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Chapter 1

Intr oduction

This manualdescribesa 68HC11basedmicrocomputerboardusefulin embeddedcomputersystems,whetherin
industry, TechnicalCollege,Universityor by theenterprisingamateur.

TheMPPboardwasoriginally developedfor usein coursesof ElectricalEngineeringat RyersonPolytechnic
University in Toronto,Canada.It hasfound its way into a wide varietyof control, roboticsandinstrumentation
projects,sowe think it providesa convenientandlow costplatformfor embeddedcomputing.

Thismanualcoversmaterialthatis particularlyusefulgettingtheboardcustomized,operationalandin applied
to a microprocessorcontrolprojectsuchasamobilerobot.

Comments,requestsfor clarificationandcashprizesareall encouragedandshouldbedirectedby emailto

phiscock@ee.ryerson.ca

or by snailmail to

PeterD. Hiscocks
SyscompElectronicDesignLimited
55 Grandview Avenue
Toronto,M4K 1J1
Canada
Phone/Fax : 416-465-0325

Obtaining the Kit

A completekit includingtheprintedcircuit boardand24 pageassemblymanualis availablefrom:

ActiveElectronics
3790Victoria ParkAvenue
Toronto,Ontario,M5B 2K3
Canada
Phone:416-498-9886
Fax: 416-498-9875

1



CHAPTER1. INTRODUCTION 2

or Syscompat theaddressgivenabove. TheEPROM andGAL in thekit aresuppliedpre-programmed.We
alsoprovidesomeemailsupportfor usersof thekit.

WebPage

Late breakinginformationandlinks to the softwareusedin the projectareall availableon the RyersonWEB
page:

http://www.ee.ryerson.ca:8080/˜jko ch/#mp pv2.

A SyscompWEB pageis underconstructionandshouldbeavailableearlyin Y2002.

Revision History

May, 1994: Rev 1 Design,wrotefirst manual
September1994: First releasefor studentuse.
September1996: Version2 of board,revisedmanualextensively.
September1997: Addedmaterialon programmingtheLCD usingtheMPPpowersupply.
September1998: Addedsinglechip HC11andD-A circuits.
February1999: Minor correctionsof partslist andschematic.
September1999: Addedmemorymappeddevicedebuggingnotes.
April 2001: Movedassemblyinstructionsto separatedocument

Numeroussmallrevisions.
October2001: More revisions,updating

Acknowledgements

Jim KochdesignedtheMPPprintedcircuit board,maintainstheWEB pageandtroubleshootsproblems.Special
thanksto JanetFostatActiveElectronicsfor keepinguson therails.

Copyright

This documentis c
�

PeterHiscocks,2001. If you would like to make multiple copiesfor studentuse,we would
bepleasedto negotiatea sitelicense.



Chapter 2

Overview of the MPP Project

This sectionof themanualcontainsinformationon configuringandusingtheMicroprocessorProjectPlatform1.
A monitorprogramandfloatingpoint packagemaybeinstalledinto theboardEPROM andthenusedto develop
thesystemsoftwareor assoftware components in thesystem.

2.1 Why Usethe 68HC11?

Many microprocessorsaresuitablefor embeddedapplications,so it is worthwhile askingwhy the 68HC11is a
suitablechoice.Herearesomeof thereasons:

Many SystemFeatures In additionto thecoremicroprocessor, the’HC11 includes

� SerialCommunicationsInterface(SCI) to supporta serialRS232port
� SerialPeriferalInterface,which simplifiesinterfacingavarietyof periferaldevices
� ElaborateTimer section,with 3 input timers,5 outputtimers,andaninputcapturecounter
� 8 Channel,8 bit resolutionanalogueto digital converter
� Electrically ErasableProgrammableRead-OnlyMemory (EEPROM), useful (for example)for the

storageof calibrationconstantsin smartinstrumentation

DevelopmentSupport Becausethe processorcanbe operatedwith an externaladdressanddatabus, external
memorycanbe attached.This allows programdevelopmentto proceedundercontrol of a monitor in E-
PROM with thetestprogramin RAM, connectedto thehardwareof thefinal system.Many microprocessors
requirespecialdevelopmentsystems,deviceswhich areexpensiveandrapidlybecomeoutdated.

Low Cost,Available Thepart is readilyavailablein a varietyof versions,andthecostis moderate:about$10
CDN in singleunit quantitiesat thetime of writing.

Literatur e The HC11 is supportedby an excellent(if somewhat dense)referencemanual[1] anda databook
(seefor example[2]) for eachvariantof thebasicdevice2.

1Wethoughtof variousfruit namesfor thecomputer, but all thegoodonesaretaken.
2At thetime of writing, theseareavailableon requestto theMotorolaLiteratureDistribution Center, 1-800-441-2447.

