
APSC 380 : INTRODUCTION TO M ICROCOMPUTERS

1998/99 WINTER SESSION TERM 2

Lab4 - Microcontroller

Intr oduction

You will program, assemble and test a
microcontroller-based electronic combination
lock. The device must operateaccordingto the
specificationsgiven below. You will be supplied
with partsthatyou will useto build thesystemon a
prototypingboardin thelab. Youwill write thecon-
trol programin C andprogramthe microcontroller
using a device programmer. You will demonstrate
your device to the TA andhandin the programmed
device andaprogramlisting.

Specifications

Inputs and Outputs

The electroniclock hasfour slide switchesandone
pushbutton switch as inputsandfour LEDs asout-
puts. The inputsareusedto enterthe digits of the
lock’s “combination” in binary. The LEDs display
thedigits(in binary)asyouenterthemandwill show
all 1’swhenthepropercombinationhasbeenentered
to show thatthelock is open.

Micr ocontroller Behaviour

When your microcontroller is resetyour program
(the main() function) will begin to execute. Your
programshouldstartby turning off all the LEDs to
helpyou verify thatall theoutputsareproperlycon-
nected.

Eachtime thepushbutton is pressedandreleased
themicrocontrollershouldreadthevalueenteredon
theswitchesanddisplayit on theLEDs. Thebinary
valueof eachdigit is displayedon the4 LEDs con-
nectedto Port1 bit 7 onpin 19(MS bit) throughPort
1 bit 4 onpin 16(LS bit) (seebelow).

The lock shouldopenwhenthe correctsequence
of threedigits hasbeenentered.Thesethreedigits
shouldbe thefirst threedigits of your studentnum-
ber. If anerror is madein enteringany of thedigits
the lock shouldstartlooking for thefirst digit again

(i.e. thecorrectdigitshave to beenteredin orderand
without any errors).Oncethelastdigit hasbeenen-
teredthemicrocontrollershouldturnonall theLEDs
to indicatethat the lock hasbeenopened.The next
buttonpushshouldclosethedooragainandthelock
will start waiting for the threedigits to be entered
again.

Components

You will besuppliedwith a microcontroller, crystal
anda capacitor. All componentsmustbehandedin
to theTA in thelabwhenyoufinishyour lab (donot
put themin theassignmentbox).

Micr ocontroller

You will use an ATMEL 89C1051. You may
want to look at the data sheetsfor the microcon-
troller which are available in PDF format from
http://www.atmel.com/atmel/acrobat/doc0366.pdf.
Thefirst threepagesareprobablyall you’ll want to
look at.

The microcontroller has two 8-bit parallel I/O
ports, calledP1 and P3. In the descriptionsbelow
thenotationPn � m refersto bit m of the8-bit parallel
portn. n canbe1 or 3 (P1or P3)andm is 0 to 7.

Other Parts

Youwill alsobesuppliedwith an11.059MHz crys-
tal that must be connectedbetweenpins 4 and 5
(XTAL2 andXTAL1 respectively). The crystalde-
terminesthe CPU’s clock frequency. You will be
suppliedwith acapacitorthatmustbeconnectedbe-
tweenpins1and20to resetthemicrocontrollerwhen
power is first applied.

Wire and wire cutters/stripperswill be available
in the lab. Usetheseto connectthemicrocontroller
to thepower andgroundoutputs,the LEDs andthe
switches.Usereasonablyshortwiresandkeepyour
wiring neat.
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Cir cuit Description

Y
�

oushouldconnecttheswitchandLEDs to thepins
indicatedbelow.

You will wire up your interface circuit on a
“DigiDesigner” prototypingunit. The unit includes
a 5V power supply, a solderlessbreadboard,4
LED displays,4 slide switchesandtwo pushbutton
switchesmountedin abox.

The breadboard(the rectangularwhite plastic
block) is usedto connectthevariouscomponentsto
your chip. The chip shouldbe pluggedin horizon-
tally over thewidehorizontalchannelrunningdown
themiddleof theboard.Eachpin of thechip is con-
nectedto theotherfivesocketsin eachcolumn.

WARNINGS

Turn off the power when setting up or making
changesto your circuit. Doublecheckyour connec-
tionsbeforeturningon thepower (asktheTA if you
areunsureof anything).

Semiconductordevicescanbe damagedby static
electricity. The damageis invisible and is cumu-
lative. Ideally you would work on a benchwith
groundingstrapsandanti-staticsurfaces.Sincethis
equipmentis notavailableyoushouldtakecommon-
senseprecautionssuchastouchingagroundedpiece
of equipmentbeforehandlingthechip andavoiding
touchingthepins.

Assemblingthe Cir cuit

A schematicof thecircuit is givenbelow:
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� Plugthechip into thebreadboard.

� Connectpin10to theground(0V) powersupply
output.

� Connectpin 20to the+5 volt powersupplyout-
put.

