLAVE CLR* (Slave Clear)

SLAVE CLR* is the signal line which resets all slave devices
on the 5-100 bus. During power-on clear, this Iine is asserted
by the CPZ~-4800X 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.

PWRFAIL* (Power Failure)

PWRFAIL* is & signal generated external to the CPZ-4800X% to
indicate that a power failure has occurred. This signal rersains
active until power is restored and POC*¥ is active. The signal is
aveilable to the user via & 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-4800X &nd other devices connecied to
the 5-100 Bus. The nine System Power lines are:

Lines Quantity
+8 VOLTS 2
+16 VOLTS 1
-16 VOLTS 1
GRD 5

Information contained herein is Proprietary to I.C.M. Corp. Pg. 28
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The +8 VCLT 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 VD(C line connects to the two
serial port connectors. The 16 volt lines are utilized on the
serial ports for supplying power tc RS-232C driver circuitry.

A11 ground lines are connected to the ground plane to
provide a low impedance path from the S-100 Bus ground tc the
CPZ-4800X ground.

MANUFACTURER SPECIFIED LINES

The IEEE £-10C Bus standard reserves three of the 100 lines
for special use by the manufacturer. The CPZ-48C0X utilizes
these lines. Two of these are reguired to implement the daisy
chained priority interrupt expansicon. The third supplies the Z80
refresh signal.

411 lines may be connected through sclder jurpers. See the
section on Solder}Trace Cut Options.

The three Manufszcturer gpecified lines are described in the
feliowing paragraphs.

IPROCESS* (Interrupt in Progress)

IPROCESS* is a bi-directionzl signal which indicates that an
interrupt cycle is in process. This line is recguired to cascade
external 95184 TUniversal Interrupt Conrntrollers. IPROCESS™*
utilizes pin 6% of the S-100 RBus.

PCHAIN (Interrupt Priority)

PCHAIKN is an output signal which indicates the priority
level of the interrupt in progress. If it is high, the interrupt
response acticn ig rassed to the next interrupt device in the
serial iInterrupt structure. PCHAIN utilizes pin 21 of the S-100
Bus.,
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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-100 Bus. RFSE*
utilizes pin 66 of the S~100 Bus.

Reserved Lines

Five of the S-10C Bus lines are reserved for future use by

the IEEE specification. The CPZ-4800X makes no ccnnection to
these lines.
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**%*% OQPERATING INSTRUCTIORS *¥**¥*

Instructions are given herein toc configure the CPZ-4800X
from both the hardware and softwaere standpoint. The user will be
pleased to finéd that minimal setup procedures are reguired.

HARDWARE SETUP INSTRUCTIONS

The hardware is configured via Jjumper coptions 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 cptions are 1ocated on the
"solder" side of the board. The jumper opticons referred to as JX,
where X is the Jumper designator, gives the user flexitility in
setting up the CPZ-4800X for a multitude of applications. dJumper
cptions are located on the "component" side cof the board.

Instructions are also included on providing jumper copticn
modifications for various popular floppy drives. These
meodifications must be executed prior to integrating the CPZ4800X
tc the flcppy drives.

A section is included on instructions for connecting
personality boards to the CPZ4B800X.

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
jurmper blocks are listed as follows:

Jh - FDC DATA SEPARATOR CALIBRATE

JB - IEEE/Z80 TIMING SELECT

JC - 2K/4K/8K EPROM SELECT

JD - S-100 BUS STATUS (IEEE OR TRANSPARENT SELECT)
JE - CONNECT "MWRITE" TC S-100 BUS

J¥ - INTERRUPT SIGNAL SOURCE SELECT

JA

This jumper option 1s for factory use only. The junper 1is
connected to enable the calibraticn of the FDC data separator
circuitry through adjustments con potentiometers R4 & hE and
variable capacitor Ct4. These adjustments must not be modified
in the field.

[ ¢& | block
P

0 0|

o ——t

4B

The CPZ-480CK may be configured to output 3-100 Bus signals PDRIK
and PWR* in compliance with the IEXZ specificaticns for the 5-10C
Bus timing, or it may be configured to output these bus signeais
in Z80 mode. The gelection is made via jumper JE. To seliect
IEEE timing, jumper position 1-2 ¢f JE. To select Z80 timing,
jumper position 2-%2 of JE.

Information contained herein is Froprietary to I.C.M. Corp. Pg. 3Z
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JC

Either a 2716, 2732 or 2764 EPROM may be used with the CPZ-
4800X. Instructions are given to incorporate any of these three
EPROMS.

2716/2732

A 28 pin socket is provided on the CPZ-4800x 1in order to
accommodate any of the three EPROM sizes. 1In the case of the
2716 and 2732, pint ofthe EPROM must connect to pin threeof the
socket. This is illustrated below:

socket{U39)
e +
{ Sy +
i ! i
] ] EPRON |
i ! ;
; dmmm— o ——— +
+‘---------------—'--------H+
1275 14

On jumper JC, for the 2716 connect 1-2 and for the 2732 connect 2=,

[ JC ] ©lock
et

1 ¢ | +5 Vdc

2 10

3000 | A1
SR

2764

Install the EPRCI in the normzal fashion; i.e., pin 1 mates with
pin 1.

On jumper JC connect 2-3.

T JC ] block
+=——t
1 ¢ +5 Vic
2 1 G
R R
-
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J¥ may be configured to select varicus signals as inputs to the
interrupt contreller. Jumpers are provided te¢ select one of two
signals available for each of ¢ inputs. Wire-wrap or other means
of interconnection may be used to select a signal in a different
crder from thet assigned to the jumper block. This is clarified

below:
Connection Table
e e e e +
' Pin | A } B | C !
e +
1 NMI* INMI* PWRFAIL*
2 (SPARE) IREQT7* VT
3 SERR* IREQ6* vex
4 PINT* IREQS* VE*
5 EDMAZ* IREGQ4* V4¥
6 EDMAZ* IREGQE* V3E*
7 EDMAT* IREQ2* vex
& PIRT* IREQHY* V¥
¢ RTCLK IREQO* VO*
} | |
Source Signal ---—-+4 f %
Input to interrupt Controller -+ !
Source Signal ——mem—mmm +

** N 07T E ** (B-1 is input tc KMI* of CPU)

O M- PN N
OOOOOOOCOo
OOOOO0OC OO
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e 2 A

Jb

The S5~100 Bus status signals may be output from the CPZ-4800X in
latched mode which mekes timing conform to the IEEE specification
or may bte output in transparent mode which makes the timing
correspond tc that of the 2Z80. To select Z80 timing, jumper
position 1-2 of JD. To select IEEE timing, jumper position 2-3
of JD.

[ dD ] block

JE

— e ——

The signal "MWRITE" may bve generated on the CPZ-4800X or it may
be generated fromr signals external to the CPZ-4800X like a front
panel. In any case, the signal should be sourced by one device
only. If the CPZi-4800X ie tc be the source of the signel,
install the Jumper provided on Jumper block JE, otherwise, leave
the Jjumper off.

[ JE ] block
=t

Lo !

PO

===t
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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 B&.

%) To connect the parallel port interrupt line to the highest
priority interrupt input (IREQC), install wire-wrap or any other
adeguate interconnection means from A4 to B9,

*¥X%% N O T E *%%%

&.) Highest priority input is IREQ O and the lowest is IREC 7.

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

c.) Signal source definition are as follows:

Vx = 5-100 Bus vectored interrupt (X = 0 -~> 7)
PWRFAIL = 5-100 Bus power fail

RTCLK = Real Time Clock

FINT = Floppy interrupt

EDMAX = Channel X end of DMA process (X = 1 =-=> 3)
PINT = Parallel port interrupt

SERR = 5=-100 Eus error

NMI = 8-100 Bus non-maskeble interrupt

Informaticn contained herein is Proprietary to I.C.M. Corp. Pg. 36
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v ——— S ————— - ———— - - — T . e —

o — L ———— el S S . S e ek e L S, e S A W e e e S

Refer to figure 2 to locate the PJX sclder/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-100C BUS

PJE - CONNECT pWAIT TQO S5-100 BUS

PJF - CONNECT S$S-100C BUS GROUND TC PCB GROUND PLANE(PIN 53)

PJG - CONNECT $-100 EBUS GROUND TO PCB GROUND PLANE(PINS 20/70)
PJH - CONNECT INTERRUPT PRIORITY CHAIN TC S-100 BUS

Information contained herein is Proprietary to I.C.M. Corp. Pg. 37
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The CPZ-4800X comes configured so that the DART/SIC ports receive
their baud rate c¢locks from an on-board programmable timer. The
board could be reconfigured ito source the clocks from the
DART/SIO serial port connectors. Such is the case when
synchroncus modems connect toc the serial ports. The modemn
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. All
combinations are possible through this jumper.

To source DART/SIC PORT A inputs from the DART/SIO connector
only, cut the trace from PJA-2 to PJB-3. The scurce can now be
connected through the personality board on either PIN P2-2 or P2-
3. If the DART/SIC PORT A inputs are to be sourced separately
frem the SI0 connector, cut the trace from PJE-1 to PJdE-2. The
receive clock is now input on P2-3 and the transmit clock is
input on P2-2.

[ PJa ]

)
~
®
m

—-—-=> Transmit Input clock

Receive Input clock

+
}
CDKNCIDNCD—"‘
!
|
A

——=< Timer clock

To source DART/SIO Port I input from the DART/3I0 connector only,
cut the trace at PJE. The source can now be connected through the
personality board on pin F3-3.

[ PJR ] area

Timer =>-==-0-=0-=---=> Receive/Transmit input clock
cleck
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If the S-10C Bus dynamic RAM memory boards reqguire the Z80
refresh signal for proper operation, PJC may be connected to
provide that signal.

[ PJC ] area

1
RFSH* —Yec——eer 0 Qme———- .66i
{
+

—— i —

The CPZ-4800X may connect to off-board devices with priorizy
interrupt structures which couply with the Advanced Micro Digital
Universal Interrupt Controller AMSH19A method of resolving
interrupt pricrity level. The method consists of serially
chaining interrupt devices via a signel referred to as "PCHAIN"
and conrecting 1in perallel the signal "IPROCEIZ". The CPZ-4800x
is factory configured so that btoth these signals are NOT
connected to the £-100 Bus. Solder a jumper Iin PJD if the

interrupt structure is to be extended to other boards ocutside of
the CFL~-480CXL.

Information contained herein is Proprietary tc I.C.N. 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 tc the bus master. An option is provided on
this bus master to connect pWAIT to pin 27 of the Dbus if this
signal is required. If so, solder a jumper in Jjumper area PJE.

[ PJE | area

PWATTm> e .
|
0
P1

0 +==+

| | |
|

R §27§

| |

S

Some S5-100 Eus boards utilize pin 53 for signals other than
ground. The IEEE specificationr reguires that pin 53 be connected
to ground. If & board is installed in the bus and pin 53 is to
used for cther than ground, the corresponding trace &t FJF must
be cut.

[ PJF | are=z
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Some S-100 Bus boerds utilize pin 20 and 70 for signale other
than ground. The IEEE specification reguires that these be
connected to ground. If a board is installed in the bus and
these pins are reguired for signals other than ground, cut the
trace in jumper area PJG to break ground connection to pins 20
and 70.

[ PJG ] area

P

==t
L
4mm e Omm O emeem 120
| I 1 j

I [ !
vV tm———— E 70,
GED P
=t

Sclder a jumper in PJH if the interrupt structure is to be
extended tc other boards cutside c¢f the CPZ-4800X.
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The CPZ4800X is compatible with all floppy drives which have
Shugart standard interfaces. However various drives require
particular jumper option settings to mske them compatible with
the CPZ4800X hardware. Jumper settings are given for +the
fellowing Floppy drives:

SEUGART MODEL 800/801
SHUGART MODEL 850/851
QUME DATATRACK 8
TANDCN TMB48-1

TANDON TM848-2E
MITSUBISHI M2896-63
MITSUBISHI M2894-63
SEIMENS FDD100-8D
TANDON TM10C-2

ICK technical support personnel shall provide the necessary
assistance tc 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.

(v) HRemove all jumpers on the disk drive and install the
following:

A Y
B T
C Te
D& 800

(¢) Install the following terminators in the last drive
connected to the CPZ4800%:

T3 75
T4 To

{d) Connect drive select jumpers as follows:

DS1= Drive &4
U52= Drive E
D8%= 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 focllowing shunts:
L

to b

(c) PRemove all the jumpers on the disk drive and install the
following:

A FS
B Iw
C RE
D S22
I 28
K e50

(d) Instzll the terminator pack in the last drive connected to
the CPZ4800X.

(e) Connect drive select jurpers as follows:

DS1= Drive
DSZ= Drive
DS%= Drive
DS4= Drive

jee R @ N gl

QUME DATATRACK 8

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

clcse oren
C L
Y e
I DL
EA
T4G
28
(b) Close cor crper the following shunts as indicategd:
close open
A X )
E Z
I EL
E

Infermation contained herein is Proprietary to I.C.N. Corp. Pg. 43
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(¢) Leave all other drive options as delivered from the factory.

(d) Connect drive select jumpers as follows:

DS1= Drive A
D32= Drive B
D8%= Drive C
D34= Drive D

TANDON TMB48-1

(&) Open the following shunts installed in U3:
1-to-16
2=-to-15
5-to0-12

(b) Open or close the fcllowing drive jumper opticns as
indicated:

ciose open
Y Me
be
C

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

(before) (efter)
tom———————— +
M3 o=~--C center N3 ¢ é center
o M o M4

;’
|
|
]
i
i
|
i
;
Y
0—-——0

(d) Connect drive select jumpers as follows:

D31= Drive
32= Drive
D3S3= Drive
DI84= Drive

O e

Information contained herein is Proprietary to¢ I.C.M. Corp. Pg. 44
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TANDON TM848-2E

(a) Install the following jumpers:

NL
M3
M4
IC
R

(b) Connect drive select jumpers as follows:

D81= Drive A
D32= Drive &
DS3= Drive C
D34= Drive D

{c) 1Install the terminator pack in the last drive in the chain.

MITSUBISHI M2896-63 (HALF HEIGHT)

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

close cren
C X
RN RE

(b) 1Install the terminator at location D2 only on the last drive.

(c) Connect drive select jumpers as follows:
J

D31= Drive A
D5¢= Drive E
DE%= Drive C
D34= Drive D

Informaticon contsined herein i1s Proprietary to I.C.M. Corp. Pg. 45
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MITSUBISHI M2894-63 (FULL HEIGHT)

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

close open
Z Y
HUN HUD

(b) Open the following shunts:
PJ4

PJ5
P8

{¢) 1Install the terminator at location AS conly on the last drive.
{d) Connect drive select jumpers as follows:

DE1= Drive A

D352= Drive B

D3%= Drive C
D34= Drive D

SEIMENS FDD100-8D
(a) 1Install jumper SS.

(b) Open trace from & to "center" and ccrnnect "center" tc kE as
indicated belocw:

(vefore) (after)
G a
? o)
i
H o 0 center H ¢=-=-=-0 center

{¢) Connect drive select jumpers as follows:

D81= Drive &
DS2= Drive b
D5%= Drive C
DS4= Drive D

Information contained herein is Prcprietary te I.C.M. Corp. Pg. 46
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TANDON TM100-2 (5 1/4" drive)

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

DRIVE A DRIVE B DRIVE C DRIVE D
1-16 open open open open
2-15 close cpen open open
=14 open close open open
4-13 open open close open
5-12 open open open close
6-11 open open cpen open
7=-10 open open open open
8-9 open cpen open cpen

informaticn contained herein is Proprietary toc I.C.M. Corp. Pg. 47
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*¥%¥* PERSONALITY BOARD USERS GUIDE *¥*¥%

*¥*% SECTION **%*

PERSONALITY BOARD INDEX

1 RS23%2C/ NC MODEM RPB100
2 RS232C/ FULL MODEM MPB100
3 RS422 SERIAL COMMUKICATIONS FTT100
4 LONG DISTANCE SERIAL COMMUNICATIONS LDS100C
5 FLOPPY DISK FPB100
& CENTRONICS PRINTER CPI100
7 PRIAM INTELLIGENT HARD DISK PRI{0C
8 SHUGART ASSOCIATES SYSTENMS INTERFACE  SAS100
9 CLOCK/CALENDAR {WITH BATTERY BACKUP) CCB100
INTRODUCTIOK

Since the introducticn ¢cf the S100 Bus standard,
compatability amongst S100 Bus products hae been difficult to
achieve. The CPZ4800X Single Board Central Processor(SECF)
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 guickly
disappeared. One prcblem, however, remained. The problem was to
find an effective way of interfacing the SBCP with a great
variety of peripheral devices without the necesgsity of
modifying the SECP for each devise. In the past, this entailed
the necessity of modifying the PCB's with etch cuts and stragps.
This ususlly resulted in unattractive modifications to say
nothing ¢f the resultant inflexability for later integrating
5till other peripheral devices. 7This problem was effectively
solved by customizing the peripheral interfaces through
"personality" boards. Thus, the floppy, serial and parzllel
interfaces were brought cut to connectors at the top of the board
and those interfaces were tailored through small printed circuit
boards connected t¢ the main tcard by ribbon cables. In short, =a
perscnality becaerd is a srall circuit board containing line
drivers/receivers, logic and other circuitry required itc connect
the CPZ4800X SECP I/0 controllers (Floppy Disk, Serial Controller
and Parallel Controller) to a variety of peripheral devices.

ICM'S PERESONALITY BOARDS offer a very versatile, cost
effective technigue for peripheral interface. The persoconality
boards mount on the btack of your system's mainframe or chassis.
Whenever you decide to change peripherals or protoccls, all you
have to d¢ is change the small, inexpensive persconality board -
not make expensive and conmplicated changes to your CPU board. ICH
has existing PEREORALITY BCARDS and Software Drivers for most
peripherals and prciocols on the market today. New FERSCLALITY
BOARDS are constantly being developed as new peripherals enter
the market.

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



Personality Board Buyer’s Guide

From Intercontinental Micro Systems

PERSONALITY BOARDS:
PERIPHERAL INTERFACE

ICW'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. Wnenever you decide to change peripherats or protocols, all you have to de 1s change the small, inexpensive personaliy
board - not make expensive and complicated changes to your CPU board. ICM has existing PERSONALITY BOARDS and Software Drivers for most
peripherals and protocois on the market today. New PERSONALITY BOARDS are constantly being developed as new peripherals enter the market.

PERSONALITY BOARDS are not only cost effective and inexpensive, they also protect the CPZ48000 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 GPZ, there is ng
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 biow the surge suppressors on the Personality Board and not the CPZ. Thus you only have to replace a small inexpensive hoard - not 2

large,expensive SBC board

PERSONALITY BOARD - R3232/K0 MODEM
Part Number - RPB1OO
Functien

The RG232/N0O MODEM Persanality Board provides RS232 drivers
and receivers, terminations and jumper options o interface any simple
RS5232 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 CPZ48G00 SBCP or the
CPS-MX SBSP.

PERSGNALITY BOARD - R$232/FULL MODEM
Part Number - MPB100
Furctisn

The RS232C/FULL MODEM Personality Board proviges RS232
drivers/receivers and jumper options to interface asynchronous or
synchronous modems with varying types of bit oriented protocols such
as |BM Bi-Sync, HDLC or SDLC Jumpers provided enable the user to
configure the beard for either asynchronous or synchronous operation.

This module may be used with either the CPZ48000 SBCP or the
CPS-MX SBSP.

PERSCNALITY BOARD - RS422 SERIAL COMMUNICATIONS
Part Numher - FFT100
Functlon

The FFT100 personality board provides RS422 differential dine
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 100Kbits/second This assumes that 24 AWG twisted
pair cable is used. Higher rates may be attained for shorter cable
lengths if the CPU's S10 controller is used in synchronous communica-
tions mode at its maximum rate of 800 Kbhits/second, the maximum
cable length recommended is 325 feet Drivers and recevers are
provided for all signals of the S10 to support full handshake protocois.

The FFT100 in combination with the Long Distance Senial Personatity
Board (LDS100). provides a means of connecting terminals. printers
and other RS232 serial devices remaotely iocated from the CPU mainframe
CPU-to-CPU communications may also be set-up over long distances
by using the FFT100 at both CPUs. In this case. the interconnecting
cableis cross-cenngcted to tie recelver-to- transmitter and transmitter-
to-receiver devices No cross-connection is reguired between the
FFT100 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
RSZ32 Terminats where only transmit and receive signals are reguired.

Ground is aiso provided but is not used in most cases.
This module may be used with either the CFZ48000 SBCP or
the CPS-MX 585P.

PERSONALITY BOARD - LONG DISTANCE SERIAL COMMUNICATIONS
Part Namber - LDS100
Functisn

The LDS100 personality board provides R3422 differential line
drivers and receivers. This SHORT HAUL MODEM can provide
serial communications for distances of up to 4000 feet at a communi-
cations rate of 160 Kbits/second This assumes that 24 AWG twisted
pair cable is used. Drivers and receivers are provided to support tull
handshake protocols.

The LDS100 in combination with the RS54 22 Serial Communications
Personality Board (FFT100), pravides a means of connecting terminals,
printers and other R3232 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 R8232 Terminals where only fransmit and receive
signals are used. Ground is also provided but is not used in most cases

AC power must be provided 1o the board. The board may be strapped
for gither 115VAC/60HZ or 230VAC/50HZ operation.

PERSONALITY BGARD - FLOPPY DISK CONTROLLER
Part Number - FPB100-XY
Fuactien
The FLOPPY DISK CONTROLLER personality board provides Jine
drivers and receivers, terminators, logic and a jumper option to intertace
either an 8-inch of a 5%-inch floppy disk drive with the CPZ4800%
SBCP. ADB25 connector is available asthe means to interfage with tns
drive interface; however, if other types of commenly used connectors
arerequired, adapters are available to taifor the interface appropriatesy
This madule 1s used only on the CPZ48000 SBCP.

PERSONALITY BOARD - CENTRONICS PRINTER
Part Kumber - CPIIOD
Functien

The Centronics Printer Personality Board provides ling crivers
receivers. terminators, jumper options and data strobe generator 1o.ic
to interface to any printer compatible with the Centronics para <
intertace

This module may be usec with either the CPZ48000 SBCP o
the CPS-MX SBSP.

Pg. 48z



PERSONALITY BOARD - PRIAM INTELLIGENT RARD DISK
Part Nsmbsar - PRI10D
Functisn

PRIAM provides two intetligent hard disk interface controllers referred
10 as the "SMART" and the "SMART-E". These are preprogrammed
microprocessor based cantroilers. They may be used for the entire ling
ot 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
intercannected The contratlers support a variety of read sector, write
sector and format commands. Data transfers may be either programmed
I0 or DMA The SMART-E has all the features that the SMART has in
addition to error detection & correction, logical sector addressing.
sector interieaving, parity generation & testing, direct data transfers
and a 2 Kbyte data bufter (SMART has a1 Kbyte buffer). The interface
performs the entire function of detailed disc control whiie presenting to
the host a basic and cost effective interface

The PRI100 Pefsonality Board cennects the paralie! port of the
CPZ48000 SBCP or the CPS-MX SBSP to the SMART or SMART-E
controilers. Thus, a very powerful disc subsystem may be directly
connected to the tCM line of processors via the PRI10Q.

A jumper option is provided on the PRIT00 o configure it for either
the SMART or the SMART- € controller. The controllers mount aiong the
drive sides alleviating the need for additional S-100 Bus siots. An
adapter, PRI10C-1, is provided allowing direct connection of the PRIL0Q
te the smart controllers.

PERSONALITY BOARD - SHUGART ASSOCIATES SYSTEM INTERFACE
Part Number - SAS100
Function

The Shugart Associates System Interface (SASY defines a Local I/ G
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 vanious other peripherals may be interfaced on
the same /0 bus without modification to the host CPU's hardware or
software. The interface protocol provides for connection of multipie
initiators {devices capable of nitiating an operaticn) and mu'ltipie
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 SAS100 personality board converts the parallet port of either the
CPZ248000 SBCP or the CPS-MX SBSP 1o a SAS! /0 bus. Sottware is
provigded to emit bus timing in conformance with the SASI specification.
The system ntegrator may interface SAS| controllers such as the Data
Technology Corporation, Zebec and Sysgen line of controilers. Each
have powerful attributes such as cennecting 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
{SAS100-1). This adapter bgard converts the SAS100 DB25 connector
intertace te 2 50 pin header connector interface with a pin assignment
in exact conformance with the SASI Bus specification. The integrator
may connect directly to the SAS100 with @ D325-tc-SAS! Interface
cabie or may connect via the SAS100-1 with a 50 pin flat nbbon cable

\intercontinental
.Micro Systems

Pg 48b

PERSONALITY BOARD - CLOCK/CALENDAR
Part Namber- GCB100
Function

The CCB10C provides a highly accurate reat time clock which may
be set by the LPZ4B000 SBCP or the CPS-MX SBSP under software
control. The time of year, month, day, hour. minute and second :3
matntained and may be read back by the CPU. ANi-Cad battery is used
te provide backup power to the time controi chip. (nthis manner the real
time clock is continuously maintained even during extensive down time
This feature is quite uselut 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 (CPZ48000) parailel port or
may be cornected to any one slave {CPS-MX) parallel port

Personallty Board Index

part number
1 R8232C/ NO MODEM REB1O0
2 RS232C/ FULL MODEM MPBI10G
3 RS422 SERIAL COMMUNICATICNS FFT100
4 LDNG DISTANCE SERIAL COMMUNICATIONS L.DS100
5 FLOPPY DISK FPB100
6 CENTRONICS PRINTER CPOG
7  PRIAM INTELLIGENT HARD DISK PRI1CC
8 SHUGART ASSOCIATES SYSTEMS INTERFACE SAS102
9 CLOCK/CALENDAR (WITH BATTERY BACKUP; CCB1GG
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TYPICAL PERSONALITY BOARD MOUNTING
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CPZ-4800X CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARDS &are not only cost effective and
inexpensive, they also protect the CPZ-4800X SRBC whenever new cor
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 nct on the CPZ, there is nc need to
make costly and complicated cuts or jumpers on the CFZ. Second,
any current surges on the communication lines between the CPZ and
the peripheral will blow the surge suppressore on the Perscnality
Board and rnot the CPZ. Thus you only have to replace & smeall,
inexpensive board not a large, expensive SBC beard.

Typical S5-100 Bus chassis provide DBZ2%5 connector cutouts at
the chassis rear. The personality bcards are designed toc mount
on DB25 connectors which in turn are mounted in the cutouts. In
this manner, the personality boards do not require additicnal
3-100 Bus slots and are conveniently mounted within the chassis.
An additional connector is provided to connect the personality
board to the SBCP. The connecticn is made with a simple point-
to-point flat ribbon cable. See figure 1.

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

Information contained herein is Proprietary to I1.C.N. Corp. Fg. 48
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PERSONALITY BOARD INTERCONKECTION INSTRUCTIONS

The CPZ-4800X 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
J3 - DART/SIQ 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 feollow:

1.- Select a DEZ25 connector cutout at the rear of the chassis
for the FDC perscnality board.

2.~ Insert and hold the FDC personality board in the cutocut.
External to the chassis, plug in the desired connector
adaptor and held in place.

3.~ Install #6 nuts, washers and bolts passing the bolts
through the connector adapter and through the personality
board's DEBZS cconnector.

4.- Install the flat ritbon cable provided at the personality
board and at the CPZ-4800X, connector J1.

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

6.- Instell cables from the chassis connectors to the
respective peripherais.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 50
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Teble A

Connector J1 Pin Assignments

INT7*
DS1*

GND

DS2*

GND

Dg3*

GND

D&4*

GND

DIRC

GNTD

STEP

GND
WRITE DATA
GND
WGATE
GKD
TRACE O*
GND
WRITE PROT*
GND

READ DATA*
GND

380

GND

HLD

GRD
IKDEX*
GHD
READY
GND
MOTOR O
GHND

TK43

GND
+8VDC
GRD
HLTIMER
GLD
+5VIC

e e e T ——— T WA i Ak e i o e e —

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 COKTROL FROM CPU
GROUKED

STEP COKTROL FROM CPU
GROUND

WRITE DATA FROV CPU

GROUND

WRITE GATE FROM CPU

GROUND

TRACK O STATUS TO CPFU
GROUND

WRITE PROTECT TO CPU
GROUNKD

READ DATA TO CPU
GROUKL

SIDE SELECT QUTPUT
GROUNLD

EEAD LOAD COMMAND FRO¥ CPU
GROUND

INDEX PULSE TCO CFU

GROUND

READY STATUS TO CPU

GROUND

MOTOR CL STATUS FRON CPU
GROUND

TRACK 4% STATUS PRON CPU
GROUND

+8VDC

GROUNKD

HEAD LOAD TINER TC CPU
GROUND

+5VDC

FROM CPU

Corp.

Fg.
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Table B

PIN NO. SIGNAL NAME DESCRIPTIOR

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 TC CPU

& ARTS* REQUEST TC SEND DATA FROM CPU
7 ACTS¥* CLEAR T7C SEND TO CPU

8 ADCD* DATA CARRIER DETECT TO CPU

9 ADTR* DATA TERMIKAL READY FROM CPU
10 ARNG* RINGING INDICATOR TC CEU
i ABRCLK BAUD RATE CLOCK FROM CPU
12 RO GROUNE

13 +16VDC +16VDC

14 -16VDC —-16VDC

15 +5VDC +5VDC

16 GKD GRD

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

PIN KO. SIGNAL NAME DESCRIPTION

1 BDSR* DATA SET READY TC CPU

2 BTXC* TRANSMIT CLOCK TC/FROM CPU
3 BRXC* RECEIVE CLOCK TC/FRCM 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 BRDCD* DATA CARRIER DETECT T0O CPU

9 BDTR* DATA TERMINAL READY FRON CPU
10 ERNG* REINGING INDICATOR TC CPU
11 BRRRCLK BAUD RATE CLOCK FROM CPU
12 GND GROUND
173 +16VDC +16VDC
14 -16VIC -16VDC
15 +5VDC +5VIC
16 GKD GND

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

PIN NO. SIGNAL NANE DESCRIPTICK
1 RDYA PORT A READY TO PERIPEERAL
2 STBA* PORT & BTROBE TO CPU
3 RDYB PORT B READY TO PERIPHERAL
4 STEB* PORT B STROBE TC CFU
5 DOA PORT A DATA BIT O
6 D1A PORT A DATA BIT 1
7 D2a PORT A DATA BIT 2
8 D3A PORT A DATA BIT 3
S D4A PORT A DATA BIT 4
10 Dea PORT A DATA BIT 5
1 DoA PORT & DATA BIT 6
12 DT7A PORT A DATA BRIT 7
13 DOE PORT ® DATA BIT O
14 D1E PORT B DATA BIT 1
15 DZE PORT B DATA EIT 2
16 D3E PCRT B DATA BIT 3
17 D4E PORT B DATA BIT 4
18 D5E PORT B DATA BIT 5
18 DEE PORT B DATA BIT 6
20 D7E PORT B DATA BIT 7
21 RESET* SYSTEN RESET FROM CFU
22 GND GROUND
23 PIRT* PARALLEL FPORT INTERRUPT TO CFU
24 GRD GROUND
25 PCLK PARALLEL PORT CLOCK FROM CPU
26 +5VEC +5VIC

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

Each personality beoard shall be described in the following
sections. A brief functional description, interface
requirements, mating c¢onnector reguirements and set-up
instructions, where applicebtle, are given for each board.

LR L L L b L Ly

*¥  WARNIKG *

EXRKRFRXEXRX XN

Do not install or remove any persconality board
while the CPZ4800X SBCP or the CPS-MX SBSP power is

on. This may result in damage to the personality
boaré and/or the CPU board.

Informaetion contained herein is Proprietary to I.C.M. Corp. Pg. 55
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CPZ-4800X CPU Manusl Manual Revision 1.0 of 1-18-84

PERSONALITY BOARD - RS232/N0O MODEM
PART NUMERER - RPE100

FUNCTION

The RS2%2/N0 MODEM Personality Board provides RS232 drivers
and receivers, terminations and jumper options to interface any
simple RS232 device such as CRT terminals, serial printers cr

any cther serial device not reguiring an extensive handshake
protocol.

This module may be used with either the CPZ4800X 3BCP or the
CP3~-MX SBSP.

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

Connects to J2 or J% of the (PZ4800X or the CCPS-MX.

J1{CPU)
PIN RO. SIGNAL NAME DESCRIPTION

1 DSR* DATA SET READY TO CPU

2 n/c n/e

3 n/c n/c

4 TxD TRANSMIT DATA FROM CPU

5 RxD RECEIVE DATA TC CPU

6 RTS* REQUEST TO SEND DATA FROM CPU
7 CTI* CLEAR TC SEND TO CPU

8 DCD* DATA CARRIER DETECT TO CPU

9 DTR* DATA TERMINAL READY FROM CPU
10 ERG* RINGING INDICATOR TOC CPU

11 n/c n/c

12 GND GROUND

13 +16VDC +16VDC

14 «~16VDC -16VDC
15 +5VDC +5VDC
16 n/c n/c

Infermation contained herein is Proprietary to I.C.M. Corp. Fg. 57
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J2 (PERIPHERAL)
FIN KO SIGNAL KNAME DESCRIPTION

1 SAFPETY GHND SAFETY GROUND

2 TXD TRANSMIT DATA TO PERIFHERAL

3 RXD RECEIVE DATA FROM PERIPHERAL

4 n/c n/c

5 CTS* CLEAR TO SEND TC PERIPHERAL

6 DSR* DATA SET READY TO PERIPHERAL

7 FCWER GND POWER GROUND

8 DCD* DATA CARRIER DETECT TC PERIPHERAL

a n/c n/c

10 n/c n/c

11 n/c n/c

12 n/c n/c

1% n/c n/c

14 n/c n/c

15 n/c n/c

16 n/e n/c

17 n/e n/c

18 n/c n/c

19 SETS* SECONDARY REQUEST TO SERD FROM PERIPHERAL
20 DTR* DATA TERMINAL READY FROM PERIPHERAL
21 n/c n/c
22 n/c n/c
23 n/c n/c
24 n/c n/c
25 n/c n/c

CONNECTOR REQUIREMENTS

PERSONALITY BOARD CONEZCTORS MATING CONNECTORS

J1 - AKSLEY €0Q09-1617 ANSLEY 60G-1630 (1CNM SUPPLIED)
J2 — CANKON LEBz25P=-T731 CANKNON DB 258-73%1 (CUSTONMER SUPPLIEDL)

Information centained 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 sei~up instructions:

[ JA/IB/JC ] are=z

Jh JB JC
et ot

1 | 0 0| I 01 0 |
i 3 ] { | |
| t } | | i

2 o} o] I 0| 0|
l N :

32 ol o o o!'o!
S T +=———t

A B ¢

The CPU may be required to provide handshaking with the
peripheral thrcugh the signal "DCD". If that handshaking signsl
is required, cecnnect pin 2 t¢ pin 3 with the jumper provided. IT
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 "CI8". Furthermore, it may accept
the gignals "IDTE" or "SHRTS" through the input "CIB8". The
following options are available:

JB Configuraticn
1A=-2A no handshaking provided to peripheral at "CT3"
2A-3 peripheral's "CT8" activated by CPU's "DTR"
SA-3E not used
5B=-3C no handshaking provided to CPU's "CIS" by peripheral's
"DTR" or "SRTS"
2C-3C peripheral's "DTR" or "SRIS" activates CFU's "CT3"
1C-2C peripheral's "DTE" or "SRTS8" activates CPU's "DBSR"

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
RS82%2/C interface, connect JC-1 to JC-2.

To connect "SRTRE" 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:

J&h = 1-2
JB = 1A=-2L / 3B-3C
JC = neone required

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

JA = 2-73
JBE = 1A=24 / 2C-=3C
JO = 2-3

Information contained herein is Proprietary to I.C.M. Corp. Pg. 60
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PERSONALITY BOARD - RS2%2/FULL MODEM
PART NUMBER - MPB10Q0
FUNCTION

The RS232C/FULL MODENM 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 asynchroncus or
synchronous operation.

This module may be used with either the CPZ4800X SBCP or the
CPS-MX SBSF.

INTERFACE REQUIREMENTS

Connects to J1 or Jdz2 of the CPZ480CYX or the CP3-MX.

CPU (J%)
PIN NO. SIGNAL NAME DESCRIPTIOR
1 DBR* DATA SET READY TC CPU
2 n/c n/c
3 n/c n/c
4 TXD TRANSMIT DATA FROM CFPU
5 RXD RECEIVE DATA TO CPU
6 RTES* REQUEST-T0-SENL FROM CPU
7 CTS* CLEAR-TO-3END TO CPU
] DCD* DATA CARRIER DETECT TO CPU
9 DTR* DATA TERNINAL HREADY FROM CPU
10 RIG* RINGING INDICATOR TO CPU
" n/c n/c
12 GND GROURD
13 +16VDC +16VDC
14 ~-16VDC ~16VDC
15 +5VDC +5VEC
16 n/c n/e

Information contained herein is Proprietary to I.C.M. Corp. Pg. 61
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J2 (PERIPHERAL}
PIN NO SIGNAL NAME DESCRIPTION

1 SAFTETY GND SAFETY GROUND

2 TXD TRANSMIT DATA TC PERIPHERAL

3 RXD RECEIVE DATA PROM PERIFEERAL

4 RTS* REQUEST-TCO-SEND TC PERIPHERAL

5 CTS* CLEAR-TC-SENL FROM PERIPHERAL

6 DSR* 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 nic

11 n/c n/c

12 n/c n/c

173 n/c n/c

14 n/c n/c

15 TXCLE* TRANSMIT CLOCK TO PEREIPEERAL

16 n/c n/c

17 RXCLE* RECEIVE CLOCK FROM PERIPHERAL

18 n/c n/c

19 n/c n/c

20 DTR* DATA TERMINAL READY TO PERIPEEEAL
21 n/c n/c

22 RNG* RINGING INDICATOR FROM PERIPHEERAL
23 n/c n/c
24 EAUD CLK BAUD CLCCK TCO PERIFHERAL
25 n/c n/c

CONNECTCR REQUIREMENTS

PERSONALITY BCOARD CONKECTORS
J1 - ANBLEY 609-1€17
J2 - CANNOK DB25P-T7731

MATING CONNECTOERS

ANELEY 609-163C (ICM SUPPLIED)
CANNON DB 258~731 (CUSTOMER SUPPLIED)

Information contained herein is Proprietary tec I.C.M. Corp. Pg. €2
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SET UP INSTRUCTIORS

The board may be configured for either asynchronous or
synchronous modem reguirements.

a} Asynchronous Modems

T e ——— v —————— T ——— — —

FJB, PJC, PJD, PJE and PJIJF are all cpen.

t) Synchronous Modems

A o e e e S . ks S, . B B T T e T B T - - e T S A T T —— ——

Connect PJE and PJF only.

z) CPZ480CX DR CPS-MX SUPPLY TRANSMIT CLOCK

e — i ——— T ———— S o — — —— T T —— —— T

Connect PJC, PJD and PJE of MPEIQOD only.

Note: If using CPZ48COX Port A of the SIC,
cut PJB A4-B and B-C.

f using CrZ4800X FPort B of the 510,
cut PJC.

If using CPE-MX FPeort A of the 310,
cut PJA A-E and E-C.

If using CrPS-MX Port B of the ZI0,
cut PJE.

3} CPZ4800X OR CP3-MX SUPPLY BAUD RATE CLOCK

e i i —————— T o — ] ———— T T ke o e a T -

Same as (2) above except that on the MPE100,
PJE is connected instead cf PJC and PJIF is
disconnected.

c) If safety ground of the modem is to be tied to logic
ground. connect PJA4 cn the MFPE100.

Inforration contained herein is Proprietary to I.C.M. Corp. Pg. €3
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PERSONALITY BOARD - R5422 SERIAL COMMUNICATIONS
PART NUMEBER - FTT100

——— ———— r— ——

FPUNCTION

The FTT100 personality board provides RS5422 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 kbtits/second. This assumes that 24
AWG twisted pair cable is used. Eigher rates may be attained for
shorter cable lengths. If the CPU's DART/SIC controller is used
in synchronous communications mode at its maximum rate of 800
kbits/second, the maximum cable length reccmmended is 325 feet.
Drivers and receivers are provided for all signals of the E8I0 to
support full handshake proicecols.

The FTT100 in combination with the Lcng Distance Serial
Personality Board (ILDS100)}, provides a means of connecting
terminals, printers and other ES2%2 serial devices remotely
located fror the CPU mainframe. CFPFU-TO~CPU communications may
also be set-up over long distances by using the FIT100C at both
CPUs. 1Irn this case, the interconnecting cable is cross-connected
to tie receiver-to-transmiter and itansmiter-to-receiver devices.
No cross-connection is reguired between the FTT100 and the
LDS100.

Jumper options are provided to rwinimize the number of cable
lines required if no handsheking signals are reguired as in the
case of simple RE232 Terminals where only transmit and receive
signals are reguired. Ground is ealsc preovided but is nct used in
most cases.

This mcdule may be used witqh either the CFZ480CY SECP or the
CPS=MX SRSP.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 64
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INTERFACE REQUIREMENTIS

Connects tc J{ or J2 of the CPZ4800X 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 FRCM CFU
5 RXD RECEIVE DATA TO CPU
6 RTS* REQUEST-TCO-SEND FROM CPU
7 cTs* CLEAR-TO-SEND TG CPU
8 DCD* DATA CARRIER DETECT TO CPU
g DTR* DATA TERMINAL READY FRONM CPU
10 n/c n/c
11 ERCLK BAUD EATE CLOCK FRCM CPU
12 GRD GECQUND
13 +16VEIC +16VDC
14 -16VDC -16VDC
15 +5VDC +5VDC
16 n/c n/e

Information contained herein is Proprietary to I.C.M. Corp. Pg. 65
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J2 (TERMINAL)
PIN KO. SIGNAL NAME DESCRIPTION
1 TXD HI TRANSMIT DATA HIGH to terminal
2 RTS HI REQUEST-TC-SEND HIGH to terminal
3 DTR HI DATA TERMINAL READY to terminal
4 RXD HI RECEIVE DATA HIGH from terminal
5 CI8 HI CLEAR-TO-SEND HIGH from terminal
6 SYNC HI SYNC HIGE from terminal
7 DCD HI DATA CARRIER DETECT HIGH from terminal
8 BAUDCLK HI BAUD RATE CLOCK HIGH tc terminal
9 TXC HI TRANSMIT CLOCK HIGH from terminal
10 n/c n/c
11 n/e n/c
12 n/c n/c
13 GND GRCUKD
14 TXD LO TRANSMIT DATA LOW to terminal
15 RTS8 LC REQUEST-TO-SEND LOW to terminal
16 DR LO DATA TERMINAL READY LOW to terminsal
17 RXD IO RECEIVE DATA LCW frem terminal
18 CTS LC CLEAR-TO-SEND LOW from terminal
19 SYHC 1O SYNC LOW from terminsal
20 DCD LO DATA CARRIER DETECT LOW from tercinal
21 EAUDCLX LT BAUD RATE CLOCK LOW 40 terminszl
22 TXC 1LC TRANSMIT CLOCK LOW from terminal
3 n/c n/c
24 n/c n/c
25 GND GROUKD
CONNECTCR REQUIREMENTS
PERSONALITY BCARD CONNECTORS MATING CORNECTORS
Jt = ANSLEY 609-1617 ANSLEY 606-1630 {ICM SUFPLIED)
J2 = CANKQOLK DEZ5P-73%1 CAKNCK DE 258-731 (CUSTOMZIR SUPPLIEL;

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

SIMPLE TERMINAL

Tc provide less interconnecting lirnes for terminal not
requiring full handshake protocel, jumper PJ1 2-to-3 and Pd2
2-to-3. Provide twisted pair lines for TXD and RXD only.

FULL PROTOCCL

To provide for full handshsasking, jumper PJ1 1-to-2
and PJZ2 1-to~-2. Provide twisted pair lines for the
signals reguired.

SINCHRONOUE TERMINAL

i ey e i ey . e (o ek ) ke o

Tc use CPZ4800X Port A of the SI0,
cut PJB B-C on the CPZ48C0X.

To use CPS-MX Port A cf the 810,
cut PJA& B-C on the CPS-MI.

Information contained herein is Proprietary to I.C.M. Corp. Fg. 67
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PERSONALITY BOARD - LONG DISTANCE SERIAL COMMUNICATIOKRS
PART NUMBER - LDS100
FUNCTION

The LDS100 personality board provides RS8422 differential line
drivers and receivers. These balanced drivers and receivers can
provide serial communications for distances of up to 4000 feet at
& communications rate of 100 kbits/second. This assumes that 24
AWG twisted peir ceble is used. Drivers and receivers are
provided tc support full handshake protocols.

The LDS100 in combination with the RS38422 RSeriel
Communicaticons Personality Board (FTT10C), provides & means of
connecting terminals, printers and other RS23%2 serial devices
remotely lccated froxr the CPU mainframe. Jumper options are
provided to minimize the number of cable lines reguired if no
handshaking signals are required as in the case of simple RE232
Terminals where only transmit and receive signals are required.
Ground 1s alsco provided but is not used in most cases.

AC power must be provided tc the board. The board may te
strapped for either 115VAC/60EZ or 230 VAC/S50HZ operation.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 68
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INTERFACE REQUIREMENTS

J1 ccnnects to R3422 Persconality Board via long distance cable.
J2 connects to RS232 serial device with standard RS232 cable.

J1(RS422 INTERFACE)

PIN NO. SIGNAL NAME DESCRIPTION
1 TXD HI TRANSMIT DATA HIGH to terminal
2 RTS HI REQUEST-TO~-SEND HIGH to terminal
) DTR HI DATA TERMINAL READY to terminal
4 RXD HI RECEIVE DATA HIGE from terminal
5 CTS HI CLEAR-TO-8SEND HIGH from terminal
6 SYNC HI SYNC HIGH from terminal
7 DCD HI DATA CARRIER DETECT HIGH from terminal
8 BAUDCLK HI BAUD RATE CLOCK HIGH to terminal
S TXC HI PRANSMIT CLOCK HIGH from terminal
10 n/c n/c
11 n/c n/c
12 n/ec n/c
13 ERD GROUND
14 T¥XD LC TRANSNMIT DATA LOW to terminal
15 RTS 1O REQUEST-TU~SERD LOW tc¢ terminal
16 DTR 1O DATA TERMINAL READY LOW to terminal
17 RXD 1O RECEIVE DATA LOW from terminal
18 CTS LC CLEAR-TO-SEND LOW from terminal
19 SYKC LO SYNC LOW from terminal
20 DCL LG DATA CARRIER DETECT LOW fror termingl
21 BAUDCLK LO BAUD RATE CLOCK LOW to terminal
ez TXC LG TREARSNIT CLOCK LOw from terminsl
23 n/e n/e
24 n/c n/c
g GIvD GROUND
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J2(PERIPHERAL)
PIN NO. SIGNAL NAME DESCRIPTION
1 SAFETY GND SAFETY GROURD
2 TXD TRANSMIT DATA TO PERIPHERAL
3 RXD RECEIVE DATA FROM PERIPHERKL
4 RTS* REQUEST-TO-SEND TCO PERIFHERAL
5 CTS* CLEAR-TO-3SEND FRCM PERIPHEERAL
& D3ER* DATA SET READY ¥ROM PERIPHERAL
i POWER GND POWER GROUND
8 n/c n/c
g9 n/e n/c
10 n/c n/c
11 EESERVED EESERVED FOR SPECIAL USE HANDSHAKE
12 n/c n/c
13 n/c n/c
14 n/c n/c
15 TXCLK* TRANSMIT CLOCK FRCM PERIPEERAL
16 n/c n/c
17 n/e n/ec
18 n/c n/c
19 SRTE* SECONDARY REQUEST-TO-SEND FROM PERIPEERAL
20 DTR¥* DATA TERMINAL READY T0O PERIPHERAL
21 n/c n/c
22 n/c n/e
23 n/c n/c
24 EAUDCLK BAUD CLOCK TO PERIPHERAL
25 n/c n/c
CONNECTOR REQUIREMENTS
PERSONALITY BOARD CORKECTORS MATING COWKECTORS
J1 = CANNCHN DRB25Z-T31 CANNON DE25P-73%1 (CUSTOMER SUPPLIEL
J2 — CANNOL DB255-T731 CANNON DB25P-731 (CUSTOMER SUPPLIED,

Informaticn contained herein is Proprietary to I.C.M. Corp. Pg. 7C
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SET UP INSTRUCTIONS
(1)AC POWER SET-UP

The LDS10C may be configured to operate with 115VAC/6CHZ or
230VAC/50HZ through jumper options. Use 18 or 16 AWG wire for
jJumpers in this setting.

To configure the LDS100 for 115VAC, solder two jumpers. One
is soldered at JD 1-to-2 and the other is soldered at JD 3-to-4.

) Tg configure the LD3100 for 230VAC, solder one jumper at JD
-'tO"' .

AC power may now be installed. Connect AC HI and AC LO in

the indicated sclder pads. Connect SAFETY GROUKD to the pad
marked "CH",.

(2)SAFETY GROUND CONNECTIOX

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

(3)SIMPLE TERMINAL(NO HANDSHAKIKG) SET-UP

Most terminzls do not require handshaking for RS232/C
communication. In this case, no Jjumpers are required in jumper
areas JA and JB. Connect receive and transmit date lines only
between the FTT100 and the LDS100 boards.

(4)TERMINAL/PRINTER(FULL HAKDSHAKING)

Connect JA in accordance with the type of handshaking signal
required to be transmited to the CLEAK-TO-SEND input of the CPU.
The opitiong are as follows:

JA handshake signal

al-to-t! request-to-send{RT3)

a2-to=bZ manufacture defined

£%-to-t3 secondary request-to-send{SETS)
a4-to-b4 deta terminal ready(DIR)

Connect JB if DATA TERNINAL KEADY(DTR, is recuired to be
connected %o the DATA CARRIER DETECT(DCD) signal of the CFU.
Connect all corresponding signal lines from FTT100 to the LD3100.

