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Parallell/O Ports

Thislecture covers the designof parallel I/O ports. Parallel ports are usedto interfacethe CPUto 1/O devices. Two
commorparallel port standads,the“Centronics” parallel port andthe SCSlinterface are alsodescribed.
Afterthislecture youshouldbeableto designsimpleinputand outputl/O portsusingaddressdecodes, registers and
tri-state buffers.

I/O Ports loadsthe datainto the register output (Q) and this
outputstaysfixeduntil theregisteris written again.

All usefulmicrocomputesystemdhave input/output  The following schematicshaws how a register

(I/0) devices. Thesel/O devicesmove databetween couldbe connectedo operateasanoutputport. The

the outsideworld and the computer The interface CPU’s write strobe(WR*) is usedto clock the data
betweenthe CPU andthesel/O devicesis through into the register but only if the addresn the CPU

registersthatappearasmemorylocationsin thead- buscorrespondso theaddres®f the outputport:
dressor 1/0O addresspacesf theprocessorThrough

theseregistersthe CPU caninput (read)or output 8

(write) anumberof bits (typically onebyte)atatime. 8 D
Typical examplesof 1/0 portincludeoutputports data /=

that drive LEDSs, portsto scana keypad, ports to T

control machinery etc. More comple 1/O inter WR*

facessuchasfloppy disk controllersor serialinter
facechipsusually containseveral I/O ports. Some

portsareusedto obtainstatusinformationaboutthe address /=] address | address of

interface through “status registers” and other ports |O/M* —=| decoder port

cancontroltheinterfaces operatiorthrough“control Thefollowing timing diagramshaws the relation-

registers: shipbetweerthesignals.Notethatthe outputis held
Forexample eachprinterinterfaceonthelBM PC  ftertherising edgeof thewrite strobe(WR*):

hasassociatedvith it astatusportthatcanbeusedto address #Z

obtain certainstatusinformation (busy, on-line, out data X X

of paperetc). Theprinterinterfacealsohasa control

port that canbe usedto resetthe printerandsetthe WR* w
automaticline feed mode. In addition, thereis an Q
outputportthatis usedto outputthe characteto be

printed.

Input

Inputportscanalsobeimplementedvith aminimum
of hardware. A tri-statebuffer is usedto connecthe
externaldigital input to the CPU’s databus duringa
readcycleif theCPUis addressinghememoryor 10
Output ports areimplementedusing registers. The addressassignedo thatinput port. The readstrobe
registers datainputs (D) areconnectedo the CPU (RD*) is usedto enablethe buffer sothatit connects
databus andtheregisters clockinputis drivenby a theexternalinputto the CPU databus.

write strobe(e.g. MEMW?*). In addition,anaddress  The following schematicshavs how a register
decodeiis usedto make surethe registeris only re- couldbeconnectedo operateasaparallelinputport.
loadedwhenthe CPUis addressinghedesiredO or The CPU's readstrobe(RD*) is usedto enablethe
memoryaddressTherising edgeof thewrite strobe outputof a tri-statebuffer when RD* is active and
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the addresscorrespondso the addresf the input
port:

CPU data
bus (D0-D7)

parallel

input oe

RD*—=0O

address address

|O/M* —= decoder

Thevaluereadby the CPUwill bethevalueonthe
inputatthetime thatthe portis read.

“Centr onics” Parallel Printer Port

This simple unidirectional(outputonly) interfaceis
usedto drive printers.Thereare8 datalinesandtwo
datatransfercontrol lines, STROBE* and BUSY.
BUSY is anoutputfrom theprinterthatis highwhen
the printer cannotacceptdata. STROBE* is a an
outputfrom the PC which is strobed(broughtlow
andthenhigh again)to transferthe dataon the data
linesto the printer ThisinterfaceusesTTL (L= 0V
H= +5V) signallevels.

Data 8

STROBE

Printer

BUSY

Computer

To write a characterto the printer the computer
waits until busy is low, putsthe characteron data
linesandbringsSTROBE* low andthenhigh again.

data for previous character

valid data

Data

STROBE* U
printer ready to

accept next character
BUSY
time

printer becomes busy

Thereare additionalhandshakindines to control
variousprinter features(e.g. autoline feed)andto
indicatevariousprinter statusconditions(e.g. out of
paper).

There original IBM PC'’s parallel port was an
output-only Centronics-compatiblinterface but in
recentdesignghe port canalsobe configuredasan

input. The maximum speeddependson the CPU
speedand software usedbut is typically 50 to 100
kbytes/s.

IEEE standardl284 specifiesa parallel port that
is bidirectionalandallows for higherspeedransfers
by using hardware to take care of the handshaking
operations.

Small Computer System Interface
(SCSI)

This parallelinterface allows for bidirectionaldata
transferandfor up to 8 hosts(“initiators”) and pe-

ripheralq“targets”)to beconnectedogethetin abus

(parallel)topology The SCSlinterfaceis well de-

fined andis available on mary differentcomputers.
It is widely usedto connectcomputergo disk and
tapedrives, CD-ROMs, scannershigh-speedrint-

ers,etc.

The SCSlinterfaceincludesa protocol for arbi-
trating accesdo the bus by initiatorsandfor select-
ing a specifictarget. The actualdatatransfersover
the SCSlbususea similar request/ackneledgepro-
tocolwith eachbytetransferbeingacknaviedgedby
thetametbeforeanothetbyteis transferred.

Dependingon the speedof the peripheralandthe
hostinterfacethe bus cantransferdataat up to sev-
eral mggabytesper second. The SCSI devices at-
tachedto the bus are electrically connectedn par
allel with eachdevice configuredo respondo apar
ticularbusID number(ID).

The physicalinterface usesa 50-pin connectors
with two connector®n eachdevice sothatthey can
be daisy-chained.Becauseof the high bus speeds,
carehasto betakento properlyterminatethe busin
it's characteristiempedancéo minimizereflections.
Like the Centronicdnterfacethe SCSlbusalsouses
TTL-level signalsbut it needsopen-collectoor tri-
statedrivers.

Anotheradwantageof the SCSlinterfaceis thatit
definesa setof commoncommanddor deviceswith
similar characteristics. This allows the samesoft-
ware to drive different devices. For example, the
samegenericcommandgrewind, skip forward, etc)
canbeusedo controltapedrivesfrom differentman-
ufacturers.

Although a SCSl interface can be built using a



simple parallel interface and programmed/o, this
type of interfaceis too slow for mostapplications.
SCSlinterfacechipsareavailablethatimplementhe
interface betweenthe CPU and the SCSI bus and
transferdatausingeitherDMA or on-boardFIFOs.

Software Aspects

The value on the output port is setwith MOV (if
the port is memory-mappeddr OUT (if the portis
mappedinto the /0O space)instructions. Similarly,
thevalueon aninput portis readwith aMQOV or IN
instruction.

It's often necessaryo setor cleara particularbit
on anoutputport or to testthe value of a particular
bit onaninput port. This canbedonewith bit masks
andthebit-wiselogical operationsAND andOR.

Other Parallel Buses

The IDE/ATAPI parallelbusis usedmainly to inter
facea CPUto disk drivers. It is commonlyseenon
IBM-PC compatiblecomputers.

The IEEE-488standardalsoknownn asthe Gen-
eral PurposdnterfaceBus (GPIB) andHPIB) is an-
other bidirectionalinterface. Like the SCSI bus it
allows multiple bus masters(“talkers”) and slaves
(“listeners”). It was developedby HP who named
it HPIB (HP InterfaceBus). The standards called
IEEE-488. This bus is usedmostly for control of
laboratoryinstruments.