3



CHAPTER2. OVERVIEW OF THE MPPPROJECT 4

SimpleAr chitecture Thedesignof thecoremicroprocessoris straightforwardandusesa simplememorymod-
el. (No bankswitchingor paging,thankyou.) Theinterruptsystemis very sophisticatedfor anembedded
microprocessor, with hardwarevectoringfor theusualexternalinterruptsandfor all thetimerandcommu-
nicationsubsystems,real-timeinterrupt,softwareinterruptandillegal instructiontrap. Thepriority of the
interruptsis definedandcanbechanged.

Extensive Instruction Set: CISC vs RISC The68HC11hasa very largesetof machineinstructions(110)and
addressingmodes(7) which puts it in the CISC (Complex InstructionSet Computer)camp. The other
campis RISC, for ReducedInstructionSetComputer. A popularexampleis theMicrochip PIC seriesof
processors.

Basedon theexperienceof portinga substantialHC11assemblylanguageprogramto a Microchip PIC, I
find that theinstructionsetof the68HC11is easierto usethantheRISCinstructionset. It’s quite feasible
to programmoderate-sizedprogramsin assemblylanguageontheHC11.For thatreason,I alsobelievethat
the68HC11is aneasiermachinefor theneophyteto learn.RISCmachineseffectively requiretheuseof a
high level language,suchasC, for anythingbeyonda tiny program.

However, the large instructionsetof the 68HC11addsto the sizeandcostof the chip anda single-chip
systemusing the PIC is often smallerand lessexpensive. RyersonEE studentsfirst learn the 68HC11
instructionset and architecture. Somestudentssubsequentlychooseto usethe PIC in projects,so it’s
possibleto movefrom onearchitectureto anotherwithouta hugepenaltyin learningtime.

SoftwareDevelopmentToolsAvailable To aid softwaredevelopment,thereareavailableat leasttwo monitor
programs,severalassemblers,a floatingpoint mathpackage,a multitaskingexecutiveandvariousC com-
pilers. Much of this software is in the public domain,which makessoftwaredevelopmentaccessibleto
studentsandotherswith limited funds.

SpecialEmbeddedApplication Features Theprocessorcanbeoperatedin a singlechip mode,eliminatingthe
needfor externalmemoryparts.It is equippedwith a power-down modeanda watchdogtimer which can
restarttheprogramif it goesoff into theweeds,becauseof electricalinterference,for example.

Disadvantages?Well, with a 1MHz clock it’s no speeddemon.On theotherhand,this is still somethinglike�������	�
���
instructionsper second3, lots for many embeddedapplications.Someof the configurationvariables

canonly bechangedwithin thefirst 64 clock cyclesafterreset,a minor nuisance.Finally, theBSETandBCLR
(bit setandclear)instructionscanonly beusedin page0 (thefirst 256locations)of memory.

2.2 Applications of the MPP

TheMPPboardis a generalpurposemicroprocessorsystem. It hasbeenusedby studentsat RyersonUniversity
to learnmicroprocessortechnologyandassemblylanguageprogramming.It hasbeenappliedin awidevarietyof
seniourvarietyof systemsincluding:

� Six leggedwalking robotandothervarietiesof mobilerobots

� Forcefeedbackweighscale

� Aerial photographycameracontroller
3Basedonanaverageof two clocksperinstruction
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� Greenhousecontroller

� TheWeatherStation,astudentprojectin instrumentation

� Variouspowercontrollercircuits,includinghigh-powerinvertersandcycloconverters

� Slow scantelevision system

� Remotemonitoringsystemfor cottages

� Solartelescopecontroller

� Softwaredevelopmentfor singlechip 68HC11applications

Becausethissystemhasbeenthoroughlydebuggedanddocumented,theusershouldfind it straightforwardto
assembleandprogram.Thisallowsthefocusof theprojectto bedirectedtowardtheapplicationof microprocessor
technologyin a givensystem,ratherthanthedetailsof designingandconstructinga microprocessorboard.

2.3 SoftwareDevelopmenton the MPP

To begin with, considerthefollowing scenariofor softwaredevelopmentfor amicroprocessor:
An engineerwritestheassemblylanguagesourcecodeonaP/C,usinganeditorprogram.Sheensuresthatthe

microprocessorresetvectorpointsat thestartof theprogram,assembles thesourcecodeinto a binaryimagefile
andburnsit into anEPROM. ThensheplugstheEPROM into its socketon themicroprocessorboardandpresses
reset.At this point, thesoftwareshouldexecutecorrectly. Of course,aswe all know, it will have softwarebugs,
andwill needto becorrected.

The fly in the ointmentwith this schemeis that thereis no easymethodof debuggingthe software. There
arethingsthatcanbedone:theprogramcanberun on a simulator to testits operation,andtestprogramscanbe
burnedinto theEPROM to narrow down problems.However, debuggingis apainfulprocessatbest:eachchange
requiresreburninganEPROM. And eachreburningof theEPROM maybefollowedby a crashof thesoftware.
As a result,this is known astheBurn and Crash Method of Software Development.