Information contained herein is Proprietary to I1.C.M. Corp. Pg. i
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PERSONALITY BOARD - FLOPPY DISK CONTROLLER
PART NUMEER - FPB158-XY
FUNCTION

The FLOPPY DISK CONTROLLER personality board provides line
drivers and receivers, terminators and logic to interface either
an 8-inch or & % 1/4-inch or both 8-inch and 5 1/4-inch floppy
@isk drives with the CPZ4800X SBCP. A DBZ25 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 OKLY on the CPZ4800X SBCP. It is not to
be used with the CPZ48000 SECP.

LR b R b B E Rk ko

* *
* WARNIKNG *
* *

EHEXKEREXX XXX EEEE X

THE FPB158-XY BASE BOARD MUST NOT BE COKNNECTED TO THE MODEL
CPZ48000 SBCP AS DAMAGE MAY RESULT TO THE SBCP. NOTE HOWEVER
THAT THEE FPBE100O-11 CR THE FPE100-22 ADAPTERS MAY BE USED WITH THE
FPE158-XY BASE EOARD. THE FPE158-30, AN ADAPTER WHICH
ACCOMMODATES BOTH 5 1/4- INCE EDGE CARD AND 8-INCH HEADER
CONNECTORS, IS TO BE USED ONLY WITH THE FPB158-XY BASE EBOARD.
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INTERFACE REQUIREMENTS

FPB158-XY
PIN KO. SIGNAL NAME

1 n/c

2 DSt1*

3 n/c

4 DS2*

5 GND

6 DE35*

7 GND

8 DE4*

9 GND

10 DIRC

11 GND

12 STE?

13 GND

14 WnRITE DATA
15 GND

16 WGATE

17 GND

18 TRACK O*
19 GND
20 WRITE PROT*
i
22 READ DATA*
3 GRD
24 =30
25 GRD
26 ELD
27 GHD
28 INDEX*
29 GND
20 READY
21 GNT

z MOTCOR ON
z73 GND

34 TK43
25 GND
36 5%/8
¥ GID
38 ELTINMEE
39 GLD
40 +5VDC

¥Manual Revision 1.0 of 1-18-84

n/c

D?IVE SELECT #1 FROM CPU
n/c

DRIVE SELECT #2 FROM CPU
GROUND

DRIVE SELECT #3 FRCM CPU
GROUND

DRIVE SELECT #4 FROM CPU
GROUND

DIRECTION CONTROL FROM CPU
GROUND

STEP CONTROL FRCM CPU
GROUKD

WRITE DATA FROM CPU
GROUND

WRITE GATE FROV CPU
GROUXND

TRACK O STATUS TO CPU
GROUNL

WRITE PROTECT TC CFPU

Al

READ DATA TO CFU

GRCULRD

SIDE SELECT CUTPUT FROM CPU
GROULD

HEALD LOAD CONMMAND FROM CPU
GROUND

INDEX PULSE TO CPU

GROUND

READY STATUS TO CPU

GROUND

MOTOR O STATUES FROM CPuU
GROUND

TRACK 4% STATUS FROM CPU
GROULD

DRIVE SIZE SELECT

GROUND

HEAD LOAD TIMER

GROUND

+5VDC
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J2(MODIFIED DRIVE INTERFACE)

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

HEAD LOAD¥
IKDEX*
READY*
MOTQOR OL¥*
TK4735%

n/c

n/c

GND

GND

GND

GND

GND

GND

- ————— ——————— ———— T —— Y} Y Yo o Ak ke M e O T i

DRIVE SELECT #1 to DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #3 to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTIOK CONTRCL 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 CQUTPUT to DRIVE interface
HEAD LOAD COMMANKT 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

GRCUKRD

GRCUKND

GROUNLD

GRCULD
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ADAPTER FPE100-11

Manual Revision 1.0 of 1-18-84

Connects to FPB100 or FPB158 Personality Board.

J1{(MCDIFIED DRIVE INTERFACE)

——

PIN NO. SIGNAL NAME

— — - ——— T e, S k.t W . o

WRITE DATA*
WRITE GATE*
TRACK O *
WRITE PROT*
READ DATA*
S50*
HEAD LOAD*
INDEX*
READY*
MOTOR ON*
TK43%

KD

GKD

GLD
GND

GND

GID

GHD

GRLD

~lovWiEWP SO o--Jonm Rl —

I’\)—.\-—*
Ow

MO RS P MO
Ul o

o
kS 3

. ———————————— ———— T ——

. —— i ————— T T A M — T —— i — [ —— " I v B e g .

DRIVE SELECT #1 tc DRIVE interface
DRIVE SELECT #2 to DRIVE interface
DRIVE SELECT #% to DRIVE interface
DRIVE SELECT #4 to DRIVE interface
DIRECTION CONTROL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA tc DRIVE interface

WRITE GATE to DRIVE interface

TRACK O STATUS from DRIVE interface
WRITE PROTECT STATUS from DEIVE interface
READ DATA to DRIVE inerface

SIDE SELECT CUTPUT to DRIVE interfsace
HEAD LCAD CCOMMAND to DRIVE interface
IKDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR CN COMMAND to DRIVE interface
TRACK 4% STATUS to DRIVE interface
GROUND

GROUND

GROUND

GROUND

GROUKD

GEOURD

GROUND

GROULD
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ADAPTER FPBE100-11

PIN [O.

b L A A A % a3 _—a A
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J2(8-INCH DRIVE INTERFACE)

GHND

n/c

GND

n/c

GHD

n/c

GED

oS0

GND

n/c

GND

HEAD LOAD*
GND
INDEX*
GND
READY™*
GKD

MOTOR QN=*
GID

DSt *

GND

DEz*

GID

DE3%*

GHD

Ds4*

GED

DIRC*

GED

STEP*

GLD

WRITE DATA*
GND

WRITE GATE*

GROURD

TRACK 4% STATUS to DRIVE interface
GROUND

n/c

GROUND

n/c

GND

n/c

GROUNRD

n/c

GROUND

n/c

GROUND

SIDE SELECT QUTPUT to DRIVE interface
GRCUND

n/c

GROUND

HEAD LOAD COMMAND to DRIVE interface
GROUKD

INDEX PULSES from DRIVE interface
GRCUKRD

READY STATUS from DRIVE interface
GROUND

MOTOR CK COMMAND to DRIVE interface
GROUND

DRIVE SELECT #1 to DRIVE interface
GRCURD

DRIVE SELECT #2 tc DRIVE interface
GROUKD

DRIVE SELECT #% t¢ DRIVE interface
GROUND

DRIVE SELECT #4 to DRIVE interface
GROUND

DIRECTION CONTROL to DRIVE interface
GROUND

STEP COMMAND to DRIVE interface
GROUKL

WRITE DATA to DRIVE interface
GROUND

WRITE GATE to DRIVE interface
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41 GND GROUND

42 TRACK O * TRACK ZERC STATUS from DRIVE interface

4% GND GRCOUND

44 WRITE PROT* WRITE PRCTECT STATUS from DRIVE interface
45 GRKD GROUND

46 READ DATA* READ DATA to DRIVE interface

4'7 GND GROUNKD

48 n/c n/c

49 GNLD GROUND

50 n/c n/c
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ADAPTER FPB100-22

Manual Revision 1.0 of 1-18-84

Connects to FPE100 or FPB158 Personality Board.

J1(MCDIFIED DRIVE INTERFACE)

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

HEAD LOAD*
INDEX*
READY*
MOTCR ON*
TK43*

GND

GID

GID

21 GLD

22 GND

23 GNET

24 GERD

> GKD

—_— bk b ek b ek ek —h b o~
O--TOAPANN OO0 D-1NINRANDN

N
(@A

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 CONTRCL to DRIVE interface
STEP CONTROL to DRIVE interface
WRITE DATA to DRIVE interface

WRITE GATE to DRIVE interface

TRACK C STATUS from DRIVE interface
WRITE PROTECT STATUS from DRIVE interface
READ DATA +t+o DRIVE inerface

SIDE SELECT OUTPUT to DRIVE interface
HEAD LOAD COMMANE tco DRIVE interface
INDEX PULSES from DRIVE interface
READY STATUS from DRIVE interface
MOTOR O COMMAKD to DRIVE interface
TRACK 4% STATUS to DRIVE interface
GROULD

GROUND

GROUND

GRCURD

GROUND

GROUND

GROUKD

GROUND
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ADAPTER FPB100-22
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J2(5 1/4-INCHE DRIVE INTERFACE)

—— ——————— ——

GND

n/c

GND

D34

GND

INDEX*

GND

DE1 ¥

GND

DS2*

GND

DS3*

GND

MOTOR ON*
GND

DIRC*

GHD

STEP*

GKD

WRITE DATA*
GND

WRITE GATE*¥
GND

TRACK O *
GLD

WRITE PROT*
GND

READ DATA*
GND

Se0*

GND

n/c

i e e s e T —————— ———— T — T T . Bhi e s g o B e

GROUND

n/c

GROUND

n/c

GROUND

DRIVE SELECT #4 to DRIVE interface
GROUND

INDEX* PULSE STATUS from DRIVE interface
GROUND

DRIVE SELECT #1 to DRIVE interface
GROUND

DRIVE SELECT #2 toc DRIVE interface
GROUND

DRIVE SELECT #3 to DRIVE interface
GROUND

MOTCR ON CCMMAND to DRIVE interface
GROUND

DIRECTION CCKTROL to DRIVE interface
GROUXD

STEP COMMAND to DRIVE interface
GROUND

WRITE DATA to DRIVE interface

GRCOUNRD

WRITE GATE to DRIVE interface

GRCOURD

TRACK ZERO STATUS from DRIVE interface
GROUND

WRITE PROTECT STATUS from DRIVE interfzce
GROUND

READ DATA to DRIVE interface

GROUND

SIDE SELECT OUTPUT to DRIVE interface
GRCURD

n/c
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ADAPTER FPB158-30

Connects to FPE158 Personality Eoard.

J1({MODIFIED DRIVE INTERFACE)

—— e A A e pro i o e e . - . S

PIN NC. SIGNAL NAME DESCRIPTION

1 DS ¥ DRIVE SELECT #1 to DRIVE interface

2 Dg2* DRIVE SELECT #2 to DRIVE interface

3 DS3* DRIVE SELECT #3% to DRIVE interfzce

4 DS4* DRIVE SELECT #4 to DRIVE interface

5 DIRC* DIRECTION CONTRCL to DRIVE interface
6 STEP* STEFP CONTROL to DRIVE interface

7 WRITE DATA* WRITE DATA to DRIVE interface

g WRITE GATE* WRITE GATE to DRIVE interface

g TRACK ¢ * TRACK O STATUS from DRIVE interface
1C WRITE PROT* WRITE PEQCTECT STATUS from DRIVE interface
11 READ DATA¥ READ DATA to DRIVE inerface

P2 S30* SIDE SELECT OUTFUT to DRIVE interface
i3 HEAD LOAD¥ HEAD LOAD COMMAND to DRIVE interface
14 INDEX* INDEX PULSES from DRIVE interface

15 READY* READY STATUS from DRIVE interface

16 MOTOR CnLi* MOTOR ON COMMAND to DRIVE interface
117 TE43* TRACK 4% STATUS to DRIVE interface
18 n/c n/c
19 n/c n/c
20 GND GROUND
21 GKD GROULD
22 GRI GROUND
23 GND GRCULD
24 GHD GROUND

5 GED GECUND
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ADAPTER FPB158-30

PIN NO.
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J2(8-INCH DRIVE INTERFACE)

i —————

GND

n/c

GND

n/c

GKD

S80

GND

n/c

GND

HEAD LOAD#*
GND
INDEX*
GKD
READY™*
GERD

MOTOR ON=*
GRD

DSi1*

GND

Dse*

GND

D53*

GND

DS4*

GHND

DIRC¥

GND

STEP*

GND

WRITE DATA*
GKD

WRITE GATE*

GROUND

TRACK 43 STATUS to DRIVE interface
GROUND

n/c

GROUND

n/e

GND

n/c

GRCOUND

n/c

GROUKD

n/c

GROURD

SIDE SELECT OUTPUT to DRIVE interface
GROUND

n/c

GRCUNKD

HEAD LOAD COMMAND to DRIVE interface
GROUND :

INDEX PULSES from DEIVE interface
GROUKD

READY STATUS from DRIVE interface
GROUKD

MOTOR Ok COMMAKRD to DRIVE interface
GROUND

DRIVE SELECT #% to DRIVE interface
GROUND

DRIVE SELECT #2 to DRIVE interface
GROUND

DRIVE SELECT #3% to DRIVE interface
GROURD

DRIVE SELECT #4 to DRIVE interface
GROUND

DIRECTION CONTROL t¢ DRIVE interface
GROUND

STEF COMMALD to DRIVE interface
GRCUND

WEITE DATA to DRIVE interface

GROUND

WREITE GATE to DRIVE interface
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41
42
4%
44
45
46
47
48
49
50

GND

TRACK O *
GRD

WRITE FROT*
GHD

READ DATA¥
GND

n/c

GND

n/e

Manual Revision 1.0 of 1-18-84

GROUND

TRACK ZERC 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 FPB158~3%0

PIN NO.
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J3(5 1/4-INCH DRIVE INTERFACE)

n/c

GND

DS4*

GND

INDEX*

GND

DSt

GND

DSe*

GND

DE3*

GND

MOTOR ON*
GND

DIRC*

GND

STEP*

GND

WRITE DATA*
GND

WERITE GATE*
GND

TRACK O *
GND

WnlITE PROT*
GND

READ DATA*
GRD

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 tc DRIVE interface

GROUND

DIRECTION CONTRCL to DRIVE interface

GROURD -

STEP COMMAND to DRIVE interface

GROUKD

WRITE DATA to DRIVE interface

GROUND

WRITE GATE to DRIVE interface

GROULD

TRACK ZERC STATUS from DRIVE interface

GROUND

WRITE PROTECT

GROUND
READ DATA
GRCUND

STATUS from DRIVE interface

to DRIVE interface

SIDE SELECT OUTPUT to DRIVE interface

GROULLD
n/c
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CONNECTCR REQUIREMENTS

Use the following table to determine the type of mating
connecter tc use:

CONFIGURATION PART NUMBER CONNECTCR TYPE
8-INCH OR 5 1/4-INCH W/0 ADAPTER FPB158 CANNON DB235-T31
8-INCE/HEADER PLUG ADAPTER FPB100-11 ANSLEY 609-5017
5 1/4~INCH/EDGE CONNECTCR ADAPTER FPB100-22 AMP 840-225F-A34-1
8 OR 5 1/4-INCH ADAPTER FPB158-30 ANSLEY 609-5017

& AMP 840-225F=-A%4-1

FPBR158 MATING CONNECTORS
J% - ANSLEY 609-4017 ANSLEY 609-4030 (ICM SUPPLIED)
J2 — CANNOL DB253-T731 CANNON DB25P-731 (*see note below)

FPB100-11 MATING CONNECTORS

J1 - CANNCK DE25P-T731 CANKOKN DB258-73%1 (ICM SUPPLIED)
J2 - ANSLEY 609-5017 ANSLEY 609-5030 (CUSTOMER SUPPLIED)

FPB100=-22 MATING CONNECTCRE

Jd1 - CANKON DB2S5FP-731 CANNOK DB258-731 (ICM SUPPLIED)

J2 - (34 PIN EDGE) AMP 840-225F-A%4-1(CUSTOMER SUPPLIED)
FPB158-30 MATING CONNECTORS

g1 - CAKKON LB25P-731 CANLON DB258-731 (ICK SUPPLIED)
J2 - (34 PIX EDGE) AMP B840-225F-A%4~1(CUSTCMER SUFPLIED)
J3 - ANSLEY 609-5017 AKSLEY 609-5030 (CUSTCMER SUPFLIED)

* Customer supplied if connecting directly
to FPE158. ICK supplied if using FPB1CO-XY
or FPE15E-XY Adapters.

SET UP INSTRUCTIONES

None Reguired.
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PERSONALITY BOARD - CENTRONICS PRINTER
PART NUMBER - CPI{00
FUNCTION

The C{entronics Printer Personality Board provides line
drivers, receivers, terminators, Jjumper cptions and data strobe
generator logic to interface to any printer compatible with the
Centronics parallel interface.

This module may be used with either the CPZ4800X SBCP or the
CPS~-MX SBSP.

INTERFACE REQUIREMENTS

Connects to J4 of CPZ4800X SBCP or CP3S-MX SBSP.

J1{CPU)
PIN KO. SIGNAL NAME DESCRIPTION
1 RDYA READY handshake from CPU, Channel A
2 STEA STRORE handeshake to CPU, Channel A
3 n/c n/c
4 n/c n/c
5 DOA DATA BIT O, Channel A
6 D14 DATA BIT 1, Channel A
7 D24 DATA BIT 2, Channel A
g D3A DATA BIT %, Channel A
9 D44 DATA BIT 4, Channel A
10 Dha DATA BIT &%, Channel A
! D6A DATA BIT €&, Channel A
12 DA DATA BIT 7, Channel A
13 DOE DATA BIT O, Channel B
14 D1B DATA BIT 1, Channel B
15 D28 DATA BIT 2, Channel E
16 L3R DATA BIT 3, Channel B
17 D4E DATA BIT 4, Chennel R
18 DEE DATA EIT 5, Channel B
19 D65 DATL BIT 6, Channel B
20 DTE DATA BIT 7, Channel B
21 RESET¥* RESET from CPU (active low)
22 GND GROUND
23 n/c n/c
24 GND GROUND
25 FCLE 4 KEZ Auxililiary Clock frorm CPU
2€ +5VDC +5VLC
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J2(PRINTER)
PIN NO. SIGNAL NAME DESCRIPTION

1 DSTR* DATA STREOBE to the Printer

2 DE1 DATA BIT 1 to the Printer

3 DB2 DATA BIT 2 to the Printer

4 DEBE3 DATA BIT 3% to the Printer

5 DEB4 DATA BIT 4 to the Printer

6 DR5 DATA BIT 5 to the Printer

7 DE& DATA BIT 6 to the Printer

8 DRBRY DATA BIT 7 to the Printer

9 DB8 DATA BIT 8 to the Printer

10 ACK=* ACKNCWLEDGE from the Printer
11 BUSY BUSY Status from the Printer
12 PE PAPER EMPTY Status from the Printer
i3 SELECT SELECT Status from the Printer
14 n/c n/c

15 n/c n/c

16 n/c n/c

17 CHASSIS GND Printer Chassis Ground

18 n/c n/c

19 SIG GED SIGNAL GRCURD

20 SIG GND SIGNAL GROUND

21 SIG GND SIGNAL GEQOUND

23 SIG GKD SIGNAL GROUKD
24 BAULD* FAULT Statusgs from the Printer
25 INPUT PRIME=* RESET +to the Printer

Information contained herein is FProprietary to I.C.M. Corp. Pg. 86



CPZ-4800X CPU Manual Manual Revision 1.0 of 1-18-84

CONNECTOR REQUIREMENTS

CPI100 MATING CONNECTCRS

J1 — ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED)
J2 - CANNON DB253-731 CANNON DB25P-731 (* see note below)

*NOTE: Customer is to supply catling from the CPI100 to the
Centronics compatible printer. If & flat ribbon cable is
desired, one can be provided by using & flat ribbon type DB25
connector at one end and a Centronics type connector (AMP 57-
10360 or equivaleni) 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; therefcre, pins 24 and 25 are nct reguired and
a flat ribbon cable will be usable. If all signals are required,

the customer must use a descrete wire harness to connect zll
signals.

SET UP INSTRUCTIONS

If signal ground is t¢ be connected to chassis ground, sclder
a jumper in jumper aresa PJA.

If the CPU is to provide reset signals to the printer, solder
a jumper in jumper area PJB.

Information contained herein is Proprietary to I.C.M. Corp. Pg. 87



CPZ-4800X CPU Manual Manual Revision 1.0 of 1-18-84

PERSONALITY BOARD - PRIAM INTELLIGENT HARD DISK
PART NUMBER - PRIT00
FUNCTION

PRIAM provides two intelligent hard disk interface
controllers referred to as the "SMART" and the "SMARTI-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 1/0 or
DMA. The SMART-E has zll the features that the SMART has in
addition to error detection & correction, logical sector
addressing, sector interleaving, parity generation & testing,
direct data transfers and 2 2 Kbyte data buffer {SNKART has a 1
Kbyte buffer). The interface performs the entire function of
detailed disc control while presenting to the host a basic and
cost effective interface.

The PRIVT0O0 Personality Beoard connects the parallel port of
the CPZ4800YX SRCP or the CPS-MX SBSP toe the SMART or SMART-E
controllers. Thus, a very powerful disc subsystem may be
directly connected to the ICM line of processcors via the PRI1T00.

A jumper option is provided on the PEI1T00 teo configure it for
either the SMART or the SMART-E controller. The controllers
mount along the drive sides alleviating the need for additional
3-100 Bus slots. An adapter, PEIV100-1, is provided sallowing
direct cecnnecticon of the PRI100 to the smart contrellers.
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INTERFACE REQUIREMEKRTS

Connects to J4 of either the CPZ4800X SECP or the CPS-MX SESP.

J1(CPU)
PIK 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 LoA DATA BIT O, Channel A
6 Dta DATA BIT 1, Channel A
7 D24 DATA BIT 2, Channel A
8 D3A DATA BIT 3, Channel A
S D4A DATA BIT 4, Channel A
10 D5A DATA BIT 5, Channel A
1! Dok DATA BIT €&, Channel A
12 DT7A DATA BIT 7, Channel A
13 DOE DATA BIT O, Channel B
14 D1B DATA BIT 1, Channel B
15 D238 DATA BIT 2, Channel B
16 D3R DATA EIT 3, Channel B
17 D4B DATA BIT 4, Channel B
18 D5E DATA BIT 5, Channel B
19 D6B DATA RIT €&, Channel E
20 DTB DATA BIT 7, Channel E
24 RESET* RESET from CPU (active low)
22 GND GROUND
23 PINT* PORT INTERRUPT (active low)
24 GND GROUND
25 n/e n/e
26 +5VDC +5VDC
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J2(MODIFIED PRIAM)

PIN NO. SIGNAL NAME

HCBUS2
HCBUSY
HCBUSZ
HCBUSS
HCBUS6
HCBUS7
GND
HRD*
GND
HWR*
GLD
HADZz
HAD1
HADO
GHD
RESET*
GED
HIR*
DTRECH*
HREAD*
DBUSENA*
BUSREG*

P N N A T s e
(I ENE RS IS VRN e Ve e N N RN N C RN AN R

N oy —
(IO

NN PN
T A O

GROUKND

HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
HCST DATA BUS
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
GROUND

ENABLE REGISTER TC HOST-BUS

GROUND

ENABLE HOST-BUS TC REGISTER

GROUND

HOST ADDRESS BUS 2

HOST ADDRESS BUS 1

HOST ADDRESS BUS O

GROURD

RESET TO CCNTRCLLER

GROUND

HOST INTERRUPT

DATA TRANSFER REQUEST TO HOST

DATA DIRECTION COKTRCL TC CONTROLLER
CONIRCLLER-READY TC HOST

oA — O

DATA TRANSFER REQUEST TC HOST (SMART-
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J1{MODIFIED PRIAM)

. B gy By S i

PIN NC SIGNAL NAME DESCRIPTION

1 GND GROUND

2 HCBUSO HOBST DATA BUS ©

3 HCBUSH HOST DATA BUS 1

4 HCBUSZ HOST DATA BUS 2

5 HCBUS3 HOST DATA BUS 3

& HCBUS4 HCOBST DATA BUS 4

7 HCBUS5 HOST DATA BUS &

8 HCBUSE HOST DATA BUS 6

9 HCBUST HOST DATA BUS 7

10 GND GROUND

11 HRD* ENABLE REGISTER TC HOST-BUS
12 GND GROUND
13 HWR* ENABLE HOST-BUS TO REGIBSTER
14 GND GROUND
15 EADZ2 HOST ADDRESES BUS 2
16 HADA HOST ADDRESS BUG 1
17 HADO HECST ADDRERSS BUS O
18 GND GROUND
19 RESET* RESET TC CONTROLLER
20 GND GROUND
21 HIR* HOST INTERRUPT
22 DTREQ* DATA TRAWSFER REQUEST T0 HOST
23 HREAD™* DATA DIRECTION CCNTROL TO CONTRCLLER
24 DBUSENA* CONTROLLER-READY TO HOST

5 SUBREL DATL TRARSFER REQUEST 70 RCST (SMART-E

Information contained herein ig P
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ADAPTER PRI100-1

PIN NO.

AT SO U T G
OO0V 20w -10ITE N —

AAANODIIMDI N PO R RN RO PO PO
SN OO O~ O

W
o0 -1 v

N
[@)Xs]
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GNLD
HCBUSC
HCBUS
HCBUSZ
HCBUSE
HCBUS4
ECBUSS
HCBUSH
HECBUSY
GKND
HRD*
GND
HwE*
GND
HADZ
HADA
HADC
GKD
RESET*
GKRLD
EIR*
GKRD
HREAD
DBUSERA*
GRT
DEREC*
GND
BUSREQ*
GND
HCBUSE
GRD
REE
RES
RES
RER
REE
RER
RES
RES
RES

Menual Kevision 1.0 of 1-18-84

J2(PRIAM)

GRCUND

HOST DATA BUS
HOST DATA BUS
HOST DATA BUR
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
HOST DATA BUS
BHOST DATA BUS
GROUND

ENAELE REGISTER TO HOST-BUS

GRCUND

ENABLE HORT-~BUS TC REGISTER

GROUND

HOST ADDRESS BUS 2

HOST ADDRESS BUS 1

HOST ADDRESS BUS C

GROUND

RESET TO CONTROLLER

GROUND

HOST INTERRUPT

GROUNKD

DATA DIRECTICON CONTRCL TO COKRTROLLER
CONTROLLER-READY TO HOBST

GROUND

DATA TRANSFER REQUEET TO HOST

GRCURD

~IounsausIn = O

DATA TRANSFER REQUEST TO HOST (SMART-E CLL

GROUND
HOST DATA BUS PARITY (SMART-E ONLY)
GROUKD
RESERVED
RESERVED
RESERVED
RESERVED
RESERVED
RESERVEL
RESERVED
RESERVED
RESERVELD

A

-

4
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CONNECTOR REQUIREMENTS

PRIT00 MATING CONNECTORS

- —— e T A e W i oy e e e ——— ——— T — — " ——— ————— T ——— —— T i — e o D B e o .

J1 - ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED)
J2 - CANNCN DR253-T731 CANNON DB25P-731 (* see note below)

PRI100-1 MATING CONKECTORS

e —— — o —— e ey T . . — . . i . e et e eyt S e ey T A S T T i ST S S S — T ———

J1 = CANNON DB25P-T731 CANNON DB25S-731 (ICM SUPPLIED)
g2 - ANSLEY 609-4017 ANSLEY 609-4030 (CUSTOMER SUPPLIED)

¥ Customer supplied 1f connecting directly

to PRI1T00. ICM supplied if using PRIT00-1
Adapter.

SET-UP INSTRUCTIONS

T¢ configure the PRIT0OC for the SMART controller, solder a
jumper on JA from B-to-C.

To configure the PRI1T00 for the SMART-E controller, solder a
junper on JA fron A-to-3.
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PERSONALITY BOARD - SHUGART ASSOCIATES SYSTEM IRTERFACE
PART NUMBER - SAS100
FUNCTION

The Shugart Associates System Interface(SASI) defines a Local
I/0 Bus which can be operated at data rates up to 1.5 megabytes
per second. This bus provides 1/0 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
heost 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
respending to requests for operations). Arbitration logic is

built in and a priority system awards control to the device that
wins arbitration.

The SAS100 personality board converts ithe parallel port of
either the CPZ4800X SRECP or the CPS-MX SESP to & SASI I/0 bus.
Software is provided to emit bus timing in conformance with the
SASI specification. The system integrator may interface SASI
centroliers 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 perfcrmance SMD type hard 4disks.

The SAS10C personality btoard is accompanied by an adapter
board (SAS100-1). This adapter board converts the SAS100 DRZS
connector interface to a 50 pin header <connector interface
with a pin assignment in exact conformance with the SASI Eus
specification. The integrator may connect directly to the SAS10C
with a DEBE25-tc-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 CPZ4800X SBCP or the CPS-MX SBSP.

J1(CPU)
PIN KC SIGNAL NAME DESCRIPTION
1 RDYA READY handshake from CPU, Channel A
2 STBA* STROBE handshake to CFU, Channel A
3 RDYE READY handshake from CPU, Channel B
4 STEB* STRCBE handshake to CPU, Channel B
5 DOA DATA BIT O, Channel A
6 D14 DATA BIT 1, Channel A
7 D24 DATA BIT 2, Channel A
8 D3A DATA BIT 3, Channel A
9 D4A DATA BIT 4, Channel A
10 D54 DATA BIT 5, Channel A
11 DEA DATA BIT 6, Channel A
12 DTA DATA EBIT 7, Channel A
13 DOB DATA BIT ¢, Channel B
14 D1B DATA BIT 1, Channel E
15 D2EB DATA BIT 2, Channel E
10 D3B DATA BIT %, Channel B
17 D43B DATA BIT 4, Channel E
18 D5E DATA BIT 5, Channel B
19 DES DATA BIT €, Channel B
20 D7E DATA BIT 7, Channel B
21 n/c n/c
22 GND GROUND
23 PINT* PORT INTEEEUPT {(active low)
24 GRD GROUND
25 n/c n/c
26 +5VDC +5VDC

Information contained herein i1s Proprietary to I1.C.M. Corp. FPg. G5
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J2(MODIFIED SASI)

PIN NO. SIGNAL NAME DESCRIPTION
1 DO DATA BIT ©
2 L2 DATA BIT 2
3z D4 DATA BIT 4
4 D6 DATA BIT 6
5 GND GRQUND
6 RSY* BUSY
7 ACK* ACKNOWLEDGE
8 ROT* RESET
9 MSG* MESSAGE
10 SEL* SELECT
11 C/D* CONTROL/DATA
12 REG* REQUEST
13 1/0% INPUT/OUTPUT
14 D1 DATA BIT 1
15 D% DATA BIT 3
16 D4 DATA BIT 5
17 D7 DATA BIT 7
18 GND GROUND
10 GKD GROUND
20 GND GROUND
21 GND GROUND
22 GND GROUND
23 GND GROUND
24 GND GROUND
25 GNT GROULD
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APAPTER SAS100-1
Connects to J2 of the SAS100 Personality Board.

J1(MODIFIED SASI)

- ——————— T — . T

PIN NO SIGNAL NAME DESCRIPTIOR
1 e DATA BIT ©
2 D2 DATA BIT 2
3 D4 DATA BIT 4
4 Dé DATA BIT 6
5 GND GROUND
& BSY* BUSY
7 ACK* ACKNOWLEDGE
8 RET* RESET
9 MSG* MESSAGE
10 SEL* SELECT
11 C/D* CONTRCL/DATA
12 REGQ* REQUEST
13 1/0% INPUT/OQUTPUT
14 Dt DATA BIT 1
15 D3 DATA BIT 3
16 D4 DATA BIT ®
17 D7 DATA BIT 7
18 GND GROUND
19 GND GROUKD
20 GND GROUND
21 GND GROUND
22 GHD GROUND
23 GND GRCUND
24 GND GROUND
25 GND GROUKD
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ADAPTER SAS100-1

J2(SASI)
PIN RO. SIGNAL NAME DESCRIPTICN

1 GND GROUND

2 DEO DATA BIT O
3 GND GROURD

4 DEB1 DATA EBIT 1
5 GND GROUND
& DB2 DATA BIT 2
T GKRD GRCURD

8 DE3 DATA BIT 3
9 GND GROUND

10 DB4 DATA RIT 4
11 GND GROUND

12 DEBS DATA EIT 5
13 GND GROURD

14 DB6 DATA BIT 6
15 GND GROUKD

16 DEY DATA EIT 7
17 GRD GROUND

18 n/u n/u

16 GND GROUND

20 n/u n/u

21 GHD GROUND

22 n/u n/u

23 GND GROUKRD

24 n/u n/u

25 GED GROUKD

26 n/u n/u

27 GND GROULD

28 n/u n/u

29 GND GRCURD

30 n/u n/u

31 GND GROUND

32 n/u n/u

33 GND GRCOUND

34 n/u n/u

25 GND GRCUKRD

36 B3Y=* BUSY

37 GND GROULD

38 ACK™* ACKNOWLEDGE

39 GRD 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* CONTRCL/DATA
47 GND GROUND

48 REQ* REQUEST

49 GND GROUND

50 I/0% INPUT/QUTPUT
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CONNECTOR REQUIREMERTS

SAS100 MATING CONNECTORS

J1 ~ ANSLEY 609-2617 ANSLEY 609-2630 (ICM SUPPLIED)
J2 = CANNCN DB255-T731 CANNON DE25P-731 (*see note below)

SAS100-1 MATIRG CONNECTORS

- — . — —— i o aa —— T —— S —————————— T —————— ——— T — A —— T —, — ——————— —

Jd1 - CANNCN DB25P-731 CANNON DB258-731 (ICM SUPPLIED)
J2 - ANSLEY 609-5017 ANSLEY 609~5030 (CUSTOMER SUPPLIED)

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

SET-UP INSTRUCTIONS

(none required)

Information contained herein is Proprietary to I.C.M. Corp. Pg. 10C
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PERSONALITY BOARD - CLOCK/CALENDAR
PART NUMBER - CCB100
FUNCTION

The CCB100 provides a highly accurate real time clock which
may be set by the CPZ4800X SBCP or the CPS-MX SBSP under scftware
control. The time of year, month, day, hour, minute and secongd
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. 1In
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 c¢lock monitoring is required. This board is also
very useful in operating systems which feature date and time
stamping such as TurbolOS. In a TurboDOS based system, this
board may be connected to the master (CPZ4800X) parallel port or
may be connected to any one slave (CPS-MX) parallel port.
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INTERFACE REQUIREMENTS

Connects to J4 of the CPZ4800X SBCP or the CP3-MX SB3P. No other
interface cable is required.

CPU {J1)
PIN NO. SIGHNAL NAME DESCRIPTION
1 n/c n/ec
2 GND GROUND
3 n/c n/c
4 n/c n/c
5 DOA DATA BIT O, Channel A
6 DiA DATA BIT 1, Channel A
7 D2A DATA BIT 2, Channel 4
B D3A DATA BIT %, Channel A
9 GKD GROUND
10 GND GROUND
11 GKD GROUNKD
12 GND GROUND
13 LCE DATA BIT ¢, Channel B
14 LB DATA BIT 1, Channel E
15 DZB DATA BIT 2, Channel B
16 L3E DATA BIT 3%, Channel B
17 D4R DATA BIT 4, Channel B
18 DEER DATA BIT %, Channel E
19 D&ER DATA BIT 6, Channel R
20 L7B DATA BIT 7, Channel B
21 n/c n/c
22 GND GROUND
23 n/c n/c
24 GHD 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, softwzare
instructions follow.

The CCB-100 can bte used under CP/M by attaching the
personality board to the parallel port of the CPZ-4800X and using

the CLKSETM program to set the time and DSPCLKM to display the
time.

Under the TurbeD0S operating system the CCB-100 clock module
can be placed on the CPZ-4800X master o¢or any CPS-MX slave
processor.

If the CCB is on the CPZ-4800CX the user can set the time by
using the program CLXSETN. The time can be displayed by executing
the prcgram DSPCLEM. The CCE can automatically be read as systemn
date and time when the module MSTRCLK is included in the sys file
that is loaded intc the CPZ-~-4800X.

If the CCB is ¢n the CP3-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 autcomatically be
read as system date and time when the program SLVCIK.AUT is
executed as & TurbolDOS cold start program. There is no problen
executing the prograr if the card is not attached, since it will
simyply return tc the operating system.
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CRT TERMINAL SET-UP IKSTRUCTIORS

Firmware in the CPZ4800X is structured to communicate with RSZ232
terminals and with the terminals set-up in a particular fashion.
The terminals must be set-up as described below otherwise
booting~up the CPZ4800X will not be possible. The description
given is for CP/M configurations only. Refer tc the " TurboD(S
Users Guide" manual for instructions on setting-up terminals
for TurboDOS based systems:

2
8

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

[T

When the CPZ4800X is shipped configured for CP/M, a PROM monitor
is instalied which stores firmware +to examine the baud rate cf
the terminal. The user must strike the "return" key function
until the CPZ4800X adjusts itself to the rate set-up on the

terminal. The baud rates which may be set-up on the terminal are
listed below:

Eaud Rate
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Two general methods exist for integrating hard disk drives with
the CPZ24800X. 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 haerd disk controller in the
3100 Bus. Each are discussed below:

PARALLEL PORT INTERFACE
The following personality boards are available:
-PRIAM INTELLIGENT HARD DISK PERSONALITY BOARD [ PRI100 |

Compatible with "SMART" or "SMART-E"
Priam Intelligent Hard Disk contrcller.
These controllers interface any PRIAM
drive ranging in capacity from 10 tc 157
megabytes and in & or 14 inch packaging.

4

~SHUGART ASSOCIATES SYSTEMS INTERFACE (SASI) PERSOKALITY
BCARD [ SAS100 ]

Compatible with boards from the following
manufactures:

YRERC Qystems, Ine.

~Data Technolegy, Corp.
~3ysgen, Inc.

Any BSASI 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
¢n the same bus astape streaming drives.

Infermation contained herein is Proprietary to 1.C.M. Corp. Fg. 1G5
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S100 BUS

Any hard disk controller which is IEEE €96.D2 compatible may be
integrated with the CPZ4800X. CP/M and TurboDOS drivers are
avajilable for the MONITOR DYNAMICS, INC. hard disk controller.
TurbeDOS drivers are alsoc available for the ADES GYPSY hard
disk/tape backup controller and the KONAN SMC200 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 teen 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
catagory. To assist in the integration of this contrecller, the
following instructions are given:

The CPZ~4800X communicates with the Monitor Dymnamics Modules
1010, 1012 , 1016 cr 1013 using I/0 port 10 hex and interrupt
vector 6 on the 3-100 bus. The CPZ-4800X must be configured to
detect interupt vector 6 {see JUMPER OPTIONS-JF secticn;. To
enable the Monitor Dynamics controller t¢ comrmunicate and issue
interrupts, place Jjumpers as follows:

MONITCR DYNAMICS MD1010 & MD1013 JUMPER CPTIONS

SEC
SIZE

0 0

0 0 SRO1T 234567 7 6 5 4 ED

| 0 00CO0OO0COOO 00 ©c o 0 o ADDE
0 0o P1 i 1 b
0O C0O0O0OOOO0 0 o0 0 O

0 0

[

[

o ©

Information contained herein is Proprietary to I.C.M. Corp. Pg. 106



CPZ-4800X CPU Manual Manual Revision 1.C of 1-18-84

The Monitor Dynamics 1013 contreller 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.M. and will control the following 5 1/4" drives:

Manafacture Mcdel

Atasi 3020/3033/3046

Rodime R201/202/203/204

Tandon TM602/TME03/TM502/TM503

Quantum Q2020/30/40/80 (8 inch)

Ampex Corp. PYXIS 7/13/20/27

Seagate Technology ST506/406/412/418

CDC 9415-5 (WREN)

Micropolis 1303/1303 /1304

Evotek ET-5510/ET-5520/ET~5530/EY-5540

Vertex V130/V150/V170

Shugart Associates SA1002/1004 (8 Inch)

Shugart Associates SA602/604/606

Computer Memories CM5206/5412/5619

Rotating Memories RM504/509/513/518

Memorex/Fujitsu MRX101/102 (8 inch)

Memorex/Fujitsu MRX306/310/512/513/514

Olivetti HD561/1,/2,/5

IMI 5006H/5012E/5018H

Miniscribe Corp. I1 (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
Inc., 1121 West 9th Street, Upland CA (714)985-=7214.
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x%%% SOPTWARE SECTION ***

This section of the manual describes the Scftware Interface for
the CPZ-480CX.

PROM Monitor

76800,38400,19200,960C, 4800,2400,1200,600,300 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, cr
double letter commands followed by 1, 2 or 3 parameters and
depends upon the functicn desired.

