
APSC 380 : INTRODUCTION TO M ICROCOMPUTERS

1998/99 WINTER SESSION TERM 2

Lab2 - KeypadandDisplayInterface

Introduction

In this lab you will compileandrun a C programto
readthe keypadandwrite to the 8-characterASCII
display on the laboratorycomputer. You will use
thesetwo functionsin ademonstrationprogram.

The Laboratory Computer

Eachstationin thelab is equippedwith aPCaswell
as a microcomputerbasedon the Motorola 68000
microprocessor(the“lab computer”).

The lab computerincludesa ‘bus’ which allows
variousplug-in printedcircuit interfacecardsto be
connectedto the microprocessor. Theseinterface
cardsprovide input/outputfacilities for the labora-
tory apparatus.In this first lab you will usethekey-
board/displaycard. This cardwill beusedasa con-
trol paneland statusdisplay in subsequentexperi-
ments.

Thelaboratorycomputersrunaverysimple“oper-
atingsystem”thatdoesnotsupportacompiler. How-
ever, it doesacceptcommandsto readandalter the
contentsof the lab computer’s memory. Your soft-
warewill run on thePCandwill sendcommandsto
thelab computerover a serialinterface.Thesecom-
mandswill readandwrite specificmemorylocations
which in turn will controlthelabhardware.

Theremainderof the laboratorycomputersystem
consistsof acabinetanda powersupply.

Compiling your Program

Createa projectfile for your lab usingthe TurboC
editor. On the first line put the nameof your C file
(e.g. LAB2.C) and on the secondline put the file
nameIOLIB.LIB. Save this file with the extension
.PRJ (e.g.LAB2.PRJ).

The project file will allow your programto use
thespeek() andspoke() routineswhich allow the
PCto readandwrite the lab computer’s memoryby
sendingcommandsover theserialport.

Eachtime you startup Turbo C you will needto
definethe project nameusing the Project� Project
Namemenuitem.

If you donot do thesestepsthenTurboC will not
beableto find thespeek() andspoke() functions
whenyoucompileyourprogram.

Reading and Writing I/O Ports

The peripheralson the lab computerarecontrolled
by readingandwriting valuesfrom/to specificloca-
tions in the lab computer’s memory. Thesespecial
memorylocationsareoftencalled“ports” or “regis-
ters”.

The keypad/displaycardhasa control port anda
dataport. Eachport can be treatedas an 8-bit (1
byte)memorylocation. Theaddresses(locationsin
memory)of thecontrolanddataportsare:

port address
dataport 0xd0
controlport 0xd1

Thefollowing two functionsareavailableto your
TurboC programto accessthelabcomputer’s mem-
ory:

int speek( int address ) ;
int spoke( int address, int value ) ;

The speek() function allows you to obtain the
valueof the memoryat a given addressandthe the
spoke() function allows you to set the value of a
memorylocation.To usethesefunctionsyou should
includetheline #include <iolib.h> at thestartof
yourprogram.

Display

The display has8 characterpositions. Eachposi-
tion candisplayanupper-caseletteror digit. To dis-
play a characteron the display, you mustwrite the
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ASCII valueof the characterto be displayedor’ed
with 0x80 (i.e. with the most-significantbit set to
’1’) to the data port. Thenyou mustwrite the fol-
lowing sequenceof threevaluesto thecontrol port:

� thesegmentposition(therightmostdigit is po-
sitionzero)

� thesegmentpositionor’edwith 0x08

� thesegmentposition

Theeffectof writing thissequenceof valuesto the
control port is to causea short pulseto appearon
bit 3 (value8) of thecontrolportwhile thecharacter
positionremainson theleast-significant3 bits.

For example,to displayan‘A’ in theleftmostposi-
tion, you wouldwrite thefollowing sequenceof val-
ues:

address value(decimal)
0xd0 ’A’
0xd1 7
0xd1 15
0xd1 7

Display Handler Function

Write a function that displaysthe contentsof an 8-
characterarrayon the lab computer’s LED display.
Thedefinitionof this functionwill beasfollows:

void display( char string[] )
{

...
}

Youmayassumethestringhasatleast8characters
but youshouldnotassumethatit is zero-terminated.

Keypad

The dataport is really two separateports(an input
port andanoutputport) that appearat thesamead-
dress.

Unlike a conventionalmemorylocation,thevalue
readfrom anI/O port is not the lastvaluewritten to
that memorylocation. Insteadit correspondsto the
logic levelson thedataport’s inputsignals.

The keypad consistsof 16 push-button switches
arrangedin a squarematrix. Eachpushbutton con-
trols a switch which can short (make a connection
between)awire runninghorizontallyandawire run-
ningvertically.

Thediagrambelow is aschematicof thekeypad:
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Thevaluesshown oneachwire arethevaluesread
orwrittenwhenawire is setto ’1’. Theverticalwires
aredrivenby theleastsignificantfour bitsof thedata
port outputwhile thehorizontalwiresareconnected
to theleastsignificantfour bitsof thedataport input.

Due to the keypad’s constructiona dataport bit
will be readasa ’1’ only if the switch on that row
is pressedand a ’1’ hasbeenwritten to thedataport
bit for thatswitch’s column. You will have to come
upwith analgorithmto determinewhichkey (if any)
is beingpressed.You mustdo this by writing and
readingthedataport.

Notethattheupperfour bitsof thevaluereadfrom
thedataportmaynotbesetto zero.

Keypad Handler Function

Write afunctionint rdkbd (void) thatwaitsuntil
akey is pressedandreturnsavaluecorrespondingto
thenumberpressed(e.g. if thebuttonwith thelabel
’A’ is pressedthe function shouldreturn the value
10).

Beforetrying to detectwhethera buttonhasbeen
pushedyour function shouldwait until all buttons
have beenreleased.This will avoid having onebut-
tonpressdetectedseveraltimes.

Demonstration Program

Using the keypad and display handler functions,
write a C programthatletstheuserentera hexadec-
imal numberfrom thekeypadanddisplaysit on the
displayunit. Theprogramshoulddo thefollowing:
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� Display as many charactersyour surnameas
will fit on the display startingat the leftmost
column.

� Whenakey (0 to F) ispressed,scrollthedisplay
one position to the right and display the new
characteron theleftmostcharacterposition.

Hints

Make sure you understandthe descriptionof the
hardwareinterfacein detailbeforeyoubegin to write
anddebugyourprogram.Youmaywantto write one
or moreshort testprogramswhile developingyour
programto verify that thehardwareindeedoperates
asyou expect(“bottom-upimplementation”).

Use#define to defineconstantssuchasport ad-
dressesor bit masks.

Thefollowing codewaits for all buttonsto bere-
leased:

spoke ( 0xd0, 0xF ) ;
while ( speek ( 0xd0 ) & 0xF ) { } ;

The following codesetsthe third column of the
keypad matrix to a logic ’1’ and then test whether
thetop-mostrow is a logic ’1’. If so,thentheE key
hasbeenpressed.

spoke ( 0xd0, 0x4 ) ;
if ( speek ( 0xd0 ) & 0x8 ) {

...
}

You may usethe lab at any time sinceno other
groupsareusingthelab this term. TheTA will only
beavailableduringthescheduledtimes.

Demonstration

Demonstratethe proper operation of the key-
pad/display demonstration program to the lab
demonstrator. Shewill ask you somequestionsto
make sureyouunderstandthecodeyou’ve written.

Write-up

Submit a program listing for the keypad/display
demonstrationprogram.It shouldincludecomments
asdescribedin Lab1.

Keepthekeypadhandleranddisplayroutinesfor
usein thenext lab.
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