� Connectthecrystalto Pins4 and5.

� Connectthe0.1µF capacitorfrom pin 20 to pin
1.

� Connectpins19 through16 to theLEDs.

� Connect the slide switch outputs to pins 6
through9 (notethat theorderof thepins is LS
to MS bit of P3).

� Connectanactive-highpushbuttonoutputto pin
11.

� Make sure the chip is properly connectedto
both+5 V andgroundrails. Reversebiasingthe
chipor it’s inputswill destroy thechip. Double
checkyourconnectionsbeforeapplyingpower.

Compiling your Code

You will usea free (demonstrationversion)of a C
cross-compilerfor the 8051 that runs under MS-
DOS.

Thecompilerhasbeeninstalledin thePCsin the
lab.

If youwantto runthecompileronanotherPCyou
candownloadthe file 51demo.exe from the course
Web page. Copy it to any convenientdirectoryon
a DOS machineandexecuteit to unpackthe demo
compiler. You will needabout2 Megabytesof free
diskspace.

Type the commandbin\hpd51 (or just hpd51 if
usingthe lab computers)to start the interactive ed-
itor/compilerenvironment. Thereis no command-
line version.

DefineA Project

Youshouldstartby defininga projectsothatyou do
not have to re-enterthe compileroptionseachtime
youstartthecompiler.

From the main menuselectthe menuitem “New
Project” from the “Make” project. You will bepre-
sentedwith aseriesof dialogboxes:
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� ProjectName

Entera projectname,for examplelab4.

� ProcessorandMemoryModel

select:

– Generic8051

– Smallmemorymodel

� OutputFile Format

select:

– Intel HEX

� ROM andRAM Addresses

Setall RAM andROM addressesandsizesto
zero(0).

� CompilerOptimizations

select:

– Full Optimization(press‘F’)

– GlobalOptimizationlevel: 1

� SourceFiles

Add thenameof your C file to the list, for ex-
ample,lab4.c.

� selectDONE(pressEsc)

Edit/Compile/Link

Enteryoursourcecodein theeditwindow. Youmay
want to startwith thesamplecodegivenbelow. Se-
lect the“Make” itemfrom the“Make” menuor press
F5. Correctany errors,and re-run the make com-
mandas necessary. Make sure the codedoesnot
take up more than1k Bytesand the internalRAM
(IRAM) doesnot take morethan64bytes.

The objectcodewill be written to a file in “Intel
Hex” format. This is oneof several formatsthatare
commonlyusedto transferdatato device program-
mers.

Copy the resultinghex file (e.g. lab4.hex) to a
floppy anduseit to programthe microcontrolleras
describedbelow.

Programming the Micr ocontroller

This microcontrollerhas1k byte of internal (EEP-
ROM) programmemoryand64bytesof (RAM) data
memory.

You will usethe device programmerattachedto
oneof the PCsin the lab. Pleaseusethis computer
only for programmingthedevices.

The programmerhas ZIF (zero insertion force)
socket. Flip thelever to openthecontacts,insertthe
chip into the programmerandflip the lever backto
holdthedevicein thesocket. Becarefulto follow the
chipalignmentdiagramdrawn besidethesocket (the
bottomof thechipshouldbealignedwith thebottom
of thesocket).

TypeACCESS to run the device programmersoft-
ware.

Thedevice programmersoftwareis menu-driven.
Selectthefollowing options:

Device MPU/MCU
MFR Atmel
Type AT89C1051(or AT89C2051)

This will start a secondprogramthat is specific
to the 8051 microcontrollers. First select option
2 “Load Hex”. Enter the nameof your file (e.g.
lab4.hex). Selectthe optionsfor Intel hex format
and to set unusedbytes to FF. Then selectoption
“A” toautomaticallyerase,blankcheck,programand
verify. Selecttheoptionto notprogramany lock bits.

It will take a few secondsfor thedevice to bepro-
grammed. You may remove the device when the
LED on theprogrammergoeson.

Submitting The Lab

Onceyour device is working properly print a pro-
gramlisting anddemonstrateits operationto theTA.
Make sure the lock only opensfor your personal
code.

Hand in the programmedmicrocontroller and
crystalalongwith a listing of your C codeto theTA
in thelabwhenyouaredone.Do notput thecompo-
nentsin theassignmentbox. Youmustreturnall the
partsto getamarkfor theassignment.
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SampleCode

The following code continuouslycopiesbits P3.2
throughP3.5to P1.4throughP1.7:

#include <8051.h>

void main (void)
{
int n ;

while ( 1 ) {
n = P3 ;
P1 = n << 2 ;

}

}

Youneedto includethe8051.h file to definecon-
stantslike P3. Of course,your programshouldin-
cludecomments,definesymbolicconstantsandin-
cludeanalgorithmto implementthe lock. You may
wantto definefunctionsto do thingslike waiting for
abuttonpush.

4