Basic PROM Commands

*¥¥¥  Note: *¥** <(¢r> = carriage return
~~~~~~~~~~~~~~~~ all entries are in hex.

-—-—-— Register definitiong --—-—-
A=accunmulator, F=flags, B=register B, C=register C
D=register D, X=register E, H=register Ll
X=register 1X, Y=register IY, P=program counter

I=interrupt register, N=interrupt fiip-fliop
Letter Function Description
A not wsed
B<lcr> Foct disk drive A: Load operating systez on

drive A: {(CP/M disk)

Cxxxx,yyyy,zzzz<cr> Compare memcry Will compare the block of
pemory starting with xxxx
tec yyyy with zzzz.

DMxxxx,yyyy>cr> Dump Mermory Will display memory from
XXXX t0o yyyy hex.

DMxxxx,3100<cr> Will dunp nemory starting
at xxxx with a swath of
100.

DR<er> Display Registers Will display alil Z-80C CPU

Tegisters.

1

not used
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Fxxxx,yyyvy,zzler> Fill memory Will fill memory starting
at xxxx to yyyy with the
hex byte zz.

G<er> Go command Will execute the progran
pointed to by the break-
point PC value without
trace or breakpoint active.

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

Gxxxx/yyyy<er> Go with Breakpoint Begin execution at
address xxxx with =a
breakpoint at address

yyyy.

G/yyyy<ler> Go with Breakpcint Use present Program counter
value to execute until
address yyyy 1s reached.

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

I not used

dJ not used

K not used

L not used

MXXXX,yyyy¥,zzzz<cr> Move memory Will move the memory
contents xxxx to yyvy
stating at zzzz.

N not used

Oxx,yy<er> Cutput to port wWill output the byte xx
to pert yy hex.

P nct used

Gxx<cr> Luery input pert Will display the hex and
tinary contents cof port
XX hex.

R<er> Read disk Will read the diskette in
drive A:;, track O sector
1 starting location OCOG
hex of menory.

SMxxxx<cr> Substitute Memory Allows the substitution

of memory contents start-
ing at xxxx. Carrizage
return will abert, spzce
bar advances to next locetiorn.
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SRx<er> Substitute Register Allows the substituticon

T not used

U not used

v not used
W<er> Write disk
X not used

Y not used
LXXXX,YYYY Zero memory

PROM Monitor Display Options

of all break point
register values and flags
as shown in nctes.

Will write memory contents at
location 00CO hex of memory
onto the diskette in drive A:

Will zero memory between xxxx
and yyyy.

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

options are listed below.

Function Option

Memory Dumps - Control-=8
- Control-Q
- Esc key

Printer listing - Contrcl-P

{

Description
Stops Display scroll.
Starts Display scroll.
Aborts dump and returns to
command level.
Enebles conscle dumps to printer.
This is 2 toggle function, where
a second control-P will stor
printer listing.

(NOTE, Control P option valid only while in the monitor command mode.
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The CPZ-4800X uses the last 128 I/0 ports assignment of it's 256
I1/0 port address space for use with it's on-board peripheral
chips. Below is a breakdown of these i/o ports by pert function

and it's corresponding address in hex.

[ Serial Port A and B Assignments ]
DART/SIC Port A Data Reg.

DART/SIO Port A Control Reg.
DART/SIO Port B Data Reg.

DART/SIO Port B Control Reg.

[ Ploppy 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 &4 Control Reg.
PIC Port B Data Reg.
PIO Pert E Control Eeg.

[ Pimer Port Assignments ]

Timer Channel O
Timer Channel 1
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 tc 1.C.FK. Corp. FPg.

80
81
82
83

90
91
92
93

AO
A1
AZ

AZ

BO
B3
BZ
B3

co
C1

Do
L1
D2
D3

Hex
Hex
Hex
Hex

Hex
Hex
Hex
Hex

Hex
Hex
Eex
Hex

Hex
Hex
Hex
Hex

Hex
Hex

Eex
Hex
Hex
Hex
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[ Memory Management Registers ]

MMU Address Reg 1 EC Hex
MMU Address Reg 2 E1 Hex
MMU Address Reg 3 E? Hex
MMU Address Reg 4 E3 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 Keg 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. O FO Hex
DMA Base/Current Word Count Reg. O F1 Hex
DMA Base/Current Address Reg. 1 F2 Hex
DMA Base/Current Werd Ccunt Reg. 1 F3 Hex
DMA Base/Current Address Reg. 2 F4 Hex
DMA Base/Current Werd Count Reg. 2 P9 Hex
DMA Base/Current Address Reg. 3 F6 Hex
DMA Base/Current Word Count Reg. 3 F7 Hex
DMA Status/Command Register P8 Hex
DMA Write Request Register {software) F9 Hex
DMA Write Single Mask Reg. F&4 Hex
DMA Write Mode Reg. FB Hex
DMA Clear Byte Pointer Flip-Flop FC Hex
DMA Master Clear/Rezd Temp. Reg. FL Hex
DMA (not used) FPE Hex
DKA Write A1l Mask Reg. P hex

Information contained herein is Proprietary to I.C.M. Corp. Pg. 112
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This is a description of the Control Registers and the
corresponding bit assignments used on the CPZ4800X.

[ PROM / Boot Register (Port DO Hex) ]

| i
| !
l 0 <-~- Fix PROM at EOQO Hex
| 1 <-— Disable PROM

| 0 <-- PROM appears everywhere
1

!

I {-=- Disable PROKM
0 <-- Enable Deselect Window Logic
1 <-=- Disable Deselect Window Logic

0 <-- Disable MMU
1 {=-= Enabel MMU
--> (bits not used)

|

!

| | +-- Deselect Lower Boundary bit 12
| | +-- Deselect Lower Boundary bit 13

| +=- Deselect Lower Boundary bit 14

+-- Deselect Lower Boundary bit 15

, +—— Deselect Upper Boundary bit 12
I +~- Deselect Upper Boundary bit 13
+=- Deselect Upper Boundary bit 14

—— Deselect Upper Boundary bit 15

F o e

¥¥%* N O T F *¥xxx

The Deselect Window logic has a secondary function which is only
active if the PRCM Monitor is not active. The lower 4 bits of
this contrcl register sets the range for the extended groups of
each 1 megebyte of extended address lines A20 to A23. Eelow is =z
table showing the bit assignments for this function.

Information contained herein is Proprietary to 1.(.M. Corp. Pg. 113
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[ Extended Megabyte Set Register (Port D1 Hex) ]

! |

| | |

: { , +—- Set A20 (MMU Active only)
| | +-— Set A21 (MMU Active only)

! +-— Set A22 (MMU Active only)

+-— Set 423 (MMU Active only)

— i —

|

} I i ! } ! +—~ Size Select (0=8",1=51/4";
} ! +—— (not used)
| +-- Motor On {i=motor on)
; +-— Density Select (O=single density)
i +=-— Drive Select bit O
+==~ Drive Select bit 1

+-— 8ide Select (O=side 0)
— (not used)

[ PDC Wait Register (Port D3 Hex) ]

+
|
|
|
1
+
|
i
|
1
+
f
|
|
|
+
1
|
!
i
+
I
I
|
I
o—
|
I
I
1
+
|
!
3
O
+
ot
[¢7]
D
(@)

{
|
1
|
E
+-— INTRG or DEL status bit

Information contained herein is Proprietary to I.C.M. Corp. Pg, 114
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1 |
i i
! | 0 <-- Memory-to-Memory Disable
: { 1 {~~ Memory-to-Memory Enable
! 0 <-- Chan O Address Hold Disable
! {1 <=~ Chan O Address Hold Enable
| X <=~ If bit DO = O
0 <-- Controller Enable
| 7 == Controller Disable
¢ <{--= Normal Timing
1 <== (illeagal)
X <=-= If bit DO = 1

0 <-- Fixed Priority

1 <{-- ERotating Priority
{== Late Write Belection

1 <== (illegal)

X <—= If bit D3 = 1
{-- DREQ sense active high
{=-= DREQ sense active low
{-~ DACK sense active low
{~~ DACK sense active high

[ Request Register bits ]

|

I

|
0 <{(-- Reset Request Eit
1 <~- Set Reguest Bit

e +

i D7 | b6 | IS | D4 | D3 | D2 | D1 | DO |

F e +
{ l | | i |
} 3 : } 8 0 <== Chan 0 Select
| | ' ! 0 1 <== Chan 1 Select
| 1 0 <-=- Chan 2 Select
{ 1 1 <—- Chan % Select
|
|
|
|
!
|

——metom et me——tee>= (bits not used)
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[ Mode Register Bit Assignments ]

| 1 |

| 1 !

| o Q0 <<= Chan 0 Select

| 0 1 <-= Chan 1 Select

{ 1 0 <~- Chan 2 Select

| 1 { <~=~ Chan 3 Select

0 <-- Verify Transfer (not used)
1 {== Write Transfer

0 <-- Read Transfer

1 <--= {illegal)
X <=~ If bits D& & D7 = 11
Q0 <-- Disable Autoinitialize

i i 1 <—= Enable Autoinitialize

i } 0 <-- Select Address Increment

1 | 1 <-- Select Address Decrement

C 0 <-- Demand Mode Select
O 1 <=~ Single Mode Select
1 0]

1 1

bt = r O O e

{—- Block Node Belect
{—~ Cascade Mode Select

[ Status Register Bit Assignments ]

{ 1 i
L { 1
| | 1 = Chan 0 has reached T.C.
! 1 = Chan 1 has reached T.C.
i = Chan 2 has reached T.C.
= Chan % has reached 7.C.

—_—

!

!

|

|

|

|

i

!

;

I = Chan O is Requesting
I 1 = Chan 1 is Reguesting
1 = Chan 2 1s Reguesting

= Chan 3 is Hequesting
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[ Mask Register (single mask bit) Assignments ]

e —— e ————————————————— = +
D7 | D6 | D5 ! D4 | D3 | D2 | D1 | DO |
B e T +
L
} 0 Q0 <--= Chan { Mask bit Select
| 0 1 <~ Chan 1 Mask bit Select
| 1 0 <=- Char 2 Macsk bit Select
: 1 1 <~~ Chan 3 Mask bit Select
|
i

0 {== Clegar Mask bit
1 <== 3Bet Mask bit

+ ——————————

---> (bits not used)

Register (all mask bits) Assignment ]

0 <{=-= Clear Channel O Mask bit
1 (== Set Channel 0 Mask bit

0 <~== Clear Channel 1 Mask bit

1 <== Set Channel 1 Mask bit

0 <-- Clear Channel 2 Mask bit

1 <{~-= BSet Channel 2 Mask bit

0 <== Clear Channel 3 Mask bit

1 <~-~ Zet Channel 3 Mask bit

F ————————

————

—-> {bits not used )

Information contained herein is Froprietary to I.C.M. Corp. Pg. 117



CPZ=-4800X CPU Msznual Software Section Version 1.0 of 1-18-84

—— i e e e A e S T e S S T — ——— T ——— T — —

A e e ————— e e L o = Ak S ————— T S S T ———

Both serial ports A and B must be initialized after a systen
reset is performed befeore they will communicate with any
terminals or the like. Each channel has a set of registers which
pregram 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 thet 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 interfzcing.

CMNDA EQU 81H ;jcommand port chan A
CMNDEB EQU 873H ;jcommand port chan B

;init channel A:
;8et length of init table in reg b®
;g€et command port intoc reg c.

b

INITA: LD BC, (CHAWAE-CEANA) SEL & OR CMNDA
iny; HL,CHARA ;point to chan A init table
OTIR ;block ifo send it

H

;yinit channel B:

;g2et length of init table in reg b,
;get command port into reg c.

¥

INITE: 1D C, (CHANRE-CEAKE) SHL 8 OR CMNDB
LD HL,CHANE ;point to chan B init table
0TIR ;block i/o send it
RET

.
?

;init tables for channel A& and B

>
CHANA: DB 18H,04H ;reset A, write reg 4
DB 4CH,01E ;x16 clk, 1 stopbit,no parity, write reg
DB OQH,03H ;no interrupts, write reg 3
LR CE1H,08H ;TX 8 bits, sutoenables, rx enable,
;write reg ©
DE CEAE ;tx 8 bits, tx enable
CHANAE EQU & ;end of table marker
1
CHANE: DB 18K, 041
DE 4CH,O1HE
LB C0H,C3H
DR OB1E,05H
DE OEAE
CEANEE EQU g ;jend of table marker

Information contained herein is Froprietary to I.C.M. Corp. Pg. 118
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Channel A and B Baud Rate Software Rxample

After the SI0O 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 C 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 btinary divisions as illustrated
below and can be used to program the timer channel directly as
the count,

-

¥
;equates for timer channel

TCHO EQU OBOH ;channel O timer
TCH1 EQU CB1H ;channel 1 timer
TCMND EQU OB3H ;timer command port
CHAMD EQU 36H ;chan O mode

CEEBMD EQU T6H ;chan 1 mode

»

; baud rate equates

y

CLK QU 24576 serystal freq (KHz)
B38400C EQU CLK/384 /16 ; 38,400 baud
B19200 EQU CL¥/192/16 319,200 beud

B960O0O EQU CLK/96/16 ;9600 baud

B4800 EQU CLK/48/16 ; 4800 baud

B2400 EQU CLK/24/16 ;2400 baud

B1200 EQU CLK/12/16 ;1200 baud

REOC EQU CLX/6/16 ;600 baud

B300 EQU CLK/3/16 ;300 baud

s
;5et chan A baud rate subroutine

BAUDA: LD

DE,BG6CO ;select 9600 baud
LD C,TCHO ;reg ¢ = timer chan O port
LD A,CHAMD ;get command byte
ouT (TCMED), A ;send to timer command port
ouT {(C),E ;send low baud byte
oUT (¢),D ;send high baud byte
RET ;return to caller

H
;jset chan B baud rate subroutine

BAUDE: 1D

DE,RB18200 ;select 19200 baud
Lp C,TCH? jreg ¢ = timer chan 1 port
LD A,CEBMD ;get command byte
ouT (TCMED), A ;send to timer command port
QoUT (C),E ;send low baud byte
CUT (c),D ;send high baud byte
RET ;return to caller

Typlcal CPZ-4800X Initialize routines to setup T4LS610 memory
management unit, 9517 INterrupt controller unit, and 95174 LKA
controller for £~100 bus DMA operations.

[NIOrTAtIon contained herein in Prowistery o 70N lamy Do
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;Vector interrupt definitions for

;Intercontinental Micro Systens

CPZ-4800X

VIBASE EQU 0010 :Base address of VI table

’

IPAGE EQU EIGH VIBASE ;280 I register value

éIOVEC EQU VIBASE+16 sDART/SIO interrupt address

VIO EQU VIBASE+14 ; VIO ISR address ?real time clock)
VIl EQU VIBASE+12 yvit " (FDC interrupt )
VIiz2 EQU VIBASE+10 ;VI2 " " (DMA #1 complete)
VI3 EQU VIBASE+S yVIZ "o (DMA #2 complete)
VI4g EQU VIBASE+6 ;Vig no" (DMA #3 complete)
VI5 EQU VIBASE+4 ;vis ¢ ¢ (Parallel port )
VIi6 EQU VIBASE+2 ;VIe " ¢ (S-100 bus error)
VIT EQU VIBASE+C ;VI7T v o ( spare

’
; DART/SIO device ports

data
control/status
data
control/status

;channel A
;channel A
;channel B
;channel B

3
;DART/SIO read register O bit assignment

SIOAD EQU 080x
SICAC EQU 081H
SIOBD EQU 082H
SIOBC EQU 083H
b
RDA EQU O
TEE EQU 2
DCD EQU 3
EQU 5

CTs
;
;310 read register 1 bit

;
PE

QU 4
0E EQU 5
FE EQU &
1
;Floppy Disk Controller
»
DCOM EGU Q90E
DSTAT EQU DCON
DTRACK EQU DCOM+1
SECT EQTU DCCOM+2
DDATA EQU DCONM+3
DWAIT EQU O3H
EGU CL2=

DCONT

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

;read data available
;jtransczitter buffer empty
;data carrier detect
;clear to send

assignment
;parity error

;OVEerrun error
;framing error

ports and commands.

;disk
;disgk
;disk

commandé register

status register

track register

;2isk sector register

;jdick data register

;progranm data xfer wait port
;drv, side, den, motor on, port

120
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;define disk contrel port

-

SIDEOD EQU 6 ;side select bit (O=sideC, 1=sidel)
DENSITY EQU 3 :density bit (O=sing, 1=doub)
MOTON EQU 2 ;motor on bit {O=off, 1=on)
;define wait port bits

’

FINT EQU 7 ;floppy interrupt bit (intrg)
;ydefine floppy commands

)

RESTOR EQU elelelolelolola): ;jrestore command
DSEEK EQU 00010000E ;seek command

STEP EQU 0010000C0B ;jstep command

STEPIN EQU 0100000CE ;step in command
STEPOUT EQU 0110000038 ;step out command
READSEC EQU 10000000E iread sector command
WRTSEC EQU 10100000E ;write sector command
RDADDRE EQU 11000000EB ;jread address command
RDTRK EQU 1411000008 ;jread track command
WRTTRK EQU 111100008 ;write track command
FRCINT EQU 110100008 ;force interrupt command
VERIF  EQU 000001 00B :verify flag bit
UPDATE EQU 00C10C0QCE supdate flag bit
MULTI EQU 00010000E ;multiple record flag
DLAY15 EQU Q0C0010CEB ;delay 15 ms

;Tloppy status register bits (tyre i1 some type ii & iii commands)

READY  EQU

7 ;floppy ready bit
PROTEC EQU 6 ;write protect bit
HEADLD EBQU 5 ;head load bit
ERRSEK EQU 4 ;seek error bit
ERRCRC EQU 3 ;erce error bit
TRKOC EQU 2 ;track O bit
INDX EQU 1 ;index bit
BUSY BEQU 0 ;busy bit
RECKEF EQU 4 ;record not found bit
LOSTD  EQU 2 ;lost data bit (type ii)
DRQ EGU i ;data request (type 1i)

L
;PI0 device ports {Centronics compatable mode)

H

PIOAD EQU CAQH ;jport A data

PICAC  EQU OAtH ;port A control/status
PIOBD EQU OAZH ;port B data

PIORC EGT OAZH iport B control/status

PBIY EQU G ;jstatus bit for printer ready

]
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;825% Timer ports

OBOH
OB1E
OR2H
OB3E
commands

036H
OT76H
OB6H

Software Section

;counter O
scounter 1
;counter 2
;econtrel port

;set counter O
;set counter 1
;set counter 2

»
+AMD 9519 universal interrupt controller ports

CHNTO EQU
CNTH EQU
CNTZ2 EQU
CTRL EQU
:1825% Timer
14

SETO EQU
SETH EQU
SETZ EQU
’

UICD EQU
UICC EQU

;Boot PROM control perts

BOOTR
CSWIND

]
; 7415610 Memory

¥

MMU1
MMU2
MMU3
MMU4
MMUS
MMU6
MMU7
MMUE
MMUS
MMU10
MMU11
MMU1 2
MMU13
MMU1 4
MMU15
MMU16

;9517A DMA ports and

DMAP
ADRO
WCTO
ADR1
WCT
ADRZ
WCT2
ADR?
WCT?3
CMND
REQREG
FMASK
MODE

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

EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EGU
EQT
EQU
EQU
EQU
EQU

CCCH
OC1E

QDOKE
CD1H

OECH
OE1E
OE2H
OEZH
OE4H
OESH
QE6H
OETH
orgl
OESH
OEAH
OEBLK
OECH
CEDE
CEE:
CEFE

QF0OH
DMAP+O
DMAP+]
DMAP+2
DMAP+73
DVADP+4
DMAP+5
DMAP+6
DEARP+T
DMAF+8
DMAP+G
DEAP+1C
DEAF+1

;UIC select register
;UIC command/status

; PROM / Boot register
;Deselect memory window

Management Unit

sAdéress Register 1
;Address Register 2

;Address Register 16

commands.

; base address of dma chip
;jaddress reg chan O

;word count chan O

;jaddress reg chan t

;word count chan !

;address reg chan 2

sword count chan 2

;address reg chan 3

;jword count chen 3
;command/status register
;software/hardware request reg
;single mask register select

ymode register

Version 1.0 of 1-18-84
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CLRBP EQU DMAP+12 ;clear byte pointer f/f
MSTRCL EQU DMAP+13 ;master clear
MASK EQU DMAP+15 ;write all mask registers

3
;jconmmand register options

’
DMAW EQU

01000000E
DMAR EQU 100000008
DMAV EQU 00CQCCOCE
DACKL EQU C00C0000E
DACKH EQU 1000000038
DREQH EQU 00000000E
DREQL EQU 01000000E
LWRIT EQU 0000000CB
EXTWRT EQU 00100000
FIXPRI EQU 00000000R
ROTPRI EQU 000100008
NORTIM EQU 0O0000Q0O0E
COMTIM EQU QC001000CE
DMAENE EQU 000000CORE
DMADSB EQU C00001 0038
COHLDD EQU 0000000 OE
COHLDE EQU 00000010B
MTMDSB EQU 00000C0O0B
MTMENE EQU 0CO00001E

;
;mode register options

DEMAND EQU

O00COCCOR
SINGLE EQU 010000GC0OE
BLCCK EQU 100000003
CASCADE EQU 11000000E
ADDRUP EQU 0CO0C0O000E
ADDRDN EQU 00100CC0E
AUTCDSB EQU OO000000E
AUTOENB EQU 0001 0000CE
VERIFYT EQU CO000000R
WRTXFE EQU C0CCO100E
RDXFR EQU C00010003B
CHANO EQU 00C00C00EB
CHAR1 EQU 000000018
CHARZ EQU CO00001 0B
CHAN3 EQU 0000001 1R

;DMA write

;DMA read

;DMA verify

;dack active low

;dack active high

;dreq active low

;jdreg active high

;late write selection
;jextended write selection
;fixed priority mode
;rotating pricrity mode
synormal timing mode
;compressed timing mode
;dma chip enable

;dma chip disable

;chan O addr hold disable
;chan 0 addr hold enable
;ymemory tc memcry disable
smemcry to memory ensable

;demand mode

;eingle mode

;block mode

;cascade mode

;addr increment mode
;addr decrement mode
sauteoinitialize disable
;jautoinitialize enable
;verify transfer
;write transfer

;read transfer
;jchannel O select
;channel 1 select
;channel 2 select
;channel 3 select

jrequest register / mask register options
; (note: uses regs shown above)

!
CLRREQ EQU
SETREG EQU
;
jmask register options

00CO00COE
C0000C100B

b ]
CLARCHO EQU

00000C0OCE
SETCHO EQU Q000000 B
CLRCE?l EQU OCOO0O00E

Inforrmation contained herein ia Pronrieteary +m T O M

;reaet request bit
;set reguest bit

;clear chan O mask bit
;set chan O mask bit

;jclear chan 1 mask bit

My
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SETCH1 EQU
CLRCHz2 EQU
SETCHz EQU
CLRCH? EQU

SETCH? EQU

y
;bit positions for status reg.

CH3REQ EQU
CH2REQ EQU
CH1REQ EQU
CHOREQ EQU

CE3TC EQU
CH2TIC EQU
CH1TC EQU
CHOTIC EQU

0C0O0001 0B
CO000000E
000001 00RB
000000003
Q000100CE

;chan
;chan
;chan
;chan
;chan
;chan
;chan
;chan

O = POV - O]

O =2 MW O =MW

Software Section Version 1.0 of 1-18-84

;jset chan 1 mask bit
;jclear chan 2 mask ©bit
;set chan 2 mask bit
;jclear chan 3 mask bit
;set chan 3% mask bit

request bit
reguest bit
request bit
request bit
terminal count
terminal count
terminal count
terminal count

’
;end of CPZ-4800X general equate file

?
;begin initialization examples

CPZNIT: LD
ouT

XOR
CUT
P
LD

4

;initialize all 16 registers for

A,00000110B
(BOOTR), A

A
(CSWIND),A
B,16
C,MMU1

;jselect in all of memory.
;send to Prom/Boot register contrcl.

;jclear reg A

;clear extended megabyte lines

;set up count value (16 regs in all)
;address of Memory Management chip base

;standard 64K bytes of contigues memory.

b

CLOCP: OUT
IRC
IRC
DJNZ

LD
OuT

1D
LD
IM

A,OFH
(BOOTR), A

A,IPAGE
I,A
2

;jsend init byte

;init next port byte (0,4%,2,3,...etc..D,Z,F.
jbump to next mmu register (EO,E1....EE,Z7,
;loop tiil done (16 times)

;establish basic operation of board
senable m/m unit

;get eguated IPAGE address (High Byte)
;1load it
;select mode 2 interrupts

¥
;Beginning of the AMD 9519 universal interrupt controller

;initialization routines.

Thig routine allows the user to

;establish the interrupt vector at VIBASE and then enable
jor disable interrupts by calling CLRIMR or SETIME for any
juser written routines as needed. The 9519 is completely
;jinitialized by these routines, so all the user has to do
;is define which vector is to be used.

;
XCR
OUT

A

(V1CC), A

;clear reg A

;reset AMD 9519 interrupt controller

MESTRGATION COntRined nerein is Frammigtamr A T O U Mawe 1. 1N
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;IREQ lines active LOW, Group Interrupt active LOW,
;Fixed Priority with individual vectors, interrupt mede.

LD A, 100000008
ouT (UICC),A ssend tc UIC device
’ LD A,10101001E sset "M7" (chip armed bit)
QUT (UICC),A
’ LD A,11000000B ;jpre-select auto clear register
ouT (v1cc),a
LD A,11111111B ;auto clear all IRR bits
oUT (UICD),A ;1load auto clear register
H
LD A,01000000E sclear all IRR bits
ouT (UICC),A
LD A,01110000B ;jclear all ISE bits
oUT (UIcc),A

;Initialize the Vector interrupt table within IPAGE

LD BL,VIBABSE ;get VI table base address
LD AT ;init counter to VI-7
1D C,VIcc ;get UIC command/status port
¥
GIC.1: PUSH AF ;save current VI value
CR QEQH spre-select response memory (1 byte)
ouT (C),A ssend to command port
DEC C ;reference UIC data port
oUT (c),L ;send low order VI addr for response
INC C sreference UIC command/status port
IKC EL
IRC HL ;jpoint to next VI address
POF AF ;restore current VI value
DEC A ;select next, done with 7-07
JF P, UIC. ;ho, continue

H
;end of AMD 9519 initiglization routine

H
iplace dma into cascade mode for ch O sc as to acknowledge
;any S-~100 bus DMA reguests.

)
CASMOD: 1D A,DREQL+ROTPRI ;DREQ active high, rotating priority
OUT (CMKD),4 ;send it
LD A,CASCADE+CHANO j;channel O cascade mode
ouT (MODE) , A ssend it
LD A,CLRREQ+CHANO ;reset channel C request bit
ouT (FMASK), A ;jsend it
RET ;done

AND 9519 universal interrupt controller subroutines.

These two routines may be called by the system drivers to unmask (CLIAE,
or mask (SET) bits within the Interrupt Mask Register (IMR) for selected
VI lines. These routines must be called with Reg A = Vector level (C tc T
L

Information cenfained herein is Promrigtart tn T £ X Came Te 107
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SETIME: AND
OR
CuT
RET

Hd

CLRIMR: AND
OR
oUT
RET

Z8H
(UICC),A

28H
(UICC),A

Section Version 1.0 of 1-18-84

;mask off valid bits
;a2dd in command bits
;send to 9519

;done

;mask off valid bits
;jadd in command bits
;send to 9519

sdone

Information contained herein is Proprietary to I.C.K
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*x%% WARRANTY *¥¥%

All products so0ld hereunder are under warranty on a return to
factory basis against defects in workmanship and meaterial 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 instruections, 2) product must be shipped prepaid, 3)
written description of the failure must be included with the
defective product. A1l transportation charges inside the
continental U.S. will be paid by Intercontinental Micrc Systems
(ICM) Corp. TFor 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 meanner. All replaced
products or parts shall become property of ICHM.

All above warranties are contingent upon proper use of the
product. These warranties will not apply 1; if any repair, parts
replacement, ¢r adjustments are necessary due tc 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, 3) 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 cr prior written approval of ICM.

EXCEPT FCR THE EXPRESS WARRANTIES CONTAINED HEREIN, ICHM
DISCLAIMS ALL WARRANTIES ON THE PRODUCTS FURNISHED HEREUNDER,
INCLUDING ALL IMPLIED WARRANTIES CF MERCHANTABILITY AND FITNESS;
and the stated express warranties are in lieu of all obtligations
or liabilities on the part of ICM arising out of or in connection
with the performance of the products. ICM is not liadble for any
indirect or conseguential damages.

After the warranty period, the products will be repaired for
& service charge plus parts, provided that it is returned prepaid

to ICK after retaining a return meaterial authorization (ENMA)
number.
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®xex APPENDIX A ***%
SPECIAL~CHIPS DATA SHEETS

Data sheets are included for the following chips used in the
CPZ4800X:

- CENTRAL PROCESSOR UNIT Z280-CPU
- PARALLEL INPUT/QUTPUT CONTROLLER Z80~-PI10
— SERIAL INPUT/OUTPUT CONTROLLER Z80-SI0
- FLOPPY DISK FORMATTER/CONTRCLLER WD2793 |
- MEMORY MAPPER SN74LS610 ]

(DATA SEEET & APPLICATION NOTE)
UNIVERSAL INTERRUPT CONTRCLLER { AMO5104 }
DIRECT MEMORY ACCESS CONTRCLLER AM9517A

Information contained herein is Proprietary to I.C.M. Corp. Pg. 128
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Multimode DMA Controller

DISTINCTIVE CHARACTERISTICS

® Four independent DMA channels, each with separate reg-
wters for Mode Control, Current Address, Base Address,
Cutrent Word Count and Base Ward Count

‘Transfer modes. Block, Demand, Single Waord, Cascade
Independent autoinitiatization of all channels
Mermory-to-memary transfers

Memory block initialization

Address increment or decrement

Master system disabie

Ensbile/disable contro! of individuai DMA requests

Directiy expandable to any number of channels

£nd of Process input for terminating transfers

Saftware DMA requests

independent polarity contral for DREQ and DACK signals
Compressed timing option speeds transfers — up to 2.6M
bytes/second

+5 volt power supply

Advanced N-ghannei silicon gate MQS technolog','

40 pin Hermetic DIP packae

New 3517 A-5 SMHz versicn for higher spesd

CPU compatability

a0 88

GENERAL DESCRIFTION

The Am9537A Muitimode Direct Memory Access {DMAY Con-
troller is & periphers! interface circuit for microprocessor sys:
tems. I1is designed to improve system performance by allowing
external devices to directiy transfer information 10 or from the
system memory. Memory-tosmemory transfer capability 15 also
provided, The Am35174 offers a wide variety of pragrammabie
controt features 1o enhance data throughput and system opti-
mization and to allow dynamic reccnfiguration under program
control.

The Am3517A is designed to be used in conjunction with an ex-
ternal B-bit address register such as the Am74L$373. It con-
wins four independent channels and may be expanded 1a any
nurmber of thannels by cascading additional contraller chips.

The three basic transfer modes allow programmabitity of the
types of DMA service by the user. Each channel can be indv
vidually programmed to Autoinitialize 1o its originat condition
foliowing an End of Process (EQP).

Each channe! has a full 4K address and word count capability.
An external EQF signal can terminate a DMA or memory-to-
memory transfer. This is usetul for block search or compare
operatinns using external comparators or for intelligent peri-
pherals 1o abort erroneous services,
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!

Figure 1. Connection Diagram
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Pin 1 is marked for onentaucn

INTERFACE SIGNAL DESCRIPTION

VCC: ~5 Volt Supply
VS8S: Ground

CLK (Ctock, Input)

This input controls the internal operations of the AmS517A and
its rate of data transfers The input may be driven at up to 3MHz
tor the standard Am8517A, up to AMHz for the AmY517A-4, and
up to SMHz tor the Amgs474a-5,

CS (Chip Seiect. input)

Chip Select is an active low input usea to select the Am3517A as
an +O device during an 10 Read or 1O Write by the host CPU.
This allows CPU communication on the data bus. Duting mults-
pie transfers to or trom the Am3517A by the host CPU. TS may
be heid low providing IGR or 1IOW 1s toggled foliowing each
transter.

RESET (Reset, tnput)

Reset is ar asynchronous active high input which clears the
Command. Status. Request anc Temporary registers, It also
ciears the First/Last Fiip/Flop and sets the Mask register. Fol-
iowing a Reset the device is in the Idie cycle.

READY (Ready, input)

Reaoy is an input used to extend the memory read and write
pulses from the Am@517A tc accommodate siow memories or
1'Q peripheral devices.

HACK {Hoid Acknowledge, Input)

The actve high Hold Acknowledge from the CPU indicates that
controi of the system buses has been relnguished.

DREQU-DREQ3 (DMA Request, input)

The DMA Request lines are individua! asynchronous channel
reguest Inputs wsed by peripheral circuits to obtan DMA service
in Fixea Prionty. DREQQC has the highest priority ana DREQ3
has the lowes! priority Polarity of BREQ 1s programmabie.
Resetnitiaiizes these lines o active high

DBO-DB7 (Data Bus. input:Qutput)

The Data Bus lines are tidirectiona: three-state signais con-
necled 1o the system data bus The outputs are enablec during

the 10O Read by the host CPU. permitting the CPU to examine
the contents of an Address register. the Status register. e
Temporary register or a Word Coun: register. The Data Bus is
enabled to input data during a host CPU O write. altowing the
CPU to program the Am3517A contro! registers. During DMA
cycles the most significant eight bits of the address are outpu!
onto the dala bus to be strobed into an external iatch by ADSTE.
In memory-to-memory operations data from the source memo~y
location comes into the Am3517A's Temporary register on the
read-tfrom-memory haif of the operation. On the write-1o-memory
half of the operation, the data bus outputs the Termporary regis-
ter data into the destination mermory location.

TOR (1'0 Read. Input/Output)

'O Read is a bidirectiona’ active low three-state kne In the Idle
cycle, it1s an input control signa: used by the CPU to reac the
control registers. in the Active cycle. it 15 an output Lontra! signa!
used py the Am@517A to access data from a penipheral during a
DMA Write transfer,

OW (I'0 Write, Input/Output)

110 Write is a bidirectional active low three-state line. In the idle
cycle it s an inpul control signal used by the CPU 10 lpas infor-
mation into the AMS517A. in the Active Cycie 1t is an outou!
controi signat used by the AmB517A to load data to the
perpheral during a DMA Read transfer

Write operations by the CPU to the Am9517A requrre a rising
10W edge follow:ng gach data byte transter 1t1s not sutfcienttc
hold the ICW pin low and toggle CS.

EOP (End of Process, Input/Output)

EOP is an active fow bidrectiona open-drain signal providing
information concerning the completion of DMA service. When =
channel s Word Count goes to zero, the Am9517A pulses ECP
low 1o provide the peripheral with a completion sigral EOF ma;
alse be pulied iow by the perphéral to cause premalure comple-
tion. The reception of EQF either internal or external. causes the
currently active channel to terminate the service to setns TC b2
n the Status register and to reset its request bit. If Autoinitiz.-
izgtion is selected for the channe! the current registers wil be
updated from the base registers. Otherwise the channel s mas-
bi will pe set and the regessier contenis will remain urateses

R
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During memory-to-memory transfers. EQOP will be output when
the TC tor channel 1 occurs. EOF always applies ta the channel
with an active DACK; external ECPs are disregarded when
DACKO-DACKS3 are all inactive if the DMA is in state 51,

in situations whare two or more Am9517A DMAs are cascaded,
the EOP pins should be logically OR'ed (not wire-OR'ed)}.

Because EQP is an open-drain signal, an external pullup resis-
tor is required. Values of 3.3K or 4.7K are recommanded; the
EOP pin cannot sink the current passed by a 1K pullup.

AQ-A3 {Address, input/Qutput)

The four least significant address lnes are bidirectional 3-state
signals. During DMA Idie cycies they are inputs and allow the
tost CPU to load or read control registers. When the DMA is
active, they are outputs and provide the lower 4-bits of the out-
put address.

A4-A7 (Address, Output)

The four most significant address lines are three-state outputs
and provide four bits of address. These lines are enabied oniy
during DMA service.

HREQ (Hold Request, OQutput)

The Held Request to the CPU is used by the DMA to recupest
control of the system bus. Software reguests or unmasked
DREQs cause the AMS517A to issue HREQ.

DACKO-DACK3 (DMA Acknowledge, Output)

The DMA Acknowledge lines indicate that a channel is active. in
many systems they will be used to select a peripheral. Only Gne
DACK will be active at a time and none wili be active uniess the
DMA is in control of the bus. The potarity of these hnes is pro-
grammabie, Reset initializes them to active-low.

AEN {Address Enabie, Output)

Address Enable is an active high signal used to disable the
systemn bus during DMA cycies to enabie the ouiput of the exter-
nal latch which holds the upper byte of the address. Note that
during DMA transfers HACK anc AEN should be used to de-
setect all other IO peripherals which may erronepusly be acces-
seg as programmed VO during the DMA ‘operation. The
AmB517A automatically deselects itseif by disabiing the CS
input during DMA transfers

ADSTB (Addresa Strobe, Output)

The active high Address Strobe is used to strobe the upper
address byle trom DBO-DB7 into an external latch,

Figure 2. Am9517A Intarnal Registers.

T

Name ] Size ‘ﬁ Numbe:)

Base Address Registers 16 bits | 4 |
Base Word Count Registers 16 bits 4
Current Address Registers 16 bits 4

Current Word Count Registers 16 bits 4 |
Temporaty Address Register 18 bits 1
Temporary Word Count Register 16 bits 1
Status Register B bits 1
Command Register B bits 1
Temporary Register i Bopite 1

Mode Registers 6 bits 4 :

Mask Register 4 bits 1 :

| Reguest Register : 4 bits * i f

MEMA {Memory Read, Output)

The Memory Read signal is an active low three-state output
used to access data from the selected memory location during &
memory-to-peripheral or a memory-to-memary transter,

MEMW {Memory Write, Output) .

The Memory Write signa! is an active jow three-state outpu!
used to write da'a to the selected memory location during a
peripheral-to-memory or @ memaory-tc-memory transter.

FUNCTIONAL DESCRIPTION

The Am3517A block diagram includes the major legic biocks and
all of the intemnal registers. The data interconnection paths are
also shown, Not shown are the vanous control signals batwesn
the blocks. The Am9517A contains 344 bits of interna! memory
ins the form of registers. Figure 2 lists these registers by name
and shows the size of each. A detailed description of the regis-
ters and their functions can be found under Register Description

The Am9517A contains three basic blocks of control fagic. The
Timing Control block generates internal trming and external
control signals for the Am8517A. The Program Command Con-
trol block decodes the various commands given 1o the Amasi7a
by the microprocessor prior to servicing a DMA Request. it alsc
dacodes each channel's Mode Control word. The Pricrity En-
coder block resolves priority contention among DMA channels
reguesting service simuitanecusly.

The Timing Contro! biock derives internal timing from the clock
input, In AMI0BOA systems this input will usually be the &2 TTL
clock from an AmB224. However, any appropriate system clock
will sutfice.

DMA Operation

The AmBS17A is designed to operate in two major cycles. These
are called Idie and Active cycies. Each device cycle is made up
of a number of states. The Am9517A can assume seven sepa-
rate states, sach composed of one fuil clock period. State | (31}
is the inactive state. It 15 entered when the AmM8517A has nc
valid DMA requests pending. While in SI, the DMA controlier is
inactive but may be in the Program Condition. being program-
med by the processor. State 0 (S0) is the first state of a DMA
setvice. The AmBS17A has reguesied a hold but the processor
has not yet returned an acknowledge. An acknowledge from the
CPU will sighal that transfers may begin. $1. 82, §3 and 5S4 are
the working states of the DMA service. If more time is needed to
compiete a transter than is available witn normal timing. wait
states (SW) can be inserted before 84 by the use of the Read,
ne on the AME517A.

Memory-to-memory transfers require a read-from and a
write-to-memory to complete each transfer. The states. which
resemble the normal working states, use two digit numbers for
identitication.. Eight states are required for each complete
fransfer. The first four states {St1, $12, $13, 814 are used fo
the read-from-memory half and the last four states {S21, S22
§23 and S24) for the write-tc-memory half of the transfer. The
Temporary Data register is used for intermediate storage of the
memory byle. '

IDLE Cycle

When no channel is requesting service. the Am3517A will enter
the idie cycle and perform “"S!" states. In this cycle tne
Ama517A will sample the DREQ lines every ciock gycle 1o de-
terming if any channel is requesting a DMA service. The device
will 21s¢ sample CS. Iooking for an attempt by the microproces-
sor to write or read the internal registers of the Am95174. Wher,
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€S is low and HACK is low the Am3517A enters the Program
Condition. The CPU can now estabiish, change or inspect the
nternal definition of the part by reading from or writing 1o the
internal registers. Address knes AQ-A3 are inputs to the device
and select which registers will be read or written. The IOR and
IOW lines are used to select and time reads or writes. Due 1o the
number and size of the internal regisiers, &n intemnal fiip/flop is
uséd 10 generate an additional bt of address. This bit is used 10
determine the upper or iower byte of the 16-bit Address and
Word Count registers. The flip'fiop is reset by Master Ciear or
Reset. A saparate software command can also reset this fiip:
flop.

Spacial software commands can be executed by the AmB517A
in the Program Condition. These commands are decoded as
sets of addresses when both CS and 1OW are active and do not
make use of the data bus. Functions inciude Ciear First/Last
Flip/Flop and Master Clear.

ACTIVE CYCLE

When the Am9517A is in the Idle cycle and a channei requests a
DMA service, the device will output a HREGQ to the micropro-
cessor and enter the Active ¢ycle. It is in this cycle that the DMA
service will take place, in one of four modes.

Single Transfer Mode: In Single Transfer mode. the Am@517A
will make a one-byte transfer during each HREQ/HACK hang-
shake. When DREQ goes active, HREQ wili go active. After the
CP4U responds by driving HACK active, a 8ne-byte transter will
lake place. Foliowmg the transter. HREQ wiil go inactive, the
word count wiil be decrernented and the address will be either
incremented or decremented. When the word count goes 10 zero
a Termina! Count (TC) will cause an Autoinitialize if the channel
has been programmed to do so.

To perform a single transfer, DREQ must be held active only
until the corresponding DACK goes active 1t DREQ is helg con-
tinuously active, HREQ will go inactive following each transter
and then will ge active again and a new one-byte transfer will be
made following each rising edge of HACK. In BOSOA/Q0BOA
systems this will ensure one full machine cycle of execution
between DMA transters. Detalls of iming between the Ama517A
ang other pus control prolocols wilt cepend upon the charac-
teristics of the microprocessor involved.

Block Transfer Mode: In Biock Transfer mode, the Am8517A
wilt continue making transfers until & TC (caused by the word
count going 1o 2ero) or an exiemnal End of Process (EOP) is
encountered. DREQ need be heid active only untit DACK be-
comes active An autoinitialize witl oceur at the end of the ser-
vice if the channe! has been programmed for it.

Demand Transtfer Mode: |n Demancd Transfer moge the de-
vice will continue rmaking transtars until ¢ TC or externa! EQP is
encountered or untit DREQ goes inactive. Thus. the device re-
questing service may discontinue transfers by bringing DREQ
inactive. Service may be resumed by asserting an active DREQ
once again. During the time between services when the ricro-
processor i5 allowed 10 operate, the intermediate values of ad-
dress ang word count ray be read trom the AmB517A Current
Address and Current Word Count registers. Autotnitialization will
only oceur following a TC or £OP at the end of service. Foliow-
ing Autoinitialization, an active-going DREQ edge is required tc
initiate a new DMA service.

Cascade Mote: This mode 15 used to cascade more than one
AmM2517A together for simple system expansicn. The HREQ and
HACK signals from the addiional Am8517A are connected 1o
the DREQ and DACK signals of & channel of the initial

AmB517A. This allows the DMA reguests of the additional device
to propagate through the pricrity network circuitry of the pre-
ceding device, The priority chain is preserved and the new de-
vice must wait for its turn to acknowledge requests. Since the
cascade channel in the initiai device is used onty for prioritizing
the additional device, it does not output any address o7 control
signals of s own. These would conflict with the outputs of the
active thannel in the added device. The Am351TA wilt respond
ta DREQ with DACK but all other outputs except HREQ will be
disabied.

Figure 3 shows two additional devices cascaded into an initial
device using two of the previous channels. This forms a two
leve! DMA aystem. Mote Am85174s could be edded at the sec-
ond level by using the remaining channsis of the first level.
Additional devices can alsc be added by cascading into the
charinels of the second level devices forming a third level.

Figure 3. Cascaded Am9517As.
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IMITIAL DEVICE AmPE17 4
ADOITIONAL
DEVICES
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TRANSFER TYPES

Each of the three aclive transfer modes can perform three dif-
ferent types of transfers. These are Read, Write and Verify
Write transters move_data from an 'O device to the memory by
activating 10R and MEMW. Read transfers move gata from
memory 1o an /O device by activating MEMR and 1OW. Verify
transfers are pseudo transfers, the Am9517A operates as in
Read or Write iranslers generating addresses, responding to
EOF, etc.. however, the memory and O contro! lines remain
inactive.

Memory-to-Memory: The Am8517A includes a block move
capability that allows blocks of data to be moved from one mem-
ory address space fc another. When Bit CO in the Command
register is set 1o a logical 1, channels 0 and 1 will operate as
memory-to-memory transter channels. Channel @ forms the
source address and channel 1 forms the destination address.
The channei 1 word count is used. A memory-to-memory trans-
fer is inftiated Dy setting a software DMA request for channe! 0
Biock Transter Mode should be used for memory-to-memery
When channel Q is programmed for a fixed source address. a
single source word may be writen inta a block of memory

When setting up the Am395174A for memory-to-memory opera-
tion. it 15 suggested that both channels 0 and 1 be masked out
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Further, the channel 0 word count should be initiakized 1o the
same value used in channei 1. No DACK outputs will be active
during memory-to-memory transfers.

The Am9517A will respond to external EOP signais during
memory-to-memory transfers. Data comparators in block search
schemes may use this input to terminate the service when a
match is jound. The timing of memory-to-memory transfers may
be found in Timing Diagram 4.

Autolntialize: By programming a bil in the Mode register a
channel may be set up for an Autoinitialize operation. During
Autoinitiatization, the original values of the Current Address and
Current Word Count registers are automatically restored trom
the Base Address and Base Word Count registers of that chan-
nel following EQP. The base registers are loaded simultane-
ously with the current registers by the microprocessor and re-
main unchanged throughout the DMA service. The mask bit is
not set by EOP when the channel is in Autginitialize. Following
Autoinitialize the channel is ready to repeat its service without
CPU intervention,

Priority: The Am3517A has two types of priority encoding
available as sottware seiectable options. The first is Fixed Prior-
ity which fixes the channels in priority order based upon the'
descending value of their number. The channe! with the kowest
priority is 3 followed by 2, 1 and the highest priority channel, 0.

The second sctieme is Rotating Priority. The tast channel to get
bservice becomes the iowest priofity channel with the others
rotating accordingly. With Rotating Priority in a singie chip DMA
system, any gevice requesting service 1s guaranteed 1o be rec-
ognized after np more than three higher priority services have
occurred. This prevents any one channel from monopolizing the
system.

151 Service 2nd Service

highest o 2 —— service 3 =— seryice

1 --—— service 3 - request 0
2 _\0 1
3 1

2

3rd Service

lowest

The pricrity encoder selects the highest priority channe! re-
questing service on each aclive-going HACK edge. Ohce &
channel is started. its cperation will not be suspended if a re-
quest is received by a higher pricrity channet. The high priority
channel will only gain contrel after the {ower pricrity channel
releases HREQ. When control is passed from one channel to
another, the CPU wili aiways gain bus control. This ensures
generation of nsing HACK edge to be used to infliate selection of
the new highest-pnority requesting channel

Compressed Timing: In order to achieve even greater
throughput where systern characteristics permit, the Am9517A
can compress the transfer time 10 two clock cycles. From Timing
Diagram 3 it can be seen that state S3 is used 10 extend the
access time of the read pulse. By removing state 53 the read
puise width is made equal to the wrile pulse width and a transfer
consists onty of state 52 to change the address and stater 54 t©
perform the read:write. 51 states wili still occur when AB-A15
need updating (see Address Generation). Timing for compres-
sed transfers is found in Timing Dkagram €.

Extended Writ: For Fiyby Transactions iate write is normady
usad, as this allows sufticient time for the TOR signal to get data
from the peripheral onto the bus befare MEMW is activated. In
some systems, performance can be improved by starting the
write cycle earlier. This is especialty true for memory-io-msemory
transactons.

Address Generation: in otder to reduce pin count, the
AmMI517A multiplexes the eight higher order address bits on the
data lines. State S1 is used to output the higher order address
bits 10 an externa! latch from which they may be piaced on the
address bus. The falling edge of Address Strobe (ADSTB) is
used 1o load these bits from the data lines to the latch. Address
Enabie (AEN) is used 1o enable the bits onto the address bus
through a 3-state anabie. The lower order address bits are out-
put by the Am9517A directly. Lines AD-A7 shouid be connected
to the address bus. Timing Diagram 3 shows the time relation-
ships between CLK, AEN, ADSTB, DB0-DB7 and AD-A7.

During Biock and Demand Transfer mode services which in-
ciude multiple transfers, the agdresses generated will be se-
quential. For many transfers the data held in the external ad-
dress latch will remain the same. This data need oniy change
when a carry or borrow from A7 1o AB takes place in the norma!