Thesimulator4 is a help,but therearemany problemsthatcannotsatisfactorily beresolvedwith a simulator.

The Monitor Method

Thekey ideahereis thattheprogramunderdevelopmentis loadedinto RAM ratherthanEPROM. Thishasthree
significantadvantages:

� changesdonot requireburninganEPROM

� thecodemaybepatched in variouswaysto testdifferentsections

� themachinememorymaybedisplayedfor diagnosticpurposes.
4Thereareseveral68HC11simulators.Onesuchis The Wookie whichmaybefoundon theInternet.
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Forexample,breakpoints maybeinsertedin thecode.Theprocessorrunsatfull speedupto thebreakpointand
thenstops,displayingthecontentsof themachineregisters.Or, in anextremeform of breakpointing,themachine
canbemadeto executeoneinstructionata time. Thecontentsof machineregistersandmemorylocationscanbe
displayedon thehost.

Notice that the microprocessorcaninteractwith the hardwarethat it is readingandcontrolling,anessential
requirementfor embeddedsystemdevelopment.

Obviously, this is a muchnicerdevelopmentenvironmentthanCrash and Burn.
To accomplishthis magic,we install asmallmonitor programin themachineandpoint theresetvectorto the

startof themonitorprogram.Whentheprocessoris reset,it startsthemonitorprogram.
Themonitorprogramcommunicatesvia a serialline with anexternalcomputer, known in this context asthe

host development system, asshown in figure2.1.

Development SystemTarget System

Serial

Connection

Figure2.1: TargetandDevelopmentSystems

Themonitorprogramin themicroprocessortarget systemcansendthecontentsof themicroprocessormemory
for displayonthescreenof thehost.It canalsoacceptaprogramfrom thehostandinstall it ataspecifiedlocation
in memory. Uponacommandfrom thehost,it canstartauserprogram.Oncetheuserprogramis running,it runs
at full speedandhasfull controlof thesystem.However, themonitor is configuredin sucha way thata break in
theuserprogramtransferscontrolbackto themonitor. Theneteffect is to givethehostcontrolovertheexecution
of thetestprogram.

In practice,testprogramscrash. That is, they don’t exhibit theexpectedbehaviour nor (if they aresupposed
to) do they terminateback to the monitor. In that case,the operatorsimply pressesthe resetbutton to regain
control. Resetrestartsthemonitorprogram,which canthenbeusedto pick throughthewreckageto determine
whatwentwrong.For example,theoperatorcanreadmemoryregistersfor cluesto thecrash.Or theoperatorcan
reruna smallsectionof theprogramto narrow down thesourceof thecrash.

Themonitormethodis usedontheMPP. A monitorprogram(BUFFALO) is installedin theEPROM andused
to loadandexecuteprogramsin RAM5

Oncetheapplicationprogramis completelydebugged,then it maybeburnedinto EPROM. Theresetvector
is repointedto thestartof theapplicationprogram,andthereafterit is theapplicationprogramthatrunswhenthe
processoris reset.

A morecompletedescriptionof themonitoris givenin section5, but thiswill do to getusstarted.
Thereis a price to bepaid for having a monitor: someof thesystemresourcesmustbeprovidedfor theuse

of the monitor. In the caseof the Buffalo monitor, it needsa small sectionof the microprocessorRAM for its
own stackandworkingregisters,and8K of thememoryaddressspacefor themonitorprogram.It alsotakesover

5An alternative monitor, KIMSMON, is availablefrom thewebpage.
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oneof themachineoutputlines(PA3). However, oncethesystemis debugged,it canbemodifiedto freeup these
resources.

2.4 Learning to Program the 68HC11

Assemblylanguageprogrammingof the68HC11is describedin a numberof textbooks,references[3], [4], [5],
[6].

TheReferenceManualfor the 68HC11(reference[1]) andthe databook for the 68HC11E1(reference[2])
areessentialreadingandareavailablefrom Motorolaon request.(SeetheBibligraphyandReferencesSection).
Thesedocumentsarenot light readingandabeginnerwill needothersourcesof information.

Youcanlearnalot by lookingatotherpeople’scode:thesourcecodefor theBuffalomonitor(BUFF32.ASM)
makesinterestingandinformativereading.This andotherexamplesareavailableon theWEB page.

2.5 Description of the MPP Hardware

A photoof theMPPboardis shown in figure2.2on page9.
A blockdiagramfor theboardis shown in figure2.3on page10.
Thefeaturesof theboardareasfollows:

ProcessorMotorolaMC68HC11E1CFN2.