sequence of addresses. To save time and speed transfers, the
AMI517A executes S1 states only when updating of AB-A1S in
the latch is necessary. This means for long services. $1 states
may occur only once every 256 transfers, a savings ot 255 clock
cycles for each 256 transfers.

REGISTER DESCRIPTION

Current Address Reglister: Each channel has a 16-bit Current
Address register. This register holds the value of the address
used -during DMA transfers. The address is autcrnatically in-
cremented or decremented after each transfer and the imer-
mediate vaiues of the address are stored in the Current Address
register during the transfer. This register is written or read Dy the
microprocessor in successive 8-bit bytes. It may also be
reinitiaiized by an Autoinitialize back 10_its eriginal value. Au-
pinitialization takes place only after an EOP.

Current Word Count Register: Each chanpel 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 of words to be transterred. The word count is dec-
remented afier each transfer. The intermediate value of the word
count is stored tn the register during the transfer. When the
value in the register goes to zero, a TC will be generated. Thus
register is joaded or read In successive 8-bit bytes by the micro-
processor in the Program Condition. Following the end of a DMA
service it may alsc be reinilialized by an Autoinitialize back to its
original vaiue. Aufointialize can oceur only when an ECP oc-
curs. Note that the contents of the Word Count register witi be
FFFF {hex} foliowing on internally generated EOP.

Base Address and Base Word Count Registers: Each chan-
nel has a pair of Base Address and Base Word Count registers
These 16-bit registers store the criginal vaiues of their as-
sociated current registers. During Autemitialize these values are
used to restore the current registers to their original values. The
base registers are written simultaneousty with their correspong-
ing current register in B-bit bytes during 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 Register: This 8-bit register controls the operation
of the Am8517A. it is programmed by the microprocessor in the
Program Condition and is cieared by Reset. The foliowing table
lists the function of the command bits. See Figure 4 for address
coding.

7 8 5 4 3 2 1 0 -=—Bit Number

HENERERN

o

Memory-to-memiory disable
Memory-to-memaory enatie

[=]

Channe! O sddress hold disable
Channel O addrass hold sneble
Ifbit0=0

o e

L=1]

Controller anable
Controller disable

o

Normat timing
Compressed timing
Hbrtd=1

w -

Fixed Priority
Rotating Priority

0 Late write selection
Extended write selection
X Itbit3=1

DREQ sense sctive high
DREQ sense active low

- O

”“liilL

D DACK sense active low
1 DACK sense active high

Mode Register: Each channel has a 6-bit Mode reg:ster as-
sociated with it. When the register is being writien to by the
microprocessor in the Program Condition. bits 0 and 1 deter-
mine which channet Mode register it to be written.

7 6 5 4 3 2 1t 0 -=-—-Bit Number

|

[ |
_r T 00 Channe! 0 select
01 Channe! 1 select
10 Channe! 2 select
11 Channel 3 select

00 verify transfer
0% Wnite transfer
10 Reac transter

11 Hiega®
XX MbuasBand7 = 11

Autoiniialize disable
Autoinitialize enable

0 Address increment seiect

l 1 Address decrement select

00 Demand mode select
01 Single mode select
Block moae select

Cascade mode select

Request Register: The AM9517A can respond to requests for
DMA service which are initiated by sotware as well as by a
DREQ. Each channel has a request bit associated with it in the
4-bit Request register. These are nonmaskable and subject o
pricritization by the Priority Encoder network. Each register bit 15
set o1 reset separatety under software control or is clearad upon
generation of a TC or extemal EOP. The entire register is
cleared by a Reset. Tc set or reset a dit, the software loads the
proper form of the data word. See Figure 4 for address coding.

5 4 3 2 1 Q == git Number

EREERREN

——
Don's Care

Q0 Select channel O
{01 Select channe! 1
10 Select channel 2
11 Select channel 3

0 Reset reguest bit
1 Set request bit

[
o

Software reguests will be serviced only if the channel is in Biock
mode. Whean initiating a maemory-to-memaory transfer, the
software request for channel 0 should be set.

Mask Register: Each channeihas associated with it 2 mask bit
which can be set 1o disable the incoming DREQ. Each mask bit
is se! when its associated channe! produces an ECP if the
channel is not programmed for Autoinitialize. Each bit of the 4-bit
Mask register may also be set or cieared separately under
software controd. The entire register is also set by & Reset. This
disables ali DMA requests until a clear Mask register instruction
aliows them to occur. The instruction to separately set or clear
the mask bits is similar in form to thal used with the Reques:
register. See Figure 4 for instruction addressing

0 ==— Bit Numbe-

DD Select channe’ C mask & t
01 Select channel 1 mask bt
10 Select channel 2 mask & °
11 Select channei 3 mask bit

Dor't Care

f 0 Clear mask bit
Set mask bit

All four bits of the Mask Register may also be written with a
single command.

0 Ciear Channe! O mask bit
1 Set Cranne O mask bt

0 Ciear Chaninel 1 mask bit
¢ 1 8et Cranne 1 mask ot

G Clear Channel 2 mask bit
1 Bt Crmanre: 2 mask ot

O Ceo Channe! 3 mash it
1 Set Cranne 3 mase be
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Status Register: The Status registers may be read out of the
Am9517A by the microprocessor. it indicates which channeis
have reached a terminal count and which channels have pend-
ing DMA requests. Bits 0-3 are set @ach time & TC is reached by
that channe!, inclwding after each Autoinitialization. These bits
are cleared by Reset ang each Status Read. Bits 4-7 are set
whenevar their corrasponding channelis requesting Servics.

T B 5 4 3 2 1

HEEEN

0 -a—Bit Number

I

1 Channe! 0 has reached TC
“—=— 1 Channe! 1 has reached TC
L———— 1 Channel 2 has reached TC
1 Channe' 3 has reached TC

Channel 0 request

Channe! 1 request
Channe: 2 reguest

1
B
1
1

Channe! 3 request

Temporary Register: The Temporary register is used 1o hoid
data during memory-to-memary transfers. Following the com-
pleton of the transfers, the last word movad can be read by the
microprocessor in the Program Condition. The Temporary reg-
ister always contains the iast byte transferred in the previous
memory-ie-memary operatich, uniess cleared by a Reset.

Software Commands: There are two special software com-
mands which can be executed in the Program Condihon. They
do not depend on any specific bit pattern on the data bus. The
two software commands are:

Clear First/Last Flip/Flap: This command may be issued pricr
to writing or reading Am3517A address or word count Infor-
mation. This iniializes the Flip/Flop to & known state 5o that
subsequent accesses to register contents by the micro-
processor will address lower and upper bytes in the correct
sequence. When the Flip/Flop is cleared it addresses the
lower byte and when st it addresses the upper byle.

Master Clear; This software instruction has the same effect
as the hardware Reset. The Command. Status, Reguest.
Temporary and Internal Firstiast Flip/Flop registers are
cleared and the Mask register is set. The Am8517A will enter
the Idle cvcle.

Figure 4 lists the address codes for the software commands

Figure 4. Register and Function Addressing.

Intertace Signals

I
| A3 . A2 | A1 i AD |¥OR iOW | Operation ]
1 f ¢ @ { 6 ;G | . Reag Status Register i
L ] J 1 ' write Command Register
r—1 co oo o ! | Wegat
I B [ | Write Request Regster |
F‘1 AN 0o 0o | Ihegal |
NEERERE RN | write Single Mask Fegister Bit |
TR ' hegal ]
[t 01 J 1 | Wnte Mode Register i
1 1 e o a1 T lega .
'————'—‘-——*—f—“‘;—‘—-—————-——————“——
v o G ' 3 | 0 : CiearByte Pointer Flip/Fiop

1 \ v i
| 1 0 1 o { Read Temporary Registe J
A ¢ 1 1 | Master Clea* |
[ I B 0 oo | hegal \
‘ 1 "J— 1 1 \ G 1 ;0 ] illega’
TR 101 g ! | iegal .
—_ i

| Write All Mask Reg:ster Bis
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Figure 5. Word Count and Address Register Command Codes.

) . Signals Internal Data Bus _‘
Chan £ 341411 e e T ey
el Reginter Oper ES TOR 10W A2z A2 A1 AD Flip/Flop DBG-DB?
0 Base & Current Write o1 0 0 0 ¢ © 0 AD-A7
Address 6 1 0 0 0 0 O 1 AB-A15
Current Read 0 0 1 0 0 0 90 1} AD-AT
: Address ¢ 6 ¢ t 0 0 0 0 1 AB-A15
Base & Current write e 1 0 ©o 0 0 1 0 WO-W7 ;
Word Count o1 0 o 0 ¢ 1 WBWI5
Current Read 0 0 1 0 0 0 1 c WO-W7
Word Count o ¢ 1 0 0 01 1 W8-W15
1 Base & Current Write © 1 0 o0 3 1 0 0 AD-AT7
Address ot c o 0 1 0 1 AB-A15
Cutrent Read [V 1 00D ¥ O 0 AD-A7
Address ¢ 00 1 ¢ 0 1 0 1 AB-ATE
Base & Current Write o 1 ¢ & 6 1 1 0 WO-W7 i
r i
Word Count b1 0 o 0 1 1 1 W8W1E
{
Current 0 ¢ 1 0 0 1 1 0 WO-w7 ;
Read :
Woard Count cC 0 1 0o 0 1 1 1 i WE-WI15
Base & Current . o 1 o] 0 1 ¢ 0 0 AD-AT7
2 Write
Agdress 0 1 0D 0 1 ¢ 0 1 AB-A15
Current Read e 0 1 0 1 0D O o] AD-AT
Address 0 0o 1 0 1 0 0 1 AB-A15 i
Base & Current X [V 0 g 1 ¢ 1 0 WO-W7
Write
Word Court 01 0 0 1 0 1 1 W8-W15
Current Read [4 I 1 c 1 0 1 0 WO-w?7
Word Count o 0 1 0 1 0 % 1 WR-W15 :
3 Base & Current Write VR T T O R ] AD-AT '
Address O 1 0 o 1 1 0 1 | AB-A15
Current o 6 1 0 1 1 0 0 AD-B7 :
Read :
Agdress g 0 LI CRE T T ¢} 1 AB-AE i
Base & Current ) 0 1 0o 0 1t 1 1 [ i WO-W7
Write !
! Word Count 0 1 o ¢ 1 1 1 1 i WB-W15
Current o ¢ 1 o 1 1 1 0 WO-w7 |
Read ;
Word Count ¢ 0 10 Y 1 1 wgwis !
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MAXHIMUM RATINGS above which useful life may be impaired

AmIS1TA

Storage Temperature —6510 —-150°C
VCC with Respectto V5S ~05t0 ~7.0V
* Al Signal Voliages with Respect to VSS —0.5V10 +7.0V
Power Dissipation (Package Limitation) 1.5WW

The products described by this specification include internal circuitry designed to protect input devices from damaging accumuiations of
static charge. It is suggested. nevertheless, that conventional precautions be observed during storage, handling and use in order to avoud
axposure Lo excessiva voltages.

OPERATING RANGE

Part Number Ta Yec
Ama517ADCPC Oto~70°C 50V 5%
AmM3517A-1DC/PC Gw+70°C 5.0V =5%
AMIS17A-4DC/PC Gto ~70°C 5.0V =5%
AmM9517A-5DC/PC Oto +70°C 5OV = 5%
AmB517ADI —-40to +85C 5.0V =10%
Am5174-1DI —40t0 +85°C 5.0V =10%
AmS5174.-40) —40te +85°C 5.0V =10%
AmSEITADME —5510 +125°C 1 5.0V = 10%

ELECTRICAL CHARACTERISTICS over operating range (Note 1}

Parameter Description Test Conditions Min Typ Max Unit
! 10H = —200ud 24 .
¢ voH Output HIGH Va'tage 1O = 100,28, (HREQ Omrys 33 | Voits
VoL Output LOW Voltage I0L =3.2mA 0.45 D voms !
" vim Inpus HIGH Volage Z.0 - VCCH05 - von |
L Vil input LOW Voltage : -0.5 08 i Volts |
L Hx X input Load Current H VES £ VI <« VCC —1Q +10 1\ u A j
[ Jor4 . Qutput Leakage Curre-y VCC < VO = VES+ A0 -1 =10 1 A 1
| Ta=+25¢C 65 130 ‘ 1
boace : VCC Suppiy Current Ta=01C 75 150 maA }
| : Ta- —55°C 175 |
; CO Output Capacstance : 4 g eF
[eY 1 Input Capacitance \ fo=1.0MH2, inputs = OV 15 pF
: cic : 110 Capacitanne : 10 18 pF
NOTES: 8. Quiput loading on the data bus is 1 Standard TTL gate plus

1. Typical values are for Ty = 25°C. nomina! supply voltage

and nomnal processing parameters.

2. Input iming parameters assume transition times of 20ns or

less. Waveform measurement points for both input and out-
put signals are 2.0V for High and G.BY for Low, uniess
otherwise noted.

3. Output loading ¢ 1 Standard TTL gate plus 50pF capach-

tance uniess noted otherwise.

4. The new 1OW or MEMW puise width for normal write witl be

TCY-100ns and for extended write wilf be 2TCY-100ns. The
net 10R or MEMR puise wigth for normal read will be
2TCY-50ns and for compressed read will be TCY-50ns

5. TDQ s specified tor two ditferent output HIGH leveis. TDO1

is measuted a1 2.0V. TDQ2 1s measured a1 3.3V. The value
for TDQ2 assumes ar external 3.3k(! puli-up resistor con-
nectec from HREQ to VGC.

€& DREQC shoule be heid active until DACK 15 returned
7. DREQ and DACK signals may be active high or active low

Timing diagrams assume tne active high moae.
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10.
- Pin 5 is an input thal should afways be at a logic high leve’.

12.

15pF for the minimum value and 1 Stancard TTL gate pius
100pF for the maximum value,

. Successive read and/or wnte operations by the external

processor 1o program of examine the controller must be
ymed to allow at ieast 600ns for the Am@517A or
AmB517A-1, at least 450ns for the AmS517A-4 and 400ns
for the Am9517A-5 as recovery time betweaen active read or
write puises.

Parameters are listed in alphabetical order.

Ar internal putl-up resistor will establish a logic high wher
the pin is left fioating. Alternatively. pin & may be tied
to VCC.

Signals READ and WRITE refer to [OR and MEMW respec-
tively for peripheral-to-memory DMA operatons and 1o
MEMRA and IOW respectively for memory-1o-peripheral
DMA cperations.

. If N wait states are added during the write-tc-memory hatf of

a memory-to-memory transfer, this parameter will increase
by N (TCY).



Amg5s1TA
SWITCHING CHARACTERISTICS

ACTIVE CYCLE (Notes 2, 3, 10, 11 and 12)

AmOSiTA AmO517A-1 AmS517A-4 Am851TA-S
Parameters Dascription Min Max Min Max Min Max Min Max Units
| TAEL | AENHIGH from CLK LOW (S1) Delay Time 300 300 25 200 { ns |
TAET AEN LOW from CLK HIGH {81} Detey Time 200 200 150 @ | e
[ TAFAE | ADR Active Io Fioat Delay from CLK HIGH 150 150 120 % | ns |
| TAFC | READ or WRITE Fioat from CLK HIGH 150 I 1s0 120 120 ns
| ____‘._ﬁj ‘
TAFDB DB Active to Ficat Delay trom CLK HIGH 250 250 | 180 L ne
I TAHR ADR from READ HIGH koid Time TCY-100 TCY-100 TCY-100 TOYA00 ! ns
TAHS | DB from ADSTB LOW Hoid Time 50 | 50 | 40 a0 ns |
{ TAHW | ADR from WRITE HIGH Hold Time TCY-50 TCY-50 | TCY-50 TCY-50 | ns
DACK Valid rom CLK LOW Delay Time 280 280 T 220 RN
TAK EGP HIGH from CLK HIGH Delay Time | 250 250 | = Po17o ) oms
. { EDP LOW to CLK HIGH Delay Time | 250 250 | 190 T ns
| TASM | ADR Stabie from CLK HIGH 250 250 | 120 | 170 | ns
U'TASS | DB1o ADSTB LOW Setyg Time o | 00 | 1w 00| ns
LTCH Clock High Time (Transitions < 10ns) 120 ! 20 ! 100 80 . ns
R : L i
TCL , Clock Low Tirng (Transibons = 10ns) 150 ! 150 | 110 63 ns
, | -
| TCY |k Cycie Time 3 | 320 250 | 200 ns
Lo |
i S o BT \ ! 1
— CLK HIGH to READ or WRITE LOW Delay | 2% ' a0 . T ‘o0 e |
(Note 4) ! ‘ : | ;
| Read HIGH fram CLK HIGH (S4) 1 T R
TDCTR D:‘ay Tima (Note 41 : | 270 L a0 |21 90 | ons
T TRITE HIGH from CLK FiGH (54 : R
| | WRITE HIGH from CLK HIGH (S4) i \ ;
‘ TOCTW | Dalay Time (Note 4) \ 200 ] 200 E 150 I 13C ns
TOQ!T | HAEQ Valid from GLK HIGH Detay Time T 160 | 180 Pozo ioteo ns
" TDR2  :(Note5) . 250 T 250 MY 120 | oms |
| TEPS | EOP LOW from CLK LOW Setup Time 80 [ a5 40 ns .
| TEPW | EOF Puise Width ac | 300 | 225 220 | s
! TFAAB | ADR Float 1o Active Delay from CLK HIGH 250 L i 250 180 R n§
. —— T ‘
TFAC | READ or WRITE Active from CLK HIGH 200 200 150G 150G ns
" —+ |
! TFADE DB Fipat tg AChva Delay rom GLK HIGH ] 300 300 {225 200 ns
: : _— -
i THS \ RACK Wakd 10 CLK HIGH Setup Time 100 w 75 ! 75 ns
P TIDH ‘Input Data from MEMR HIGH Hold Time o . 0 [ 1] ns
‘ TIDS  Input Data 1o MEMR HIGH Satup Time 250 | 250 | 180 170 J ns
i e i 1 ™
- TODH \ Output Data from MEMW +1GH Hold Time 20 | 20 20 I 10 ns
|r TODV ' Output Data Valid to MEMW HIGH (Nate 13 200 200 125 125 ns
©TOS : DREQ to CLK LOW (S1, 54} Setup Time 120 o 0 6 ng
l
! TRH CLK to READY LOW Hold Time 20 ! o e L ne
. TRS | READY 1o CiK LOW Setup Time 100 00 60 | 60 ns
U1eTi 7 ADSTB HIGH from CGLK HIGH Delay Time T 200 Lo200 o150 130 ne
- : - —
| TSTT ADSTE LOW trom QLK HIGH Dalay Time | 140 . 140 i 110 .- ns .
‘ TaH | DREQ from DACK Valid Hold Time 0 o ! 0 0 ne
l TRQHA | HREQG to HADK Delay Tume T 1 v o |
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¥

SWITCHING WAVEFORMS

Timing Diagram 1. Active Cycle Timing Diagram '

|
51 5 H L1 : B¢ Hl i i
i i
| | r
| |

H [ | \J . I
—— T i o ! é i ‘L e T e [ LT-E# : —TCY o e e TO- ‘
Y/ R N\ NN\ |
ot e e R eode T e |

| - Y -

REG ﬂl ) ": (‘ i f r| ! i ;_\—k /
. ‘ - - I l
/TR R A NN W
]

|

; . |

ADSTE : ’ ;
) L] .Y

. N : . i jTaK!
s TASE : I |
TFADE ~=—al{ o m—Taug . |
|¢__\ : - ‘ ‘
Dec - oer 4 an-an: !
i b Sl S . , TR . e em—e TaEAE .
[ e TARDE H T . i
TFAAE —a— [ | o T AW [ T S Y

A 1 .

AL - AT ADDRESS vALID ADDIRESE wALID

J L i————'—
Tax ;

. L | e TAHE i TANE :
DACK | 51 '
— I ! |
| TOC. ! TDCL . . :
TEAL —~—— TDC™R bt e TOUTR e s om— TAFC
= — TN N S
> ;
i
WRITE
InTEDR I —
—  a—TEPS - TEPY — T
EXTEQP

Note: EOP must precede AEN in singie transter mode. 030405 ¢

INPUT WAVEFORMS FOR AC TESTS !

20— — 20

/
A K ,
TEST POINTS !
N,

0n - - s

O304GR- 5
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CLK

ADSTE

DBO—-DB7

INT £0°

BN

SWITCHING WAVEFORMS (Cont.)

Timing Diagram 2. Memory-to-Memory

TFAABL—--1

-

J_; -

ADDRESS VALID

I ! | B !
x ADDRESS VALIC 4)—

| |TAFOB | TFADB: | ‘
H o | 1 ‘

tFa08 1 !
TODVM—’*“—-’H—TOD“
7AFC
| t | -
TOETW |
: ]
i L |
r TOCL ‘r-—-_ L —— l.;u“c

e TEPW

SRR \NNNANNNNNNNNNNNNNNN 02727277474

Timing Diagram 4. Compressed Timing

TASM ﬂ

A0-A7 ‘X | vaLin ;X i vALID

| TTDCTR  [TOCL .
TOCL — ‘——— b l-—-—-—‘ TDCTR

030408 €
Timing Diagram 5. Reset Timing
vee / ‘L TRSTD b
TRETW
RESET 7 S‘_
L——ATRSTS_—-

TR OR TOW \

D3040 §
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SWITCHING CHARACTERISTICS
PROGRAM CONDITION (IDLE CYCLE)
{Notes 2,3,10. and 11)

Am95S17A

AmES17A Am9517A-1  AmE517A-4  AmE517A-5
Parameters Description Min Max Min Max Min Max Min Max Units
TAR ADR Vakd or CS LOW 10 READ LOW 50 50 50 50 | ns
TAW ADR Valid 1o WRITE HIGH Setup Time 200 ,200 150 130 ns
TOW CS LOW 1o WRITE HIGH Setup Time 200 200 T 150 130 ns
TOW Data Vatd to WRITE HIGH Setup Time 200 200 | 150 130 ns
TRA ADR or CS Hold from READ HIGH 0 0 0 0 } ne
TRDE Data Access from READ LOW (Note &) 300 200 200 T ap ns
TRDF DE Float Delay from READ HIGH 20 150 20 100 20 100 4] 70 ns

Power Supply HIGH 10 RESET LOW
TRSTD Setup Time 500 500 500 : 500 ng
TRSTS RESET to First IDWR 2TCY 2TCY 2TCY 2TCY ns
TRSTW RESET Puise Width 300 300 | 300 300 ns
| TRW AEAD Wiath 300 300 | 250 200 ns
TWA ADR from WRITE HIGH Hold Time 20 20 20 20 ns
TWC €S HIGH trom WRITE HiGH Hold Time 20 20 2 20 ns
T™WD Data from WRITE HIGH Hok Tirne 30 30 30 30 ns
TWWS Write Width 200 200 200 160 ns
SWITCHING WAVEFORMS (Cont.)
Timing Diagram 6. Program Condition Write Timing (Note 9)
[ Tom -
& ! I
— e
- _X TWwS -
: — b— TWa
I Taw ‘
AU-AT m INPUT WALIC m
i - pe—Two
: Tom ;
DEC-DE7 m INFUT WALID
030406- 18
Timing Diagram 7. Program Condition Read Cycle (Note 9}
= ——\ _/—_—
1 |
. P
!—— TAR —e— —! e THZ
13 i TRA ’P\r
;—‘ TRDE L-———fTROr-—..—.‘
CBG-DE —_{ DATA U7 wAaLIT _}—
03408 1
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AMIS17A

APPLICATION INFORMATION

Figure 6 shows a convenient mathod for configuring a DMA
systern with the Am9517A Controller and a microprocessor
systemn. The Multimode DMA Controlier issues a Hold Reguest
1o the processor whenever there is at least one valid DMA Re-
quest from a peripheral device. When the processor replies with
a Hold Acknowledge signal, the Am9517A takes comtrol of the
Address Bus, the Data Bus and the Control Bus. The address for
the first transter operation comes out in twe bytes — the leas!
significant eight bits on the eight Address outputs arkf the most

significant eight bits on the Data Bus. The contents of the Data
Bus are then latched into the Am74L5373 register to compiete
the full 16 bits of the Address Bus. The Am74L5373 is a high
speed, iow power, 8-bil, 3-state register in a 20-pin package
After the initiai transfer takes place, the register is updated only
after & carry or borow s generated in the least signiticant ad-
dress byte. Four DMA channets are provided when one
AmO517A is used.

Figure 5. Basic DMA Configuration.

ADDRESE BUS A0—A1E

AB-A1E
Dc of F
AmTALEITY
CF
& ] BT LATCH
AD-A16 TALETH AEN Al- AT ADSTE :/\r
BUSEN
HLDA o a p—=] nack s~ D@
& AmBSTTA - oar
-4 H 2 £
L 1! = |E P
HLDRQ weeo oop fv & § | £ 3
CcPy j i L]
CLOCK * aMa
RESET
WEWF o
WENR™ o
CONTROL
OR o BUS
O o
D8C_DB?
|_ SYSTEM CATA BUS >

Q3040812
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AmM9519A

Universai Interrupt Controlier

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION

¢ Eight individually maskable interrupt inputs reguce The Am&516A Universal Intertupt Controlter is a processo!
CPU gverhead support circuit that provides a powerful interrupt structure to

* Unlimited interrupt channe| expangion with no extra increase the efficiency and versatility of microcomputer-
hardware based systems. A single AmS518A manages up to eight

* Programmable 1-to 4-byte rasponse provides vector
address and message protocol for 8-bit CPUSs
Fotating and fixed priofity resolition logic

Software interrupt request capability

Commmon vector and potied mode options

Automatic hardware clear of in-service intarmupts
reduces software overhead

Polanty contral of interrupt inputs and outputs

Reset minimizes software initialization by
automatically generating CALL to location zero

maskable interrup! requast inputs, resolves priorities and
supplies up to four bytes of fully programmable response for
each interrupt. i uses & simple expansion Structure that
aliows many units to be cascaded for control of large num-
bers of interrupts, Several programmable contro! features
are provided to enhance system flexibility and aptimization.

The Universal Interrupt Controlier is designed with a gen-
eral purpose interface to facilitate its use with a wide range
of digital systems, including most popuiar 8-bit micro-
processors. Since the response byles are fully program-
mabie, any Instruction or vectoring protoco! appropriate for
the host processor may be used.

When the Am8519A coniroller receives an unrmasked Inter-
rupt Request, it issues a Group Interrupt output to the CPU.
When the irterrupt is acknowiadged, the controlier oututs
the one-to-four byte response associated with the highest
priority unmasked interrupt request. The ability of the CPLS
to set interrupt requests under software control permits
hardware priofitization of software tasks and aids system
diagnostic and meintenance procedures.

BLOCK DIAGRAM

BYTE
R AEGwIER eENORY
h ) v
hE —-O co:\{gm \\\ ﬁ:r.xnsa\zm
€h ——
N oo REfATER
[] BUS ]
LR s
1SF
TALK  —( mragfsgn ‘";Emﬁg? auré:i:uw
- HEGISTER REGISTER MASE SEGISTER
9 INTERRLPT ;
b CONTROL I
PRIDR:TY
EQ  emr—g CONTRS 4 - E
tosle ":IYEEt:.-nE:: REOUESTS
] REGISTER
GiN~ O0147R 1 ]
]
ORDERING INFORMATION
} Package T Ambient ! i
’ Type H Temperature Timing Options i
! oo ! . | ]
Moided D (C< Ty e 470G AMOSISAPC | AmSSTSAIPC | |
| HermeticDiF | AmSS19ADC AMIS19A-1D0C
I i - ey
! HermeficDIP | -40°C=To« +85°C -~ Am@518AD! | !
—_—
i Hermetc DIP | -56°C = Tg = +125°C AmS519ADME | :
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CONNECTION DIAGRAM — Top View

D-28,P-28
= 1 * ~ 2 [ vec iebvi
wr— 12 27 [ o
w— s 3 o
087 = |4 [ Jo— rEQ
s =—f |5 2| Jeo— iRECH
owe = |6 B[ Ju— REE
oed =—at"]7 | e mEM
os1 ~=—ef 18 Amis1oA :}-—- IRED
08z =] ) ¥ o] je— mea
081 e—e{"] 10 e e
D8t =" 1 W [ o0
W =z B b~ GINT
E! —-—E: 3 it :—4- EQ
tamo; ves ———L" s FAEE
Top View

Pin 1 15 marked for orientation. D014T8-2

INTERFACE SWGNAL DESCRIPTION

VCE: +5 Voit PowerSupply
V8S: Ground

DB0 — DB7 {Data Bus, Input/Output)

The eight bidirectional data bus signals arg used to trans-
for information between the Am35194 end the systern data
bus. The direction of transfer is controlied by the JACK,
WR and RD input signals. Programming and control in-
formation ere written into the device; status and response
data are output by it.

TS (Chip Select, Input)

The active low Chip Select input enabies read and write
operations on the data bus. Interrupt acknowledge re-
sponses are not conditioned by CS.

RD (Read, Input)

The active low Read signal is conditicnes by €5 and ingi-
cetes that information is to be transferred from the
Am35194 to the data bus.

WR (Write, Input}

The active low Write signal is conditioned by €S and indi-
cates that data bus information is to be transferred from
the data bus to a location within the AmG519A.

C/D {ControlData, input}

The C/D contro! signal selects source and destinatian loca-
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 siastus register.

IREQO — IREQ7? {interrupt Request, input)

The lnterruptI Reguest signals are used by external de-
vices 1o indicate that service by the host CPU is desired.
IRECQ inputs are gaccepted asynchronously and they may
be programmed for either a high-tc-low ot low-to-high

sdge transition. Active inputs are latched internally in the
Interrupt Request Aegister. After the IRR bit is cleared, an
{REQ trangition of the programmed polarlty must occur to
initiate another request.

AP (Response in Process, InputiOutput)

Response In Process is 8 bidirectional signal used when
two of more Am35194 circuits are cascaded. It permits
multibyte response transfers to be compiated without in-
terferance from higher priority interrupts, An AmA5194 that
is responding to an acknowledged interrupt wil! treat AP
as an output and hold it low until the acknowledge re-
sponse is finished. An Am85194 without an acknowledged
interrupt wil! treat RIP a8 an input_and will ignore TACK
putses 8s long a5 RIP is tow. The RIP output is open drain
and requires an externg! puliup resistor 10 VCC.

IACK {Interrupt Acknowisdge. input)

The active low Interrupt Acknowledge line indicates that
the external systemn is asking for imterrupt response in-
formation. Depending on the programmed state of the
AmMI9518A, it wifl accept 1, 2, 3 ar 4 JACK pulses; one re-
sponse byte is trensferred per pulse. The first IACK pulse
causes selection of the highest priority unmasked pending
interrupt raquest and ganerates 2 RIP output signal.

PAUEE (Pause, Output)

The active-low Pause signal is used to coordinate interrupt
responses with data bus and control timing. Pause goes
low when the first IACK is received and remains low until
RIP goes low. The external system can use Pause to stretch
the acknowtiedge cycle and aliow the control timing to au-
tomatically adjust to the actusl pricrity resolution gelays n
the intarrupt system. Second, third and fourth response
bytes do not cause Pause to go [ow. Pause is an open drain
output and requires an axternal puliup resistor to VCC.

EO (Enable Out, Output)

The ective high EQ signal is used to impiement daisy-
chained cascading of several AmS5194 circuits. EO is con-
nected to the El input of the next lower priority chip. On
receipt of an interrupt acknowledge, each EO wili go inactive
until it has been determined that no valid interrupt request is
pending on that chip. If an active request & present, EO
remains iow. EQ is also held iow when the master mask bit is
active, thus disabling all lower priority chips.

El (Enable In, input}

The active high El signal is used 1o implement daisy-
chained cascading of several Am9519A circuits. El is con-
nected to EO of the next higher priority chip. It may also be
used as a hardware disable input for the interrupt system
When E! is low IACK inputs will not affect ISR, however,
PAUSE witl go tow until RIP goes low. €l is internally pulled
up to VCC so that no external pullup is needed when Ei is
not used.

GINT {Group Interrupt, Qutput)

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 GINT occurs approxi-
mately 100nsec after the last IACK pulse this pin should not
be connected to edge sensitive devices.
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REGISTER DESCRIPTION

interrupt Request Register (IRR): The B-bit IRR is used to
store pending interrupt requests. A bit in the IRR is set
whenever the corresponding JREQ input goes active. Bits
may also be set under program contral from the CPU,
thus permitting software generated interrupts. iRR bits
may be cieated under program control. An IRR bit is au-
tomatically cleared when its interrupt is acknowledged. All
IRR bits are cieared by a rgset function.

interrupt Servica Register (ISR): The 8-bit ISR contains
one bit for aach JREQ input. 1t is used to indicate that a
pending interrupt has beer scknowledged and to mask all
lower priority interrupts. When a bit is set by the acknow-
ladge logic in the ISR, the corresponding IRR bit is
cieared. if an acknowledged interrupt is not programmed
to be automatically cleared, its ISR bit must be cisared by
the CPU under program control when it is desired to
parmit interrupts from lower priority devices. Whan the
interrupt is programmed for sutomatic clearing, tha ISR
bit is sutomatically reset during the acknowledge se-
quence, All ISR bits are cleared by a reset function.

Intarrupt Mask Register (IMR}: The 8-bit IMR is used to
enablie or disable the individual interrupt inputs. The IMR
bits correspond to the IREQ inputs and all eight may be
loaded, set or cleared in paraliel under program control. In
addition, individual IMR bits may be set or cleared by the
CPU. Care must be taken therefore when disabling a specific
channel by setting its IMR bit. if that bit is causing the GINT
pin to be active a lock-up condition can occur if the CPU
recognizes the interrupt and then the Ama8519A removes the
request. During the TACK cycle PAUSE wili go low and stay
low. The solution is to disable CPU interrupts prior ta writ-
ing tc the IMR and then re-enabie them. A resat function will
set all eight mask bits, disabling a!l requests. A mask bit that
is set does not disable the IAR, and an IREQ that arrives
while a corresponding mask bt is set will cause an interrupt
tater when the mask bit is cieared. Only unmasked interrupt
inputs can generate a Group interrupt output.

Response Memory: An & x 32 read!write response mem-
ory is included in the Am9513A. It is used to store up to
four bytes of response information for sach of the sight
interrupt request inputs. All bits in the memory are pro-
grammable, aliowing any desired vector, opcode, instruc-
tion or other data to be entsred. The AmIS5194 transfers
the interrupt response informetion for the highest priority
unmasked interrupt from the memory to the dats bus
when the IACK input is active.

Auto Clear Register: The 8-bit Auto Clear register contains
one bit for each IREQ input and specifies the operating
mode for each ot the ISR bits. When an auto ciear bit is off,
the corresponding 1SR bit is set when that interrupt is
acknowledped and is cleared by software command. When
an auto clear bit is on, the corresponding ISR bit is cleared
by the hardwere by the rising edge af the last acknowiedge
pulse. A reset function clears all auto clear bits.

Status Register: The 8-bit Status register contsins infor-
mation concerning the internal state of the chip. 11 is
especially useful when cperating in the polled mode in
order to identify interrupting devices. Figure 1 shows the
status register bit essignments. The polarity of the GINT
bit 7 is not affected by the GINT polarity contro! (Mode bit
status register bit assignments, Bits 50-52 are set asyn-
chronously tc 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 moge The polarity of the GINT bit 7 1s not
aftected by the GINT polarity contro! (Mode bit 3). The Status

ragisteris read by executing aread ngratinn (€§ =0,R5=0i-

with the control tocation selected (C/D = 15

Mode Register: The 8-bit Mode register controls the
operating options of the Am3519A. Figure 2 shows the bit
sssignments for the Mode register. The five low order
mode bits (0 through 4) are loaded in perallel by com-
mand. Bits 5, 6 ana 7 are controlled by separate commands.
(See Figuse 4,) The Mode register cannot be read out di-
rectiy to the data bus, but Mode bits 0, 2 and 7 are available
as part of the Status register.

Command Register: The 8-bit Command register stores
the last 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 loeded by executing B write opera-
tion (WR = 0) with the contro! jocation selected (CD = 1},
as shown in Figure 3.

Byte Count Register: The fength 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
Am95194 will expect to receive » number of IACK pulses
that equals the corresponding byte count, and wili hoid RiP
fow urtil the count is satisfied.

-
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S7 | 5615554 |83]52|51]s0

_: Bfmrv vector indica

l*'ng the
fumber of the highest priority
unmasked bit that is set in IRR,
Valid onty when 57 = 0,

e Master Mack Bin
0 Chip disarmed
1 Chip armed

— e interrupt Mode
0 fnterrupt
1 Polled

Priority Mode
0 Fixed
¥ FRotating

Enable input
0 Chip disabled
1 Chip ensbied

Group Interrupy
1 Mo unmaked
IRR bir set
0 A1 least one yrimasked
IRR bt set

Figure 1. Status Register Bit Assignments. 004783

M7 W6 MS | Ma M3 M2 MY MO

Priority Motle
D Fixec
1 Rotating

Wector Selection
0 indwidual vecrot
1 Common vector

e Interrupt Mode
0 Interrupt
1 Poiled

GINT Polarity
0 Active low
1 Active high

- e IRECPolsrity
0 Actve low
1 Active migh

Register Preselection
00 Interrupt setvice register
Q1 ingerrupt mask register
10 interrupt request reqiszer
11 Auto chear registe’

Master Mask B:t
0 Chip disarmec
1 Cryp arrned

Figure 2. Mode Register Bit Assignments. 0074784

FUNCTIONAL DESCRIPTION

Interrupts are used to improve system throughput and re-
sponse time by eliminating heavy dependence on
softwere polling procedures. nterrupts sllow external de-
vices 10 asynchronously modify the instruction sequence
of a program being executed. In systems with multiple in-
terrupts, vectoring can turther improve performance by al-
lowing direct identification of the interrupting device and
Its associated service routine, The AmA5194 Universal Inter-
rupt Coentroller contains, on one chip, ail of the circuitry
necessary to detect, prioritize and manage eight vectored
interrupts. It includes many Options and operating modes
that permit the design of sophisticated interrupt systems.

Reset

The reset function is accomptished 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 & predetermined
threshold, causing a brief internal reset pulse. In both
cases, the resulting internal stats of the machine is that ali
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 hot affected by reset.’ Their
contents after power-up are unpredictable and must be
established by the host CPU during initislization.

Qperating Sequence

A brief description of a typical sequence of evants in an

. operating interrupt system wili illustrate the general interac-
tions amang the host CPU, the interrupt controller and the
interrupting penpheral.

1. The Am95194 controller is initialized by the CPU in
order 1o customize its ¢onfiguration and operation for
the application at hend. Both the controlier and the
CPL) are then enabled to accept interrupts

. One {or rnore} of the interrupt request inputs to the

controlier becomes active indicating that peripheral
equipment is asking for service. The controller asyn-
chronously accepts and laiches the requsstis).

. ¥ the request is masked, no further action takes place.

If the request is not masked, a Group Interrupt output
is gensrated by the controller.

. The GINT signal is recognized by the CPU which nor-

mally will complete the execution of the current in-
struction, insert an interrupt acknowledge sequence
into its instruction execution stream, and disable its
internel interrupt structure. The controfler expects ta
recaive one or more 1ACK signals from the CPU during
the acknowiedge seguence,

- When the contreller receives the |ACK signal, it brings

PAUSE low and selects the highest priority unmasked
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 jow. RIP
stays low until the {ast byte of the response has been
transferred.

. During the acknowledge sequence, the IRR bit corre-

sponding to the selacted reguest is automatically
cleared, and the corresponding ISR bit is set by the fail-
ing edge of IACK. When the ISR bit is set, the Group
Interrupt output is disabied until 8 higher pricrity request
arrives or the {SR bit is cleared. The ISR bit will be cleared
by either hardware or software.

. ¥ a higher prigrity request arrives white the current re-

quest is being serviced, GINT wiil be output by the con-
tratler, but will be recognized and acknowledged only i
the CPU hesitsinterruptinput enabled. If acknowledged
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 configurations for ali
information transfer operations between the Am85619 and
the data bus, The follawing canventians are assumed: RD
and WR active are mutually exclusive; R0, WR and CD have
ne meaning unless C5 is jow: active TACK pulses occur only
when CS is high.

for reading, the Status register is selected directly by the
CID control input. Other interna! registers are read by pre-
selscting the desired register with mode bits 6 and 6, and
then executing 8 data read. The rasponse memofry ¢an be
read only with JACK pulses. For writing, the Command
register is selected directly by the /D control input. The
Mask and Auto Clear registers are losded following
specific commands to that effect. To load sach fave! of the
response memory, the response preselect command is is-
sued to select the desired level. An appropriate number of
deta write operations are then executed to load that level.

1
FCONTROL INPUT J
AT DATA BUS
[+ i CJDJL RD 'WR | IACK ‘ OPERATION
; i o ‘{ Transfer contents of
Q | [{N ‘ 1 \ 1 preselected data ragister
} | L to data bus
FG i o ! v leios Transfer contents of data busji
’ i po ! to preselected data register
0 ‘ " j 0 i 1_| , | Transfer contents of status
i‘ L i register to data bus {
ol 51 ! 01 ]Transfercontents of data i
’ R | bus to command register
[ | J Transter contents of selected °
1T X XTI X! 0 tesponse memory location |
| 1| | [ | to data bus 1
11X | X | X [ 1 [Ncinformation transferred .

Figure 3. Summary of Data Bus Transfers.

The Pause cutput may be used by the host CPU to ensure that
proper timing relationships are maintained with the Am95194A
when |ACK is active. The IACK pulse width required depends
on several variabies, including: operating temperature, in-
ternsa! iogic delays, nurmber of interrupt controliers chained
together, andthe priority levei of the interrupt being acknow-
iedged. When deiays in these variables combine to delay
selection of a request following the failing edge of the first
IACK, the Pause output may be used to extend the 1ACK
pulse, if necessary. Pause will ramain low until 8 reguest
has been sefected, as indicated by the falling edge of RIP,
Typically, the internai interrupt selection process is guite
fast. especially for systems with 8 single Am8519A and Pause
will consequently remain low for only a very brief intervai
and will not cause extension of the FACK timing

Opiratil';g Options

The Mode register specifies the various combinations of
eperating options that may be selected by the CPU. It is
cleared by power-up or by g reset command.

Made bit 0 specifies the rotating/fixed priority mode (see
Figure 2). In the fixed mode, priority is assigned to the re-
quest inputs based upon their physica! location a1 the
chip interface, with IREQQC the highest and IREQ7 the low-
est. In the rotating mode, relative Driority is the same as

for the fixed mode and the most recently serviced request
is assigned the lowest priority. {n the fixed mode, & lower
priority request might never receive service if enough
higher priority requests are active. In the rolating mode,
any reguest will receive service within 8 maximum of
saven other sarvice cycles no matter what pattarn the re-
quest inputs follow.

Mode bit 1 selects the individua!l common vector option
Individuel vectoring provides a unigue (ocation in the re-
sponse memory for esch interrupt request. The common
vector option always supplies the response associated
with IREQ0 no matter which reguest is being acknow-
ledged.

Mode bit 2 specifies interrupt or polied operation. In the
polied mode the Group Interrupt cutput is disabled. The CPU
may read the Status register to determine if a request is
pending. Since {ACK puises are not normally supplied in
potled mode, the IRR bit is not automatically cleared, but may
be clesred by command. With no IACK input the ISR and the
response memory are not used. An Am35194 in the poled
mode has El connected to EQ so that in multichip interrupt
systems the polled chip is functionally removed from the
priority hierarchy.

Mode bit 3 specifies the sense of the GINT output. When
active high polarity is seiected the output is & two-state
configuration. For active low polarity, the output is open
drain and reguiras an external pu'l-up resistor to provide
the high logic level. The open drain cutput allows wired-
or configurations with other similar output signals.

Mode bit 4 spetifies the sense of the IREQ inputs. When
active low polarity is selected, the IRR responds t¢ falling
edges on the request inputs. When active high 1 selected.
the IRR responds to rising edges.

Mode bits 5 and § specify the register that will be read on
subsequent data read operations (CD = 0, RD = 0). This
preselection remains valid until changed by a reset or a
command.

Mode bit 7 is the master mask bit that disables all reguest
inputs. 1t is used to disable all interrupts without modify-
ing the IMR s0 that the previous IMA contents are veliz
when interrupts are re-enabled When the master mask bit
is low, it cguses the EO line 10 remain disgbled flow!
Thus, for multiple-chip interrupt systems, one master
mask bit can disable the whole interrupt structure. Alter-
nativaly. portions of the structure may be disabled. The
state of the master mask bit is availabie as bit $% of tre
Status register.

Programming

After reset, the Am9519A must be initialized by the CPU in
order to perform uselul work. At @ minimum, the mas:e-
mask bit and at least one of the IMR bits shouic be enabled
i vectoring is to be used, the response memory must be
loaded; if not. the mode must be changed to & non-vestored
configuration. Normaliy, the first step witl be to madify the
Mode register and the Auto clear register in order to es'ab-
lish the configuration desired for the application. Then the
response memory and byte count will be foaded for those
request ievels that will be in use. The rgsponse memon, for
every channet must be written even if the channe! 1z not
used. Every byte need not be written only those specificd
the byte count Finally, the master mask bit and &7 ‘esx:
portions of the IMR will be enabled to allow interrupt £ro
cessing 1o proceed.

7-288



Amas19A

Commands

The host CPU configures, changes and inspects the internal
condition of the Am85194 using the set of commands shown
in Figure 4. An "X’ entry in the table indicates & "don't
care’ state. All commands are entered by directly loading
the Command register as shown in Figure 3 (CT = 1, WR
= 0). Figlre 5 shows the coding assignments for the Byte
Count registers. A detailed description of gach command is
contained in the Am3519A Appiication Note AMPUB-071.

| BYt | BYO | COUNT J
[T T 70 17 1 p
T S S S
[ 0 | 3 :
N R R | 4

Figure 5. Byte Count Coding.

COMMAND CODE COMMAND 1
Ty e [ 5 . 4 [ 3 [ 2 0 DESCRIPTION |
6 [ o ¢ ] o @ | o G 0 | Resst i
L o e o1 0] ] X Clear all IRR and ail IMR bits J
P e 0 o | 1 1 | B2 B1 EO Ciear IRR and IMR bit specified by B2, B1, B0 !
! ¢ l G 1 o] 1] X x X ! Clear ali IMR bits 4
e o 1 0 i 82 : B! BO | Clear IMA bir specified by 82, B1, BO
|0 IR 1 0 X X | X 7 Setall IMR bits
Q [ 1 1 1 Bz B1 BO Set IMR bit specified by B2, B1, BO
. 0 1T 0 0 0 X X X Clear all IRR bits ‘
| 0 I o 1 | Bz | B BO | Clear IRR bit specified by B2, B1, BO |
© 0 1 g 1] 0 X X © X | Setall IRR bits !
o 1 0 T Bz | B1 ;. BO _ SetIRR bil specifiec by B2, B1, B0
[ 1 0 X x X X . Clear highest priority ISR bit )
R T 0 X X i X ' Clear all ISR bits g
T K 1" B2 - B | B0 . Clear ISR bit specified by B2, B1, B0
10 o Ma T M3 M2 M1 T MO | Load Mode register bits 0-d with spscified pattern
1 _‘L 0 1 | 0 l ME | M5 | 0 | 0 Load Miode ragister bits 5, & with specified pattern
A R 1T P ME M5 0 | 1 I ipad Mode register bits 5 6 and set mode bit 7
ti 1 0‘% 1 ' M6 M5 1 | 0 ' Load Mode register bits 5, 6 and clear mode bit 7
T 1 1 T .
‘= 3 ! 0 1 ;% “ X ! X i x | ELeSselect IMR for subseguent loading from data
: 3 s 0 0 % ! X ' X \ X f::;?;:c;rgr?:%g:iru;eg|ster for subsequent
i i ! Load BY, BYD into byte count register and _i
v oy BN Byo - L2 L Lo preselect response memory level specified by L2,
: ‘ ‘ ' ‘ " L1, L0 for subsequent loading frem data bus

Figure 4. Am8519A Command Summary,
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MAXIMUM RATINGS sbove which useful life may be impaired

Storage Temperature —65°C 10 +150°C |
Ambient Temperature Under Bias —56°C 10 +125°C
VCC with Respect 10 VSS ~0.5V to +7.UV449
Al Signal Voltages with Respect to VSS ~0.5V 10 +7.0V
Power Dissipstion (Package Limitation) 1AW

The products described by this specification incude intemal circuitry designad to protect input devices from demaging accumulations of
static charge. it is suggested, nevertheless, that conventional precautions be observed dufing storsge, handling and use in order to avoid
sxposure tG excessive voltages.

OPERATING RANGE : -
Part Number Ambiant Tempersture Vee Voo

A5 10APC, AMBS18ADC O°C < Tp < 70°C 5.0V =5% oY

AMBS194A-1PC, AMRS18A-1DC

AmB518AD) ~40rC « Ty < 85°C 5.0V = 10% ov

AMBS19ADME -55°C < Ty < 125°C 5.0V £10% ov

DC CHARACTERISTICS Over Operating Range (Note 1)

Parameter Description Teat Conditions Min Typ Max Units
I B - - o : H
i VOH Output High Vonage (Note 12) }L IOH = ~ 200uA - 24| | . Vots
1OH = ~100uA (EQ only) T | :
| 1oL=3.2mA ' : [ o4
VoL Output Low Vohage L : 1 | ] Volts
! | I 10L = 1.0mA (EQ only) | i 04
| VIH input High Voltage ; I 20 i vee - vors
v I input Low vorage i JIEXN cB | vone
| ! P T T
l X | input Load Curren: | V88w VIN & VEC Elmput | & | | A
; Otmerinputs | -10 ! o
10z Output Lsakage Gurrent [ VSS € VOUT = vCC. Output OF | -1 L LA
P © Ta=+25°C ? 80 125
' T T =
ICC ! VCC Supply Curent [ Ta=0C 1 e 145 | maA
i . Ta=-55C L i 200
' co ' Output Capaditance b= 1.0MHz L ! 1
Ll . Input Capasitance L Ta=28C | \ 4w LpF
) ] /O Capaatance I Al pins at OV ' -
AC TESTING INPUT, OUTPUT WAVEFORM
' Input/Output
14
20=—__ 7EgT uX
POINTS
ot o9 T 0h
DD4™E £
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AC CHARACTERISTICS Over Operating Range (Notes 2, 3. 4, 5)

Am9519A AmS519A-1
Parameters Description ‘Min Max Min Max Units
TAVAL /D Valid and &5 LOW to Reac LOW ) : 0 ns |
TAVWL ¢/D valid and T8 LOW to Write LOW D o ns
TCLPH RIF LOW to PAUSE HIGH {Note §) 75 375 75 a75 ns
TCLQV RIP LOW to Data Out Vaiid (Nots 7} 80 40 ns
L TDVWH Data In Valid to Write HIGH 250 200 ns
¢ TEHCL Enable in HIGH to RIP LOW (Notes 8, 9) 30 300 30 00 I s
TIVGV interrupt Request Valid to Group interrupt Valid 100 i 8OO 650 ; ns
T Tivix :ﬁmﬁm :::f o Intemupt Request Don't Care 250 250 | |
TKHCH TACK HIGH 1o TP HIGH (Note 8} 450 L3800 | ns
TRHKL | TACK HIGH 10 TACK LOW (TACK Recovery) 500 ! 306 : ns :
TKHNH | TACK HIGH to EQ HIGH {Notes 10. 11) S 750 . ons |
TKHQX | TACK HIGH 1o Data Out Invalid 20 | 200 20 100 | ns
: COML 75 800 75 . 450 ! ns
TKLCL ! TATK LW 10 FiTF LOW (Note &, 13} IND 75 800 | : ns
3 ML 75 850 i ns
THLKH ' TACK LOW to TACK HIGH {1t JACK} {Nole 13] 975 o) ' ns
TKLNL TACK LOW 1o EQ LOW (Notes 10, 11, 13) 125 100 ns
THLPL TATK LOW 1o PAUSE LOW {Nota 13) 25 75 25 125 ns
TKLQY . | TACKLOW to Data Out Valid (Note 7, 13; 25 300 25 200 ns