� 52 pin PLCCpackage
� 8 Channel,8 bit resolutionA/D
� SerialCommunicationsInterface
� SerialPeriferalInterface
� 5 outputtimerchannels,3 input timerchannels
� 512bytesEEPROM
� 512bytesRAM

EPROM Theboardsupportsone28pin EPROM of sizes8K (2764),16K (27128)or 32K (27256)bytes,selected
by meansof jumpersonpins26and27of thesocket. TheEPROM suppliedwith thekit is pre-programmed
with a monitorprogramandthefloatingpointmathpackage.

RAM Theboardsupportsone28 pin RAM, sizes8K and32K, by meansof jumpersonpins1 and26.

Input Register Oneeightbit parallelinput register, device 74HC244or equivalent,is mappedinto thememory
addressspace.Theinput linesareconnectedto aheader.

Output Register Oneeightbit paralleloutputlatch,device 74HC273or equivalent,is mappedinto thememory
addressspace.Theoutputlinesareconnectedto a header.

LCD Display A headeris suppliedfor attachmentof an LCD display. The LCD display is mappedinto the
memoryspaceof themicroprocessor. Noticethat theLCD displayattachedto this port is only guaranteed
to work with a1MHz E Clock (4MHz crystal),thoughwe’veneverfoundaproblemusingan8MHz crystal
( 2MHz E Clock) .
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Memory Map Decoder Thememorymapis decodedby a 16V8 GAL device,which mustbeprogrammedwith
thememorymap.Outputsof thedecoderselecttheEPROM, RAM, Input register, OutputRegister, andthe
LCD displayheader. TheGAL alsoconvertstheMotorolastylecontrollines(Enable,R/W) into Intel style
controllines(Write Enable,ReadEnable)for useby thevariousperiferals.TheGAL suppliedwith thekit
is programmedwith thememorymapequations.

ResetCir cuit A momentaryactionpushbuttonis providedon theboardfor reset.

Power Supply Theboardincludesa5 volt regulatorwith roomfor asmallheatsink if required.Theunregulated
power input connectionis via a power coaxial jack which mateswith a 9 volt, 500 mA DC adaptorwall
wart powersupply. Theunregulatedpower input connectionincludesa power diodeto preventthereverse
applicationof power. The raw 9 volts is broughtto a pador terminal to supportthe powering of single
supplyop ampsfrom a supplygreaterthan+5 volts. Bipolar power of +/-10 volts anda few milliamps is
availablefrom theRS232level converter. This might beusefulto power oneor two op ampsor otherlow
currentdevicesthatrequirebipolarpower.

Wir eWrap Ar ea Unusedboardareais given to a matrix of holeson 0.1 inch centresfor application-specific
circuitry.

Bus ExpansionHeader This connectormaybeusedto attachmemorymappedperiferals.For example,video
memorycouldbemappedinto theaddressspaceusingthisconnectorandtheSelect0addressdecodesignal.
(An exampleis shown in section3.8).Thesignalsthatarebroughtto theBusExpansionHeaderareshown
in figure3.4(page30). Sparepinscanbejumperedto signals(suchasIRQ) to suit theproject.

The Select0signal is an outputof the GAL memorymapdecoder. This selectsignal replacesthe upper
addresslinesA12 throughA15.

The Addr essStrobe (AS) line is broughtto an edgeconnectorpin so that the addressanddatamy be
demultiplexedon aremoteboardto minimizebackplanewiring in a multi-cardsystem.

The+5 volt andpowergroundlinesareavailableon theexpansionconnector.

Crystal Eithera 4MHz or 8MHz crystalmaybeused,but theLCD port maybeusedonly with a 4MHz crystal.
Unlessyou havegoodreasonto usean8MHz crystal,4MHz is advised.

Serial Port PCBmountDB-9 connectoron theboardis configuredfor a directserial(COM) port connectionto
aPC.(No crossoversor null modemarerequired.)

A Maxim MAX232 or LinearTechnologyLT1081translatesthe5 volt logic signalsto andfrom theRS-232
logic swingandhelpsisolatethemicroprocessorboardfrom theP/Cdevelopmentsystem.
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Area
Prototyping

Parallel
Output Port

Parallel
Input Port

Connection to PC
for software develpment

Serial Port

Bus Expansion Port

5 Volt Power Supply Regulator

Calculator style Power Supply 
Connector for

LCD Port

16V8 GAL

RAM: 8 or 32K

EPROM: 8, 16 or 32K

68HC11, PLCC Package

Memory Map Decoder

/books/hcspec/figures/mpp-board-image.fig

Figure2.2: MPPBoard
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A-D
INPUTS

(8)

TIMER
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(3)

PORT
SPI

TIMER
OUTPUTS

(5)

SCI
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(8)
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(8)RAM
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EPROM

LEVEL
TRANSLATOR

RS232 PORT
(To PC
Host)

MEMORY ADDRESS and DATA BUS

block-diagram.latex
m90

Figure2.3: MPPBlock Diagram

SynchronousPort Interface TheSPI is oneof severalwaysto connectexternaldevicesto themicroprocessor,
either to senseexternal signalsor generatesignalsto control other devices. The following signalsare
broughtout to aheaderto facilitateuseof theSPI.
� MISO (PD2)
� MOSI (PD3)
� SCK(PD4)
� SS* (PD5)

. An applicationof theSPIto add8 bit input andoutputportsis shown in section3.6.

Pullups on 68HC11Pins Thefollowingpinsarepulledupby resistorsto +5volts: XIRQ, IRQ,MODA, MODB,
IC1, IC2, IC3. Eachpin hasanassociatedwire wrapterminalto whichsignalsmaybeconnected.

A-D Inputs Inputs to the A-D, VRH andVRL are broughtout to wire wrap pins. VRH is not connectedto
+5 volts, andVRL is not connectedto ground,sincethey shouldbe connectedto the analogsectionof
the project. For non-criticalA-D applications,the VRH andVRL pins maybe jumperedto +5 volts and
ground.

LED Indicators ThreeLEDsareprovidedto indicatetheboardstatusandhelpdiagnoseproblems:

� Power
� Serialport transmit
� Serialport receive

SingleStepping In orderto supportsinglesteppingoperationusingtheBuffalomonitor, OC5mustbeconnected
to XIRQ. Two adjacentheaderpinsareprovidedfor thispurpose:jumperingthemconnectsOC5to XIRQ.
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2.6 MPP Default Memory Map

Thememory map for a computersystemshows theaddressesof thevarioushardwaredevicesandresidentsoft-
ware.Thedefaultmemorymapfor theMPPsystemis shown in figure2.7.

512 Bytes

8K EPROM

32K EPROM

Math11

256 Byte Ram

16K EPROM

32K RAM

8K RAM

I/O Registers

LCD Display
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$B600
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$FFFF
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$8000
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$F000

Monitor
Buffalo

$D000

$DAE8

EEPROM Memory

Figure2.7: MPPMemoryMap
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Thefollowing devicesarememorymapped:

EPROM TheEPROM mayhave threedifferentsizes:8k,16kor 32k bytes.In all cases,theendof theEPROM
mustoccurat thetop of memoryin orderto storetheprocessorresetvectors.Thusthestartingaddressof
anEPROM dependson its size.

ThedefaultmemorymapdecoderenablestheEPROM selectline for theupperhalf of memory, sothatany
sizedEPROM will work withoutchangesto theGAL. Of course,if yourprogramreadsanaddressatwhich
thereis no EPROM, it will readgarbage.SotheEPROM jumpersneedto bechangedfor differentsizesof
EPROM, but theGAL doesnot.

If, however, you wantedto usean8K EPROM andmapsomeotherdevice into theunusedspacein upper
memory, you wouldhave to changetheGAL equations.

Notice that a 32K EPROM overlapsthe processorinternalEEPROM between$B600and$B7FF(unless
the internalEEPROM is disabled)in which caseEPROM addressesbetween$B600and$B7FFarenot
useable.(The68HC11givespriority to its internaldeviceswhenthey overlapwith externaldevicesin the
memorymap.)If this is a problem,theEEPROM canbedisabled.

TheEPROM suppliedwith theMPPboardkit is 16k bytesin sizein orderto storethe8k Buffalo Monitor
and3k MATH11routines.

RAM ThestaticRAM mayhave two differentsizes,8K or 32K bytes.In orderto becompatiblewith thethree
differentsizesof EPROMs,theRAM is locatedin thebottomhalf of memory. A 32K byteRAM overlapsa
varietyof thingsin thebottomhalf of memory, andsois effectively notuseablebelow address$1800.Thus
thememorydecoderis programmedto enablea32K RAM chip only betweenaddresses$1800and$7FFF,
sopartof the32K RAM chip is unuseable.An 8K or 32K RAM chip maybeusedwithout changesto the
decoderGAL, but theremustbevalid memoryat whatever addressis readfrom or written to: thereis no
hardwareto preventreadsandwritesto addressesthatdo not have RAM6. Whenusinga 32K RAM chip,
avoid locationsbelow $1800.

LCD Display The baseaddressof the LCD display is establishedat $1400. With this baseaddress,the LCD
control registeris at $1400andthe dataregisterat $1401. Becauseof incompleteaddressdecoding,the
displayoccursthroughouttheaddressblock $1400to $14FFaddress aliases. (Anotherway to indicatethe
baseaddressof theLCD is as$14xx,wherexx indicatesdon’t care).

Input-Output Registers Thesearebothlocatedatabaseaddressof $1100.A write directsthedatato theoutput
register:a read gatestheinput registerontothedatabus. As in thecaseof theLCD display, bothregisters
arealiasedthroughoutaddresses$1100to $11FF. (Also seethenotein section2.6.1below.)