TKLOVY | 45t TACK LOW 1o Data Qut Vasid (Note 13) . £ 650 75 4% | s
TPHKH | PAUSE HIGH to JACK HIGH L0 ) : Coms
TRHAX | Read HIGH to G/ and C5 Don't Care E 0 1 0 ' ns
| TRHGX | Read HIGH to Data Out lnvalid 20 20 . 20 | w0 . ons
| TRLQV | Read LOW to Dala Out Vaid 300 Poson 0 ns L
COTRLOX | Read LOW 1o Data Out Unknown 50 50 : : ns 3
TRLAH Read LOW to Read HIGH (RO Pulse Duration) 300 T eso . ons
TWHAX Write HIGH to /D ana €8 bon't Care 25 - : ‘T ns ‘
TWHDX | Wnte HIGH to Data In Don't Care 25 25 ! © o ons
TWHRW . Wnte HIGH to Read or Wnte LOW (Write Recovery: . 500 400 ! ns
TWLWH  © Write LOW to Write HIGH (WR Puise Duranon] S a0 25¢ . ons
NOTES: setected. RIP cannot be pulted low until E+ is high following an intamnal

1.

Typical values tor T, = 25°C. nominal supply voltage and nomina!
procassing parameters.

Test conditions assume transition tmes of 20ns or less, tming refer-
ence |evels of 0.8V ana 2.0V and output Icading of one TTL gate plus
100pF . unless ctherwise notad

Transition abbreviations used for the switching parameter symbols
inciude: H = High, L = Low, V = Vahia, X = unknown or don't care, Z
= high impsdance.

. Signal abbreviations used for the swilching paramater symbols

incluge: R = Read. W = Wnte. @ = Data Out, D = Data In,
A = Address {CS an¢ C/D). K = Interrupt Acknowledgs,
N = Enable Out, E = Enable 'n. P = Pause. C = RIP.

Switching paramete’s are lisied in aiphabetical order.

Dunng tne frst IACK pulse, i’AUSE will be low long enough to allow
for pricrity resolution and wilt not go high untit atter RIP goes low
fTCLPH]

. TKLQV applies only to second, third and fourth JACK pulsas while

RIP 150w, Durng tne first ACK pulse. Data Qut will be valid tollowing
the talling edae o RIP (TCLOV;

. RIP 15 pulies iow to indica’e thal an interrypt reques’ kas been
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12.

13.

delay. TKLGL will govern the faling edge of RIP when E: is aiways
high of is tigh early in the acknowledge cycie. TEHCL wil: govern
when El goes high later in the cycle The nising edge of El will be
determined by the length of the preceding priority resoiution chain
RIP remains low until afier the nsing edge of the TACK pulse that
transfers the last respansa byte for the seiected IREQ

Test conditions for the E1 ine assume timing referance ievels of 0.8V
and 2.0V with transition fimes of 10ns or less

. Test conditions tor the EQ line assume output loading of two LS TTL

gates plus 30pF and sming reference levels of 0.8V and 2.0V, Since
EQ normally onlty drives E| of another Am85134, higher speed opera-
tion can be specitied with this more realistic test condition.

The arrvai of IACK will cause £O to go low, disablng additorai
circuits that may be connected to EO. If no valid intermupt 15 pending
EQ will returm high when £i s igh. if a panding request s salecter.
EQ will stay low unti after the last IACK puise for that interrup: is
complete anc RIF goes high.

VOH speciicabons do not apply to RIF or 1o BINT wher active-iow
These cutputs are open-drain and VOH levels wil' be determines Dy
exlemna; circuitry

T8 must be Hign tor at leas: 100ns prior to TAGK going Low
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APPLICATIONS
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SN741LS610 THRU SN74LS613
MEMORY MAPPERS

e Expands 4 Address Lines to 12 Address Lines

{T(M93610 THRU TIM399613}

¢ Designed for Paged Memory Mapping

ENS4ALS ...

J PACKAGE

SN74LS ... 3 OR N PACKAGE
(TOP VIEW!

o Output Latches Provided on "LS610 and ws: [ U %) vee
‘LS611 s E o
e Choice of 3-State or Open-Collector Map nss 7] ks
Outputs = E 17] Ma
» Compatible with TMS 9900 and Other st (o § w50
Microprocessors il L 3) Mao
oo E ] on ™
OUTPUTS MAP o1 3] ] o
DEVICE LATCHED QUTPUT TYPE OATA BUS 1O 02 E nt o9 S OATA BUS 110
'L5510 Yes 3.5tate ‘ 3 E M| o
‘LSEN Yes Qpen-Collector ps fn »] o7
'LSE12 No 3State os [11] %u]] os J
'LSB13 No Open-Collector e E ni CiNe
E MO'I'I\
W1 MO
description . =) wos
MAP OUTPUTS > MAP DUTRUTS
These memory-mapper integrated circuits contain a | moB
4-line to 16-line decoder, a 16-word by 12-bit RAM, 73] wor
16 channeis of 2-{ine to 1-line multiplexers, and other 72} mos
miscelianeous circuitry on a monalithic ¢hip. The 1)

‘LSE10 and "LSBT1 also contain 12 latches with an

enable control. *NOTE: Fin 28 has no internal connection on 'LS612 ang ‘LS613

The memory mappers are designed to expand a microprocessor’s memory address tapabitity by eight bits. Four bits of
the memory address bus {see the figure beiow] can be used to select one of 16 map regisiers that contain 12 bits each.
These 12 bits are presented to the system memory address bus thraugh the map output buffers along with the unused
memory address bits from the CPU. However, addressable memiory space without reloading the map registers is the

same as would be avaifable with the memary mapper left out. The addressable memory space is increased only by
periodically reloading the map registers from the data bus.

This configuration lends itse!f to memory utitization of 16 pages of 2{n—4! registers each without reloading {n = 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 RAV whenever chip select (€5 is low.
The data 1/0 takes place on the data bus DO thru D7. The map operation will putput the contents of the map register
sefected by the map address inputs (MAD thru MAJ] when &5 is high and MM {map mode control} is low. The 'LS612
and ‘L5613 output stages ere transparent in this mode, while the "L5610 and ‘L5611 outputs may be transparent or
latched. When T& and MM are both high (pass mode), the address bits on MAQ thru MA3 appear at MO8~MD11,
respectively, {assuming appropriate latch control) with low fevels in the other bit positions of the map outputs.

) Y
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TYPES SN54LS610 THRU SN54LS613, SN74LSE10 THRU SN74LS613
'MEMORY MAPPERS

functional btock diagram {positive logic)

MM c [*14
(]
‘s FOR MO0O-MO7 —/—-—a ONLY i
8L - ‘L5610
4 & 1s611!
7 HAVE |
LATCH |
MUX :
o ——-9—{G1
Ldcz :
4 4 L RAM 16 x 12 MUX | r——"
MAD MAT et et 1 4 oy, o G1 |—|c1 | EN
RSO-RS3 o 2 T3S TS G2
4 8 ﬁ___ r
R -1 g | & L B
S$TROBE —————r] Ct [WRITE] , 1D 7 -+ pF—moswmo?
: 4 ‘ 7 A
I : 12 ' | «a{ D]
R . #4110 %—/—— « |—moB MO
DO-DY1 L__J
"L$612 &
L8613 FEED
STRAIGHT
THAOUGH

"'LSE10 and ‘L5612 have 3-state {\7) map outputs
'LEE11 and 'LSE13 have open-coliector (Q) map outlpuls.

PIN FUNCTION TABLE

PIN PIN NAME FUNCTIONAL DESCRIPTION
7-12, DO thru D11 1/0 conmections 1o data and contro! bus used for reading from and writing to the map regrster
29-34 setected by RSO—RS3 when €5 is low. Mode controlied by R/W.

36,38,1,3 RSO thru RS2 Register select inputs for (/O operations.

2] R/W Read or write control used in 1/0 operations 1o seiect the condition of the data bus. Whern high, the
data bus outputs are active for reading the map register, When low, the dats bus is used to write into
the register.

5 STROBE Strobe input used 10 enter data into 1he selected map register during 1/0 operations.

4 [ Chip setect input. A low input level selects the memory mapper (2ssuming more than one used) Tor
an /O operation.

35,37, 39,2 MAQ tHru MA3 Map address inputs to select one of 16 rmap registers when in map mode (MM low and C5 high).
14-19, MO0 thru MO Map outputs. Present the map register contents to the system memary address bus in the map mode
22-27 in the pass mode, these outputs provide the map address data on MOB—MO11 and low levels on

MOC-MO7.

13 M Map mode input, When low, 12 bits of data are transferred from the selected map register to the map
outputs. When high {pass mode), the 4 bits present on the map address inputs MAD-MAZJ are passed 10
the map outputs MOB-MO1 1, respectively, while MOO-MO7 are et law.

21 ME Map enabie for the map outputs. A low leve! allows the putputs to be active while 3 high input level
puts the cutputs at high impedance.

28 c Latch enable input for the L5610 and ‘L5611 (no interna! connection for L5612 and 'LS613), A
high fevel will 1ransparently pass data to the map outputs. A low leve! will 1atch the outputs,

40, 20 Ve, GND 5-V power supply and network ground {substrate) pins.
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INTRODUCTION

Microprocessors, due to the advent of high densiiy semi-
conductor memories (i.e., 64K or larger), are being used
more and more in systems featuring memeory 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 applications where Lige
memory structures are required,

‘ The memory mappers (SN54;74L5510 through
SN54/741.8613) from TI were designed 1o alleviate this
addressing limitation. These devicesemploy a paged memnry
mapping technique in expanding the systermn memory address
bus by 8 bits, thus effectively increasing the svstem
addressing capability by a factor of 2% or 256. Fer miicro-
processors with a 16-bit address bus (such as the Z-80, the
8085 and the 6800), this results in an increase in the
maximum addressing capability from 64K bytes to 16K
bytes and for the TMS9900 (which has a 15-bit address
bus), the result is an increase from 32K words to 8M words
{ward = 2 bytes).

In the mapping operation, the four M3Es of the
microprocessor address word are vsed 10 access one of the
sixteen 12-bit repisters 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 TMS9900) 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 1)

The memory will be organized into 2™ pages (where x
equals the number of bits of the page address) with 274
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

TMS9900 case). In order to access more pages, the memory
mapper RAM array must be reloaded with 16 new pags
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 SN54/74L5610
riemory mapper, which consists mainly of: a 4-bit 2-t0-]
muitiplexer, a 16 X 12-bit RAM array, a 12-bit 2-t0-1
wultiplexer, 24 3state buffers, control jogic and in the case
of L8610 znd "LS611, a 12-bit transparent latch, as shown
ir. Figure 2. Table 1lists the functional differences between
tne L8610, "L 8611, L8612, and 'LS613. Table II Lists the
funcuon of each pin.

Depending on the state of the input control signals
(ie., CS, R/W, STROBE, MM, and ME}, the mapper can be
operated in three basic modes of operation, 1/O {READ
or WRITE), MAP and PASS. An sxplanation of each mode
and the control signals necessary to achieve that mode of
operation is given below. {(Refer 1o Table 111}

Input/Qutput Mode

In this mode a page address can be loaded either
into a mapper register or can be read from a memory
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 wih &
page address via the DO-DI1 IO ports from the micro
processor. The address of the seiected register is inpurtied
via the RSO-RS3 inputs and is usually the four LSBs of the
micioprocessor address word. The chip select (CS). the

strobe (STROBE) and R/W controls should all be Jow..
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Table I. Device Comparison

Map Outputs Map
Device Latched Output Type
8NB4/7418610 Yes 3-State
BNS4/74L8611 Yes Open<collector
SNB4/74L5612 No 3-State
SN54/74L5613 No Open-collector

READ Mode

The contents of one of the sixteen 12-bit registers is
read from the mapper via the D0O.D11 1/O ports. As in the
WRITE mode, the mapper register is selected by the address
on the RSO-RS3 inputs. Again chip select (CS) should be
low, while the R/W should be kept high.

MAP Mode _

The contents of one of the sixtesn 12-bit memory
mapper registers is outputted to the system address bus via
the MOO-MO11 outputs. The address on MAD-MAZ selects
the mapper register and is usually the four MSBs of the
microprocessor address word. The chip select {CS) must
be inactive (high), the map mode (MM) control and the
map enable (ME) must both be active (low). The n—4
LSBs, where n equals the microprocessor address bit length.
of the microprocessor address bus will be transferred directly
to memory from the microprocessor, while the remaining
12 MSBs of the system address bus will be driven onto the
bus by the memory mapper.

Table II. Pin Funcrions

Pin Pin Name

Functional Description

712 DO thru D31

1/0 connections to data end control bus used for reading from and writing to
29-34 the rnap register selected by RSQ-RS3 when CS is low. Mode controlled by R/AN.
{DC corresponds to MO0 and is the most significent bit.)

36,38,1,3 RS0 thru RS3 Reygister select inputs for 1/0 operations. IRS3 is the Jeast significant bit.)
6 RMW Read or write control used in 1/0 operations to select the condition of the gata
bus, When high, the data bus outputs are active for reading the map register,
When iow, the data bus is used to write inio the register.
5 STROBE Strobe input used to enter data into the selected map register guring 1/Q
Operations,
a cs Chip select input, A low input level selects the memory mapper lassuming more

than one used! for an 1/D operation.

35,37,39,2 MAQ thru MAZ

Map address inputs to select one of 16 map registers when in map mode (M low
and C8 highl. (MAZ is the teast significant bit.)

14-19 MO0 thru MQ11

significant bit.)

Map outputs. Present the map register contents to the system memaory address
22-27 bus in the map mode. in the pass mode, these outputs provide the map address
datz on MO8-MO11 and low levels on MOD-MO7. (MO11 is the least

13 WM

Map mode input. When low, 12 bits of data are transferred from the selected
rmap register 10 the map putputs, When high {pass mode), the four bits present
on the map address inputs are passed 10 the map outputs.

21 ME

Map enable for the map outputs. A low level aliows the putputs to be active while
& high input level puts the outputs at high impedance,

28 C

Lateh enabie input for the ‘L5810 and "LS611 (no internal connection for "LS612
snd ‘L.SG13). A high level will transparently pass data to the map outputs. A lows
level will tatch the outputs,

47, 2¢ Vee, GNO

Power supply (5 V) and netwark ground [substrate) pins.




Table Ill. Modes of Operation

MAPPER /o
INPUTS WRITE (LOAD) READ (VERIFY} MAFP PASS
s Active (Low]) Active {Low) Inactive {High} inactive (High}
STROEBE Active (Low) Don't Care Don's Care Don't Care
RAN Low High Don’t Care Don’t Care
MM Don't Care Don‘t Care Active {Low) Inactive {High)
WE Inactive {High) inactive {High) Active Active
RSO-RS3 Address of Address of Don't Care Don’t Care
Selected Register Seiected Register
MAO-MA3 Don’t Care Don‘t Care Address of Address of
Selected Register Selected Register
MOO-MOD11 High impedance High Impedance Valid Address Valid Address
D0-D11 Register contents Register contents Input Mode Input Mode
to be icaded linput) | to be read [output)

PASS Mode

The four LSBs (MO8-MO11) of the memory mapper
address bus (MQG-MO11) will be the same as the address
on the MAD-MA3 input bus, while the remaining eight
M3Bs of the memory mapper address bus will all be low.
The chip select (C8) and the map mode (MM) should both
the inactive Chigh); map enable (ME) 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 flexibility of the memory mapper is such that it
can be used with mijcroprocessors that have either an 8-bit
or a 16-bit data bus. In order to use the memory mapper
to its fullest potential (i.e., expand the address bus by eight
bits} with an B-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 busneeds 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 1o only 20 bits resulting in 2 1-megabyte
addressing capability. Next in this report, we will ook at
two 8-bit systems utilizing the 'LS612 memory mapper.

TMS9995-Based System

Figure 3 shows a TMS9995-based system using the
'LS612 to expand the address bus by four bits. The
TMB9395 is an B-bit microprocessor with 2 16-bit address
bus. This system employs the Programmable System
Interfzce (TMS9901) to control the operation of the mapper.

The contrel of the mapper is software programmabie via

the IO ports of the TM89901. Since the mapper registers
are viewed as part of the logical memory space, an address
decode (AD0) of the 12 MSBs is gated with a CRU bit to
select the mapper for a READ or WRITE operation. The
specific 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, P} and ADD and the corresponding
mode of operation of the mapper. When placed in the /O
mode, the READ-or WRITE operation is then controlled
by memory signals from the microprocessor (i.e., WE/
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 resisters Rl and R2 will ensure the
mapper is placed in the pass mode during POWER-UP and
RESET. The resultant address bus is 20 birs wide, ard
SA19 is the LSBE.

Z-80-Based System

Figure 4 shows another 8-bit (Z-80-based) system
using the TI memory mapper. In this case, the contro! of
the mapper is implemented by two flip-flops feeding MM
and CS. These flipflops are programmed by the Z-8G and
are addressed by the data bus, DO-D1. Table V shows the
necessary states of DO and D! to set the mapper in its
proper mode of operation. Again during POWER-UP or
RESET, the flip-flops are both cleared by RST, which is
supplied by the system and which puts the mapper in the
pass mode,

Table JV. TMS9900/'LS610 Control Signals

MEMORY MAPPER CONTROL SIGNALS

MODE OF OPERATION Pl PO ADG
MAP L H L
PASS H H L

L ¥e) J

HJL L
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Figure 3. TMS59983 with Memory Mapper
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Table V. Z-50/LS'610 Control Signals

CONTROL SIGNALS MEMORY MAFPER
Do | b1 {AD0) TORQ | MODE OF OPERATION
L L 3 PASS

L 1 MAP
L H 1 110

TMS59900-Based System

One of the limitations of usingan &-bit microprocessor
with the memory mapper, without multiplexing the page
address, is that the address bus can only be expanded four
bits. In a 16-bit system, one based on a 16.bit micro-
processor [ike the TMS9900, no extra circuitry is necessary
to Joad the mapper with the full 12-bit address. Figure §

shows a TMS9900 with an SN54/74LS612 for memory
mapping. The contro! of the mapper is implemented in the
same fashion as the system using the TAMS9995 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 swiich, During a context switch, the
microprocessor must be able to address these locations
which are part of the logical address (i.e., locations that are
capible of being addressed by the microprocessor indepes-
dently}. One method, besides placing the mappzr inta the
pass mode, is to load the memory mapper register whose
4-bit address is Oy with the address of the first page of
physical memery. This, fike the pass mode, will effectively
make the memory mapper appear 10 b¢ lranspareii.
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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 ME input was always
connected to ground. This caused the mapper address
buffers to be enabled during all modes of operation of the
mapper. This is only a problem during the 1/O mode where,
when loading the mapper register, other memory locations
are alsg being written into. The method used to avoid
destroying data already in memory was to put the mapper
into the pass mode during the /O operation. This was
accomplished simply by pulling MM 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 increass the
overall addressing capability of the system, but it will
double the amount of active pages and will also zfford
twice the active addressing capability. Even though the
control of two mappers is a little more detailed thar the
control of one, the same basic methods emploved 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,
Jooking at the I/O 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
1O, static RAMs, with maximum access times (RS to valid
MO, T4 = 25°C,CL = 50 pF, Vcc = 5 V) of 75 ns. Once
the /O mode is set (CS = 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.

In the MAP and PASS mode, the main concern is
the maximum access time (MA to MQ), This access time is
specified 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 flexible 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 ar¢ numerous and only some examples were
shown in this report. Some of the other possible applications
of the mapper include: (1) 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.
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WD279X-02 Floppy Disk Formatter/Controller Family

FEATURES

* ON-CHIP PLL DATA SEPARATOR

+ ON-CHIP WRITE PRECOMPENSATION LOGIC
* SINGLE +5V SUPPLY

* ACCOMMODATES SINGLE AND DOUBLE DENSITY
FORMATS
IBM 3740 (FM)
1BM 34 (MFM)

v AUTOMATIC SEEK WITH VERIFY
* MULTIPLE SECTOR READ/WRITE
* TTL COMPATIBLE

* PROGRAMMABLE CONTROL
SELECTABLE TRACK-TC-TRACK ACCESS

The WD279X Family are MOS/LS! devices which perform
the functions of a Floppy Diskx Controlier/Formatter. Soft-
ware compatible with its predecessor, the FD179X. the
device also contains & high pertformance Phase-Lock-Loop
Data Separator as well as Write Precompensation Logic.

When operating in Doubie Density mode, Write Precom:
pensation is automatically engaged to a value programmed
via an external potentiometer. An on-chip VCO and phase
comparator allows adjustable frequency range for 5%: * or
8" Floppy Disk intertacing.

The WD279X is fabricated in NMOS silicon gate technology
and available in a 40 pin dual-in-ling ceramic or plastic
package.

HEAD LOAD TIMING FEATURES 2791 | 2793 | 2795 | 2787 l
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PIN OUTS

PIN ]

NUMBER PIN NAME SYMBOL FUNCTION

1 ENABLE PRECOMP ENP A Logic high on this input enables write precompen-
sation to be perfermed on the Write Data output.

19 MASTER RESET MR A logic jow (30 micreseconds ming on this input
resets the device and loads HEX 03 into the com-
mand register. The Not Ready (Status Bit 7) is reset
during MR ACTIVE. Whnen MR is brought 1o a logic
high a RESTORE Command is executed. regardiess
of the state of the Reagy signa! from the drive. Also,
MEX 01 is loaged inic secior register.

20 POWER SUPPLIES vgs Ground
21 Voo +5V 5%

COMPUTER INTERFACE:
2 WRITE ENABLE WE A logic low on this input gates data on the DAL into

the selected register when C8 is low.

3 CHIP SELECT cs A logic low on this input selects the chip and enables

computer communication with the cevice.

4 READ ENABLE RE A logic low on this input contrals the piacement of

data from a selected register on the DAL when CS is

low.

REGISTER SELECT LINES AC. A1 These inputs select the register io receive/transter

data on the DAL lines under RE and WE control.

Cs A1 A0 RE WE

0 0 o] Status Reg  Command Reg

o 0 1 Track Reg Track Reg
0
1

w
o

0 1 SectorReg  Sector Reg
0 1 Data Reg Data Reg

714 DATA ACCESS LINES DALG-DALY Eight bit bi-directional bus used for transfer of com-
mands, status, and data. These lines are inverted
(active low) on WD27%1 and WD2795.

24 CLOCK CLK This input requires a freerunning 50% duty cycle
square wave clock for internal timing reference. 2
MHz =+ 1% for 8" drives, 1 MHz = 1% for min:-
floppies.

38 DATA REQUEST DRQO This cutput indicates that the Data Register contains
. assembled data in Read operations, or the DR is
empty in Write operations. This signal is reset when
serviced by the computer through reading or loading
the DR
39 INTERRUPT REQUEST INTRG This output is set at the comptetion of any command
and is reset when the Status register is read or tnhe
Command register is written to.

FLOPPY DISK INTERFACE:

15 STEP STEP The step output contains a pulse tor each step.

16 DIRECTION DIRC Direction Output is active high when stepping in.
achive iow when stepping oul.

17 Biia.” B” SELECT 58 This input selects the internal VOGO trequency for use
with 5va " drives or 8" drives.

18 READ PULSE WIDTH RPW An external potentiometer tied to this input controls

the phase comparator within the data separator.
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PIN
NUMBER

PIN NAME

SYMBOL

FUNCTION

22

23

25

25

27

28

31

32

33

35

PUMP

ENABLE MINLFLOPPY
(2791, 2793)

SIDE SELECT QUTPUT
{2795, 2747}

VOLTAGE-CONTROLLED
OSCILLATOR

RAN BEAD
HEAD LOAD

TRACK GREATER
THAN 43

WRITE GATE

WRITE DATA

READY

WRITE PRECOMP
WIDTH

TRACK 00

[NDEX PULSE

TEST

880

WD

READY

A logic low on this input allows adjustment of exter-
nal resistors by enabling (nternat signals to appear on
setected pins.

High-impedance output signal which is forcec high
ar low to increase/decrease the VCO frequency.

A Jogic iow on this input enables an internal — 2 of
the Master Clock. This allows both 52" and 8" drive
operation with a single 2 MHz clock. For a 1 MHz
clock on Pin 24, this line must be leftopen ortiecd to a
Logic 1.

The Ipgic level of the Side Select Output is directly
centrolied by the 'S’ flag in Type 11 or Il commands
When U = 1, 850 is set to a logic 1. When U = 0.
580 is setto alogic 0. The 880 is compared with the
sige information in the Secior LD. Fielg. If they do not
compare Status Bit 4 (RNF) is set. The Side Seiec:
Output is only updated at the beginning of a Type |l of
Il commiand. It is forced to a logic ¢ upon a MASTER
RESET condition

An external capacitor tied to this pin adjusts the VCO
center freguency.

The data input signat directly frem the drive This
input shali be a negative putse for each recorded flux
transition.

The HLD output controls the loading of the Read-
Write head against the media

This cutput informs the drive that the Read/Write
head is positioned between tracks 44-76. This output
is valid only duning Read and Write Commands.

This output is made valic before writing 1s 1o be
performed on the disketie,

MFWM or FM outpu! puise per flux transinon WD
contains the unique Address marks as well as data
and clock in both FM and MFM formats.

This input indicates disk readiness and is sampled
for a logic high betore Read or Write commands are
performed. |f Ready is Jow the Read or Write
operation 1s not performed and an anterrupt s
jenerated. Type | operations are performed regard
less of the sta‘e of Ready. The Ready input appears in
inverted format as Status Register bit 7.

An external potenticmeter tied to this input controls
the amount of delay in Write precompensation mode.

This input informs the WD279X that the Read/Write
head is positioned over Track 00.

This input informs the WD279X when the index hole
is encountered on the diskette

WD2793
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PIN NUMBER PIN NAME E SYMBOL FUNCTION
36 WRITE PROTECT WPRT 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 DENSITY DOEN Thig input pin Selects either single or double density
operation. When DDEN = 0. double density is
: selected. When DDEN = 1, single density is

| selected

| 4c | HEAD LOAD TIMING RHLT When a iogic high 1s found on the HLT input the head

i .
) L

|

is assumed to be engaged. It is typically derived from
a1 shot triggered by HLD.

GENERAL DESCRIPTION

The WD279X are N-Channel Silicon Gate MOS LS! devices
which perform the functions of a Fioppy Disk For-
matter/Controlier in a single chip implementation. The
WD279X. which can be censidered the end result of both
the FD1771 ang FD179X designs, is IBM 3740 compatible in
single density mode (FM; and System 34 compatibie in
Double Density Mode (MFM), The WD279X contains all the
teatures of s predecessor the FD178X plos a high per
formance Phase-Lock-Loop Data Separator as weil as Write
Precompensation Logic. In Double Density moge. Write
Precompensation s automatically engaged to a value
programmed viad an exiernzl potertiometer In order 1o
maintain compatitility. the FD1771, FD178X and WD279X
designs were mage as ¢lose as possible with the computer
interface. instruction set, and 10 registers being identical.
Also. head load control is identical. In each case. the actual
Pin assignments vary by only a few pins from any one to
another

The processer interface consists of an 8-bit pi-directiona;
bus for data status. and control word transfers. The
WD278X 15 set up to operate on a multiplexed bus with
other bus-criented devices.

The WDZ79X s TTL compatible on all inputs and cutputs.
The outputs wilt drive one TTL load of {nree LS loads. The
2793 is identica’ to the 2781 except the DAL lines ate TRUE
for systems that utilize true data busses.

The 27957 has a side select output for controllng doubls
sided anves.

ORGANIZATION

The Floppy Disk Formatter plock diagram fs illustrated on
page & The primary sections include the paralle! processor
irterface and the Fioppy Disk interface

Data Shift Regisler — This 8-0it register assembies serial
data trom the Read Datz input (RAW READ) during Read
cperations and transters serial data to the Write Data
Qutpul during Write operations.

Data Register — This &bit register is used as a fialding
register during Disk Read and Write cperations in Disk
Read operations the assembled dala byte is transierred in
parallei 1o the Data Register from the Data Shift Register |n
Disk Write operations informaton is transterred 1 paralle-
from the Data Regrster to the Data Shitt Register

When executing the Seek command the Data Register
hoids the agoress of the desired Tracw position. This

register is loaded from the DAL and gated onto the DAL
nder processor control,

Track Register — This §-bit register 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 reqister are com-
pared with the recorded track number in the 1D field dunng
disk Read, Write and Venfy operations. The Track Register
can be loaded from or transferred to the DAL, This Register
should not be loaded when the davice is busy.

Sector Register (SR} — This &bit register holds the address
ot the desired sector position. The contents of the register
are compared with the recorded sector number in the 1D
field during disk Read or Write operations. The Secto-
Register contents can be loaded from or transferred 1o the
DAL This register should not be loaded when the device is
busy.

Command Register {CR) — Thiz &bil rexsster holas the
command presently being executed. This register shou!d
not be loaded when the device is busy uniess the new
command is a forge interrupt. The command register can
be loaded from the DAL. but not read onto the DAL

Status Register (STR) — This &hit register helds device
Status information. The meaning of the Status bits is a
function of the type of command previously executed This
register can be read onto the DAL, but not loaded from the
DAL,

CRC Logic — This logic 1s used to check or to generate the
18-bit Cyclic Redundancy Check (CRC). The poiynomiz is
Gio = x16 & x12 4 45 4 1,

The CRC inciudes all information starting with the address
mark and up to the CRC characters. The CRC register is
presel to ones pnor 1o dala being shifted through tne
circun,

Arithmetic/Logic Unit {ALU) — The ALU is a serial compara-
tor. incrementer. and gecrementer and is used for reg-ster
modification and comparisons with the disk recordeo 1D
field

Timing and Control — AN computer and Floppy Disk in-
terface controls are generated through this log. The in-
ternal device timing is generated from an extarnal crysta’
clock.

AM Detecior — The address mark detector aetects (D, data
and index address marks during read and write operations
Write Precompensation — anablas write precompensatio-
to be performed on the Wnite Data output.

m

WD2793



WRITE DATA
f1C Dis¥,

WwD279X BLOCK DIAGRAM

Data Separator — a high performance Phase-Lock-Loop
Data Separator with on-chip VOO and phase comparator
alfows adjustable frequency range for 5% or 8" Floppy
Disk interfacing.

PROCESSOR INTERFACE

The interface to the processor is accomplished through the
eight Data Access Lines (DAL} ang associated control
signals, The DAL are used to transfer Data Status. and
Control words out of. or into the WD279X. The DAL are
three stafe buffers that are enabied as output dnivers, when
Chip Select (C5) and Read Enabie (RE) are active {low logic
state) or act as input receivers when C§ and Write Enable
(WE) are active.

When transfer of data with the Floppy Disk Controlier is
tequired by the host processor the device address is
decoded and CS is made low. The address bits At and AC.
combined with the signals RE during a Read operation or
WE during a Wrile operation are interpreteq as selecting
the following registers:

[ A1 AQ READ(REI WRITEGWE, ]
0 0 Status Register Command Register |
c 1 Track Registar Track Register |
. 0 Seclor Register Sector Register i
‘ 1 1 Data Register Data Register |

During Direct Memory Access (DMA} types of data trans-
fers between the Dala Register of the WD278X and the
processor, the Data Request {DRQ} output is used in Data
Transter control. This signa! alse appears as status bil 1
during Read and Write operations,

On Disk Read operations the Cata Reguest is activated (set
high) when an assembled serial input byte is transterred ir
parzlie! 1o the Data Register This bit is cleared when tre
Data Register is read by the processor. If the Data Register
is read alter ane or more characters are lost, by having new
data transferred into the register prior to processor reacout,
the Lost Data bit is set in the Status Register The Read
operation continues until the end of sector 15 reached.

On Disk Write operations the data Request is activaled
when the Data Register transfers its contents to the Data
Shiti Register, and reguires a new data byie. It is reset when
the Data Register is loaded with new dala by the processor
it new data s not lcaded at the time the next serial byte is
requrred by the Floppy Disk. a bivte of zeroes s writter or
the diskette and the Lost Data bit is set in the Status
Register.

At the completion of every command an INTRQ s
generated. INTRQ is resetl by either reading the staus
register or by loading the command register with & ney
command. In addgition, INTRG is generated 1t a Force In-
terrupt command congition is met.

L ]
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The 279X has two modes of operation according 1o the
state of DDEN {Pin 37). When DDEN = 1, Single Density
(FM) is selected. When DDEN = 0, Double Density (MFM)
is selected. In either case, the CLK input (Pin 24} is set at 2
MHz for 8" drives or 1 MHz tor 814 7 drives.

On the 2791/2793, the ENMF input (Pin 25) can be used for
controlling both 5% " and 8" drives willt a single 2 MHz
clock. When ENMF = 0, an internal = 2 of the CLK is
periormed. When ENMF = 1. no divide takes place. This
ailows the use of a 2 MHz clock for both 5" ang 8"
configurations,

The intemal VCO frequency must also be set to the proper
value. The 58 input (Pin 17} is used to select data separator
operation by internatly dividing the Read Clock. When 58
= 0, 5% " data separation is seiected: when &8 = 1, 8"
drive data separation is selected.

CLOCK (24) | ENMF (25; 518 (17) DRIVE |
2 MHz 1 1 8"
2 MHz 0 o Y
TMHz | 1 | 0 TV

Note: All other conditions invalid,

FUNCTIONAL DESCRIPTION

The WD279X-02 is software compatibie with the FD179X.02
series of Floppy Disk Controflers. Commands. status, and
data transfers are performed in the same way Software
generated for the 179X can be transterred to a 279X system
without modification,

In addition to the 179X, the 279X contains an internal Data
Separator and Write precompensation gircuit. The TEST
{Pin 22} line 15 used tc adjust both data separator and pre-
compensation. When TEST = Q. the WD (Pin 31 fine is
internally connected {o the output of the wrile precomp
one-shot. Adjustment of the WPW (Pin 33} line can then be
accomplished. A second one-shot tracks the precomp set-
ung at approximately 3.1 to insure adeguate Write Data
puise widihs to meet drive specifications.

Simitarly, Data separation is also adjusted with TEST = 0
The TG43 (Pin 29; ine 15 internally connected to the output
of the read data one-shot, which is adjusted via the RbPw
(Pin 18) line. The DIRC (Pin 16) line contains the Reac Clock
output (5 MHz for &" drives). The VCO Trimming capacitor
{Pin 26) 15 adjusted for center frequency

Internal timing signals are used to generate puises Guring
the adjustment mode so that these adjustments canr he
made white the device is in-circuit. The TEST line alse
contains a pull-up resistor o adjustments can be per-
formed simply by grounding the TEST pin. overriding the
pull-up. The TEST pin cannot be used 1o disabie stepping
rates during gperation as its function s quite difterent from
the 179X,

Other pine on the device aiso include pullup resistors and
may be left oper 1o sat's’ a Logic 1 condition. These are.
ENP. 58, ENMF, WFRT. DDEN, HLT TEST. and MR.

GENERAL DISK READ QPERATIONS

Sector lengths of 128 256. 512 or 1024 are obtamable in
either FM or MFM formats. For FM. DDEN shouid be
placed to logical "1 Far MFM tormats, BBEN should be

Secior Length Table”

l
Sector Length Number of Bytes |
Field (hex) in Sector (decimai) |
0o 128 ’

o1 256

02 512
03 1024 g

* 2795497 may vary — see command summary.

placed to a logical "0 Sector lengths are determined at
format time by the fourth byte in the “ID" tield.

The number ot sectors per track as far as the 279X 1s con-
cerned can be from 1 1o 255 sectors, The number of tracks
as far as the 279X is concerned is from Q to 255 tracks. For
|IBM 3740 compatibility. sector lengths are 128 bytes with 26
sectors per track. For System 34 compatibility (MFM).
sector (engths are 256 bytes/sector with 26 sectors/track: or
lengths of 1024 bytessector with § sectorsitrack

GENERAL DISK WRITE OPERATION

When writing is to take pilace on the disketie the Write Gate
(WGQ) output is activated. allowing current to tlow intc the
Read/Write head. As a precaution to erroneous writing the
first data byte must be loaged into the Data Register in
response to a Data Request from the 279X betore the Write
Gate signa! can be activated.

Writing is inhibited when the Write Protect input 15 a tog.c
low, in which case any Write command is immediate’y
terminated. an interrupt is generated and the Wnte Protect
status bitis set.

For write operations. the 278X provides Write Gate (Pin 30;
and Write Data (Pin 31) outpuls. Write data consists of &
series of pulses set 1o a width approximately three times
greater than the precomp adjustment. Write Data provides
the unique address marks in both formals.

READY

Whenaver a Read or Write command (Type ! or Il 15
received the 279X samples the Ready input. If tmis input is
logic {ow the command is not executed and an interrupt s
generated. Al Type | commands are performed regardiess
of the state of the Ready input. Also. whenever a Type it or
Il command is received. the TG43 signal output is updated
TG43 may be tied to ENP to enalile write precomnpensalion
on tracks 44-76.

COMMAND DESCRIPTION

The WD279X will accept eleven commands. Command
words shouid only be naded in the Commanc Register
when the Busy status bit s off (Status bit 0). The one ex-
ception 18 the Force interrupt command. Wheneve” a
command is being executed. the Busy siatus bt is sel.
YWhen a command is compieted, an interrupt 1s generated
and the Busy status bit is reset Tne Staus Regste i
cicates whether the completec commanc encountered an
error of was faull free. For ease of discussion, commands
are divided nto four types Commancs and types ars
summarized in Table 1.

D TR R S
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TABLE1. COMMAND SUMMARY
A. Commands for Models: 2791, 2793 B. Commands for Models: 2795, 2797
Bits
[Type Command 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
I Restore 0 0 0 0 h Vv 1o 0 0 0 h v i o
I Seek 0 0 a 1 h v M g | 0 0 0 1 h v " Q0
| Step 0 0 1 T h v 1 10 0 0 1 T h v 1 0
| Stepin 9] 1 0 T h W r L} [ 1 o] T h W n s
| Stepout 0 1 1 T h Y N1 1|0 1 1 T h v 1t
11 Read Sector i 0 o] m S E o] [ 1 0 0 m L E U 8]
i1 Write Sector 1 0 1 m 5 E C ap 1 0 1 m L E u ap
it Read Address t 1 o 0 0 E 0 0 1 1 0 0 " E u 0
It Read Track 1 1 1 0 0 £ 9 o} 1 )] 1 0 0 E u 5}
It Write Track 1 1 1 1 o] E q o 1 1 1 1 v E U o]
IV Force Intermupt t 1 0 1 13 2 Kk dloj1 1 0 1+ 3 k2 1 o
FLAG SUMMARY TABLE 2 FLAG SUMMARY
Command Bit
Type No(s) Description
1 0.1 M0 = Stepping Motor Rate ;
See Table 3 for Rate Summary !
} 2 V = Track Number Verify Flagiv = 0. No verify
V= 1, Verify on destinaticn track
I 3 h = Head Load Fiag h = 0, Unload head at beginning ;
h = 1, Load head at beginning
' 4 T = Track Update Fiag T = 0, Noupdate
T = 1, Update track register
W&t 0 a0 = Data Address Mark ag = g, FB{DAM)
a0 = 1, F8 (deleted DAM)
I 1 C = Side Compare Flag C = 0, Disable side compare
C = 1, Enable side compare
&It 1 U = Update 830 U = 0, Update SSO to 0
U =1, Upcate 380 to1
& 2 E = 15 MS Delay E = 0.No. 15 MS delay
E = 1,15MSdelay (30 MS for 1 MH2)
Ii 3 S = Side Compare Flag § = 0, Compare for side 0
5 = 1, Compare tor side 1 i
i 3 L = Sector Length Fiag LSB's Sector Length in D Fieig
00 0 10 11 :
L =0 256 512 1024 128 |
L =1 126 256 512 1024
1] 4 m = Multiple Record Flag m = 0. Singie record
m = 1, Multiple recerds
v 03 Ix = Interrupt Condition Flags
Ig = 1 Not Ready To Ready Transition
i = 1Ready To Not Ready Transition
Iz = 1Index Pulse
iz = 1Immediate Interrupt. Requires A Reset”
bl = 0Terminate With No Interrupt (INTRQ:

*NOTE: See Type IV Command Description for further information.
m
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Write Precompensation

When operating in Double Density mode (DDEN = ), the
279% has the capability of providing a user-defined
precompensation value for Write Data. An external
potentiometer (10K) tied to the WPW signal (Pin 33) allows &
setting ot 100 to 300 ns from nominat.

Setting the Write precomp vaiue is accomplished by for-
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 in-circuit since Write Gate
(Pin 30) is inactive while TEST = 0.

Data Separation

The 279X can operate with either an external data separator
or its own internal recovery circuits. The condition of the
TEST line (Pin 22; in conjunction with MR (Pin 19) will select
internal or external mode.

To program the 279X for external VCO, a MR pulse must be
applied while TEST = 0. A clock eguivaient to eight times
the data rate e.g., 4.0 MHz for 8" Double Density! is applied
to the VCO input (Pin 26). The feedback reference voltage is
available on the Pump output (Pin 23) for external in-
tegration to control the VCQ. TEST is returned to a Logic 1
for normal operation. Noie:lg maintan this mode, TEST
must be held fow whenever MB 1s apphed.

For internal VCO operation. the TEST line must be high
during the MR pulse, then set to a Logic 0 for the ad-
justment procedure.

A BOK Potentiometer tied to the RPW input {Pin 18} is used
to set the infernal Read Data pulse for proper phasing. With
a scope on Pin 28 (TG43), adjust the RPW pulse for 1/8 of
the daia rate (250 ns for 8" Double Density). An externa!
variable capacitor of 580 pf 1s tied to the VCO input (Pin 26)
for adjusting center frequency. With a frequency counter
on Pin 1§ (DIRC) adjust the trimmer cap to yield the ap-
proprate Data Rate (500 KHz for B” Double Densityl. The
DDEN iine must be low while the 5/8 line is held high or the
adiustment times above will be doubled.

AHer adjusiments have been made, the TEST pin is
returned 1o a Logic 1 and the device i1s ready for operation.
Adjustments may be made in-circuit since the DIRC and
TG43lines may 1oggie without aftecting the drive.

The PUMP output iPin 23 consists of positive and negative
puises. which their duration is equivalent {o the phase
ditference of ncoming Data vs. VCC frequency. This signa!
15 imternally connected to the VCO input. but a Filter is
needed to connect these pufses to a slow moving DC
voliage.

The internal phase-detector is unsymmetrical for a random
distribution of gata pulses by a factor of two. in favor of a
PUM® P condition. Therefore. it is desirable to have a
PUMP DOWN twice as responsive to preveni run-away
during a lock attempt.

A first order lag-iead filter can be usec at the PUMP output
(Pin 230 Thes filter controls the INstantaneous response of
the VCO 1o bit-shifted data (jitten as weli as the response to
normal frequency shift. e the lock-up ume, A balance
must be accompliehed between the two conditions to

inhibit overresponsiveness 1o jitter and 1o prevent an
extremely wide lock-up response. leading to PUMP run-
away. The fiiter affects these two reactions in mutually
opposite directions.

The Source Impedance for a PUMP UP/DOWN condition is
600/120 ohms, respectively, therefore the change in bias
voltage for each pump can be approximated:

datav dt = 250 ns. (set by RPW)
av = RC C = 0.1f
R=Rg +R
AV = 26V for PUMP UP
0.9V for PUMP DOWN

Look up response {TL) is the transient time for the Loop to
Jock from center frequency (FOI 1o maximum lock range:
T =10% FLxKoxaP
Where:
Ko = VCO Conversion Gain = 3.7KH2/mV
FL = Lock Range = 4.00 MHz
AP = Change in Bias for each Pump = 4 mv/PUMP

ADO KMz x 3.7 KHz x4 mV = 27 pumps
27 pumps = 54 usec = 3.4 Byte times (8" Doubie Density)

The fotlowing Filter Circuit is recommended for 87

FM/MEM: PUMP
{PIN 23} L

Apf

1KQ * ING14

Since 5 " Drives operate at exactly one-haif the data rate
{250 Kivsec) the above capacitor should be doubled to .2 or
224t

TYPE | COMMANDS

The Type | Commands include the Restore. Seek. Step,
Step-in, and Step-Out commands. Each of the Tvpe |
Commands contains a rate field (rg ryj, which determines
the stepping motor rate as defined in Table 3.

A 2us (MFM) or 4 us (FM) puise is provided as an output to
the drive. For every step pulse issued. the drive moves one
track tocation in a direction getermined by the direction
output. The chip will step the drive in the same direction
last stepped untess the command changes the direction.

The Direction signal is active high when stepping in anc
low when stepping out. The Direction signal 1s vaho before
the tirst stepping puise is generated,

The rates {shown in Table 3) can be applied to a Step-
Direction Mator through the device interface.

TABLE 3. STEPPING RATES

CLK 2 MHz 1MHz
R1 RO TEST = 1 FEST =1
g 0 ams 6ms
0 1 6ms 12ms
1 0 10 ms 20 ms
1 1 15 ms 30 ms

After the {ast directional step an additional 15 milliseconas
of head settling time takes place if the Verify flag 15 set
Type | commands, Note that this time coubles to 30 ms for

WD2793



o e e

a 't MHz clock. There is also a 15 ms head settling time if
the £ Hag is sel in any Type Il or I} command.

When a Seek, Step or Restore command is executed an
optional verification of Read-Write head position can be
performed by sefting bit 2 (V = 1)in the command word to
a logic 1. The verificaticn operation begins at the end of the
15 miflisecond setiling time after the head is loaded against
the media. The track number from the firgt encountered ID
Field is compared against the contents of the Track
Register. If the track numbers compare and the 1D Field
Cyclic Redundancy Check (CRC) is correct, the verity
operation is complete and an INTRG is generated with no
errors, If there is a match but not a valid CRC, the CRC error
status bit is set (Status bit 3), and the next encountered D
tield is read fror the disk for the verification operation.

The WD278X must find an I field with correct track
number and correct CRC within 5 revolutions of the media;
otherwise the seek erroris set and an INTRQ is generated.
1fV = 0, no verification is performed.

The Head Load (HLD) output contrals the movement of the
read/write head against the media. HLD is activated at the
beginning of a Type | command if the h flag is set(h = 1}, at
the end of the Type | command if the verify flag (V = 1}, or
upon receipt of any Type 1f or Il command. Once HLD is
active it remains active unll elther a Type | command is
received with (h = Dand V = Oy; or if the 279X is In an idle
state (non-busy) and 15 index puises have occurred.

Head Load timing (BLT) is an input 1o 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 high transition on HLD is typically used to fire a
one shot. The output of the one shot is then used for HLT
and supplied as an input 10 the 279X

c |
=

HEAD LOAD TIMING

When both HLD and KLT are true. the 279X wil! then read
from or write to the media. The “and” of HLD and HLT ap-
pears as status Bit 5in Type | status

in summary for the Type | commands: ith = 0and Vv = G,
HLD is reset. f h = 1 and v = 0 HLD 15 set at the
beginning of the command and HLY is not sampied nor is
there an internal 15 ms delay. fh = Dand V = 1, HLD is set
near the end of the command, an internal 15 ms occurs,
and the 279X waits for HLT o be true. ifh = Tand V = 1,
HLD is set at the beginning of the command, Near the end
of the command. after all the sieps have been 1ssued. an
internal 15 ms delay docurs and the 279X then waits for HLT
to accur.

For Type It and Il commancs with E flag off. HLD is made
active and HLT 's sampied until true, With E fiag on, HLD s
made active an mternal 15 ms deiay accurs and then HLT s
sampled until true.

RESTORE (SEEK TRACK 0}

Upeon receipt of this command the Track 00 (TR0 input is
sampled. If TROO is active low indicating the Reagd-Write
tiead is positicned over track 0, the Track Register 15 loaded
with zeroes and an interrupt s generatea. 1f TROO is not
active low, stepping pulses at a rate specified by the MG
field are issued until the TROG inpul is activated. At this
time the Track Register is loaded with zeroes and an in-
terrupt is generated. 1f the TROO input does not go active
low after 255 stepping pulses, the 278X terminates
operation, interrupts. and sets the Seek error status bit &
verification operation takes place if the V flag is set. The h
pit allows the head to be loaded at the start of command.
Note thal the Restore command is executed when MR
goes fromn an active to an inactive state.

SEEX

This command assumes that the Track Register contains
the track number of the cument position of the Read-Write
head angd the Data Register contains the desired track
number. The WD279X will update the Track register and
issue stepping puises in the appropriate direction unt! the

ZOMMANT Bitn
BECEED

SET BuSe RESE™ AT
SEER ERRDS DRI RTRZ

|
|
|
e |
|

|
f
|
\

|
|
F
|

TYPE | COMMAND FLOW
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VERIFY
SEQUENCE

INTRE RESET BUSY

WTRD ORESET ot
SET SEE® EERTF

THERE &
CAC ERBCE

INTRL
T e -—ian
RESES Bt

NG * Wmo THERE G & V2 T e

TYPE | COMMAND FLOW

contents of the Track register are equal to the contents of
the Data Register {the desired track iocation). A verification
operation takes place if the V flag 1s on. The h bit allows the
head to be loaded at the start of the command, An interrup?
s generated at the completion of the command. Note:
When using multiple drives. the track register must be
updated for the drive selected before seeks are issued.
STEP

Upon receipt of this command, the 279X issues one
stepping pulse to the disk drive. The stepping motor
direction is the same as in the previcus step command.
After a delay determinec by the TTQ field. a venfication
takes place if the V flag is on, {f the T flag is on, the Track
Register is updated. The h bit allows the head to be loaded
at the start of the commanc. An interrupt s generated at
the completion of the command.

STEP-IN

Upon recenpt of this command, the 279X igsues one
stepping pulse in the direction towards track 76 H the T
flag is on. the Track Register is incremented by one. After a

TYPE | COMMAND FLOW

delay getermined by the M0 field. a verification takes piace
if the V flag is on. The b bit aliows the head to be loaded at
the start of the command. An imerrupt 15 generated at the
completion of the command.

STEP-OUT

Upon receipt of this command, the 279X issues cone
stepping pulse in the direction towards track 0. {f the T fiag
is on. the Track Register is decremented by one. After a
delay determined by the T1rQ field. a verification takes place
it the V tlag is on. The h bit allows the head to be loaged at
the start of the command. An interrupt is generated at the
completion of the cormmand.

EXCEPTIONS

On the 27957 devices, the SSO output is not affected
during Type | commands, and an internal sige compare
does not take place when the (V) Verify Flag is on.

TYPE H COMMANDS

The Type |l Commands are the Read Sector and Write
Sector commands. Prior to leading the Type Il Command
into the Command Register the computer must 1oad the

L~ ]
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Sector Register with the desired sector number Upon
receipt of the Type Il command, the busy status Bit is set. If
the £ flag = 1 (this is the normal cass) HLD is made active
and HLT is sampled after a 15 msec delay i the E {lag is G,
the head is loaded ang HLT sampied with no 15 msec delay.

When an |D field is located on the disk, the 279X compares
the Track Number on the (D field with the Track Register If
there is not a match, the next encountered 'D field is read
and a cormparison is again made. {f there was a maich, the
Sector Number of the ID field is compared with the Sector
Register. |f there is not a Sector match, the next en-
countered 1D field is read oft the disk and comparisons
again made. If the ID fieigd CRC is correct. the data field is
then located and will be either written into, or read from

"

rveE
TOMM AN
RECEINES

TES

SET PUSY RESET DRg 057
LaTa RECDAC WIOT FOUND 4
STATUS A TS S & B INTAL

INTEC
RESET Boe

INTE( BFSET B_Sh
AT WA TE BETTEC

TYPE 1 COMMAND

ALE
5 inDER MO LES
PASSEL

INTRO RESE™ =
SET RECORT.HIT

HAE
1Tk

BEEK
DE*ECYED

TR TRaCH
AUDRESS OF 'L
FEL

EGiETER

BRING i BEZTOR ENGTw FIELD \{
STORL LERGTH N INTERR S

vEL

|

N |

D oeas ;

1 I

! J

VAR v

TYPE i COMMAND

depending upon the command. The 279X must fing ar {0

field with a Track number. Sector number. side number, and

CRC within 5 revoiutions of the disk. otherwise. the Recard

not tound status bit is set {Status bit 41 and the command is
terminated with an interrupt.

Each of the Type It Commands contains an (m) flag which
determines it multiple records (sectors) are to be reac o-
written, depending upon the command. If m = 0. a singiz
sector s read or whnitten and an interrupt is generated a! the
completion of the command. it m = 1. muitiple recorus are
read of written with the sector register internally updated
sO that an address verification can occur on the nexi
record. The 279X wili continue 1o read or write multipis
records and updale the sector regisler in numerica’
ascending sequence untll the secior register exceeds the
number of sectors on the track or until the Force Interrup?
command is lpaded intc the Command Register. which
terminates the command and generates an interrupt,

Forexample: If the 279X 15 instrucied to read sector 27 anc
thers are only 26 on the track. the sector regisier exceads
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READ SECTOR
SEQUENCE

AT
oata am
RCCLRED
N TIME

PUT AECOAR TYRE N
STATUS REG BI7 ¢

ST
SECTON REC

WURC RESET BU5 -
SE7 CAL Eamos

WRITE SECTOR
SEQUENCE

DEiAY 7 BrTES D6 Gar

COMPUTER
oED

TURK D& WG 8 WA TE ;
6 BYTER OF JEACS DELAN " BYTES
— T
t T
1 L]
WERITE DATA A
ACCORDING TLH A0 HIE [
OF WRITE COMMAND

—

BN Cn WD & R TE
TiBTNES OF ZERTY

HaVF
AL; BYTES
BEEN weTTin

TRk DFF Wi

TYPE Ii COMMAND

the number available. The 279X wiil search for 5 disk
revolutions. interrupt out, reset busy. and sef the record not
tound status bit,

The Type il commangs for 279193 also contain side sefect
compare flags. When C = 0 (Bit 1) no side comparison is
made. When C = 1. the LSB of the side number Is read off
the 1D Field of the disk and compared with the contents of
the (S} tlag (Bit 3). If the S flag compares with the side
number recorded in the ID field. the 279X continues with
the ID search. If a comparison is not made within 5 index
pulses, the interrupt line is made active and the Recorg-
Not-Found status bitis set,

The Type I and It commands for the 2795-97 contain a side
select flag (Bit 1) When U = 0, SSQ is updated to O
Similarly, U = 1 updates SS0 to 1. The chip compares the
850 to the ID fieid. i they do not compare within &
revolutions the interrupt line is made active and the RNF
status bit is set.

The 27957 READ SECTOR ang WRITE SECTOR com-

TYPE | COMMAND

mands include a 'L’ flag. The 'L’ flag. in conjunction with
the sector length byte of the D Field, allows difterent byte
lengths 10 be implemented in each sector. For IBM com-
patibility, the 'L’ flag should be set toc a one.

READ SECTCR

Upon receipt of the Read Sector command. the head 18
loaded, the Busy status bit set, and when an D field 1s
encountered that has the correct track number corres:
sector number, comect side number, and correct CRC, the
data field is presented 1o the computer. The Data Address
Mark of the data field must be found within 30 bytes in
single density and 43 bytes in double density of the last ID
field CRC byte: if not. the 1D fieid search is repeated.

When the first character or byte of the data field has beer:
shitted through the DSR, it is transferrec to the DR arz
DRQ is generated. When the next byte is accumulated in
the DSR. it is transferred to the DR and another DRQ s
generated. If the Computer has not reac the previcus
contents of the DR before a new character is transterred
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that character is lost and the Lost Data Status bit is set.
This sequence continues until the complete data field has
been inputted to the computer. If there is 2 CRC emor at the
end of the data field, the CRC error status bit is set, and the
command is terminated (even if it is a multiple sector
command).

At the end of the Read operation, the type of Data Address
Mark encountered in the data field is recorded in the Status
Register {Bit 5) as shown;

STATUS
BITS
1 Deleted Data Mark
0 Data Mark
WRITE SECTOR

Upon receipt of the Write Sector command, the head is
loaded {HLD active) and the Busy status bit is set, When an
ID field is encountered that has the correct track number,
corect sector number, comect side number, and correct
CRC, a DRQ is generated. The 279X counts off 11 bytes in
single density and 22 bytes in double density from the CRC
field and the Write Gate (WG) output is made active if the
DRQ is serviced (i.e.. the DR has been loaded by the
computen. If DRQ has not been serviced, the command is
terminated anc the Lost Data status bit is set. If the DRQ
has been serviced, the WG is made active and six bytes of
zeroes in singie 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 0
fieid of the command as shown below:

a0 Data Adgress Mark (Bit 0)
1 Deleted Data Mark
0 Data Mark

The 279X then writes the data field and gererates DRQ's 10
the computer. If the DRQ is not serviced in time for con-
tinuous writing the Lost Data Status Bi! is set and a byte of
zeroes is written on the disk. The command is not ter-
minated. After the last data byle has been written on the
disk. the two-byte CRC is computed intemnally and written
on the disk foltowed by one bye of FE in FM or in MFM. The
WG output is then deactivated. For a 2 MKz ciock the
INTRG will set 8 to 12 usec after the last CRC byte is
written. For partial sector writing, the proper method is to
write the data and fill the baiance with zeroes. By letting the
chip fill the zerogs, errors may be maskad by the lost data
slatus and improper CRC Bytes.

TYPES il COMMANDS

READ ADDRESS

bpon receipt of the Read Address command, the head is
loaded and the Busy Status Bit is set. The nexi en-
countered (D fieid is then read in from the disk, and the six
data bytes of the iD field are assembled and transferred to
the DR, and a DRQ is generaied for each byte. The six bytes
of the ID field are shown below:

TRACK SIDE SECTOR | SECTCOR | CRC {CRC
ADDR | NUMBER | ADDRESS | LENGTH 1 2

1 2 3 4 5 6

Although the CRC characters are transferred to the

BET BUEY RESET DRJ
LOST DAY STATUS
BiTS i f

COPY 'S FLAL TT
B£0 LINE2TEE Y DL

Hat

DRG BEEN

SERVIGE SR OWME DD
YT

s ]

TYPE ill COMMAND WRITE TRACK

computer. the 279X checks for validity and the CRC error
status bit is set if there is a CRC error. The Track Address of
the 1D field is written intc the sector register s¢ that a
compansen can be made by the host. At the end of the
operation an interrupt is generated and the Busy Stalus is
reset.

READ TRACK

Upon receipt of the READ track command. the head is
ioaded, and the Busy Status bit is set. Reading starts with
the leading edge of the first encountered index pulse and
continues untit the next ingex puise. Al Gap, Header and
data byles are assembied and transferred to the dats
register and DRQ's are generated tor each byte. The ac-

L """~ "~~~ ]
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| cumulation of bytes is synchronized to each address mark
: J ‘ encounterad. An interrupt is generated at the completion of
the cemmand.

This command has several characteristics which make it
AR suitable for diagnostic purposes. They are: no CRC
checking is performed; gap information is included in the
data stream; the internal side compare is not performed:
i and the address mark detector is on for the duration of the
command. Becauss the A M. detector is always on. write
splices or noise may cause the chip to look foran A M. If an
address mark does not appear on scheduie with the Lost
Data status flag being set.

The 1D AM., 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 write-splice time because of
synchronization.

wk TEFC FE 0F
Fo-FE Cor D7

WRITE TRACK FORMATTING THE DISK
(Reter to section on Type Il cornrmands for flow diagrams.!

Formatting the disk is a relatively simple task when operat-
ing programmed 1O or when operating under DMA wilh &
large amount of memory. Data and gap information must be
proviged at the computer interface. Formatting the disk is
accomplished by positioning the RW head over the de
sired track number and issuing the Write Track command.

Upon receipt of the Write Track comrmand, the head is
loaded and the Busy Status bit is set. Writing starts with
the leading edge of the first encountered ingex pulse anc
continues until the next index pulse, at which time the
interrupt 18 activated. The Data Reguest is activaled im-
mediately upon receiving the command. but writing will not
start untii afier the first byte has been loaded into the Data
Register |f the DR has not been loaded by the time the
index pulse is encountered the operation (s terminatec
making the device Not Busy. the L.ost Data Status Bit 1s se!
and the interrupt is activated. If a byte is not present in the
0OR when needed, a byle of zerces is subslituted.

This sequence continues from one ingex mark tQ the nex’
index mark. Normally, whatever data pattern appears in the
data register 15 written on the disk with a normal cloce
pattern. However. if the 279X detects a data patiern of F5
thru FE in the data register. this is interpreted as data ad-
A dress marks with missing clocks or CRC generation.

The CRC generator is initialized when any data byte from
F8 to FE is about 10 be transferred from the DR to the DSR

CONTROL BYTES FOR INITIALIZATION

TYPE Il COMMAND WRITE TRACK

DATA PATTERN WD279xX INTERPRETATION WD2Z73X INTERPRETATION
IN DR {HEX) IN FM (DDEN = 1 IN MFEM (DDEN = 0
00 thru Fa Write 00 thru F4 with CLK = FF Write 00 thru F4, in MFM
F5 Not Atlowed Write A17 in MFM. Preset CRC
Fé Not Atlowed Write C2** in MFM
F7 Generate 2 CRC bytes Generate 2 CRC byles
FB8thru FB Write FB thru FB. Clk = C7 Preset CRC Write F8 thru FB. in MFM
FC Write FCwithClk = D7 Write FC in MFM
FD Write FD with Clk = FF Write FD in MFM
FE Write FE. Clk = C7. Preset CRC Write FE in MFM
FF Wite FF with Clk = FF Write FF in MFM
* Missing clocw trarsition hetweern bits 4 ang 5 " Missing clock transition between bits 3and 4
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of by receipt of 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 1D fields. Aiso, CRC’'s must be generated by an F7
pattern.

Disks may be formatted in 1BM 3740 or System 34 formats
with sector lengths of 128, 256, 512, or 1024 bytes,

TYPE 1V COMMANDS

The Forced Interrupt command is generally used to ter
minate a multiple sector read or write command or to in.
sure Type | status in the status register. This command can
pe lcaded into the command register at any tme. If there is
a current command under execution (busy status bit set)
the commang will be terminated and the busy status bit

reset,

The lower four bits of the command determing the ¢condi-
tional interrupt as follows:

Io = Not-Ready to Ready Transition
I1 = Ready to Not-Ready Transition
I2 = Every index Pulse

13 = Immediate interrupt

The conditicnal interrupt is enabled when the correspong-
ing bit positions of the command 13 - 10y are set to a 1.
Then. when the condition for interrupt is met, the INTRQ
line will go high signitying that the condition specified has
occurred. If I3 - g are all set to zero (HEX DO). no intermupt
will occur but any command presently under execution will
pe immediately ferminated. When using the immediate

SE” BUSY
FESE™ STATUE
BT AL

RE 4T
AZDRELD

—

READ TRACK
SEQUENCE

TYPE 1l COMMAND
Read Track:Adoress
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interrupt condition 13 = 1, an interrupt will be immediately
generated ang the cutrent commang terminated. Reading
the status or writing to the command register will not auto-
matically clear the interrupt. The HEX DO is the only com-
mand that will enable the immediate interrupt (HEX D8 1o
clear on a subsequent load command register or read sta-
tus register operation, Foliow 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 (limes double when clock = 1 MH2).
Laading a new command sooner than this will nullity the
torced interrupt.

Forced interrupt stops any command at the end of an in-
ternal micro-instruction and generates INTRQ when the
specified condition is met. Forced interrupt witl wait until
ALU operations in progress are complete (CRC
calculations, compares, efc.)

More than one condition may be set at a time If for
example, the READY TO NOT-READY condition (11 = %)
and the Every index Pulse {12 = 1) are both set, the
resultant command would be HEX “DA The “OR" tunc-
tion is performed so that either a READY TO NOT-READY
or the next Index Pulse wili cause an interrupt condition.

READ ADDRESS
SEQUENCE

TYPE Il COMMAND
Read Track/Address

STATUS REGISTER

Upon receipt of any command. except the Force Interrupt
command, the Busy Status bit is set and the rest of the
status bits are updated or cieared for the new command. i
the Force tnterrupt Command is received when there is &
current command under execution, the Busy status bit is
reset, and the rest of the status bits are unchanged. If the
Force Interrupt command is received when there is not a
current command under execution. the Busy Status b is
reset and the rest of the status bits are updated or cleared.
In this case, Status reflects the Type | commands.

The wser has the option of reading the status register
through program control or using the DRQ line with DMA or
interrupt methods. When the Data register is read the DRQ
bit in the status register and the DRQ line are automatically
resel. A write to the Data register also causes both DRQ's
toreset,

The busy bit in the status may be monitored with a user
program to determine when a command is complete. in lieu
of using the INTRQ hne. When using the INTRQ, a busy
status check is not recommended because a read of the
status register 10 geterminge the condition of busy will rese?
the INTRQ line.

The format of the Status Register is shown below:

(8ITS)

7 6 5 4 3 2 1 0

57 56 S5 5S4 83 52 51 Sig

Status varies acgording to the type of command executer
as shown in Table 4.

Because of internal sync cycles, certain time delays must
be observed when operating under programmed VO, They
are: (times double when clock = 1 MHz)

Delay Reg'd.
Operation Next Qperation FM | MFM
Write to Read Busy Bit 1eus , Bus
Command Reg. | (Status Bit 0 !
Write to Read Status 288 | s
Command Reg. | Bits 1.7 !
Write Any Read From Diff. o, C
Register Register '

1BM 3740 FORMAT — 128 BYTES/SECTOR

Shown befow is the IBM single-dens'ty format wit~ 128
bytesisector. In order to format a diskette the user mus?
issue the Write Track commang. and lcad the data register
with the foliowing values. Forevery byte 1o be written there
is one Data Request

16
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issue the Write Track command and load the data register
(;JFU:YBTEERS ;\ETXEVM?J;LE’TETEZ with the {oliowing values. For every byte to be written, there
is one data reguest.
40 FF or 0013
B 00
1 FC (index Mark) NUMBER HEX VALUE OF —}
1_2_2 FF (or 00} OF BYTES BYTE WRITTEN
00
1 FE (D Address Mark} ?g gg
1 Track Number )
4 Side Number (00 or 01) 3 F6 (Writes C2)
1 Sector Number (1 thru 14} o FC (Index Mark)
1 00 (Sector Length) - 80 4E
1 F7({2 CRC's written 12 o
11 FF (or 00) 3 F5(Writes A1)
5 00 1 FE (ID Address Mark]
1 FB (Data Address Mark] 1 Track Number (0 thru 4C)
128 Data (IBM uses E5) ! Side Number (001 1)
1 F7(2 CRC's written) 1 Sector Number i1 thry 14)
z o | Gmalen
e 1 { 5 writlen
2472 FF tor 00} ” aE
1. Write bracketed tield 26 times 12 00
2. Continue writing until 279X interrupts out. 3 F& (Writes A1)
Approx. 247 bytes. 1 FB (Data Address Mark!
3. A'00 option is allowed. 256 DATA
1 F7 (2 CRCs written)
[ 5¢ €
IBM SYSTEM 34 FORMAT- 50877 4E

YT
256 BYTESISECTOR *Write bracketed field 26 times

Shown Delow is the iBM dual-density tormat with 256 ** Continue writing until 278X interrupts odt.
bytesisector In order for format a disketle the user must Approx. 598 bytes,

-
. —

IBM TRACK FORMAT
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1. NON-IBM FORMATS

Vanations in the 1BM formats are possibie to a limited ex-
fent if the foliowing requirements are met:

1) Sectorsize must be 128, 256, 512 of 1024 bytes.
2) Gap 2 cannot be varied from the IBM tormat.
3) 3bytes of 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 279X operation, however PLL lock up
time, motor speed varation, write splice area, etc. will add
more bytes t¢ each gap to achieve proper operation. It is
recommended that the IBM format be used for highest
sysiem reliability.

ELECTRICAL CHARACTERISTICS
Absolute Maximum Ratings

Voitage to any input with

respecttoVgg = + 7t — D5V
Operating temperature = 0°Cto 70°C
Storage temperature = - 55°Cto +125°C

OPERATING CHARACTERISTICS (DC)
Ta = 0°Cto?0°C, Vs = OV, Voo = + 5V = 28V

FM MFM
Gap | 16 bytes FF 32 bytes 4E
Gapll 11 bytes FF 22 bytes 4E
* 6 bytes 00 12 bytes OO
; 3 byies A1
Gap ll1=* 10 bytes FF 24 bytes 4E
4 bytes 00 8 bytes 00
3bytes At
Gap IV 16 bytes FF 16 bytes 4E

* Byte counts must be exact.
** Byte counts are minimum, except exactly 3 byles of A1
must be written.

NOTE: Maximum limits indicate where permanent gevice
damage occurs. Continuous operation at these limits ts not
intended and should be limited to those conditions
specified in the DC Electrical characteristics.

SYMBOL CHARACTERISTIC MIN. | TYP MAX UNITS CONDITIONS }
b Input Leakage 10 uh VIN = Voo 1
oL Cutput Leakage . 10 wh VouT = Voo |
ViH Input High Voitage I 20 v : .
ViL Input Low Voliage ' ; 08 v ;

VOH Qutput High Voltage 24 ! v 1 g = —100:A

VoL Output Low Voltage : i 0.45 v o = 1.56mA

VOHP Output High PUMP : 2.2 i v iop = - 1.0mA

YoLP Qutput Low PUMP j 0.2 Vv i lop = +1.0mA

o Power Dissipation 75 W i All Outputs Open f
Rpy  : Intemal Pullup 100 1700 wh ! ViN = OV j
ico " Supply Current 70 150 mA . All Outputs Open :

i AL

* Internai Pult-up resistors on PINS 1. 17, 19, 22, 36, 37 and 40. Also pin 25 on 2791 and 3.
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TIMING CHARACTERISTICS
Ta =0°Cto70°C,Vss = OV, Voo = +5V = 25V
READ ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. | TYP. | MAX UNITS | CONDITIONS

TSET Setup ADDA & GS 10 RE 50 nsec [

THLD Hold ADDR & CS from AE 10 nsec !

TRE RE Pulse Width 200 nsec CL = 50 pi

TDRR DRQ Reset from RE 100 200 nsec

TIRR INTRQ Reset from RE 500 3000 nsec See Note

Tpace Data Valig from H—'_E 100 200 nsec | CL = 80pt

TDoH Data Hold From RE 20 150 nsec l Ct = 50 pf
WRITE ENABLE TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNITS l CONDITIONS

TSET Setup ADDR & CS to WE 50 nsec l

THLD Hoid ADDR & CS from WE 10 nsec ‘

TWE WE Pulse Width 200 nsec

ToRR DRQ Reset from WE 100 200 nSec

TIRR INTRQ Reset from WE 500 3000 nsec See Note

Tos Data Setup to WE 150 nsec

Ton Data Hoid from WE 50 nsec

+ T% wAv BE PERUANENT = TILL D s DES BED
CIWE DCUB BT W R T 00 R ke

B STER MAE ASSEME. LT

PRYEE T

READ ENABLE TIMING WRITE ENABLE TiIMING

e "~ -~~~ - ]
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INPUT DATA TIMING

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNITS CONDITIONS
Tepw Raw Read Pulse Width 100 200 nsec
TBC Raw Read Cycle Time 1500 2000 nsec

WRITE DATA TIMING: (ALL TIMES DOUBLE WHEN CLK = 1 MHz){NO WRITE PRECOMPENSATION;)

SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNITS CONDITIONS
TWP Write Data Pulse Width 400 500 600 nsec FM
200 250 300 nsec MFM
Twa Write Gate tc Write Data 2 usec FM
1 usec MFM
TWF Write Gate off from WD 2 usec FM
4 usec MFEWM

MISCELLANECUS FIMING:

SYMBOL CHARACTERISTIC MiN. TYP. MAX. UNITS CONDITIONS
TCDy Clock Cuty (low) 230 250 20000 nsec
TC[}2 Clock Duty thigh) 230 250 20000 nsec
TsTP Step Pulse Quiput 2o0r4 usec See Note
TpDIR Dir Setup to Step 12 uSec + CLKERROR |
TMR Master Reset Puise Width 50 ) HSec i
! Tip Index Pulse Width 10 usec See Note i
| RPW Read wWindow Pulse Width : § input -5V |
! ! 120 700 nsec MFK i
: 240 1400 nsec FM = 15% !
Precomp Adjust. i 100 300 nsec MFM I
i WPW Write Data Pulse Width l i Precomp = 100 nsec
; 200 300 400 nsec ! MFM
WPy Write Data Pulse Width ! i ! Precomp = 300 nsec
600 - 900 1200 nsec MEM
VGO i Free Run Voltage Controlied ’ 60 MRz Cext = 0
i Oscillator. Adjustable by ext. ! 4.0 MHz Cext = 35p¢
capacitor on Pin 26 : ! ‘
Pump Up + 25% . 50 | owe L Pu=2av
i i ! Cext = 35pf :
veo Pump Down - 25° | 30 1 Mz PD=o02v !
: ; Cext = 35 pt .
. VGO 5% Change Voo : 38 4.2 MHz Cext = 35pf
: © Ta=75°C 35 MHz Cext = 35p¢
Gext Adjusiabie external capacitor 20 45 100 pf VCO = 4.0MHz
. nom
: RCLK Derived read clock VCO = 4.0MH:z
§ = VGO ~ 816,32 i
é 500 KHz DDEN = G !
: ; 55 =1 |
: 250 KHz DOER = 0
; 58 =10
i 250 KHz DDEN = 1
: B8 = 1
[ ; 125 KKz DDEN = 1 i
' _ Bg=-c '
PUDON | PUPD ume on 250 ns MF
‘ | {pulse wigth 500 ns Fi

e S
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NOTES:
1. Times double when clock = 1 MKz

e 2. Output timing readings are at Vo = CBvand Vou =
_ 1 2.0v.
(S - ‘ —!  |a—Tywe

N \ -

s T T

a_,t_ [ WRITE DATA TIMING
S | PR — |
S T R |
e e | e e
i i
.y PO B ‘

MISCELLANEOUS TIMING

READ DATA TIMING

*FROM STEP RATE TABLE

Table 4. STATUS REGISTER SUMMARY

ALL TYPE | 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
56 | WRITE 0 Q 0 WRITE WRITE

FPROTECT PROTECT PROTECT
S5 | HEAD LOADED 0 RECORD TYPE ¢ 0 0
54 | SEEK ERROR RNF RNF 0 RNF 0
83 | CRC ERROR CRC ERROR CRC ERROR Y CRC ERROR 0
S2 | TRACK O LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA
S1 INDEX PULSE DRO ORG DRQ DRQ DRGO
50 | BUSY BUSY BUSY BUSY BUSY BUSY

STATUS FOR TYPE | COMMANDS

BIT NAME

MEANING

S$7 NOT READY

This bit when set indicates the drive s not ready. When reset It indicates that the drive 15 ready.
This bit is an inverted copy of the Ready input and logically ‘ored” with MR

S8 PROTECTED

When set. indicates Write Protect is activated Tris bit is an inverted copy of WRPT input

55 HEAD LOADED

When set, it indicates the head is [oaded and engaged. This bit is alogical “and™ of HLD and HLT
signals,

S4 SEEK ERROR

When set, the desired track was not verified. This bit is reset 1o 0 when updated.

53 CRC ERROR

CRC encountered in 1D fiela,

52 TRACK DO When sel, indicates ReadWrile nead is positioned to Track 0. This bit is an inverted copy of the
TROO input.

S1 INDEX When set. indicates index mark detected from drive, This bit is an inverted copy of the [P inpuz

S0 BUSY f

When set command is in progress. When reset no command is 10 progress,

21
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B )
STATUS FOR TYPE Il AND il COMMANDS

BIT NAME MEANING

57 NOT READY This bit when set indicates the drive 1s not ready. When reset. it indicates that the drive is ready.
This bit 15 an inverted copy of the Ready input and ‘ored” with MR. The Type Il and Il Commands
will not execute uniess the drive is ready.

56 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. Or any Write: it indicates a Write Protect.
This bit is reset when updated

S5 RECORD TYPE 0On Read Record: It indicates the record-type code from data field address mark. 1 = Deleteo
Data Mark, 0 = Data Mark. On any Write: Foreed to a Zero.

54 RECORD NOT When set, it indicates that the desired track. sector. or side were not found. This bit is reset when
FOUND (RNF; updated.
53 CRC ERROR 1f 84 is set, an error is found in one or more |D fields: otherwise it indicates errcrin data field, This
bit1s reset when updated.
52 LOST DATA When set, it indicates the computer did not respond to DRQ in one byte time. This bit is reset to

zero when updated.

S1 DATA REQUEST This bit is a copy of the DRG output. When set, it indicates the DR is full on a Read Operation or
the DR s empty on a Write cperation. This bit is reset to zero when updated.

50 BUSY ¥When set. command is under execution. When reset. no command s under execution

SUMMARY OF ADJUSTMENT PROCEDURE

WRITE PRECOMPENSATION

1 Set TEST (Pin 22) to a logic high.

2  Strobe MRE (Pin 19).

i3 SetTEST (Pin 22) 10 a logic low.,

14y Observe pulse width on WD {Pin 31}

5 Ad;MP\N {Pin 33) for desired pulse width (Precomp Value).
6) Set TEST (Pin 22)1¢ a logic high

DATA SEPFARATOR

"1 Set TEST (Pin 22110 a logic high

{2y Strobe MR (Pin 19). Insure that 52, and DDEN are set properly

{3 SerTESTI(PIn 2210 alogic low

& Observe Pulse Width on TG43 (Pin 29

P8 Adjust RPW (Pin 181 for 118 of the read ciock (250ns for 8" DD. 500ns for §.e " DD, etc).

16, Observe Frequency on DIRC {Pin 16).

i 7 Adjust variable capacitor on VCO pin for Data Rate (500 KHz for 8" DD, 250 KHz for 512" DD, etc.).
18)  SetTEST (Pin 22) to alogic high

NOTE: To maintan internal VGO operatior, insure that TEST = 1 whenever a master reset pulse is applied

22
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28400
Z80°CPU Central
Processing Unit

Zilog

Product
Specification

September 1983

Features 8 The instruction set contains 158 instructions. may be daisy-chained to allow implementa-
The 78 instructions of the B080A are tion of a priority interrupt scheme. Little, i
included as a subset; B0BOA software com- any, additional logic 18 reguired for daisy-
patiblity is maintained. chaining.

@ Eight MHz, 6 MHz, 4 MHz and 2.5 MHz B Duplicate sets of both general-purpose and
ciocks for the ZB0H, Z80E, ZBCA, and Z80 flag reagisters are provided, easing the
CPU result in rapid instruction execution design and operation of syster: software
with consequent high data throughput. through single-context switching, back-

& The extensive instruction sel includes string, ground-foregrounc programming, &nd
but, byte, and word operations. Biock single-level interrup! processing. [n adci-

N . . . + i o f Tita*e -
searches and block transiers together with tien, two 16-pit mciex brleglste_g tacilitate pro
indexed and relative adaressing resuli in grar processing of tables and arrays.
the most poweriu! data handling capabilities B There are three modes of high-speed inter-
in the microcomputer 1ndusiry. rupt processing; BOBD similar, non-ZEC

® The ZBC microprocessors and associated per]p}}’]‘leral‘ d§'~=1ce, a_nf 280 ‘Fam:iy"
family of peripheral contreollers are linked peripheral with or without daisy chain.
by a vectored interrupt system.. This system B On-chip dynamic memory refresk counter.

b BN Ay e
2 |—
ei—ed MAED Ay
SYSTEM | =—Jidka A
CONTROL - ap A p—
-—d wr Ay p—— Ay 1 4 L_'] Bog
Ay p—r a2 W] A
~a————4 AFSH Ay f—— ADDRESS '™ 3 » J Ay
I e BUS A % 37 L8]
- HALT a p— ny O s 36 [ A
sog — ck Qs % [
e CT Ags b Q7 [TV
cPy ZB80CPY Ayl o, [Je ul} e
conthoL §\ — by Ay f—— oy [ s 2 [3 &
—d i By [t De 16 0[] 8
Aoy f— S I L L ST
L ————f REBET b: [T one
B fa— & [} s
::z ——] BUSAED o, f——— 5, ] &
CONTROL . ~————]BUSACK Dy fp— b, [] fEser
D; [ | DATA iNT 1] ausaea
—J Lk 0y f——— BUS Nl WAIT
e R Oy [—— HATY BUSacK
i KD D fe—— WHEG : WE
Dy f——a TORG j RO
Figure 1. Pin Functions Figure 2. Pin Assignments
200020 Gzl
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General The Z80, Z80A, Z80B, and Z80H CPUs are reserved for very fast interrup! response.

Description third-generation single-chip microprocessors The 280 alsc contains a Stack Pointer, Pro-
with exceptional computational power. They gram Counter, two index reqgisters, a Refresk.
otfer higher system throughput ana more efli- register (counter}, and an Interrup! register,
cient memory utilization than comparable The CPU is easy tc incorporate intc a systern
second-and third-generation microprocessors. since it requires only a single +2 V powser
The internai registers contain 208 bits of source. Al! output signals are fully decoasd
read/write memory that are accessible to the and timed tc control standarc memory or
programmer. These reqgisters include two sets peripheral circuits, and it is supported by an
of six general-purpose registers which may be extensive family of peripheral controilers. The
used individually as either 8-bit reqgisters or as internal block diagram (Figqure 3) shows the
16-bit register pairs. In addition, there are twe primary functions of the Z80 processors.
sets of accumulator end ilag registers. A group Subseguent text provides more detaii on the
of "Exchange” instruchions makes either se! of ZB0 17O controller family, reqisters, instruciicn
main or alternate registers accessible to the get, inlerrupts and daisy chaning, and CPU
programrmer, The alternate set allows operation timing.

in foreground-background mode or it may be

8-MT
DATA BUS

DATA BUS
INTERFACE

INSTAUCTION <!; INST.

Fibabeai; ST INTERNAL DATA BUS ALY
-
GND —a-

REQISTER
CLOCK ARALY
cpu
TIMING cry
CONTROL TiMiNG

ADDRESS
LOGIC AND

BUFFERS
& SYSTEMSs s Chu
AND CPU CONTROL
CONTROL  INPUTS 16-8iT
QUTPUTS ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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Z80 Micro-
processor
Family

The Zilog ZB0 microprocesscr is the central
elemen! of a comprehensive microprocessor
product family. This family works together in
most applications with minimum reguirements
ior additicnal logic, facilitating the design of
efficient and cost-eftective microecomputer-
based systems.

Zilog has designed five components to pro-
vide extensive support for the Z80 micro-
processor. These are:

B The PIC (Parallel Input/Output} operates in
bath data-byte 1/0 transter mode (with
handshaking} and in bit mode (without
handshaking). The PIQ may be configured
to interface with standard parallel
peripheral devices such as printers, tape
punches, and keyboards.

® The CTC (Counter/Timer Circuit) features
four programmable 8-bit counter/timers,

each of which has an 8-bit prescaler. Each
of the four channels may be configured to
operate in either counter or timer mode.

B The DMA (Direct Memory Access) con-
troller provides duel port data transfer
operations and the ability to terminate data
transfer as a result of a pattern maich.

® The SIC (Serial Input/Qutput] contrailer
offers two channels. It is capable of
operating in a variely of programmabie
modes for both synchronous and asyn-
chronous communication, including

Bi-Sync and SBLC.

B The DART (Dual Asynchronous Recewer’
Transmitter] device provides low cost
asynchronous serial communication. [t has
two channels and a full medem contro!
interface.

Z80o CPU
Registers

Figure 4 showe three groups of registers
within the Z8C CPU. The first group consists of
duplicate sets of 8-bit registers: a principal set
and an aiternate set (designated by ’ {primél,
e.g., &'). Both sets consist of the Accumula-
tor Register, the Flag Register, and six
general-purpose registers. Transter of data
between these duplicate setz of registers is
accomplished by use of "Exchange” instruc-
tions. The result is faster response to interrupts
and easy, efficient implementation of such ver-
satile programming technigues as background-

MAIM REGISTER SET

foreground data processing. The second set of
registers consists of six registers with assigned
functions. These are the I {Interrupt Register),
the R (Refresh Register}, the 1X and IY (Index
Registers), the SF {Stack Pointer), and the PC
(Program Counter). The third group consisis of
two interrupt status fiip-flops. plus an acdi-
tional pair of flip-flops which assists in ident:-
fying the inlerrupt mode al any particular
time. Table 1 provides further information on
these registers.

ALTERNATE NEGISTER SET

1X INDEX REGISTER

1Y INDEX REG!STER

SP STACK POINTER

RC PHOGRAM COUNTER

1 INTERAUPT VECTOR R MEMORY HEFRESH

- BBITS ——————

Figure 4.

A  ACCUMULATDR F FLAG REGISTER ACCUMULATOR f  FLAG REGFSTER
8 QENERAL PURPOSE C GEWERAL PURPOSE GENERAL PURPOSE € GEWERAL PURPOSE
O GEWERAL PURFGCSE E € GENEMAL PURPOSE GEWERAL PURPDSE E' GENERA. PURPCES
H GENERAL PURPOSE L GENERAL PURPGSE GEMNERAL PURPCSE L GEMNERAL PURPOSE
B EITS
16 B!TS

INTERRUFT FLIF-FLORS S5TATUS

tFF 1FFZ
- | -

L‘, 4 = INTERRUPTS DISABLED
v 1 = INTEARUPTS ERABLED

STORES fFF~ 1-:
DURNG RR

SERVICE
INTERRUPT MODE FLIFFLD®S

IME, IME,

[ ¢ INTERRUP™ MODE 0
¢ 1 NO® USED

1 ¢ INTERRLF™ MO

INTESR_FT MOD

CPU Registers

700 Mo A
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280 CPU Register Size {Bits) Remarks
Hegisters 5 on 5 N

A Ancumulate: Stores an operand or the resulss of an operaton.
ontinued -
(c ) I B See [nstruction Set
BB 8 Car be used separately or as a 16-bit register with T,
T & See B, above,
. D o] Can be uses separalely or as & 16-bit requster wiin B
EE . Purpose & See T, abeve,
H E erera. Purpose g Car: be usec separate.y or ae a 15-EBit requster with L
L. Gernera: Purpose g See H above.
Note. The (B C). {D.E! end (H L) sets ere comivinea a:
B — High byte C — Low byle
L — Hish byte E — Low byte
H — Highk byte L — Low byte
1 [nterript Bez.ster g Stores upper sight bowe of memory 2adress Ior vertored inter
process:nj.
jat Rei-esh Register & Prov.des user-transparent dynam:c memery relre
E.ts are automaticaliy mmcrementes and 2.1 s1g
the addres: bus GUnnG each mstruchion tetch cyzie reresh wme
X Index Regist 1€ Usea for indexed adcress:ng,
Y Index Fesi 1€ Same as [X, above
SF Sack Fointer 1€ Holds address of the top of the stack. See Pu .
non set,
1& Heids address of next instruct:on.
Flg-Flops Set or reset to indicate nterrupt status (see Figure 5
Fiz Foops RBefie ot Interrupt mods (see Fagure 4°
Table 1. ZBO CPU Registers
Interrupts: The CPU accepts two interrupt input signals: ® Mode | — Peripheral Iterrupt service, for
General NMI and INT. The NMI is & non-maskable use with nen-8UHI/ 280 systems.
Operation interrupt and has the highes! priority. INT is a

B Mode 2 — a veciored interrup: scherme,
usually daisy-chained, for use witkh Z5C
Farily and compasible periprera! de

lower priority interrupt and it reguires that
interrupts be enabled in software in erder to
operate. INT can be connected to mullipie

peripheral devices in a wired-OR configura- __The CPU services interrupte by samplix,
ticn. ) NMI and INT signals at the r

‘ last clock of an ot rrther interrag:

The Z80 has a single response mode for la tflo kfﬂ:‘i,tnf"__u :Sr, F‘L; f;‘e" e =
interrupt service 1or the non-maskable inter- SEeTViCe processing deperds upon 1he -
rupt. The maskable interrag! T has theee interrupt tha* was detectez, Details on inter-

pt. The maskakle ! o . Lo e ;
programmable response modes available. rupt responses are shown in the CPU Timing
Trhese a-e: Sectior,
M Mode U — similar to the BUED mucro-

CTOCESECT.
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Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannct be disabled by pro-
gram control and thereiore wili be accepted at
all times by the CPU. NMI is usually

reserved lor servicing only the highest! priority
type interrupts, such as that for orderly shut
down after power {ailure has been detected.
After recognitior: of the NMI signal {providing
BUSREQ ig not active), the CPU jumps to
restart location Q066H. Normally, software
starting at this address contains the interrapt
service routing.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the Z80
response {0 a maskable interrupt input follows
a common timing cycle. After the interrupt has
been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
beagins. This is a special felch (MI) eycle in
which IORQ becomes active rather than
MREC, as in normal M1 cycle. In adaition, this
specia. Ml cycle is avtomatically extendea by
two WAIT states, to allow for the time reguired
to acknowleage the interrup! reguest.

Mode 0 Interrupt Operation. This mode s
similar t0 the BOBC microprocessor interrupt
service procedures. The interrupting device
places ar insiruction on the data bus, This s
normally a Restart instruction, which wili initi-
ate & call 1o the selectec cne of eighi restart
locations 1 page zero of memory. Unlike the

808G, the Z8Q CPU responds to the Call in-

struction with only one interrup: acknowledce
cycle followed by two memory read cyc.es.
Mode 1 Interrupt Operation. Mode | oper-
ation {s very simi:ar tc that for the NMI. The
principal difference is that the Mode | inter-
rupt has & restart jocation of 0038H only.

Mode 2 Interrupt Operation. This interrup:
mode has been designed to uiilize most efiec-
tively the capabilities of the ZBC micropros.
essor and its associated peripheral family, The
interrupting peripherai device seiects the
starting address of the interrupt service
routine. 1t does this by placing an §-bit vectar
cn the data bus during the interrupt acknow!-
edge cycle. The CPU forme a pointer usino
this byte as the lower &-bits and the contenis of
the I reqister as the upper B-bits, This poms to
an entry i a table of addresses for interrupt
service rochines. The CPU then jumps to the
routine at that address. This {lexibility in

selecting the interrupt service routine address

allows the peripheral device 10 use severa! dif-
ferent types of service routines. These routines
may be iocated at any available location o
memory. Since the interrupting device sup-
phes the low-order byte of the Z-bvte vector,
bit G (Ag) must be & zere,

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt noority of
each peripheral device is determined by its
physical location within a daisy-cha:n coniia-
uration. Each device in the chain has an jnier
rupt enabie input line (IED) and ar interrunt
enable output iine (IEQ), which is fed to the
next Jower priority device. The firs’ device in
the daisy chain has ite 1EI input herdwired to a
High level. The first device has highest
priority, while each succeeding device has &
corresponding lower priority, This arrange-
ment permits the CPU to select the highest
priority interrupt from several simultaneous!y
interrupting peripherals.

The interrupting device disables itz IEO line
to the next lower priority periphera’ unt! if Lac
been serviced. Atter servicing, ite IEQ ane ic

demand interrup! servicing.

The Z80 CPU wili nes: {queus’ any
interrupts or interrupts receives wi
selected peripheral is beino servired,

Interrupt Enable/Disable Operation. Twc

tiig-flops, IFF; and IFF;, referred o in the

regisier description are used ic sicna

interrupt statue. Operation of the two

is descriped in Table 2. For more de:
e

to the 230 CPU Technice! Manucl anc
Assemblv Languoge Manual.

Action IFFy, [FF, Comments
CPU Heset G C Maskakble interrup:
INT disabied
LI instrustion 0 o Maskabie interrup:
execution i
El inssruction 1 i
execyution
LD A T mstrcticn . .
execunon
LD &,F wnstruction . [
execution
Accept NMI t IFF} [IFF; - IFF;
(Mazkarnie inter
rup: INT disabliec)
RETN instruction IFE = IFF, — IFF: a:

execution compiehon of an
N1 service

rovung

Table 2. State of Flip-Flops

PN DI _G
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16-bit arithmetic operations

Instruction The 280 microprogessor has one of the most o
Set poxfferful é}nd versan.le :r_xstruchon sets O Rofates and shifts
avaiiable in any 8-bit microprocessor. It
Y . - 1 + y
includes such unigue operations as a block S Bit set, reset, and test operahions
move for last, elficient data transfers within Z Jumps
; t ; r and . ‘
memary or betweern memory and /O It falsol T Calls, returns, and resiaris
allows operations on any bit in any lecation in
memory. O Input and output operations
The following is a surnmary of the Z80 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficien: and last dale
language mnemonic, the operation, the flag transter between various registers, memory
status, ‘and gives comments on each instruc- locations, and input/cutput devices. These
tion. The %80 CPU Technical Manual addressing modes include:
{03-0028-C1) and Assembly Language O Immediat
Programming Manugl (03-0002-01) contain = immediaie
signiticantly more details for programming C Immediate extended
use. T Modified page zero
The instructions are divided intc the = Relati
following categories: o nelalive
C 8 bit loads T Extended
S 16-bit loads C Indexed
T Exchanges, block transfers, and searches C Register
- H 3 i *
= 8-bit arithmetic and logic operations C Register indirec
= General-purpose arithmetic and CPU = Implied
control = Bi:
G-Bit Bymbolic Flags Opeods No.of Koot M Nowof T
Load Mnemonlc Qparatlon § 2 H F'Y N 76 543 110 Hex Bytes Cyeles Siaies Comments
Group r=r L T i 4 1 Reg
e LI T G S R 2 Z ? o0 E
oc: e
T A ; z s -
R A z : it3 ¢iE
1 =
W
IDr ¥ed 1 fed T T S 3 £ i SSHI
e e n U S S ) ' B -
CXed - T S I 3 £ 15
s G ad - e s X & X 4 a 3 S 1%
LBl w . —« [ A L 2 :
g-r Uked - - LRI S T S 4 t L
Rt ag - - T . . 5
R L S ; : H
s e E 4 X s s | : 2
« e X e X e 3 § K
+« w7 « ¥ o+ i e 7
s X s X a4 e . . 5
L O 3 4 12
LI A A~ X L ¥ IFF z a g
LI & H o B H Yoo X IFF ( z < =
iy £ - A e X « X = a H Z 4
Lok Iy T A ; f
10 i
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16-Bit Load Bymbolic Flags No.of No.of K Noot T

Group Moamante Operation 5 I H PYNR C 76 542 210 Hex Bytes Cycles Surntes Commants
LE 3. nm dd ~ nr S S O A 00 ddi oG, 3 3 1C dd Pair
-r - o0 BC
-rn=- v DL
LG IX. nn ¥ - rn L S G S L 11 Gil ey DD 4 4 14 1c 1L
G 100 00 & il sp

- =

LD Y, nr Y « on CEECEES SN O 11 13l i0: FO 4 4 ie
oC 100 o0 21
-
-r -
LD HL. {nr H e (nnsl] S SRS S oC :0. Ci0 zA 3 5 1€
L e (nm) - =
-r -
LD ad (na) ddp — (rr -1 s e X v X s e e i110.13) ED 4 [ 2%
dady - innt 0. ddl Q..
-n-
-p-
" LDIX, {nr} e ~ (ne+ 1 « o+ X o X e s s 11 0i1 18 D2 4 € 2
S 0C 101 0IS ZA

-1 -

P -

LD, (nnd Yy ~ +1; [ S . T I ] 1) 1l o1 FD 4 & 2
L = innd oc 120 S 2A
—-n -
- r -
LD inni, HL {rm+ 11— H e+ X e K ¢ & x 0G 100 07 22 3 5 g
irn — L -rn—

LD inn, gd  imne !l - ddp e X e X e e

inal — dag

ndd o8z

LB inng 1X (rm=i; — Dip « + Y & ¥ e ok w 0 4 I3 o*