Select0 Oneadditionalsparedeviceselectline is availablefrom theGAL decodercircuit andbroughtout to the
busexpansionconnector. In thedefault design,this selectline is disabled,sono spaceis allotedfor them
on thedefault memorymap. If you needthis control line to addsomethingto thememorymap,checkout
theinformationonmodifying thememorymapin section7.7andsection7.3.

Alsoshownonfigure2.7arethemaplocationsof theprocessorinternalregisters($1000to $103F)andinternal
memory($0000to $00FF).As in thecaseof theEEPROM mentionedabove,any externaldevicesmappedto these
addresseswouldbeignored.

6Many computersystemshavehardwaresupportto signalwhenanillegalmemoryaddressis accessed.How couldthatbedonehere?Well,
you couldprogramtheGAL to generateanactive low signalwhenever anillegal addressis accessed,andthesignalcouldbeusedto actuate
aninterruptline, XIRQ for example.Theinterruptserviceroutinewould print anerrormessage,togetherwith theoffendinginstructionand
address.A goodstudentproject,by theway.
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2.6.1 The ROM Err or Message

Whenyou usethemonitorprogramMM(MemoryModify) commandto changea byte in memory, you mayget
theROMerrormessage.This is themonitorprogramsayingin its own inimitably brief way: ”I wrotesomething
to memorybut couldn’t readthesamething back”. Themonitor thenassumesthat thememoryareain question
is read-only.

However, many areasof memory, especiallymachineregistersandoutputports,arelegitimateto write to and
do not readbackthesamedata. For example,whenyou write to theOutputRegisterat $1100 , you do indeed
write to the hardware. However, the monitor readsbackcontentsof the Input Register, and theseareusually
differentthanwhatwasjust written. SothemonitorgeneratestheROMerrormessagebut it maybeignored.

2.7 The MPP Power Supply

The’standard’boardpowersupplyis anAC adaptorpowersupplyof 9 voltsandoutputcurrentcapabilityof 500
mA maximum.This is thenregulatedby aversionof the7805typeintegratedcircuit threeterminalregulator(the
78M05CT)thathasa currentlimit of 500mA. Undernormalconditions,theMPPshouldrequireno morethan
100mAor so,whichis well below thecapabilitiesof theAC adaptortransformerandregulatorIC. (Theprocessor
is specifiedrequiring25 mA undernormaloperation.) The power supplyspecifiedin the partslist shouldbe
sufficient for moststudentrequirements.If a morerobustpower supplyis needed,replacethe regulatorwith a
standard7805device (1 ampoutputcurrentlimit) andtheAC adaptorwith a transformer-rectifier-capacitor-filter
capableof at least7 volts and1 ampcurrentoutput. In this case,a largerheatsink on the regulatorIC will be
required.

We have seensomeattemptsto usea 6 volt adaptorto power theMPPboard.This is very marginal andwill
resultin mysteriousresetsto theboard,soit’snot recommended.

On the other hand,a 12 volt adaptorwill work undernormal circumstances.The heatsink is noticeably
warmer, however, andtheamountof additionalcurrentthat canbesuppliedto auxilarycircuits is consequently
muchless.

If you areusingthe MPP boardin a mobile robot application,you must take extremecareto decouplethe
motor power supply from the microprocessorsupply. It is possibleto usethe samebatteryfor both, but the
motorsystemshouldhave its own regulatorandLC filter. Otherwise,noisespikesandloadtransientswill cause
misoperationof themicroprocessorboard.

2.8 SoftwareDistrib ution

The files shown below may be accessedvia the RyersonElectricalDepartmentWEB page(seeIntroduction),
which usersarewelcometo download.

README A descriptionof thedocumentationin thedistribution,similarto thissection,but includinglastminute
changes.(Someof thefile namesin this sectionmaynotbeexactlycorrect:checktheREADMEfile).

Editor, QEDIT.EXE This is a simpleeditor that runson a DOSsystem.Studentsmaypreferto usetheir own
editorsuchasNOTEPADon a Windows95system.

GAL Configuration File, DECODER.ASCThis file is theprogrammingfile for thememorymapGAL chip.

GAL DocumentationFile, DECODER.DOCPinoutandotherdocumentationfor thememorymapdecoderGAL
chip.
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GAL Compiler, PLANII or OPAL This program(from NationalSemiconductor)convertsthe GAL program-
ming file (eg, DECODER.ASC) to the JEDECform that canbe usedby the GAL programmer(eg, DE-
CODER.JED).

CrossAssembler, AS11.EXE ThisprogramrunsonaDOScomputerandacceptsanASCII text file of 68HC11
sourcecodeandgeneratesthe .S19 and .PRN versionsof the file. The .S19 file may be downloaded
from theP/Cinto theMPP.

Thereis also a Unix versionof the assemblerthat runsvery nicely underLinux. For a variety of rea-
sons,theLinux environmentis muchmoreconvenientthantheWindows environmentto usefor program
development.

AssemblerManual, ASREF.MANOperatingmanualfor MotorolaFreewareassemblers,includingAS11.EXE .