tnnl — K] Py
P R T Foo 4 13 x
7
L T B 3] 1 : 6
« ¢ X 8 E % e oo oz z 15
2]
e K e K e s oz z i
Fa gqg Fa:r
s 0+ X & ¥ & & 1 k| 1 o C
c DE
il Ho
LI S A L T | i1 010 sl oE M 4 12 i AT
[ERR A i 3
I I TFD oz " 15
. Ef
T S 1 3 15
« v X ¢ X 2 s A Lo z 4 14
1D I00 i E
LI S S O 1. 00 00 FL P 4 14
JLioC 241 E
ei3r bos o IRE reg.sier A reene T
Exchange, I Do EE ; 4
Block e v Y e Y s w I3 i 4
e = Y « ¥ e s L5 4 Register benk
Trcr.nsfer. auxliary rec
Block Search : , ) barik exc
« e ¥ LI S ) . . i z 1%
Groups -
EX (SP: 1X Xy - (B8R LIRS S I S L z & 3
In: = (&7
EX (5F. 1Y I¥p = iBF . [ S A z € 3
IV, - (3F
O]
LD (JE, = iH_ . « % L X ! [ < 4 113
oy
!
LINE LR S z & Z.
z 4 i
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Exchange. Bymbollc Flag Opoods No.i Ne.ol M No.of T

Block Moemonic Operation 8 I H PYR C 76 543 210 Hex Dytss Cycim Etgtes Comnpients
Transier, Q - s . .
-~ L= tHL X o X ot 0 » j1oIgl e ED .
Block Search P¢ e v 16 161 006 A
Groups .
{Continued) ' @
hajer:] (DE: - tHL: = e X € X C T e wer i ED Z B N 4
DE - DE-! 0oL o BE 4 it T
HL «— EL-1
BC -~ BC-1
Repeat umiti
BZ = ¢
@ Q
cPi A - (HL (SRS SN ST S 1olg. i Bz 4 i£
1L - HL+1 ¢ 100 000 AL
BC ~ BC -
by - o
CFiz A - {HL Yo X 0 X 11 e 110 BT 2 s z
1IC LG 001 Bl 2 & 3
G @
CPL A - (EL: [T ST SN B I 1 1c 181 ED 2 4 16
HL — EL-: 1010 0G0 A
BT — BC -
& @]
CPDR P 11 X o X 1 1 s i ip EB 2 s 2 i B z
A
HL - HL-: 1% 0,1 000 BY Z 4 £ HEB
BC - BC -1 A
€ PV ties 5ot lne resu ol BO- 5 = C otherwise Y = ©
@ E% flag £ 0o coampiet o o imelructor on p
(zrazu. v h e HL orerise 2 = ©
8-Bit AT E E-hoar Cr X 4 X VoL E ! : i1 Fes
Arithmetic ADS A - A-Hh+r [ SR S S A RY A z 3 - E
and Logical I s
GI‘OHP ADD A (HL A= A+ IHL [ T S S 1 z 7 E
ADDA (IX-d A=A + (X+3 [T SR SRS 3 & = E
i
j
ASLC A [IYed &2 — A + (V-4 T S SRR 3 £ 1=
A~ A ¥ | S R S R G
- Lh-e oy Xy X v
A—A--CY LD S S S |
R A S 2
A—Avs i1 X ¢ % F oCoC
A~ A ks S A S R
A-s [ S T S N B |
el L T . 4
t X X Voo . 3
X 1 XV o e 3 3 i
INC T2 LA D S A S 3 £ 2%

DEC = T X o XV 1.

moe ey o T (ML
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General- Symbolic Flage Opeode Mool Me.of M No.of T
Purpou Mastnonlc Operation 5 2z K Y N C 75 543 210 Hex DBytes Cycles 5towen Comments
Arithmetic DAA Corvertzpct. Contert 4 4 X ¢V E P = JC Rl RV 4 i 1 & Decira’ adius
intc packee BT accurmulator
and loliow:ng add or
subtraz with pacied
CPU Control Rrgubiile
Groups crL A-F 4 X e 3o+ miman ¥ L 4 Complemen:
ACCUTLACr (one's
complemern:
NEG F—-0-A o X X v oLt 11 161 101 ED i 2 8 Kegate act {twos
_ 0l 0OC JO0 44 complemer:!
CCF CTY ~ CY s X X X s T o0 1y LY aF i 1 4 Complemers: carry
fas
SCF CY -1 s o+ X T X e 0] kin H 1 4 Se: carry liag.
NOF No operation, e v X ¢ X o s . i H 1 4
HALT CPU hales o s X s X 0 s s A B 1 4
Ll e —3 L G T T I D 4 jad P 1 4
E = IFF — s X v X = s s FE : ! 4
IME Set interrapt 0 X s X = 3 s ED Zz Z g
mode T 46
M1 Set interrup! D S ST Dz 2 &
mode § ke
IM 2 Se! interrup? LIS S S L = ‘ z ]
mode 2 SE
NOTES  IFF ind.cates the interrust enahle Lo
CY incdicates the carmy {Lphap
* Incical®E nierrapis dre not sampeed 2t the enc gl El or D5
16-Bit ADDHL s HI — Hiew e X X X x C o O0ssl 00 : 3 !
Arithmetic ADCHL & ML+ HiesesTY 5t X X X ¥ 3 i CED 2 4 12
Group
SBC HL, = HL - H| —as-CY i X X X v 1o EL z 4 it
ADL X pr Wo- o+ opE =« X X X e+ ( Z 4 15
ADZ Y o W= -r e ¥ X X = 0 1 1%, FL z 4 ¢
INC e - kv LI S A . . £
INC X I¥—I- L L z Z -
INC TY T Iy » LI I O I S I | Z z 1
DEC &5 L A L i . £
DET 1X ¢ e X ¢ X s = Z z T
DECY W= Ir- LI UL T B R M b il
NOTEE
Rotate and
Shift Group  FiC- L S S WO 4
FLE LI I S O 0¥ &
REZA A e X DX e L [L O 4
REFR LR S S oC G N i : 4
&
Rl s | H | O S CE < L E Tt
RLZHLi | | x LOoX F 1o cEoL 4 i
BLO N ST ST A ol A
i - ; -
| )
RLC (Y wai | [N S SR S i 4 & 3"
4 H
ELm [ S R SR
RRT = P A
iR
X "
13
[ R o R a T s L

ndd 08Z



Rotate and Fiags Opeods No.of No.atM Noof T
K

H FA FY N C T 542 210 H B Cycles Siater Commenit
Shift Group  Moemenc ' ox Priw e
Continued
{ ) £ X o8 X F Lo [
SLAm r X T X P € R
E8A 1 2 Lox oL o i
T ¥ X P Lo (]
BT X O OX P G iLiT 1. ED Z 5 iE
SRR LT DI 13
RET Jo4d-b——7F-43°6 4 g X L X F L ¢ peiae ED 3 &
e G, ", [
L [ £
Bit Set, Reset =zr: ; X 1 % I X X € ¢ 100 2 2 & © Reg
o0k
and Test BT GHL XX i X X Lo+ L z 3 12
Group ¢ b
BIr iX-dyp ¥ 1 X 1 X X U e 11 01t 4 £ %
3190
- & -
..o8 Ll
BiTe IYedp 2~ %-d¢ X ot X X ®B oo 4 3 =
z
3
4
¢
SET - r rp - LI G A A L z ] g '
SET ¢ (HL Koy - D S : : 4 i
SETr N+ fedg - ) S T 4 € P
SET b ii¥ -3 Y+ - L S S B A L 4 3 i
P T T SRS S
Colm T oo pmeronm
Jump I an P2 - n e X e X e e oa LOKIICE 3 3 ic
Group - =
e an R I R T R 3 3 i =
- - e
0
il PE
iFe LI T S R G R B : 5 .- if‘ ;
FC e L A S I S R 2 z 7 I gendinizr not me
i a ié It zenginsn e me
JERT. e S S iz z H
z 3 I
Fie L O T T T I » A - B z H
- g-2 =
2 Kl 12 I condiien 15 mer
Nl e [ S S T T A 5 - ' [ —
z k] 1 It 1 me
1B HL R S S T P P s
TB i FC - I¥ LA S T 2 - g
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Jump Group Symbelic Flags I Opcode No.of Ko.of M Ko.of T
. B H Al
(Contmued} Moemonic Crparatien z < TE 543 710 Hex Bytes Crcies Stutes Commmats

JB Y LI S S 1i 131401 F& Z i ]
110, G661 B8
DINZ = s X v X = » s oG clc o0 1C Z- z E LE =C.
- -3 —~
2 5 12 IE =l
NITES IETeRnINg Fooe
he range < =14 2= >
= address o) pe e ax PTG ntremenien
Call and CALL nn s e X o X e e s DEIMILD 3 5 37
Return Group R
CALL cc nm v ¢ Y o+ X o= s s 11 er IO 3 3 i If cc is inise
- 5 =
continue — n - 3 = 17 Ii ez 15 trus
otherwise same as
CALL nr
RET ORI ST SRR ST i e : 1t
RET cc e ¢+ X = X ¢ « r Jioon O ! ) 5 I cc 5 dalse
i H il oo rae
EETI L S O L Z 4 [
a
LI SR S T . i z 4 4
3T p [ T (R T S S . z Sl
ETN caear TFE, - 177
Input und IN A A - LT S S 2 ] CE : :
Output Group - . T S S o ; H
KT o %2 ¥y X ¥ X il L. ED i 3 T b o~ A7
. w T AL B hg ~ Ac
&
IK1R ¥t 0 Xk ¥y ¥ o¥ 0¥ Z £ zl CrizAr ~
(nEBx, Etc hg ~
] 4 1€
ME=Z
oy
1)
N X i X ¥ ¥ X . X z 4 1
F.
e
% XXy ¥ X z 3 s Cowhy - A7
B hAg ~ Ao
z i€
SUTn B L S A L TPDL Tl oE z K 11
TUTD s T S S H 3 iz
~
- e
T A D T S z 4 it C
-~ e ohg ~ Aoy
=
) LA S A 4 X M £ <
wiEel
z 4 3
LE=0
o,
TS - P A S . p .2 : 4 i€
A
NIt e e : 5 -




Input and Bymbelic Flags Opeode Mo.ci Mowl M Moo T

M " 4 Cotame
Output Group Op & 2 H PY N C ¥6 543 210 Hex Prtes Cycle  Statn bt
; \
(Continued, X T X %X %X X 1 X 1100 2 5 21 ChreAr - A=
G QL (W B={l Etwchg -~ A
2 4 1€
= HB=0;
T COMINELST On
o Dy
?.;:ln;mury of lnstruction & 2 B PY N C Commenty
ADC A s ADT A & I S A A 8-bii eaz or add wilk carny
Operation SUBs SBTA © CPRNEG 1 1 X+ X ¥ i
AT x 1 1 ¥ t L C {)}
Ok ¢ XOF » 1 ! X ¢ x rF ¢ &
INC s [ S S S
DEC s L S S
ADD ZT ss . = X K X » C H
ADC &5 oot ¥ X X ¥ €
SBC B H 1 X X X v 1 1
RLA RLCA HRA RRIA . . X L X . o 1 Rotats sccumaiatcr
AL m RLC m RF = oo X & X F oo Rotate ard stalt locations
AR m, SLA M
SRA m SEL
FLl FED 1 1 X ¢ X F 0w
CAA 1 t X 1 X p e« 3
CFL . ¢ X 1 X . i .
s = X G X s ¢ P
= ¢+ X X X s C 1
H H ¥ 0o ¥ P < .
i [ i :}; ; ;(, ; :} Btk impat end nutpt 2= OB # Cotherwiee 2 = O
i ;\ ; é : é E :} B.ock tramsier mettuctons. Py 5 L0 BD 2 L Stherwise DYV =
x 1 X X x . ] Bicrk search instrus . etherwise L = 0 FY o= )
1 1 X C ¥ IFF C T s coped iz the B liag
X ¥ % C e ne Znag

Symbolic Symbol Operation Symbel Operation

Notation s Sigrflaz. & = 1if the MSE of the result s .. 1 Tre flag is affected according @ the re B
4 Zero hiag. Z = | i the resalt of the operat Operansni.
P Parity or overfiow flag Farinv {P) and overfiow . Tre lizg 18 unchanges Dy the cperation.
V) snare the same fiag. Logical opera { C The fiag is reset by the opsraticr

} The flag 1z

X Treflapiz e "don ¢
Y FV ilag affecied acos
if c! the operaticn.

thie flag witn the par
arnmend operations al

of the result w

= e the overtiow resch

1if the result of the operatior. is even.

resuias oca. I F-V hislds overfiow, BV = 1 i F FV liag altected ace
the result of the operatior. produced er overticw . the operanucr.

H Hali-carry flag. H = 1 i the add or subsrac b Arvy cne ot the TPU reg
operalicn produced a Carry intc or borrow from 5 Ary 8-biwwcatien for s

E
N Ezd

of the accum.

. allowed for the parioul
Subtract fiaz N = 1 il the previcus opera- B Any 16-b joca

TSN Was & suptr aowes g
H&HN Hand N tiags are used it conunciicn with the P Arnv oone of the or I
decimal ad: {(DAA 1z proper. E Reiresr coumer.

rect the result
add:uon o7 sudirattion using cperands with nn
packed BTD :

=N

if the operanon produced
re operanz o7 resuin
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Pin
Descriptions

Bg-Rys. Address Bus (outpuat, active High,
3-state}. Ap-A:c lorm a 16-bit address bus. The
Address Bue provides the address for memory
data bus exchanges (up to 64K bytes) and for
[/O device exchanges.

BUSACK. Bus Acknowledge (output, active

Low). Bus Acknowledoe indicates toc the
requesting device tha: the CPU address bus,
data bus. and control signals MREQ, IOROQ,
RD, and WR have entered their high-
impedance states. The external circuitry
can now contro! these lines,

BUSREQ. Bus Reguest (input, active Low).
Bus Keguest has a higher pricrity than NMi
and is always recognized a: the end of the cur-
ren machine cycle. BUSREQ forces the CPU
address bus, data bus, ang contrel signals
MREQ, IORQ, ED, and WE tc go to a high-
impedance state so that other devices can
control these lines. BUSRED is normelly wire-
Ched and reguires an external puliup for
these applications. Extended BUSREC
periods due tc extensive DM A operations can
prevent the CPU froem properly refreshing
dynamic RAMs.

Dg-Dy. Dere Bus hinputioutpus, a”tive High.
3-ztate). Do-Dr consutute ar: 8-bi! bidirectional
data pus, used for aala ex:har.ges with
memory and /0.

HALT. Ho/t Sioe {oumy, achive Low', HALT
indicates that tne CrU has executed & Hal
BT & nLon-

insiruciion and is awalling eita
e

maskab.e cr & maskame int

ot Reques! (input, aciive Low!.
guest s c:@’)ﬂ'ate'4 by 'O devices,

s & u;eb at the enz of ne

are-

st louipual, active
cates tha! the lower

TEAS ©r WIlle operat
. rrently w
acrmow:iedge cycle to indi-
£ verior can De

Ml Machine Cyele One (output, active Low).
M1, 1ogether with MREQ, indicates that the
current machine cycle i the opcode feich
cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowleage
cycle

MREQ. Memory Reguest (outpus, active

Low, 3-state). MREQ indicates that the address
bus holds a valid address for 2 memory read o
memory write operation.,

NMI. Non- Mcskabfe ble Inferrupt (input, negative
edge-triggered . NMI has & higher priority
than INT. NMI is always recognized at the end
of the curren! instruction, independent of the
status of the interrupt enable {lip-flop, and
automatically forces the CPU tc restart at ioca-
tior. Q066H.

RD. Beod (outpu®, active Low, 3-state). RO
indicates that the CFU wan!s to read daa from
memory or an /O device, The addreszed 1/ 0
device or memory should use this signal to
gate data onte the CPU data bus,

RESET. Bese! (input, active Low). RESET
initializes the CPU as {oliows: ¥ resets the
interrupt enabie fip- flop, clears the PC anc
Registers [ and B, and sets the interrup: statu
to Mede 0. During reset time, the address an
date bus go to a high-impedance state, anc a
control eutput signals go to the inactive S‘”,’E‘
Note that RESET must be active for a minimum
of three {uil clock cycies belore the rese:
operation is complete.

RFSH. Refresh (output, active Low'. RFSH.
together with MEEC, mci cates thal the lower
seven bite of the sysiem's address bus can b
used as & refresh address 1o the sy st m's
dynamic memories.

WAIT. Wart linput, active Low'., WEIT
indicates to the CPU tha' the acdressec merrn-
ory or /O deviges are not reaay ior & da:
transfer. The CPU centinues tc enter ¢ Wals
state ag iong as this signal iz act
WAIT periods can preven: the C
refreshing dynamic memory propert
9.

WR. Write {outpy:, active Low,
indicates that the CPU data bus haolds valic
datz 1o be sicreq a the aoaressed memery or
'O iocaticn.

; :), n

(')
in

7R

CP1'=117
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CPU Timing

NCTE V,-Wat oveie adoes wher. necessary o7 = 0

The Z80 CPU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write
m /O device read or write

W Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, MZ or M3 for
instance). Machine cycles can be extended
either by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wait states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
5). Apwvroximately one-half clock cycle later,
MREC goes active. When active, RD indicates
that the memory data can be enabled onte the
CPU data bus.

The CPU samples the WAIT input with the
falling edge of clock state T;. During cicck
states Ty and T4 of an M1 cycle dynamic EAM
refresh can cccur whiie the CPU starts
decoding and executing the instruction. Whnen
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

CLoCK

WA

@

E

RFSH

Figure 5. Instruction Opcode Fetch
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CPU Memeory Read or Write Cycles. Figure 6 MREQ also becomes active when the address

Timing shows the timing of memory read or write bus is stable. The WER line is active when the
(Continued) cycles other than an opcode fetch (M1} cycle. data bus is stable, so that it can be used

The MREQ and RD signals function exactly as directly as an R'W pulse to most semi-

in the fetch cycle. In a memory write cycle, conductor memories.

Clad
| ; A !
el £ ‘
& ‘ i
T 1 [ ‘ | m + et i
g Daat d
e . - - ‘
War ] ‘ ‘
- o] ‘
1 ‘
|
B N
B ____Q_\L ' i -
&o EY i ” : ij
\ o
NEAD | | i o
apsnnoui — r—@( ; o u O
|
oo @
L 7L AT A
" i T G
- el (3 :
| i 3 ‘
Wwh | fg j .
! J e e /e P 1
i I
WRITE G e (®> o]
OPERATION g ! S L
N !
Dg-Br ——-—-—-—-——g . baTa DUT }_—

Figure 6. Memory Read or Write Cycles
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CPU Input or Output Cycles. Tigure 7 shows the inserts a single Wait state (Ty), This extra Wait
Timing timing for an /O read or I/O write operation. state allows sufficient time for an I./O_port to
(Continued)  During I/0 operations, the CPU automatically decode the address from the port address lines.
T Tw- T: T3
ChocK ’ ! :
O ! ‘ Lo
= | i o
I i s :
Ao- Ay X YALID PORT ADDRESS _’:, ; K
k) -q;—\z_l;l-k
T e } e !
- Br—— - % — r‘"-\\_l,'.‘ | .
| @~ %ﬁoﬁ" L s
1 y . ;
Zu A A AR IR
! i : ]
: ! e ant) —*@ﬁ
mo ) i .
e i ’ e
READ »] @ H (Ere lt Vi
OPERATION r o L
i AN O |
@ (@
wR ! i T
1o 3 H o
WRITE "'@__: ® — a3
OPERATION - - 4
Doy m— _’:’_ DATA QU )—
NZTE - = One Wai cycie avtomanzaay mserted by CPUJ
Figure 7. Input or Qutput Cycles
Interrupt Request/Acknowledge Cycle. The During this M1 cycle, IORQ becomes active
CPU samples the interrupt signal with the ris- {instead of MREQ) to indicate tha! the inter-
ing edage of the las* clock cycle at the end of rupting device can place an 8-bit vecter on: the
any instruction (Figure 8). Waen an interrup: data bus. The CPU auvtomatically adds twe
is accepted, a special Ml cycle is generated. Wait states to this cycle,
T T 0 T Ta Tw i
o _/—\_/_\__/—\_/_\_/—_\.«,_/_\«jl
= i : \ :
- e : i ! ! |
[T | -G
4| . '
Ap-Aqs ) g 4 _’"‘__ *
:-.—..‘—(G i -
e | | e
i Py : [y ! f
‘ ‘ T . . -
e — q : I
rena b SEDLD S
-— :"—u——“_b}_‘—:-_{-— B i
g S i :
waT L 7 N
P . [ E——
S ’\_?ubi —-— [
—_— iy
©o-D1 g {{—‘\'—{ ) *vmlt Save
Tz Ti= o prevITuE et alhT 2 Twe Warr ovoies eltomanios .y
Figure 8. Interrupt Request/Acknowledge Cycle
o]
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CPU Non-Maskable Interrupt Request Cycle. normal instruction fetch except that data put
Timing NMI iz sampled af the same time as the mask- on the bus by the memory is ignored. The
{Continued)  able interrupt input INT but has higher priority ~ CPU instead executes a restart (RST} operaticn

and cannot be disabled under software control.
The subseguent timing is similar to that of a

and jumps to the NMI service routine located
at address 0066H (Figure 9).

e

LAST W CYCLE I
LAST T TIME |

1.

i
——————— ' = -

i (T

Ag-hia :[ x'_; "

)
WRES ] Y
O
L] ' \ /.
! ‘ ‘

*Althougr NV (s an &
recognized on the ol

onous input ¢ guarantes ite being
:ng macmne cycie, WM s lalkng edge

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samples BUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10). Ii BUSREQ is active, the CPU sets its
address, data, and MREQ, IORQ, RD, and WER

lines to a high-impedance sia:e with the rising
edge of the next clock pulse. At that time, any
external device can take conirol of these lines,
usually to transfer data betwsen memory and
/0 devices,

BUSACK
e J}-eau —- "l
FLOAT
Ao-Rie }—_.fl— ! F
— N
i
!
i
- T I
- B S 0
4 ), T—
-~ kT - i

FLOAY

:
|
g

|

t
=

r

UNCHENGES

TX = Ar arbutrary clock sycie used by reguesting device

Figure 10. Z-BUS Aegquest/Acknowledge Cycle

VNG -
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CPU Halt Acknowledge Cycle. When the CFU received. When in the Halt state, the HALT
Timing receives a Halt instruction, it executes NOP cutput is active and remains so until an inter-
{Continued) states until either an INT or NMI input is rupt is received (Figure 11).

mq@ _-ifr@

Hat astruction |

Recelved i
Wi @
d

NOTE: INT wiii aisc iorce & Halt exit, *See note. Figure 9

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at Jeast inactive, three internai T cycles are consumed
three clock cycles for the CPU to properly before the CPU resumes normai processing
accept it. As long as RESET remains active, the  operation. RESET clears the PC register, so the
address and data buses ficat, and the control tirst opcode fetch will be to location 000G
outputs are inactive, Once RESET goes (Figure 12).

CLOCK F .
| .
o ol
_.,i @- b | — E -
i " - ;
—— | /_“"j 7~ F
RESET i \ i h ’
i ’ I
[ !
i — T .—
}\7 ‘
FLOAT |
Ap-R1s )—qt . F
- N
. :
e S e
Bo-Dn j o FLOAT

s

x|
353
F';(D

N

/74 ”

n
-
»
X

X
»
o
- -

l

o
G
»
o

Figure 12. Reset Cycle
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AC Characteristics

280 CPU Z80A CPU Z80B CPU Z80H CPUT
Number Symbol Parameter Min Max Mio Max Min Max Min Max
i TeC Ciock Cycle Tume 400 250 165" 128
2 TwCk, Clock Pulse Whdth {(High) 180 11e 65" 55
3 TwiCl Cilock Pulse Width [Low} 180 2000 110 2000 6% 2000 55 2000
4 TiC Clock Fali Tims — 30 — 3¢ — 20 — 1C
5 —TrC Clock Rise Time 3G 30 20 — =1
& TdCr{ &) Clocy | to Address Valid Delay — 145 — il0 — 83 — 8%
7 TeAIMREO! Address Valid t1c MREC 1227 — BE* - 3B - 20—
I Delay
g T4CHMRECH  Clock  ta MREQ | Delay . 100 — S — 7C — e
9 TdCriMRED:,  Clock | te MREL 1 Delay — 100 — 85 — 70 — 6L
10 — TwMREQR MRED Puise Width (Eigh) 170° 110 65" 457— —
il TwMREQ WRED Puise Widtk (Low? 3600 — 2200 — 1350 — 1067 —
12 TdCIMRECr;  Ciock | to MREQ 1 Delay — 100 — 8% —_ 70 — 6
13 TACHRDH Clock | to RD | Delay - 13G — g5 - 80 — 70
14 TdCriRDr, Ciock ! 1o Bi! ! Delay — 10C — 8- — 7C - a8
15 e TsDiCr) Data Sewsp Time to Cloox 50 35 3G 3= —
1€ TnlxEDr; Date Hold Time 10 BD 1 — 0 — O — o — C
17 TewWAITICE WEITT Sewen Tune to Clock Vis — 70 — 6o — 50 —
18 TaWAITICo WEIT Hoid Time abter Clock o — G — 0 — 0 — C
1% TdTamn Cleck 1 to ML | Delay — 130 - 100 — 8C — 7
20 == TACriMir) =— Clock | to ML 1 Delay 130 100 8G - —7
Zi TdCrRFSHE  Clocr ! e EFen | Delay — 18 — 130 — 11¢ — as
iz TdCr{EFSn:; Clock " tc RFEH | Delay — 150 — 120 — 103 — &r
s TACHED Ciock « to B2 1 Deis -— 1i0 — 8% — 75 — [
Z4 TdCr RED: Ciock ' to B | Detay — 100 — 8z — 7C — 28
25 — TeDiCH: Data Setur tc Clocr | duning &0 5C 4% 30— -
M. M: M, or M: Cycles
2 TARANORT: Address Susbhle prior 1o [ORD 20 — 180 — e — 7z —
27 TaCH{IORQ,  Clock 1o -167'-72 | Delay — 90 — 7 — 62 — S
28 TACHIORD:  Cleck ! to IORD 1 Delay — 11G — 8c — ¢ — 6C
28 T2DIWERD Datw Stable prios to WE | 19cr — 80" — 25— 2 -
30 — TACHWRE —— Cliozk | toe WE | Delay el 8% 75 — — &
31 TwWF WH Pulse Width /T — 200 — 1330 — 1520 —
32 TaCliwEr) Clock | to WE | Delay — LGo — 8L — o — &4
34 TdIXWHR:: Diate Stable prior tc WE | 00— =10 = -85 — 35 —
34 TdC-H{WE!: Ciozk ! ic WE | Delay — 80 — €L — 60 — c=
38 e TEWEH(D? Da‘a Stable from WE 1 120" 60" acs 15— —
3 TeTirALT:  Clock i w0 HALT ¢ or s — 300 — 30 — 260 —  IIs
37 TwhNMI N3 Pulee Waiath 8C — 8C — 7C — 607 —
38 TsBUSRED:C:r) BUSREC Setup Time to Clock ¢ BG  — 5o — 5 — 4 —




AC Characteristics {Continued)

Z80 CPU ZBOA CPU Z80B CPU Z80H CPUY
Number Symbol Parameter Min Max Min Max Min Max Min Max
3%  ThBUSREQICr; BUSREQ Hold Time after Clock ! o - g — 0 — 0 —
40 — TdCr{BUSACKD) - Clock | to BUSACK | Delay 120 100 80 — —8C
41 TACHBUSACKr Clock | to BUSACK ! Delay — 110 — 160G — a0 — 8z
42 TdCr(Dz) Ciock ! to Data Ficat Delay — a0 — a0 — 80 e 7
43 TdCr{CTz) Clock 1 to Control QOutputs Float — 116 — 80 — 70 — [
Delay (MREQ, IORQ, KD,
and WR)
44 TdCr{Az) Clock 1 to Address Ficat Delay — 110 — g0 — 8C — 70
45 — TdCTr{A} MREG ' IORC 1, RD 1, and 160* 80" a5* 20— —
WR ! to Aadress Hold Time
46 TsRESET(Cr} AESET to Clock 1 Setup Time ac — &0 — €0 — 45 —_
47  ThRESET(Cr}  RESET to Ciock | Hold Time - 0 — 0 — o - C
48 TsINTHCr) INT tc Clock 1 Setup Time 80 — 80 — it — 55 —
49 ThINTrCr) INT 1o Clack 1 Hold Time — 0 — 0 — 0 — 0
50w TAM1{(IORQH — M1 | to IORQ 1 Delay 820" 565" 365" 0= —
51 TdCH{IORQH) Clock | to TORQ | Delay — 110 — 85 — 70 — S8
52  T4CHIORQr Clock 1 10 IORD 1 Delay — 100 — 8 — 76 — e
53 TdCHD) Clock | to Data Valid Delay — 230 — 156 — 13G — 1.2
*For ciock periods other thas the minimums shown i the table
caicuiale parameters using the lolowing expressicns, Calouisted
values above assumed TrC = TMC = 2C ns
T Ux?;lz n nanoseconcs (ns! All hrungs are preliminary and
subies ' changs
Footnotes to AC Characteristics
Number Symbol Z80 Z80A ZA0B
1 TcC TwCr + Twll + TrC + TIC  TwCh + TwC] + TrC +TIC  Twlr + Twll + TrC + TiT
Z TwCh Although static by design, Although siatic by design, Although static by desigr,
TwCr of greater than 200 us TwCh of greater than 200 us TwCh of greater thar. 20C us
18 ot guaranteed is not! quarameed 18 IOt guaranieed
7 =——TAA(MREQH)—TwCh + TiC - 75— TwCh + TIC - 65— TwCh + TIC - 50
10 TwMRECH Twlh + THZ - 3C TwCh + TiC - 2C Twlrh + TIC - 20
11 TwMEEC. TeC — 45 TeC - 30 TeC - 30
26 TAA(IORDY)  TcC - 80 TeC - 70 Tel - 55
29 TdDI{WRI, TeC - 210 TeC - 170 TeC - 140
3] —TwWEk IeC -6 —m--r - TeC - ————————— Tl - 30
32 TaD{WRY Twll + TrC - 80 Twll + Trl -~ 140 TwCl + TrC — 140
kS TdWRr{[? TwCl + TrC - BC TwCi + TrC - 7C TwC: + TrC ~ 5E
48 TdCTr A} TwCl + TrC - 40 TwCl + TrC - 5C TwC: + Trl — 50
5C TAMIKIORQN 2T=C + TwCh + TIC - 8C 2TeC + TwCh + TIC - 65 2TcC + TwCr + TIC - 5C
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Absolute Sterage Temperature. ... .. .. _65°C e +150°C Stresses greater than those listed under Absoiute Max:-
Maximum Temperature murm Ratings may cause permanent damage 1o the device.
Ratings der B -: 3 tied This is a stress raung anly; operation of the qevice al any
g unger mas ... pect led cperating range condition above those indicated in the operationa’ sect
VO.‘TGQE’S on all inputs ana o} these spemificatons is not implied. Exposure o ab ie
outpuis with respect to ground . -0.3 Vio +7 V max:murn rating conditions for extended periods may affec
iCH 1 Ly,
Power Dissipation .................... 1.5 W device rehabiliry
Standard The characteristics beiow appily for the All ac parameters assume a Joad capacitarce
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pf in-
¢ P
Conditions otherwise noted. All voitages are referenced to crease in load up to @ maximum of 200 pF for
GND (0 V). Positive current flows 1ntc the the data bus and 100 pF for address and cantre!
referenced pin. Available operating lines.
termperature ranges are:
WS = 0°Cte +70°C,
+4.75V < Voo = +5.25V 21K
B E* = -40°C to +85°C, RNDER TEST
+4.75V s Voo = #8253V
B M = -55°C fo + 125°C, wer O
+45V = Voo = +55V I
“See O T
tempera
DC Symbol Parameter Min Max  Unit Test Condition
Character-
istics Voo Ciock Input Low Voliage 03 0.4% vV
Vi Ciocx Input High Voltage Vor-6 Voo+3 WV
ViL Inpu: Low Veliage -0.3 0.8 v
Ve Inpur Eigh Voltage 2.0 Voo v
Voo Output Low Valtage 0.4 v lop= 1.8 mk
Vo Cutput High Voliage 2.4 v lop = -250 pA
1o Power Supply Current
28C 150 mA
Z8CH 2004 mA
Z8CE 200 mhA
Ip; Input Leakage Current 1G Vi = e Voo
L - 3-State Output Leakage Current it Float -10 157 Vouor = 04 te Voo
ik 3 Loc-hr Dim-Dn MPED and WE
Capacitance Symbol Parcmeter Min Maox Unit Note
Coiivn Cliock Capaciiansze 3z =33
Ch Inpet Capacitance oF Unmeasurea pins
- TeTdrnes o ground
Coer Ouwpur Capaciance 0 oF F
Tz o= D= ;s

20M S~TTr

o
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Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
ZBAGD CE 2.5 MH:z Z80 CPU (40-pin? ZB400A CME 40 MH:z ZACH CPU 4l oin
28400 CM 2.5 MHz Same as above Z2B400A Cs 4.0 MEz Same as above
78400 CME 25 ME:z Same as above 28400A DE 4.0 MHz Same er above
28400 CE 2.5 MYz Same as above ZB400A DS 4.0 MHz Same ac above
28400 DE 2.5 MHz Same as above 284004 PE 4.0 MH:z Same as ebove
28400 DS 2.EMHh:z Same as above ZB4A0GA PS 4.0 MH=z Same as above
25400 PE 2.5 MHz Same as above ZB4G0B [ 6.0 MHz ZB0E CPU (47-pin
28400 Ps 2.5 MH:z Sams as above Z8400B D= 6.6 MH:z Same as above
284004 CE 4.0 MHz ZBCA CPU (40-pin} ZB400R Pe 6.0 MH= Same as ancve
284004 CM 4.0 ME: Same as above

*NOTES: C = Ceram'lc, D = Cerdip. F = Piestic; E = 40°Cte +85°0. M = -53°Cto +125°C, MR = -5B%C 1o = .25°C wilh

MIL-S7TD-882 Clas: B processing S = 0¢C e +72°C

26 00200103

) Y T Y



28420
Z80° PIO Parallel
Input/QOutput Controller

Zlilog

Product
Specification

September 1883

Features B Provides a direct interface between Z-80 B Programmable interrupts on periphera.
microcompuier systems and periphera: status conditions.
devices. B Standard 7-80 Family bus-reguest ang
B Both ports have interrupt-driven handshake prioritized interrupt-reguest da iey chains
for fast response. impiemented without external logic
B lour programmeble operating modes: byte B The eight Port B oulputs can arive Det
mpu‘ byte output, byte inputioutput (Port A lingtor: transistors (1.5 mA a* 1.5 V.
only;, anc bit input'output.
General The Z-80 P10 Paraliel VO Civcur s a pro- accomphshed under interrups comirel. Trus,
Description grammable, qual-port gevice tha: provldes a the mterrup: logic of the P10 perm:ts f210 uss

TTL-compe'ible inieriace between peripheral
devices and the Z-80 CPU, The CPU Corhg
ures the 2-80 PIO « interlace with & wide
range ¢! peripheral devices with no ather
externa. logic, Typical peripherai devices theat
are com_:;a,-,ble with the 2-80 PIO include most
keypoards, paper tape readers and punches,
printers, PROM programmers, e,

Orme characieristic of the Z-80 periphera.
controllers trat separates therm: from other
interiace controliers is that ail data transter

petween the periphera. device and the CPU is
-— A fr——a
e 3. Ay ot
a1 D, Ay f———
DATA | =—=j0D; 2; po—

BUS Y\ ey, iy —
st Agpeo—= PORT A
w——af D, Ay fo————
-—iD [r) S E——

——=1 B4 SEL ARDY e
—————j Il SE. ASTE frammea
PO ;
coMTROL & ———1CE z.80 FIO By [
—f 2 fo——
e | (ORO P S
———sfRC B fa—
B, [
——] 45V By fa—in POAT B
——— GND B p
2 |——
——l L
BRDY [———
- ( e [N #5TE f——
ContraL § ——{®
-— e

Figure 1. Pin Functions

ol tre efficien: interrupt capabilines o

Z-80 ’“PU dur’no e *"ansferﬂ L1 'o::;

stmcure is *nc'udca in the P;u
Anctner feature of the PIO 12 tne cb‘.‘._" Ja
interrupt the CPU upon occurrenc of

fied status conditions in fhe pc*)v ra.
For exampie. the FIC can be oro
il any specifiec periph

culz cocur. Th

recuces the time the processor rmust spery

Merrupt

po:ling peripneral siatus.
———
D;G 1 0 gcs
o 2 3 [Jc.
o (] 2 w[]o.
TE[] s st [ 3w
[ 3 [1 iGRG
mie 35 1) @D
Ava H «lJe
P mi ulle,
Aaa B 32 g -
ATl n]e.
anD E 1 Z2:80 PID " gs-
A e E A
=Rt 26 [ B
a s 2 [
ag s ] -sv
RSTE [ v 26 Y con
BB [ v 2 [Fe
aros [ e 2 [} T
'R 3‘ 19 22 awic
D=L_' 2 2 ERDY
e e ——

Figure 2. Pin Assignments
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General
Description
(Continued}

The Z-8C PIO interfaces to peripherals via
two independent general-purpose /G ports,
desianated Port A and Port B. Each por: has
eight data bits and two handshake signals,
Ready and Strobe, which controi data transfer.
The Ready output indicates to the peripheral
that the port is ready {or a data transler.
Strobe is an input from the peripheral that
indicaies when & data transier has occurred.

Operating Modes. The Z-80 PIC ports can be
programmed to operate in four modes: byte
output (Mode 0}, byte input (Mode 1], byte
inputroutput (Moge 2) and bit input/ouiput
(Mode 3).

In Mode 0, either Port A or Port B can be
programmed o output data. Both ports have
output registers that are indiviauaily addressed
by the CPU,; date car be written to either por:
at any time. When data is written 1o a port, an
active Ready output indicates to the external
device tha! data iz available at the associatec
pert and is ready lor transler to the external
device. Alter the data transter, the external
device responds with an active Strobe input,
wiuch generates an interrup, if enabled.

Ir. Mode i, etther Port A or Port B car be
conbigured in the input mode. kach port has
ar input register addressed by the CPU. Whern
the CPU reads data from a port, the PIC ses
the Ready signal, whick is detecied by the
externa. device, The externa, device then
mares data on the 1'0 lines ang sirobes the
1‘C port, which latches the data inte the Per
Input Regisier, reseis Ready, ana triggers the
Inierrup: Request, if enablec. The CPU can
read the input dala at any time. which aga:n
sete Ready.

Mode 2 is bidirectional ars uses Port A,
lus the interrupte and ha: snak

E :
boh perts. Port B must be set to Moa

:

. In operation, Port A 1s us
dale inpur and cutput. Ouipul oper
is girmilar o Mode C excepr that data .
our onto tne Fort & bus only when ASTE
Low. For input, operaton i i

excert that the g2ta .
handsnake slgns.s an
enabled!.

Bo'k ports can pe used i Mode 3. In this
moge, 1he individua: bits are delineq as exrther
input or output bite. This provides up to eight
separale, Indivigduaiy dehinea bis {or each

pori. Duning operaticn, Ready and Strobe are

not used. Instead, an interrupt s generated &
the condition of one input changes. or it &l
inputs change. The requirements for gener
a*ing an interrupt are defined during the pro-

gramming eperatior; the acttve level 1s

specifiec as either High or Low, and the logic
condition s speciiied as eltner one input aTuUVE
(OR) or al! inputs active (ANT). For example.
if the port is programmed for active Low
inputs and the logic function 18 AND, then al;
inputs a! the specified pert must go Low to
generate an interrupt,

Data ouiputs are controtled by the CPU ana
car be writlen or changed at any ume,
& Individual bits can be masked off,

B The handshake sigriais are not used in
Mode 3; Ready 1s held Low, and Strobe 1s
disabled.

8 When using the Z-80 PIO interrupts, the
Z2-8C CPU interrupt mode mus! be sef ¢

Mode 2.
SYSTEW
BUSES
= =
A
+3y
CcPU g PIO
it |-—— | l——T—— N
|
IEN
e 3
T |
1
¥
E A LY
——— 2C 12 4 b : !
! cTC N

— zeTe. T

m
m
o

RiCA N1 ; INT
TCE B0 f— ‘ PR Y
R:CE I
[E— P i
W.RDYE 1 BD*
SI10 OMA
A Y

Figure 3. PlO in « Typical Z80 Family Environment
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Internal
Structure

The internal structure of the Z-80 PIO con-
sists of a Z-80 CPU bus interface, internal con-
troi logic, Port A 1/0 logic, Port B I/0 logic,
and interrupt control logic (Figure 4). The
CPU bus interface logic allows the Z-80 PIO to
interface direct]y to the Z-80 CPU with no
other external legic. The internal control logic
synchronizes the CPU data bus to the per-
iphera! device interfaces {Port A and Port B).
The twe 1/0 ports (A and B) are virtually
identical and are used to interface directly to
peripheral devices.

Port Logic. Each port contzins 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 CFU use the data input and cutput
registers. The handshake logic associated with
each port controls the data transfers through
the input and the ocutput registers. The mode
control register {twc bits) selects one of the
four pregrammable operating modes.

The conircl mode {(Mode 3; uses the remain-
ing registers. The mnput/output control register
speciiies which of the eight dats bils in the
port are 0 be outputs and enables these bits;
the remaining bits are inputs. The mask reg-
ister and the mask control regisier control
Mode 3 interrupt conditions. The mask register
specihes which of the bits in the port are
active and whnch are masked or inactive.

IMTERMAL
CONTROL
LOGHC

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 (OR condi-
tion} or il the interrupt is generated when
all unmasked input bits are active (AND
condition).

Interrupt Control Logic. The interrupt contro.
logic section handles all CPU interrupt pro-
tocol for nested-pricrity interrupt structures.
Any Qevice's physical location in a daisy-cheair
configuration determines its priority. Twe lines
(IEl and IEQ) are provided in each FIO to
form this daisy chain. The device closes! (o the
CPU has the highest pricrity. Within & P10,
Port A interrupts have higher priority than
those of Port B. In the byte input, byte ocutpul,
or bidirectional moedes, an interrupt can be
generated whenever the peripheral request: a
new byte transter. In the bit control mode. ar
interrupt can be generated when the perigh-
era! status matches a programmed value. The
PIO provides {or complete control of nesied
interrupts. That is, lower priority devices may
not interrupt higher priority devices that have
no!l had their interrupt service routines corm-
pieted by the CPU. Higher priority devices
may interrupt the servicing of lower pricrity
devices.

1]

cpu | 5 | SPY €
BUS INTERMAL 8Y5
INTERFACE | ¢ o .

CONTROL

INTERAUFT
CONTROL

3

IKTERRUPT CONTROL LINES

Lo DATA
PORT OR CONTROL
A
o HARUSHARE
——
PERIPHERAL
INTERFACE
[
ayiw  DATA
PORT OR CONTROL
B
wo HANDSHAKE
-

Figure 4. Block Diggram
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Internal I the CPU {in interrupt Mode 2) accepts an Interrupt) instruction directly from the CPU
Structure interrupt, the interrupting device must provide data bus sc that each PIO in the system knows
{Continued)  an 8-bit interrupt vecter for the CPU. This vec- al all times whether it is being serviced by ‘he
tor forms & pointer to a location in memory CPU interrupt service routine. No other com-
where the addreses of the interrupt service munication with the CPU is reqguired.
routine is located. The 8-bit vector from the
. T o
interrupting device forms the least significant FPU Bu;s I’,’O LOS’C‘Z 'g}éep?g‘i bus lmte.t:jce
eight bits of the indirect pointer while the zogécér}}.ﬁ[_e}“aces tnet e e irectly to the
I Register in the CPU provides the most signifi- F- : ' soi ne exhernaJ Oglzclf necx?ssar; :
cant eight bits of the pointer. Each port (A and O:i/ ami)e-fsfys ems, k::wever, address aecoders
B) has ar independent interrupt vector. The ana/or bullers may be necessary.
least significant bit of the vecter iz automati- Internal Control Logic. This logic receives the
cally set fo C within the PIO because the control words for each pori during program-
pointer must point 1o twe adjacent memory ming and, in turn, controls the operating func-
locations for a complete 16-bi* address. tions of the Z-80 PIO. The control logic syn-
Urlike the other 7-80 peripherals, the PIC chronizes the port operations, controls the port
does not enable interrupts immediately after mode, pori addressing, selects the read/write
programming. [t waits until M1 goes Low (e.g., function, and issues appropriate commands to
during an opcode feich). This condition is the ports and the interrupt logic. The Z-80 PIO
unimportant in the Z2-80 ervironment bui might does not receive a write input from the CPU:
net be if another type of CPU is used. instead, the RD, CE, C/D anc IDR( signals
The FIO decoaes the RET] (Return From generate the write input internally,
INPUT! *
QUTEUT
M BELECT
MODE REQISTER
CONTROL B BITS)
REG!STER .
2 BITS)
QuTeuT
ENABLE
] | DATR
INTERNAL BUS :> R‘Eﬁfé’%’g}
{8 BITS;
|:> 88ITLO BUS
. »
MASK MASK DATA
CONTROL :’} fu INFUT
ngﬁg?:éﬂ “‘f;f.r‘;" p n“aaaé!s_;;h
HAND | READY
! | o Saxe HANDSHAKE
s oNIRoL | STRORE | cokTROL
"Ussd In the bil mods only 10 Biiowm generslion of an
ntsrrapt 1 tha petiphars! HO pins ga 1o the spaciled sats
Figure 5. Typica! Port 1/O Block Diagram
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Programming Mede 0. 1. or 2. (Byte Inpul, Cutput, or

Bidirectional}. Programming a port for Mode
0. 1, or Z requires two words per port. These
words are:

A Mode Control Word  Selects the pori operating mode
(Figure €, This wora may be writier, any ume,

An 1n19rrup1 Vectar. The 2-80 PiC s aes:gnec for use with

the Z-80 CPU i interrup: Mode 2 (Figure 7). When inter-
rupts are enabled, the FIO mus: provide an inierrupt
YeoioT

Mode 3. (Bii Input:Outout). Programming &

! -] =
port for Mode 3 operation reguires s control
word, a vector (if interrupts are enabled), and
three additional words, described as foliows

interrupt Conirol Word . In Moge 3. handshake = not
used. Interrupls are generated as a logic funclion of &
input signa; levels. The interrupt contro, word seis the
logic conditions aﬂd the lag:c jevels reguired o1 gene:
ating ar. interrup'. Twe logic condibions or functions are
availabie: AN (i all input bits cr.ange 1o the a:h.e leve.
an nterrupt is triggered; . and OF i any one of the 1m

bits changes to the achive leve!, an interrup: is trlgqere:
Bit Dg sets the iogic funchion, as showrn in Figare ¥ The
acuve level of the input bus can be set either High or Low
The active leve! is controlied by Bir D¢

Mask Control Word. This word sets the mask contra.
register aliowing any unused bits tc be masked of!. 1 any

bits are to be masked, then Dy must be set. Wren Dy s se.

the next word written: to the porl must be a mask contrel
word (Figure 160

Interrupt Disable. There is cne other controi

i/0 Requster Control. When Mode 3 15 selected. the mode
contro. wore must be feliowed by another contro word that
sets the I'C control register, which i turn defines which

word which can be used to enable or disable a
port interrupt. It can be used without changing

port iines are inputs and whick are ouiputs {Figure B;.

[D,'D! EA -i-'uq]

t——— IDENYIFIES MODE
CONTROL WORD

i DONTCARE

——————————— MODE 5E_ECT
T 0 MODEC
¢ 1 MOUE *
1 0 MOBEZ
11 MODE:

Figure 6. Mode Control Werd

lD-'Ds‘Dst.:n; D oo¢

JE——
|
L.. |DERTIFIES INTERALET
VECTOR
— ____ UBEF SUPFLIED INTERRLPT
VECTOF

Figure 7. Interrupt Vector Word

Mwlnﬁin.!n;‘oglnﬁ
N E © SETS B TG OUTPUT

1 SETS B!T TG INPUT

Figure 8. /O Hegister Control Word

the rest of the interrupt contrel werd
(Figure 11).

CEICIDDE

T
1]
—_—

IDENTIFIES INTERRUPT

I
i CONTROL WORL

[

= 0 WG MASK WORK FOLLOWS
Da = | MASK WORD FOLLOWS
D5 = 0 ACTIVE LEVEL 1S LOW
D: = 1 ACTIVE LEVEL IS HIGR
H De = ¢ INTERRUPT ON OR FUNCTION
i Ug = 1 INTERRUPT ON AND FUNCTION
D7 =C INTERRUPT DISABLEC
D: = 1 INTERRUPT ENABLED"

"HOTE THE PORY 45 NOT ENABLED UNTIL
THE INTERRUPT ENABLE i5 FOLLOWED
BY Ak ACTIVE M

Figure 8. lnterrupt Control Weord

[D'}DQIDE_D. n:'n_::‘rxﬂ

X MBe-MEr MASK BITS &
BIT |5 MONITORED FCR AN

‘—'—*-_ INTERRUPT IF [T 15
DEFINED AS AN INFUT ANT
THE MASK BT 15 SET TO £

Figure 10. Mask Control Word

IDENTIFIES INTERRUPT
DISAEBLE WORL

DON'T CARE

Dy = € INTERRUFT DISAB.E
Dy = 1 INTERRUPT EHABLE

Figure tl. Interrupt Disable Word
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Pin
Description

Ag-Aq. 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. Ag is the least significant
bit of the Port A data bus,

ARDY. Regisfer A Ready (cutpu®, active
High). The meaning of this sigrnia! depends on
the mode of operation selected for Port A as
follows:

Output Mode. This signal goes actuve to indicate that the
Fort A output regisier has beer loadec ang the peripheral
data bus 1s stable and ready for transter tc the periphera:
Gevice.

loput Mode. This signal 1 active when tne Port A input
register is empty and ready to accep! data from the
periphera; device.

Bidirectional Mode. This signa!l is active when data Is
availabie in the Port A output register icor transier tc the

peripheral device. In this mode. data is not placed on the
Port A data bus, unless 51D 15 active.

Control Mode. This signal s diseb.ed and lorced to a Low
state.

ASTB. FPort A Strobe Pulse From Peripheral
Device (input, active Low). The meanirg of
this signa! depends on the moae of operation
selected for Port A as follows:

Output Mode. The positve edge ol this eirobe 15 188ued by
the peripheral 1o ecknowiedge the receint of date made
availab.e by the PIC.

Input Mode. The strobe = 1ssued by tre peripheral lo i0as
data fram the peripheral into the Port A input redister,
Date :s loages intc the P10 when this signa) e active.
Bidirectional Mode. Wrer this signal is active, date from
the Fort A outpu! reg:ster 1s ga'e.,' ontc the Porr A bidirec:
ticna, data cue The positive edge ¢! ine sirobe acknGw .-
edges the receipt of the daia.

Contrel Made The strobe s inhuibited internally

Bs-By. Port B Bus (bidirectional, 3-state. This
8-bit bus transiers data, status, or control
information betweern Port B and a peripheral
device. The Port B data bus can supply

1.5 mA at 1.5V 1o agrive Darlington transisters.
Bg is the leas: significant b of the bus.

B/A. Port B Or A Select (...p‘..;t High = B}
This pir. define: which port is accessed dunng
2 data transfer between the CPU end the PIO

A Low on thie pin selects Fort A; a High
sejects Port B, Often address bit A¢ from the
CPU is used for this seiection function.

BRDY. Register E Ready (output, active Highl.
Thie signal is similar t¢ ARDY, except that i
the Por: A bidirectional mcde this signal is
Eick when the Port A input register is empty
ard ready to accept data {rom the peripheral
device.

BSTB. Pori B Sirobe Pulse From Penpherc!

Device {input. active Low). This signal s

similar to ASTE, except that in the Port A
bidirectiona: mode this signal strobes data
iror the peripheral device in‘o the Port A
input register.

C/D. Coniro! Or Data Select (input,

High = C). This pin defines the type cf data
transter to be performed between the CPU anc
the P1IO. A High on this pin during & CFU
write to the PIO causes the Z-80 dais bus tc be
interpreted as a command for the port seiected
by the R/A Select line. A Low on this pin
means that the Z-80 data bus is being used ic
transfer data between the CPU ang the FIO,
Often address bit A, {rom the CPU is used for
this function.

CE. Chip Encbie {input, active Low:. A Low
on this pin enables the PIC to accept com-
mand or data inputs {rom the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle, This signal is generally
decoded from four 1/O port numbers {or Por:s
A and B, data, and control.
CLK. Systern Clock {input). The Z-80 PIC uses
the standard singie-phase Z-8J system ciocr.
Du Dy. Z-80 CPUJ Dafo Bus {bidirec’iona.
3-mate;. This bus is used to ransfer a'l cata
and commands between the Z-80 CPU anz the
Z-80 PIO. D¢ is the leas! significant bit.
IEL. interrupt Enable In (input, active High).
This 51gﬁal is used 1o form & prioruy-interrur!
daisy chain when more than cre interruoe
driven device is being Usea. A Higk
wis pin indicates tha! no other devis
higher pricrity are being serviced by a CFU
inferrupt service routine,
IEQ. Interrupt Enable Ouf {outnut,
h.o 1. The [EC '-lg"lcu is the other si g
reguired to form & daisy chi nricrit
It is High only if IEI is Hick ana ihe
not servicing an inferrupt from ths
this signal bi ows iower prionty devi ?
interrupting while & higher prioriy de\'ice 12
being serviced b ite CFU imterrup: service
routine,

c

INT. Interrupt Reques! (cu'pat, oper dr
active Low). Wher INT is active the 2-.80 71T
is regussting an interrupt from the Z-80

IORQ. InDut’Our‘DJ i fleguest (input from 227
CPU, active Low}. IORC js used
fion with B/E, Cf D CL,and R
commands and dais betweer th
the Z-87 P1IC. When CE, RE, and

active, the pcrt addresses by B &
data tc the CFU {a reac operat O"‘- Cer
versely, when CE and [ORC are active o
is not, the port zadressed by BA is woit
into from the CBU with either
informatorn, as specified by C0
[CHGC ard Wi are acuve simul
CPU is acknowledging an inte
rupting port automatical
vector on the CPU daa
pricrivy device regusstng anin

(!

aats or comtrol

As“ i
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Pin M1, Machine Cyele (inpul irom CPU, active the PIO interrupt logic; when MI cccurs
Description Low). This cignal i= used ag a sync pulse o without an active RD or IORG signal, the PIO
{(Continued: control severa! internal PO operatons, When is reser.

boin the M1 ang RD signals are active, the

. - BD. Read Cycle Statue (input from Z-8C CPU.
2-80 CPU :s letching an ms:ruc;’ioﬁnﬁfrom actve Low). I BD is active, or an 1 © opera-
memaory. Converssiy, when both Ml ana tion is in progress, FD isusedwith B A& CD.
IOFL are active, the CFU g acknowiedging CE. and IORQ 1o transter data trom the 2-8C
an interrupt. Io addition, M) has two other FIO 1o the 7.8 CPU.

funchions within the Z-80 PIO: is synchronizes

Timing The foliowing timing diagrams show typical T 1 Tus n T

timing in a Z2-80 CPU environment. For more Cix m l‘ l l | l | ] \

recise specifications refer to the composite
pe P

ac timing diagram. J— 3— X
N\

Write Cycle. Figure 12 illustrates the
timing for programming the Z-80 PIO &
or for writing date to one of its ports. No

Wait states are allowed for writing to the o \ /

PIO other than the automatically inserted
CATA X L X

Twa. The PIO does not receive a speci-
its own from the lack of an active - _____\—/_—
RD signal. v

fic write signa]: it interna}iy generates
*WE = RD# CE+ C/D v IORT

Figure 12. Write Cycle Timing

Old 082

Read Cyele. Figure 13 illustrates the timing ) .
for reading the data input from an external

device o one of the Z-80 PIO ports. No Wait cLn Ml—
states are allowed lor reading the PIO cther

than the automatically inserted Twa. ci, Bk :>( _>C

Qutput Mode (Mode 0). Ar output cycie -
(Figure 14) is always started by the execution
of ar. output insiruction by the CPU. The WR*

puise from the CPU laiches the data from the e N/

CPU data bus into the selected port's output
reqister. The WH" pulse sets the Ready flag
ahter a Low-going edge of CLK, indicating
data 15 available. Ready stays active until the DATA o
positive edge of the strobe line is received,

indicating that data was taken by the periph- w5+ ——\—__f

eral. The positive edge of the strobe pulse —

. C EO s CEe D0
generates an INT if the interrupt enable flip- RD = BD® e CL e IORC
liop has beern set and if this device has the
highes! pricrity. Figure 1. Read Cycle Timing

cLK /

- AR
ouTRUT X f\ / /
READY L /
STROBE

INT

n N

*Wh = RDe CEs TT ¢ TOAG

Figure 14. Mede 0 Qutpul Timing

n
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Timing
{Continued)

Input Mode (Mode 1). When STROBE goes that the input register is full and cannot accep:
Low, data it loaded into the selected port input any more data until the CPU completes a reac.

register (Figure 15). The next rising edge of When a read is complete, the positive edg.e‘of
strobe activates INT, if Interrupt Enable is set RD sets Ready at the next Low-going transition
and this is the highest-priority requesting of CLK. At thic time new data can be loaded
device. The following falling edge of CLK into the PIC.

resets Heady to an inactive state, indicating

CLK

STAOEE

PORT
WPUT

READY

‘RELC = RDs CEs CD+ {OR

)

Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com- If interrupts ocour, Port A's vector will be used
bination of Modes 0 and 1 using all four hand- during port outpu? and Port B's will be used
shake lines and the eight Port A I/O lines during port input. Data is allowed cu! ontc the
(Figure 16). Port B mus* be set to the bit mode Port A bus only when ASTE i1s Low. The rising
and its inputs mus! be masked. The Port A edge of this strobe can be used to iatch the
handshake lines are used for output contrel data into the peripneral.

and the Port B lines are used ior inpui control.

POAT & /4_\ | pm——

DATA Bus AL \3"":"7
[]

| 7

\

BRDY N\
WE = FoeCEeC Do iORD

Figure 16. Mode 2 Bidirectiona! Timing

g2

Z8(G-PI0



Timing
(Continued)

Bit Mode (Mode 3). The bit mode does not
utilize the handshake signals. and a norma:
por: write or port read can be executed at any
time. When writing, the data is latcned inte
the oulpu! regisiers with the same timing as the
output mode {Figure 17},

Whern reading the P10, the data returned to
the CPU 15 composed of output register data
from those port data hnes assigned as outpuls
and input register data Irom those port data

hines assigned as inputs. The input register
contains data thal was present immediately
prior to the faliing edge of RD. An interrupt is
generated if interrupts from the por: are
enabled and the data on the port data lines
satisfv the logical equation defined by the & kit
mask and 2-pit mask control registers. How-
ever, i Port A is programmed in bidirecuonal
mode, Port B does not issue an interrupt in bit
mode and mus: therefore be polied.

€L
DATA’&’H x TRTA WORD 1 x GATA WORD 2 X

Ll DATA WATCH Y, —

DCTURE HERE

ona A /
] X /

By-Dy

*Turang Disgram Relers 1o Bit Mode Read

— e —

tNTA WORD § FLACED ON BUS

Figure 17. Mods 3 Bit Mode Timing

Interrupt Acknowledge Timing. During Ml
time, peripheral controllers are inhibitea from
changing their interrup’ enable status, permit-
ting the Interrupt Enable signal to rippie
through the daisy chain. The peripheral with
1El High and IEQ Low during INTACK places
a preprogrammed 5-bit interrupd vector on the
data bus at this time (Figure 18). IEQ is held
Low unti]l a Return From Interrupt (RETL
mstruction 18 executed by the CPU while IE] is
High. The 2-byte RET! instruction is decoded
intersaliy by the PIO for this purpose.

R0 ANG U
oRG / l IHDHCATE
INTERRUPT

ACKNOWLEDGE
]

INTALF.
o -

Figure }8. Interrupt Acknowledge Timing

Return From Intetrupt Cycle. If a Z-80 per-
ipheral has no interrupt pending and is not
under service, then its JEO = IEl 1 it has an
interrup: under eervice {i.e., it has &lready
interrupted and received ar inierrupt acknow!-
edge; then its IEQ is always Low, inhibiting
lewer pricrity devices from interrupting. If it
has an interrupt pending which has no! yet
been acknowledged, IEC is Low unless an
"ED" i decoded as the tirst byte of a 2-byie
opcode (Figure 19]. In this case, IEQ goes
Higk unti! the next cpcode byte is decoded,
whereupcer, it goes Low again. I the second
byte of the opcode was a 40, ther the
opcode was an RETI insiruction.

After ar "ED" epcode 1s decoded, only the
peripheral device which has interrupted and s
currentiy under service has its [EI High and its

IEC Low. This device is the highesi-priority
device in the daisy chain that has receive
interrupt acknowiedge. All other peripherals
have 1E] = IEQ. lf the next opcode Dyte

T oar

CLK F ; [

ov-Dy { Y { i Y
w_

"o I—'_

Figure 19. Return From Interrupt

2005
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Z-80 PIO Z-80A PIO Z-80B PIO°.
: Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns} (ns) (ns) (ns} (ns) Comment
1 TeC Clock Cycle Time 400 [1) 25C 1] 165 (1]
2 TwCh Clock Width (High) 170 2000 105 2000 €5 2007
3 Tw(] Clock Width (Low) 1720 2000 105 200G 65 2000
4 TiIC Ciock Fall Time 30 30 20
5 —TrC ——— Clock Rise Time 30 Y 20
€  TsCS(RI) CE, 874, C/D1c RD,
IORQ | Setup Time 50 50 50 6]
7 Tk Any Held Times for Specified
Setup Time 0 o] 0 o]
8 TsRIC) RD, TORQ to Clock | Setup
Time 115 118 70
8 —TdRI(DO) ——RD, TORQ ito Data Cut Delay 430 380 ano 12}
10 TdRYDOs) ET, TORG 1 to Data Qut Float
Delay 160 110 70
11 TsDI(C) Data In to Clock | Setup Time 50 50 40 CL = 5CpF
12 TdIO(DCH IORD | tc Daia Cut Delay
(INTACK Cyele) 340 160 120 3
13 —TsMI(Cr) M. ! to Ciock 1 Setup Time 210 a0 70
14 TsMiCH M1 1 to Clock | Setup Time
{M! Cycle} 0 0 0 18]
15 TdMI(IED) M1} to IEQ | Delay {Interrup:
Immediately Preceding M1 |} 300 180 105 [s. 7!
16 TelEI{1C) IE] to IORQ | Setup Time
{INTACK Cycie) 140 140 10G [7:
17 ~—TdIEI(JEOH) — IE1 | to [EC i Deiay 19C 130 12C )
CL = 50 pF
18 TAIERIEO:) IEl 1 to [EQ 1 Delay (after ED
Decode) 2i0 16C 160 [5:
19 TclO(C) IORQ ! to Clock | Setup Time
{Ta Activate READY on Nex:
Clock Cycie) 220 200 17C
20 —TdC{RDYr)— Clock | 1t READY t Delay 200 160 T 151
CL = 50 gF
21 Tdl(RDYI) Clock | to BEADY | Delay 157 140 120 (=)
22 TwSThE STROBE Pulse Widh 150 150 12C [4]
23 TsSTB(C) STROBE ! to Ciock | Setup
Time (To Activate READY on
Nexi Ciock Cycle) 226 22C 156 =
24 —T4IOPD)—~—T0ORG ! to PORT DATA Stable
Delay (Mode 0) 200 180 e 2
25 TsPD{STE; FORT DATA to STROBE 1
Setup Time {Maode 1) 260 230 18
26 TdSTB.PD) STROEE | to PCET DATA
Stable (Maode 2} 23C 20 180 [=
27 —-TdSTB{PDr)— STROBE ! tc PORT DATA Float
De.ay (Mode 2) 200 18C 160 CL = 50 pF
28 TAPD{INT; PORT DATA Match tc INT |
Delay (Mode 3: 540 490 430
25 TdSTBINT;  STROEBE ! o TRT | Delay 430 447 350
ek -~ - . 161 %
118 TeC = Twln « Twli « Trl - 710
1Z] In:reefe_ TArIIDE: by (0 nsior each 81 pF increase inoloaz

loading vp 1o 100 pF max

b
o

rease npsn vaiues by I

in
{n
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Absolute Voltages or. all inputs and outputs Stresses greater than thoss listed under Absclute Max.-
Maximum  withrespecttcGND.. .. .. ... -0.3Vie +7.0V  mum Ratngs mey cuse permanen: damage 'c (he devios
Rati Thic 15 & stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated in the operationel s
Temperature .. ..., .. As Spec-‘_.hed in of these specif;canons_ 13 nol impiied, AEx_posure o &l ‘
Orde*mg Infor'nah‘on maximull rating condihions lor extenaec periods may attec:
e : device reliabiity.
Storage Temperature .. ... ... -65°C 10 +150°C
Test The characteristics below apply for the All ac parameters assume a load capacitance
Conditions following test conditions, unless otherwise of 100 pF max.
neted. All voliage:r are referenced to GND
(0 V). Positive current fiows into the refer-
enced pin. Availeble operating tempera‘ure -
rangest are: 21K
LA o o v
NS = 0°Cio +70°C Frow ouTey:
+4.75 Ve Vs +525V
WE = -40°Ctc +85°C, 100 pF %
+4. 73 Ve Voo 4525V I
M = -55°Ctc +125°C, = = =
+45V e Vg +558V
“See Crdering Inicrmatcy secuon lor packege
re ranae and produ Nember
DC Symbol Parameter Min Max Unit  Test Condition
Charae-
teristics Vi Clock Input Low Voltage -G.3 +0.45 v
Vi Ciock Input High Voltage Vo068 Vo403V
V.. Irput Low Voitage -0.3 +0.8 V
V. loput Highk Voitaze +2.0 Ve Y
Ve Output Low Veltage +0.4 v -~ = 2.0mA
Voo Crtpar High Yollags +2.4 Vv Iow = -250 pi
I, Input Leakage Current =10 nh V-, = Cic Vs
I - 3-State Output Leskage Current in Floa! +i0.0 b Vo =04V e Voo
- Power Supply Curren: J00G ma
Ioar Dariingtor: Drive Current -1.5 mA
Tiver soeTiies FlLTE BT VD08 Tani
Capacitance S$ymbol Parameter Min Max  Unit Test Condition
C Ciozk Capacitence Hy jsig Urnmeasured
Cop Input Capacitance g cF ?‘”5 rens
1o grouns
Cooig uiput Capacitance e pr
Cver spemiten tomperatlre 13m0 1 = (MR

56
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Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
28420 CE 2.5 MH:z 280 PIC (40-pin) 7842048 CMB 4.0 MH:z ZB0A PIC (&0-pin?
28420 CM 2.5 MH: Same as above 284204 Cs 4.0 MHz Same as abcve
28420 CMB 2.5 MH: Same as above ZB420A DE 4.0 MHz Sarme as above
28420 Cs 2.5 MHz Same as above ZBAZCA DE 4.0 MH= Same as above
Z8420 DE 2.5 MH:z Same as above ZB420A FE 4.0 MH:z Same as above
ZB420 Ds 2.5 MHz Same as above ZB420A ps 4.0 MBz Same as above
ZBA20 PE 4.0 MHz Same as above 78420 Cs 6.0 MMz Same as above
728420 PS5 4.0 MHz Same as above Z84208 DS 6.0 MH: Same az above
ZB420A CE 4.0 MH:z ZBOA PIO (40-pin ZB42CB PS 6.0 MKz Same a: above
ZB420A CM 4.0 MH:z Same as above

CNOTES: © = Ceramuc. T = Cerdip F = Plasuo £ = -40°Cic +65°0C M = -850 w0 + 12550 ME = 580 1o » (2857w
MIL-STD-82% Cless B processing & = GCis + 70°C

00-2008-02
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28440
Z80°SI10 Serial
Input/Qutput Controller

Zilog

Product
Specification

September 1983

Features B Two independent full-duplex channels, with 8 Synchronous protocols: everything
separate control and status lines for modems necessary for compiete bit- or byte-oriented
or other devices. 'messages in 5, 6, 7 or 8 bi's’character,

) i ‘ T .
- s - i in is L DLC
& Data rates of § to 530K bitssecona in (‘?él%?j" ;{qu?MB T;‘C Si = Ht. C'nﬁ
the xi clock mode with a 2.5 MHz ciock i o indké ers. Automatic Lt
7.a0 a0F it /DC Charac r
{Z-80 BIC), or U 10 BOOK bits/second with a generation/c :ec 1mlg. S}I‘g charadcter anc
~ - - e Tal it - faeletr - -
4.0 MHz clock (2-8GA SICH, zerc insertion/as etion. a Drt‘gerera
. ) tion/detection and flag insertion.
B Asynchronous protocols: everything ) . .
) - B Recelver data registers quadruply bufferec,
necessary for complete messages in 3, 6, 7 transmitter recistere doubly buffered
. . ra 1 re dou uffered.
or B bits characier. Inciudes varabie stop = = 1y buiered
biss anc several clock rate multipliers: ® Highly sophisticated and fiexible daisy-
breck generaticn and detection: parity: chair interrupt vectoring for interrup:s
overrun and iraming error detection. without external logic.
General Thne Z2-80 S:C Senal InpurOurput Contral- bit-orientea, anc performs all of the functions
Description s a dugi-chennel data communication trachtionally done by UARTs, USARTs ana
rdinary versatility and synchronous communication controliers com-
ionE as & eria. o imned, plus adaiticnai functions traditorn
convertercontroiler pertormed by the CPU. Moreover, it dces
CPU ior a broad cn fwo fullv-independernt channels, wi .
“atior applications. exceptionally sophisticates interrup? struciure
CommMOon asyn- that allows very fast transiers.
cr protcco.s, bywe or Fuil interfecing it providea for CPJ or DA
-t . Halh |o—=mm
e [ Rrla p———
— S
L — TR fam A
DATA Y = o0 a
aus | ——nfr. FYMCA o, C 5 .
-}, WROTA CHANMWEL & o D ® ] 3
-—ai D 5 o =3
-] 0. 2 SR, g M
EYSA fmm | WoDEM e =
5TRE b [ CONTROL - wHe
¢ === z.g0mi0z BDA [+ / D 33%,
i —| s s T 3]
[ wRETa ]
cou::g': .I —] f" P08 fb——— B : . zsosion " :
Py |y [ — Aot e =]
i THADE | e »[]
[E Tice T » [] Fige
[N Yy o CHARNEL B Tebs epd oot
B ] BTRe E [ t g AT
. FT5E p— BfEL T - 7 GTSE
DAISY | -— {TSH |m—wwu= ; MODEM £T54 : ¥ 23 j 5
INTE::U.;: : ® ﬁ - fCO“TuDL [T 2]
CONTROL ' — s BCCE b | ) oD =
T 4 4 b
i [ Cu»
Figure 1. Z-80 5102 Pin Functions Figure 2. Z-80 §10/2 Pin Assigrments
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General centrol. in addition to data communication, the The Z-80 S10 is an n-channel silicon-gate
Description circuit can handle virtually all types of serial depietion-loaa device packaged in a 40-pin
{Continued) 17O with fast (or slow) peripheral devices. plastic or ceramic DIP, It uses a singie +2 ¥
While designed primarily as a member of the power supply and the standard Z-80 famuy
Z-8C fam:ily, its versatility makes it well suited single-phase clock.
te many other CPUs,
Pin Figures | through 6 iilustrate the three pin CE. Chip Enable (input, active Low}. A Low
Description  configurations (bonding options} available in level a! this input enables the SIO to accept
the SIQ. The constraints of a 40-pin package command or data input from the CPU during &
make it impossible to bring out the Receive write cycle or to transmit data to the CPU
lock (BxC), Transmit Clock (TxC), Data Ter- during a read cycle.
minal Ty { }an ! i | . . L
for b ﬁea}c}:y ‘D'lmf,;frd Sfypc (S.}TNC)C'?GNE SI B CLK. System Clock {input;. The SIO uses the
nnels . ! N
lork oth € a,ine s ihere Dlre, ez.ger d 18nne siandard Z-80 Sysiem Clock to synchronize
Acks a signal or two signais are bonaea internal signals. This iz a single-phase ciock.
together in the three bonding options offered: .
, T . Clear To Send (inpute, active
8 Z-80 51042 lacks SYNCB CTSA'QTSB < 3 a N
Low). When programmed as Auto Enabies, a
® Z-80 510/ lacks DTRB Low on these inputs enabies the respective
& Z-80 SIO-0 has all four signals, but TxCB transmitter. If not programmed as Autc
and AxCE are bonded together Enables, these mmputs may be programmed as
; . enera.- purpose inputs. Botn inputs are
The Yirst bonding option above {S10/2) is the g A P 3 B 4 ’ e
: . ; N Schmx.tnrlgger bulfered ‘0 accommeodate slow-
preierrea version ior most applications. The R
) N risetime signals. The SIO detects puises o
pin descriptions are as follows: .

_ these inputs and mterrupts the CPUJ on DCa}'.
B/A. Chennel A Or B Select (input, High logic level transitions. The Schmiti-wrigger pul-
se.ects Charnel Bi. This input defines which fering does nct guarantee a specifiec noise-
charnel is accessed during a data transfer ievel margin.
petween the CPU and the SIO Address bit Ag Do-Do. Svstem Dot Bus (bid .

: | . ; - 4 ) orienal

from the CPU is often used the selection 0-U7. Sysiem LJaia Sus (bicirect:cras,
eyt 2-statel. The gystem: date bus transiers acats

funstic

c/B. . arnd ccmmarnds between the CPU and the Z-82
y . t ; r t f 1 j

| t,gn e l(\j ]PD“G Se;’ec.l (‘lnpm.‘ High ) SIO. D: is the least significant bit
selects Lontrol). lTnis input delines the type o —— =
information transier performed between ihe DCDA‘T DQDB Dote Carner Detect Linpats

B . . . . \ i R
CPU anc the SIC, A High at this input auring active Low). 1J;Jeie pins function as rece.ve:
o - { . 4 il i :
a CPU write to the SIG causes the information ;nail\es H I!",E wel 18 progran":n”.ed for A
¥ S otherw + . P . as
on the data bue to be interpreted as a com- nab.es; oirerwise ihey may gewusec
et p . b o A
mand ier the channel selected by B:A. A Low ge;;ena. purpose ]:}FJ‘ piie. BOIL pins are
at /D means tha! the informatior. on the data chr.iingger bu e-SeI-:“k accommodate &1z
. : N & ic Tk ] iasr . e
ous is data. Addreee bit A is often used for risetme signaie. ine ol astects pJ‘S?S s
this fanctior. theze ping and 1interrupts the CPU on both
logic leve! fransitions. Scamiti-tr igger &
¢ —| [Y-7Y) [ ——
! - | Feld |-
ek ron e -
CPU | wmtc o |—— 0. e
D:::l -—— STRCA |w—w o; E B [ aER
—i WRDTA [t CHANNEL A o, : 3 3¢ :] Ds
P o . N W[,
| S g [y e— s s ] imFe
C¥EL |—— Lnouzu LI s ] TF
OTRE [ | GENTROL we T ulJe:
¢ ——=|E 280 8011 b‘C‘b‘A-—l W uJet
| FEBET any : s i
——} 2308 |a— WADYA 10 S L
CONTROL | ———| E¥c [y — SYNCA e0 %N Bese
M::g: i & emE Ra04 %[ ] Evnae
i TeCB [we——— LFETS ﬂ . H a=0
. e R [+ ; “ =[]
1 WIRDYR Tals i 2% )
JE— ) } CHANNEL B 5T O - % hos
aTER ATsA [ 2 : EsE
S B =5 >uoon‘ TEE [ 2
INTERRUPT € BEDE |- | CONTROL oeo: =0
COMTROL =——— EC J o g N
v _—
o T
45 GP:: Civ
Figure 3. Z-80 SIO-1 Pin Functions Figure 4. Z-80 810-] Pin Assignments
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Pin
Description
(Continued)

ing does not guarantee a specific noise-level

margin.

DTRA. DTRB. Daic Termima! Ready (outputs
active Low). These outpu*s {cilow the siate pro-
grammed intc 7-85 SIO. They can alse be pro-
Grammed &s general purpose outpuls. _

In the 2-80 510/ 1 bonding ophion, DTREB is
omittec.
IEL. Inferrup! Erobie In {input, active High).
This signal 1s usea with I[EQ 1o form & priority
daisy chain whern there is more than one
intarrupi-driven device. & High on this line
indicates tha! no other device of higher pri-
ority is being serviced by = CPU interrup: ser-
vice routine.

1IEC. /nierrupt Enable Out {outpat, active
High). IEO is High oniy if IEI is High and the
CPFU is not servicing an interrup: from this
SIC. Thus, this signal Diocks iower priority
devices from interrupiing whiie s higher
criorty device is being servicsdg by 11s CPU
interrup! service rouline.

INT. Interrupt Reguest (outpu‘u ODET: d:a:n
active Low'). When the 310 1
interrupt, 1t puils INT Low.
IORQ. ]rpuf Duiput Reguest (input frem CPU
active Low} IOR\_d is vsed in coniunchion with
B &, /. CE and BD to transfer Co mands
and data between ‘he CPU and the 510, When
CE, RD and 1OH\.2 are al. active, the channe!
selected by B A transiers cala to the CFU
read operation;. When CE and IORO are
active but RD is inactive, the channsl seiected
by B'A is written 1o by the CFU with either
data or centro. information as spec :
Sdare active sima,

C/D. I IORG ans

ously, the CPU is acknowledging an interrupt
and the SIO automatically places its interrupt
vector on the CPU data bus if it is the highes:
priority device requesting an inderrupt.

M1, Mochine Cycie (input from 2.80 CPU.
active Low). When M] 1s active and RD is alsc
actve, the Z-8C CPU is felching an ingtruction
from. memory: when M1 1= active while JORD it
active, the 510 accepts M1 and ICRQ as an
interrupt acknowledge if the 510 1= the highes:
priority device that has interruptea the Z-80
CrU.
RxCA, RxCB. Heceiver Clocks (inputsi.
Receive data is sampled on the rising edge o
RxC. The Receive Clocks may be 1, i€, 3% ¢z
64 times the aata rate in asynchronous modes.
These clocks may be driven by the Z-80 CTC
Counter Timer Circuit for programmakble baud
rate generation. Both inputs
trigger bufiered {nc noise leve. margin it
specihied’.
I the Z-

are Schmiit

80 51O C bonding option, BExT35 s
cnaed together with TxCE.

o

RD. Recd Cyci ‘e Status [imput from CPU
clive Lou\ I RD iz active. a memorv or 1O
AT progress. B e :
C)m_h totrancler cata from e

LPU

RxPA, BRxDB. FAezeive Dara iinputs active
Highl. Serial dats af TTL levels

RESET. Fese: inpus. active Low). & Low

1 transm

RESET disakles kot rece‘\'ers an
lorcm TXDA and

{ —— N
[—
I
p+—]c
CPL | | ¢
OATA -
Bus -—| l
-—| 3 CHANNEL &
-— |
P P
aes !
vTRE w1 mODEM -
Cree = T CONTROL -
: [
rT—=| " zac S0 LR | - -
] sre D 12
——— W EIve ot R
CONTROL [ L [T PSE— 3 Srhe — - T.4c S10.0 )
FROM ) - : Cha 2
cpy TR FaTolE [ — § Eba 7 H
: TILE —— miCe - 2
EANTE |m——— -~ e
: LI S—
— | R CHANNEL &
! i
DAISY | w— e n" . MODEM
CHAIN

INTERRUPT

| CORTHOL |‘
CONTROL ~ = .-

Figute 5. 2-80 81070 Pin Functions

Figure 6. Z-B0 S1O /0 Pin Assignments
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Pin
Description
(Centinued)

rewritten atier the 5I0) is reset and belore data
is transmitted or received.

HTSA .RTSB. Reguest To Send (outpats,
ctive Low). When the BRTS bit in Write
KRegister 5 (Figure 14) is se!, the RT3 ocuiput
goes Low, Whern the RTS bit 12 reset in the
Asyrchronous mode, the output goes High

" after the transmitter is empty. In Synckronous

modes, the RIS oin strictly {cllows the state of
the RTS bit. Both pins can be used as general-
purpose outpuats.

SYNCA, SYRCB. Synchronizaiion {inputs/out-
puts, active Low). These pins can act either as
inputs or cutputs. In the asynchronous receive
mode, they are inputs similar to CTS and
BCD. In this mode, the transitions on these
lines atfect the state of the Sync/Hunt status
bits in Reaa Register 0 (Figure 13}, but have
no other function. In the Externa: Sync mode,
these lines also act as inputs. When external
synchrenization is achieved, SYNC must be
anver. Low or the second rising edge of BxC
efter that rising edge of RxC on which ihe last
kit o! the sync character was received. In
other woras, after the sync pattern is detectea.
the externa: logic must wait for twe full
Receive Clock cycies to actuvate the SYNC
et Once SYNC s forced Low, it shouid be
kep Low unti the CPU informs tne external
synchrenization detect logic that synchroniza-
tlon has been lost or a new message 1€ about @
siart. Character assembly begins on the rising
edge of BxC thal immediately precedes the

mOoce,

In the internal synchronization mode
{(Monosync and Bisync), these pins act as out-
puts that are active during the part of the
rece.ve clock (ExC) cycle in which syns
characters are recognized. The sync congit
is not iatched, so these outputs are agive €all
time a sync paitern is recognized, regardiess
ol character boundaries. )

In the 2-86 S10/Z bending option, SYNC3B
is omitted.

TxCA. TxCB. Transmitter Clocks (inputs!. In
asynchronous modes, the Transmitter Clocks
may be 1, 16, 32 or 64 times the da‘e Tawe;
however, the clock multiplier for the transmi-
ter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger bui-
fered for relaxed rise- and fall-time reguire-
men!s {ne noise leve! margin is specifiec).

oo

Transmitter Clocks may be driven by the Z-80

baud rate generation.

In the Z-80 51O/ bonding option, TxlE 12
bonded together with RxCB.
TxDA. TxDB. Transmit Dato (ouatpats, act
High}. Serial date et TTL ievels. TxD chan
frem the falling edge of TxC.
W/RDYA, W/RDYB. Wa#'Ready A, ¥o
Ready B {outpuls, open drain whern pro-
grammec for Wai* function, driver &
Low when programmed for Beady func
These dual-purpose outputs may be pro-
grammec as Ready lines for a DMA controliss
or as Wait lines tha* synchrenize the CPU to
the 51O data rate. The reser siate is opern
drair.

F—" ! sereipes
- |
H cHanmEL e — ! CRANNE. L0008
CHANNEL A - SYNC
INTEANAL CORTROL F—— WAIT BEAT -
cONTEoL AND
LOGIC STATUS
REGISTERE
1
CHANKNEL A -
CONTROL '-—_i MODEM TF
ANT »—-——.—r OFTHER CONTRI LB
DATA [ STATUS b
CPU ::
aus +O INTEAMAL BUS
CONTRD, & [
- CHANNE; B -—
CONTRO. - | moDEW CF
AND et | DTHER CONTRO_&
STATUS [ — '
CHANNEL 8
INTERRUR™ —+——1 INTERFUPRT CONTAOL i
contRo. —| costRO. AND !
LUNES  «+—  LlogC STATUS
REGISTERS | sER & DER
-—
> CHANKEL B 1 CHANMNE, CLODZvS
—— BTNl
p—r WAITREATS

Figure 7. Block Diagram
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the SIO ofiers valuable teatures such as non-

Functional The functional capabilities of the Z-80 510 | . :
Description can be described from two different points of vectored interrupts, polling and simple hanac-
view: as a data communications device, it shake capability. o
transmits and receives serial data in a wide Figure 8 iliustrates the conventional devices
variety of aata-communication protocols; as a that the SIO replaces.
Z-80 family periphera;. it interacts with the The first part of the following discussicrn
Z-80 CPU and other peripheral circuits, shar- covers SIO dala-communication caparili
ing the data, address and conirol buses, as the second part describes interactions betwesn
eli as being a part of the Z-80 interrupt struc- the CPU and the 510.
ture. As a peripheral to other microprocesscrs,
UART
b— CHANMEL
A
SYNCHRONDUS
COMMUNICATIONS
CONTROLLER —
|
—
MICROPROCESSOR INTERRURT
INTERFALE =msrm=t CONTROLLER
—
.—-‘
UART
—
— cHANNEL
]
SYNCHRGNOUS
COMMUNICATION
CONTROLLER —
—— CHANNEL
NMICROPROCESSOR 20 [ *
INTERFACE ———
~——— CHANNEL
I B
Figure 8. Conventional Devices Replaced by the Z.80 SIO
Data The SIO provides twe independent full- nterrupts ailow fast servicing of errcr con
T P 3
Communi- dupigx channels tha car be programmead for tions using dedicated routines. Furthermers
IS prog .
cation y renious or synchro- built-in checking process aveids interpretng
Capabilities rotocol. Flgure g framing error as a new start bit: & raming

ing is a shoert CleSCrL ption of t

exp.anaticn of these modes can be
in the 7-&% SI0 Technical Manual

Asynchronous Modes. Transmission and
receplion can be done independently on each
criannel wj‘h five tc eiak* biis per characier,
rlus cptiona. even or odd parity. The transmit-
ters car, supnly one, one-and-a-half or two stop
bits per characier and can provige @ break
The receiver break-
aetecticn logic inierrupts the Oy both at the
star: ang enJ of a received bresk. Recepticr. is
pretecied rom spikes oy a iransient spike-
rejection mechanism tnat checks the signal
v & Low ievel 1z deiecied
irput (BxDA or RxLDB in
Coes not persisi—as in
—tne character assembly

d&w’:.}.k
found i

output at any hime.

cne-rat a et lime alt

o-ge:ner w1*H the partia.
- orcurrea. vecicred

erTor resu.ds in the adaiion of one-n
time to the point at wn e search
nex: start bit 15 begun

The 510 aces not require symmetnic
and receive clock s:gnals—a iea*ure tha:
allows it to be used with & 2-86 CTC or mz
other ciock scurces. Trne transmitter :
receiver can handle date at a rate ¢
1732 or 1/64 of the clock rate supp
receive ang iransmit closk inpute

In aS‘fﬂCh"OnuhS modes, t"e SYNT
be programme
for functions such a
indicator

Synchronous Modes. The SI0 supp
byie-criented and bit-orientes synchron
communication.

Synchronous byte-orierted pretoce
handled in severa. modes irat aliow
synch o I
(Monosvn;,, any 16-bil = S .
or with ar externa. sync signa.. LEading svns

ronizat

01S 087



Data
Communi-
cation
Capabilities

(Continued}

characters can be removed without inerrupt Jngerrur. occurs in the midcie of a message.
ing the CPU. an external/status interrupi warne the CP\_ o
Five-, eix- or seven-b1t sync characiers are this status change so that an abort may ps
detected with 8- or 16-bii patterns i the SIG issued. Cne ic eight bits per characier car o+
by overiapping the ]afge* patiern across muiti- sent, which ailows receptior: of & messzge w.t
ple in-coming sync chnaraciers, as shown ir ne prior intermation about the characler ¢iroc-
Figure i0. ture in the informatior. tie.d of a frame.
CRC checking for synchronous byte- The receiver automatically synchro
oniented modes is delaved by crnie characier the leading flag of a irame 1in SDLC or
tume go the CPU may disable CRC checking on and provides & synchronization signa: on the
specilic characters. This permits implemernia- SYNC pin; an interrupt can also be pro-
tior. of pretocols such as [BM Bisync. grammez. The receiver can be programmed o
Both CRC-18 (¥t « Xif « X2 + })and search tor frames addressed by a singie ! .-

CCITT (Xit¢ 4+ Xi2 + X° + ]) error checking orly a specified user-selecied acdress cr -
polynomaals are supported. In all non-SDLC globa! broadcast address. In this moas fr
modes. the CRC generater is instialized to O'g; that do not match either the user-selecied o
in SDLC modes, it is initialized to 1's. The SIO broadcast address are ignered. The numper <
can be used lor imerfacing to peripherals such address bytes can be extended under scfrwar
as hard-sectered floppy disk, but it cannot contro!. For transmitting data, an m:errgpt o
generate or check CRC tor IBM-compatible the first received character or on every
soit-sectored disks. The 510 alsso p‘"{)vlues E character can be selected, The receiver
feasure that avtomatica.lly transmits CRC daia autemahically deletes al! zeroes insertec by o
when no other caia is availabie {or 'ra LSmae- Iransm:t"er during character assembiy. 17 a.s¢

sion. Tris allows very mcl;—speea ‘ransmis
unzer DMA contrsl with n\, need i
intervension at the end of

there

£ and aut orm:hcc,"; *}"e’hc the CEL

C}r”ﬂ

PAR!TY

5TaR" §TCE

} i
MERKING LINE lI DAt "iTmA.A [T ' lJ BaTa : [ T T MARKING LThE

ABYNCHAONOUS
T — T
Svhs J DATA | S J cRC J
. L Cpmmm— -
MONOSYNC
T 7 k T
NS SYNZ | DATA | AT [ o ; 1
L | L i s foo Ao | e
SIGNA. BISYNC
' <
i
[ Beta | BERRR T ] cn(;J
- ;
EXTEAWAL SYNC
1 L
[ FLAG ADDRESS | INFORMATION ‘ CRC ! CRZ j FLAG ]
P ] B

T
SDLCIHDLEX. 25

Figure 9. Some Z-80 SIO Protocols

seITs
T B T T T
Lsm RS I baTa | DATA | oata | oAt ]
My [l B i L
H/——'

Figure 10. Six-Bit Sync Character Recognition
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1/0 Interiace
Capabilities

The SIO offers the choice of polling, inter-
rupt (vectored or non-veciored) and bleck-
transfer modecs to transier data, status and con-
trol information to and fro*n tne CPU. The
Elock-transfer moae can also be implemented
under DMA control.

Polling. Twg status registers are updated at
appropriaie times for each funciion being per-
formes (tor exampie, CRC errcor-status valid at
the end cf a me . Wher the TPU s
operated in e poling fashion one of the §10's
two status registers is used to indicate whether
the 510 has some ga'a or needs scme data.
Depencing on tne conterts of this register, the
CPU wi.l either wnite data, read data, or just
ac on. Twe biis in the register indicate that a
data transfer ‘s needed. In addition, error and
cther conditions are indicaied. The second
siatus register (special receive conditions) does
ne: hmﬂ te be read in a pelling segquence,
unti a character nas been received. Al inter-
are dizanied whern operating the
cevice 15 a poued environment,

Interrupts. Trie SIO nas an siaborae interrup:
scheme o provice fast interrupt service in
rea-time applicanons. A control register and a
; contain the inter-
nen programmed fo do 2. the

P e m:ermp* Veo-
12t 1t points direc:-
es 1

* service routir

MEMOTY, thereény servicing condillons in both
channels arnd eliminating mes: of the needs for
a status-gnalveis routine,

T ersrit i

t}“f- main sources
rrupt source is enabled

witr C'nahre“ A ha‘-\'

CPU s interrupted by the transmit bulfer
becoming empty. [This imphes that the
transmitter must have hac & data character
written inic it so it can become empty.) The
receiver can interrupt tne CPU in one of twe
ways:

& Interrupt on firs: received character

B Interrupt on all received characters

Interrupt-or-first-received-characer is
typicaily used with the biock-transier moae.
Interrupt-on-all-received-characiers has the
option of moditying the interrupt vector 1m0 the
everi! of a parity error. Botik of these interrup:
modes will also interrupt under special receive
conditions on a characier or message pasis
(end-cf-frame interrupt in SDLC, for examyplel.
This means that the special-receive conditicr.
can cause an interrupt only if the interrupi-cn-
{irst-receivea-character or interrupt-on-a.-
received-characiers mode 15 selectez. In
interrupl-on-tirst-received-character, ar inter
rupt can oocur trom special-receive cond
(except parity error) alier the !
character interrup: (exampie: T
interrupt).

inierrdpt s to mo
the Clear To Send (0183,
{DCD} and Svynchronization (SYNC) pins
(Figures | through 6). Ir addition, an exter
naisstatus interrupt 1= aisc caused by & C
sencing condition or by the detectian of a
break sequence {asynchroncus moge) or anor:
sequence [SDLC mede) in the data efream,
The interrupt caused by the pres

seguence aliows the 810 ¢ the
brezk-abort sequence is de'E“'ej or ter-
minaied. Tnis feature faciliates the proper ter-

minition of the current message, correct

initiabization of the nex: message. ana ne

accurate *iming of the break abor:
i

77

OIS 08Z



I/0 Interface
Capabilities
(Continued)

In a Z-87 CPU environment {Figure i 1), 5i0
interrupt vectoring is "automatic’: the SIG
passes ite internally-modifiable 8-bit interrupt

SYSTEM
BUSES

vector to the CPU, whick aads an additionai &
bits from its interrupt-vector {I) register to ferm
the memory agdress of the interrupt-routine
table. This table conteins the adares: of ine
beq:nning of the interrupt routine itsell. The
process entails an indirect transfer of CPU
conirol to the interrupt routine, so that the
next instruction executed after an interrupt
acknowledge py the CPU is the {irs: instruciion

!

cf the interrupt routine itsell,

CPU/DMA Block Transfer. The 5I0's block-
transfer mode accommodates both CPU block
transters and DMA controllers (Z2-80 DMA or

other designs). The blozk-transfer mode uses

the Wait'Ready cutpu? signal, which 1s
selected with three bits in an iniernal contrel
register. The Wait: Reaay outpu: signal can be
programmed as a WAIT line in tne CPU bicck-
transier mode or as a READY brnen the DMA
biock-transfer mode.

To & DMA controller, the SIO REALY ouipu:
nchicates that the 510 s ready 1o transfer data
tc or ircr memery. To the CPU, the WA]

o

put indjcates that SIC is not ready o
' - reguesting the CPU ¢

cPU DMA
Uil i ER
]
| LT
e
- ]
1 ]
1 i |
I k/ N |
§ ZC.TO. i |
cTc NV ; :
LT INT — I
1ED B H
e
FiCa Nt : R
TICA €D —_
: -
Aot |
Tith .
WROYA f—— —
WREYE f——— —— = RO
810 oMa
i
N ‘ A —d
Figure 11. Typical Z-80 Environmem

Internal
Structure

The internal structure of the device includes

Read Register Functions

cl
a Z-80 CPU interiace, m‘mqﬂl con ol and
interrupt logic, ang two |
Each channel conta.ns 1ts OWr, 587 o control
and starus [write and g

and cor-
trol and status iegic th
tc modems or o*ber external devices,

interiace

The reg:sters for each charnel are desig-
nated as 10llows:

WRC WRY — Write Registers O through 7

RRO-REZ - Fead Regisiers 0 through 2

The register group includes five B-by control
regisiers. two sync-character reqisters and (wo
status regusters. The interrupt vector 1s written
mt\, an adaditioral 8-bi register (Write Keguster

27 i Channe!l B that may be read through WHs
ancther d bt register {Read Register Z) in
assignment and lunctional WES
register is configurea ¢ WEE
simp JJy and organ:ze the programm.ng pro- W

cess. Table | st the lunchions ass.gned to
5CH TEAZ OF Write reqister.
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Internal

Structure
(Continued)

Al —n

RaDR —

EXTERNAL STATUS LOGIZ
CONTROL LOGL ETC

RECEIVE
CLOCK
LOGIC

The logic tor both channeis provides for-
mats, synchronization and validation for data
transferred to and irom the channel interiace.
%_modem control inpu's, Clear To Send
(CTS ) and Data Carrier Detect (DCD), are
monitored by the external control and status
logic under program control. All external
contro.-ang-status-logic signais are general-
purpose in nawre and can be used for func-
tions other than modem control.

Data Path. The transmit and receive data path
iliusirated for Channel A in Figure 12 is iden-
tical for both channels. The receiver has three
8-bit bufier regisiers in a FIFO arrangement,
in add:nior to the B-bit receive shilt register.
This scheme creates addihonal time for the

TO ChANNEL B

10 DATA BUFFER

CPEU to service an interrupt at the begav-mmg of
a block of high-speed data. Incoming deta =
routed through one of several pains (data cr
CRC) depending on the seiecied mode
and—1n asynchronous modes—tne characier
length.

The transmitter has an 8-bit transmit daza
butfer register that is loaded from the internal
data bus, and a 20-bit transmit shaft register
that can be icaded from the sync-character
butiers or from the transmit data regisrer.
Depending on the operationa! mode. outgeing
data is routed through one of {four ma:n pairs
before it is transmitted {rom the Transmi: Data
outpui (TxD).

CPU D

INTERNAL DATA BUS

7

lLlL

RECENVE

S\’NC ﬁEGlSTEH

il

SYhC REGiSTER] I TRANSNST DATA l

RECEIVE
ERROR

HUNT MO OE BISYNC LaGIc

1 )|

TRIT
TELAY

o

SYMC REGISTER AECEIVE

| B ZERQ DELETE

IBITS f—am| SMiFT REGISTER
P 6 BITS
( i o e
ASYhL DATA CRC
CAC DELAY
REGISTER

18 BITS:

RO
CHECKER

SlLC.CRT CRC RESULT

20-BIT TRANSMIT SHIFT REGISTER 5"“'
svnc | l ASYNE
Dnal DATA
| tRaNgp
SDLC MULTIFLEYER |—m TaCL
DATA 4 2.B1T DELAY
ZERO INSERT
t58/7S, T
SYNC
R
sb.ccae CRC
CRC TRANEM'T
GENERATOR ciozk comr [T

Figure 12. Transmit and Receive Data Path (Channel A}
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Programming

The system program first issues a series of
commands that initialize the basic mode of
operation and then other commands that
gualify conditions within the selecied mode.
For example, the asynchronous mode,
character length, ciock rate, number of stop
bits, even or odd parity might be set first; then
the interrupt mode; and tinally, receiver or
transmitter enable.

Both channels contain registers that must be
programmed via the system program prior to
operation. The channel-select input (B/A) and
the control/data input {C/D) are the command-
structure addressing controls, and are normal-
ly controlled by the CPU address bus. Figures
15 and 16 illustrate the timing relationships for
programming the write registers and transfer-
ring data and staius.

Read Registers. The SIC contains three read
registers for Channe! B and two read registers
for Channel A (RRU-RRZ in Figure 13} that can
be read to cbtain the status information; RR2
containg the internally-modifiable interrupt
vector and is only in the Channel B register
set. The status iniormation includes error con-
ditions, interrupt vector and standard
commumecations-interface signals.

To read the contents of a selected read
register other than RRQ, the system program
must first write the pointer byte to WRU in
exactly the same way as a wriie Tegister opera-
tion. Then. by executing a read instruction,
the contents of the adcressed read register can
be read by the CPU.

The status bits of RRC and RR! are carefully
grouped to simplily status moniroring, For
example, when the interrupt vector indicates
that a Special Receive Cendition interrupt has
cccurred, ail the appropriate error bits can be
read from a single register (RR1).

Write Registers. The SIO contains sight write
registers for Cheannel B and sever. write
registers for Channel A (WR0-WRY in Figure
14) that are programmed separately to con-
figure the functional personality of the chan-
nels; WRZ contains the interrupt vector for
botn channeis and is only in the Channe] B
register set. With the exception of WR{, pro-
gramming the write registers reqguires two
bytes. The lirst byte is to WRE and contains
three bis (D:-D2) that poin? to the selected
register; the second byte is the actuai control
werd that 2 writlen into the register to con-

figure the SIC.

WRO 15 a special case in that ali of the basic
commands can be written to it with a single
byte. Reset {internal or external} initializes the
pointer bits Be-Ds to point 1o WRO. This
implies that a channel reset mus! not pe com-
bined with the pointing te any register.

READ REGISTER 0

SEACICONY

| L R.cHARAZTEA avaiLABLE
{WT PENRING (TR A ONiQY
Ta BUFFER EMPTY
peo
SYNCIMUNT 1
o1

Ta UNDERRUNIEQN J
BREARABORT

T

‘Lo W Dhema S
mlerLE Ma

READ REGISTER 1t
0y B, D, D, D10,

J !—-— ALL SENT
1 FIELD BITS 1FIELD BITS IN
IN PREVIOUS SECOND PREVICUS
ot BY¥E BYTE
100 o a
o1 ¢ 1] o
T [ £
[ | G 3
10 D T
g 1 1 o B
o1 1 E
0 oe o 2 I
—— PARITY ERRCH

w—-—— Rx OVERRALN ERROR
CRC!/FRAM!NG ERROCE
END OF FRAME (SDLC

Tused W or Soecs Beseee D%0 0o Moor

HEAD REGISTER 2*

[o, B¢ By C.iD, O, Oy O}

| ve 1
¥t i
23
var L INTERRuPY

V4 VECTOR

VE
Y7

Figure 13. Read Registet Bit Functions
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Programming wRITE REGISTER 0 WRITE REGISTER 4
{Continued; o0 5 5.5, 5 5]

] i L_._.!_”R”EMEL“E'
0 0 0 REGISTERD FARITY EVEN OOC
0 © 1 PEGISTER1
1 R M
3 + ? .,Eg‘éé:i l 0 ¢ SYNC MODES ENABLE
1 & 0 RBEGISTER # 0 1 15TOF BITCHARACTER
' & 1 REGISTERS | 1 € 155708 BITSICHARACTER
1t & REGISTER & P [ 11 ZS5TOP BITS/ICHARALTER
1 1 1 REGISTERT i 1
0 D BBITSYNC CHARACTER
0 0 @& Nuil CODE 0 1 18 BITSYNC CHARACTER
¢ @ 1 SEND ABORT (saLC 10 SDLC MODE 01311110 FLAGH
0 1 0 RESET EXTISTATUS INTERRUPTS 1 1 EXTERNAL SYNC MODE
0 1 1 CHANME. RESET
1 0 0 EWABLEINY ON NEET Rx CHARACTER ¢ 0 x1CLOCK MODE
1 0 v RESET Tx INT PENDING 2 1 %16 CLOCK MODE
1 t 0 ERROP RESET 1 0 X37 CLOCK MODE
1 1 v AETURK FROM INT (CH A CHLY! T XBECLOCK MODE
£ 0 WULL CODE
0 1 RESET Fr CAC CHECKER
1 @ RESET Tx CRC GENERATOR
13 RESET Y1 UNDERRUNIEOM LATLH
WRITE REGISTER | WRITE REGISTER 5

[c- o6y 5, o,j0, 0 o 0,0 D b, Dy D, g

E—-—EKT INT ENABLE Ta CAC ENABLE
L———n INT ENAB.E RTS
STATUS AFFECTS VECTOR SDLCICRC 18
oM B ONLY: Tx ENABLE
SEND BREAK

I

C 0 RrINTDISABLE
U 1 F0iNT ON FIRST CHARACTER D0 T15BITS DR LESSVCHARACTER

i 1 0 INYON ALL Rx CHARACTERS IPARITY AFFECTS YECTOR! . il Y Tx P BITSICHARACTER

1 1 1 INTON &Lu Rx CHARACTERS [PARITY DOES NOT AFFECT t 0 TsEBITSICHARACTER

3‘ VECTQR! 1 1 T B BITSICHRARACTER

i WAIT(READY ON R DR

L WAITIREADY FUNCTION

e - WAIT READY ENABCE
WHITE REGISTER 2 (CHANNEL B ONLY: WRITE REGISTER &

[e- o 6, 6. c.0, T o |

R

SYNC
SYNC N
SYHNI alr

¥3 INTERRUPT SYKC BIT 2 .

H Vi VECTOR SYNC BT 2 }
e SYNC BiT 2

i VE SYNC BITE

—_— SYNC BITT f

WRITE REGISTER 3 WRITE REGISTER 7

[t o€ sF 0 e 0] D- DB, D, D, b; b ©

\—-Fs Ehag. t
SYNZ CHARACTER LOAD NHIBIT
ADDRESS SEAACH MODE 1500C

Rs CAC ENASBLE
— ENTER HUNT PHASE
ALTD EMABLES

) SYNC BT
5T E T
SYNE BT 02

[ S—
SINC @ L,
SYNC BT H
SYNC BT !
SYNT BT

SYNCEBT1:

S—

s -oo

R: 6 BITS'CHARATYER

Figure 14. Write Register Bit Functions
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Timing

CE, /b, Bra

The SIO 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 instructior. to read a data or
status byte from the 51O are illustrated in
Figure 15.

Write Cycle. Figure 16 illustrates the timing

and data signals generated by a Z-80 CPU out-

pu! instruction to write a data or control byte

into the S1C.

Interrupt-Acknowledge Cycle. After receiv-
ing an interrupt-request signa! from an 81O
(INT pulled Low)}, the Z-80 CPU sends an

interrupt-acknowledge sequence (M1 Low, and

IORQ Low a few cycles later) as in Figure 17.
The SIC contains an internal daisy-chained

interrupt structure for prioritizing nested inter-

rupte {or the various functions of its two char-
nels, and this structure can be used within
an external user-defined daisy chair that
prioritizes several peripheral circuits,

The IEI of the highest-pricrity device is
terminated High. A device that has an inter-
rupt pending or under service {orces its IEC
Low. For devices with no interrupt pending or
under service, IEQ =EI,

To insure stable conditions in the daisy
chain, ali interrupt status signals are pre-
vented from changing while M1 is Low. When
TOHT 1s Low, the highes! pricrity interrupt
requestor (the one with [EI High) places its
interrupt vector on the data bus and ses its

cLOCK F I ! | ]\ | | | I I
l 4Il \"\
E, Cib, BiE \X_ ] X
' 1
ioRQ f\. |
| i
RD Y, | /
i :
DATA \‘ Qout )

Figure 15 Read Cycle

T Ta Tw Ta T.

cLock f | f I I | I | f |
) - |
L ! H /

Figure 16. Write Cycle

internal interrupt-under-service laich.

Return From Interrupt Cycle, Figure 18
illusirates the return from interrupt cycie.
Normally, the Z-80 CPU issues & RETI (Heturn
From Interrupt) instruction at the end of an
interrupt service routine. RET] is a 2-byte
opcode (ED-4D) that resets the interrupt-
under-service laich in the SIO to terminate the
interrupt that has just been processed. This is
accomplished by manipulating the daisy chain
in the following way.

The normal daisy-chain operation can be
used to detect & pending interrupt; however, it
cannot distinguish between an interrup: under
service and a pending unacknowledged inter-
rupt of a higher priority. Whenever "ED" 12
decoded, the daisy chain is modified by forc-
ing High the [EQ of any interrupt tha: has ne:
vet been acknowledged. Thus the daisy chain
identifies the device presently under service as
the only one with an IEl High and an IEC Low.
If the nex! opcode byte is 4D, the interrupt-
under-service latch s reset.

The ripple time of the interrup: daisy chain
(both the High-to-Low and the Low-to-Hig
transitions) limits the number of qdevices that
can be placed in the daisy chain. Ripple time
can be improved with carry-iock-ahead, or v
extending the interrupt-acknowledgze cycle.
For further information abeout techmgues for
increasing the number of gaizy-cheined
devices, reter to the Z-80 CPLU Produci
Specification.

DATA { VELTOR ¥

A AN
““““ 7
' y;

IED | /_

Figure 18. Return from Interrupt Cycle
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Max:-

i i . Rat may cau nt damage to the device
ot t ND.. . ... ... S03Vie +7.0V mum Balings may cause permanen
Mmlumum with respect to G This is & stress rating only. operaton of the device at any
Ratings Operating Ambient As Specifiedin condition above those indicated in the operatenal sechions
Temperature . .......... Ordering Information of these speciiications is not imphed. Exposure tc apsaiute
o o maximum rating conditions lor extended periods may aliex
Storage Temperature. .. .. ... -65°C ta +150°C device renebilty.
Test The charactenist.ce beiow apply {or the ol
Conditions following test conditions, unless otherwise o
noted. All voltages are rejferenced to GND Faaw Oty
(C V). Positive current fLiows inte the refer- UNDER TEST
encec pin. Aveilable operating temperature 1 .
ranges are: T -
B S = 0°Cto +70°C, _I_ 1T
+4 75V EVo-s +528V -
®mE' = -40°Ctc +85°C,
+4.72 Ve Vo< 525V .
. ’ o ce oo The product number {or each operating
s M = \f’ 58°C e + 1‘: : temperature range can be founc in the
[ = .= / ..
+4.5V Voo s #5858V order.ng information included in the pro-
"See Oraer cocnor 10T parrane duct specification (see 1982/83 Zilog Data
temparatare eemier Book, document number (0-2034-02).
[C)E Symbol Parameter Min Max Uni} Test Condition
ardac-
teristics Voo o Clock inpat Low Valage - 0.3 +0.45 v
Vi Clock input High Vouieas Vorr =08 Veo-+03 v
Vi Inpyt Low Veiege -0 +C.E v
Vie - Input High Veltage +2.C Ve V
Yoo Output Low Volage +0.4 v ln, = 2.0 mA
Cratput Hign Veoltage +2.4 v
I.- Input Learage Current Ele A
o I kL
3-State Output Leakage Current in Fuoa® + 10 wh -
SYNC Pir Leakage Current +10: =42 uh O Vi< Ves
Power Supply Current kie mA
Capacitance Symbol Parameter Min Max  Unit Test Condition
Z Ciock Capacitance 40 oF  Unmsasured
Cp Input Capachiance 2 EF pins returned
Coi- Cutput Cepacitence 17 pF e ground
Over speciiies lemperatere tanls | = IME;
BlEr-lule

(= ¢
Cald
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2-80 81O Z-80A 81O 2-30B SIO*
Number Symbol Parameter Min Max Min Max Min Max

1 TcC Ciock Cycie Time
2 TwCkr Ciozk Width (Hu
3 TiC Ciorx Fail Time
4
g

TrC Clock Rise T-me

Twii
€ Terln o T
7 Tl 0 i
& T4 DT,
g TeDIT or M1 Cvele

H0—TarD(30z]

i Teiliis
12 TsMIT:
i TsiElll
14 TaMIEC, Pt IEC 4 T

ta Out Deay (INTACKE Cyroer

12 Talkl; Elt s IED 1 Dl
1€ TIELIE
17 TaZiili

18 TalOiw Fwh

L [
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Electrical

&Ta, DED, SYNC

Character-
istics
(Continued}
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Z2-80 81O Z-80A SIO Z-80B SIO¢
Number Symbol Parameter Min Max Min Maox Min Max Notes?t
1 TwPFL Pulse Whdth {Higr, 200 200 200 Z
2 TwF: Pulse Width (Low) 20C 20 200 2
2 TeTxC TxC Cyele Time 400 = a0 = 33 = 2
4 TwIxC: Tal Width {Low’ I8 180 = 100 e z
5  TwTxCh TxC Widtn (Highy 180 180 100 oo b
] TdT«C{TxD; TxC | t¢ TxD Delay (x] Mode) 4006 30C 220 Z
7 TdTxCiW/RR:  TxC 1 1o W/EDT « Delay (Feady Mode) 5 9 g 9 5 o 3
8  TdTxC(INT; TxT 1 te INT 1 Delay 5 9 5 9 5 g 3
g TcRxC RxC Cycle Time 400 ® 400 oo 3¢ = Z
10 TwRxC! RzC Width {Low: 180 o 180 o 100 e Z
11 TwExCk RxC Width (Highs 180 o 180 o 10 e 2
12 TsHzDiRxC) RxD 1o BxC 1 Setup Time {x! Mode) o] 0 G 2
132 ThBRxDXFRxCH BExT 1 tc BxD Holg Time {x] Mode) 140 140 100 2
i4 TERxCIW/RRS) RxT 1 to W/RTY | Delay {Ready Mode) 10 13 10 12 10 13 3
H TaRxC(INT; RxT 1t INT | Deiay 10 13 1o 13 10 13 3
1€ TaRxTISYNCY RxC 1 to SYRNT ! Delay {Cutput Modes! 4 7 4 7 q 7 3
17 TsSYNC{ExC)  SYNCZ | to BxC 1 Setup (External Syno
Modes) ~-10G -100 -100

85
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Ordering Product Package/ Product Package/

Information Number Temp  Speed Description Number Temp  Speed Description

28440 CE.CM 2.5 MH:z 280 SI1C:¢ 28441 DELDT 4.0 ME:z Z8LF 51T

(40-pir] jal-pin
28440 CMB.C5 2.5 MHz Same as above ZBssl A
28440 DE.DS 2.5 MH: Same as above ZBadi B
ZB440 PEPS 235 MHz  Same as above
784404 CECM 4.0MEz  Z8GA SIO0 26341

(4G-pin: 284418
284408 CMB.CE 4.0 MHz Same as above TR447
ZB440A DE,DS 4.0 MHz Same as above
ZB440A PEPS 4.0 MHz Same as above 28442
284408 CsS €.0 MHz ZB0B 5104 5i4s

(40-pin) 78442
284408 D& 6.0 MH= Same as above 784270
ZB440B Ps €.0 MH» Same as above
ZB44] CE.CM 2.5 MH: ZB0 510 ZB44ZA

{4C-pir; TB443E,
ZB&4) CME S 25 Mz Seme as shove 78440k
2844 D= D: 25 MEz Same as above TRL4DT
2844, PEF: 2.8 MH:z Same as above
ZR4s A CECM £20WMH: 28442k

ZB44ZE
Z844L R CMB.CZ <0 MH:z ve
E,:‘,__é" \_n: :E: < = -5I:C - ITC MEP o= o-EECD - -

86 00204242