Terminal Emulator, PROCOMM.EXEThis programconvertstheDOS hostP/C into a dumbterminalfor com-
municationwith theMPP. Studentsmaypreferto useadifferentterminalemulator, suchastheWindows95
Hyperterminal .

Terminal Emulator Documentation,PROCOMM.MANA shortsummaryof commandsandtheuseof PROCOMM
for cross-developmentwith theMPP. Thecompletedocumentationfile for PROCOMM, PROCOMM.DOCis
somewhatlengthy, but is alsoprovidedfor reference.

Monitor Program, BUFF32.ASM This programis assembledandburnedinto theMPPEPROM to provide an
operatingsystemon theMPP. Themonitorcommandsandidiosyncraciesof the monitoraredescribedin
chapter5. We have slightly modified the sourcecodeto bettersuit this application,and it is known as
BUF32MOD.ASM.

Floating Point Package,FP11.ASM Sourcecodein 68HC11assemblylanguagefor a floating point package
for the68HC11.

Floating Point PackageDocumentation,FP11.DOC Brief descriptionof theroutinesandregistersusedin the
floatingpointpackage.Section6.6of this manualdescribesin detailhow to useFP11.

Multitasking Executive,MCX11.ASMSourcecodefor a multitaskingkernelon the68HC11.

Multitasking Documentation,MCX11.DOCManualon theuseof themultitaskingkernel.

Library of Subroutines A varietyof usefulsubroutinesarestoredin thissub-directory. Studentsareencouraged
to usetheseroutinesin their programs.If you developa usefulsubroutine,pleaseemail it to theauthorfor
inclusionin thelibrary.

This softwarerunsunderDOS or in a DOS window underthe Microsoft Windows operatingsystem. The
minimumenvironmentfor cross-developmentof MPPprogramsis a P/CXT machine,soit shouldbepossibleto
scroungesomethingsuitable.

2.9 Setting Up Communications

AssumingthattheMPPis working,it shouldnow bepossibleto establishcontactwith theBuffalomonitor. Before
we launchinto thenitty-gritty of makingthis work, a bit of explanationis in order.
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2.9.1 The Dumb Terminal

A terminal emulation programis aprogramthatsuckstheintelligenceoutof apersonalcomputerandturnsit into
arelic of thepast:thedumb terminal. To appreciatetheabsenceof functionsof theclassicdumbterminal,wehave
to journey backto theJurassicAge of computertechnology, theTime of theMainframe,betweenperhaps1960
and1975. Mainframecomputerswerelarge,expensive, andhadimpressive control panelsthatonly a selected
few priestswereallowed to operate.The dinosaursrequiredair conditioningandraisedfloors (to accomodate
cables)andsowerekept in separaterooms.Lessermortalsaccessedprogramsvia theglass teletype, a terminal
equippedwith avideodisplayandakeyboard,thedumbterminal.IBM hadits own standardfor thesethings,and
a few of themcanstill befoundin thecorridorsof high technologyenterprises,line cordremoved,evidencethat
yesterdaysstatussymbolis tomorrowscomputertrash.

Thedumbterminalexistedat a time whencomputersandelectronicdeviceswereexpensive. Froman eco-
nomicpointof view, it madesenseto haveonehideouslyexpensivemainframeandabunchof low costterminals
to communicatewith themainframe.Eachterminalhadtheabsoluteminimumof intelligenceto detectakey press
on the keyboardandspit that out a connectoron the back,or to receive a characterstreamanddisplaythat on
thevideoscreen.Theelectronicswas’bubblegum’ LSI logic. Latermodelsmight havehada UART or primitive
microprocessor.

Eventhoughmainframesanddumbterminalsareno longerwith us,thestandardliveson asthelowestcom-
mon denominatorfor communicationwith a computer. Thus, in the situationthat concernsus, the MPP will
communicatewith a device muchlike a dumbterminal. Now dumbterminalsareeasilyhadsurplusthesedays
for about$10,but it’s ratheraclunky anduselessthing to keeparound.Instead,we loadaprograminto ourP/C’s
that emulates a dumbterminal. As a bonus,we canstill useall the nice P/C features,suchasthe harddisk for
storageandotherutilities, suchasthe68HC11assembler.

(Incidentally, any computerrunninga terminalemulatorwill work equallywell. I usedanAtari ST for this
purposefor many years.However, mostdevelopmentsoftwarerunsonly on asDOSP/C.)

Most dumbterminalscommunicatedwith a mainframevia a serialRS232line, a standardthat continuesto
bewidely usedastheCOM port of a P/C.In its minimumform, theserialcommunicationlink consistsof three
lines: Tx (transmit),Rx (receive) andGround.Otherpinsareusedfor flow controlandmoreobscurefunctions
thatonly telephoneengineerscareabout.We shallusethethreewire connection.

Gettingthedumbterminalto talk to theMPPrequiressortingout two mainissues- gettingtheRx, Tx leads
connectedproperly, andestablishingthecorrectprotocol.

2.9.2 Communication: Stepby Step

1. Find a terminalemulatorprogramandinstall it on your computer. A typical terminalemulatorfor DOS
machinesis PROCOMM.EXE, which is availableaspartof theMPPsoftwaredistribution.

2. The terminalemulatorwill have a meansof settingthe speedand format of the charactersit sendsand
received.Configuretheterminalemulatorfor 4800baud,8 databits,1 stopbit, noparity. (Thismaynotbe
thecorrectspeed,but it will do for now.)

3. Identify theCOM porton thebackof yourcomputer. Thiscanbeabit tricky: thePRINTERport is oftena
similar typeof connector. Serialportstendto bemaleandprinterportsfemale,but this is not a fixedrule.

Thenext stepis to identify theTx, Rx andGroundpinson this connector. If you have a manual,this will
help.Unfortunately, Tx is sometimesconsideredto befrom the computer andothertimesto the computer.
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For a 25 pin connector, therelevantpinsare2,3 and7. Groundis alwayson pin 7. (You needbright light
andgoodeyesightto readthenumbersof thepins,but they arethere. Smallgrabbersof the typeusedto
connectto IC pinsarehandyin clipping to thepinsof theconnectors.)

Oneof pins2 and3 will besittingat -10voltsor so.This is thetransmitpin. Theotherpin will besittingat
0 volts. This is thereceivepin. With theterminalemulatorprogramrunning,watchthetransmitpin on an
oscilloscopeandpressakey on thekeyboard,andyoushouldseea trainof pulsesto +10volts.

If theCOM port is a 9 pin connector, therelevantpinsare2,3and5, with groundonpin 5.

Incidentally, if you are using COM1 for a mouseor modem,you can probablyconfigurethe terminal
emulatorto talk to COM2. If you don’t getany activity on theCOM port pinswhenyou typecharacters,
try theotherCOM port.

If youexpectto do this veryoften,a handycommercialgizmois theCOM port tester. Thisconsistsof two
DB-25 connectorswith LEDs on all the importantpins. Simply plug it into a DB-25 serialport andthe
LED ontheTx line will flash.If youhavetwo machinestalking to eachotheroveraserialline, youcansee
theactivity on bothTx andRx LEDs.

Anotherhandydevice allows you to jumpervariouspinsof theCOM port together, to facilitateswapping
pins2 and3 for example.Eachof thesedevicesis about$10.

4. Having identifiedthetransmit,receiveandgroundpinson thecomputerCOM port,wire up a cablewith a
suitableconnectorfor thecomputerendanda DB-9 connectorto plug into theMPPserialport. It helpsto
use24AWG or finerstrandedwire (donot usesolidwire) andclampthecablesoit is strainrelievedatboth
connectors.If youexpectto useadifferentmachine(for example,themachinein oneof theRyersonlabs),
make up a suitablecablefor thataswell. Incidentally, shouldyou losetheinformationfor theMPPserial
port connections,thesametechniquemaybeusedthereto identify Tx andRx.

5. We arenow readyto communicatewith the MPP. Connectthe computerCOM port to the serialport of
theMPPsuchthatTx on thehostcomputeris connectedto Rx on theMPPandvice versa,andsothat the
two groundpinsareconnected.Power up theMPPandtheBuffalo signonmessageshouldappearon the
terminalemulatorscreen.

If garbageappears,probablythe baudrateis wrong. Try changingthe hostbaudrateto 2400,4800and
9600.Oneof thoseshouldwork7.

6. Whenyou get themonitorsignonmessage,try variousmonitorcommands.For example,MDshoulddo a
MemoryDumpof a sectionof MPPmemory.

7. Finally: Congratulateyourself.Youhavea working68HC11DevelopmentSystem.

2.10 A First Program on the MPP

This sectionshows the developmentof a very simpleprogramfor the MPP. You canextrapolateto something
moreweighty, but this programsimply addsthe numbers3 and5. Hopefully, the computerwill agreethat the
answershouldbe8.

We assumein this sectionthat you’ve hadsomeexperienceprogrammingin machinelanguage.If not, you
might wish to look at oneof thereferences.We alsoassumethatyou’reworking in theDOSenvironment.

7Whenyouchangethebaudratein Hyperterminal,youhaveto disconnect andthenconnect to haveit takeeffect. OtherwiseHyperterminal
lies: it tells youadifferentbaudratefrom thehardwaresetting.
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2.10.1 Step1: Write the program

Usingyour favorite text editor, (QEDIT underDOS,ClipboardunderWindows: whatever),write theprogram.It
shouldlook somethinglike this:

* Program to add two numbers
ORG$6000 Starting address of the program

LDAA #3 Get the first number
ADDA #5 Add the second number
NOP No operation: We’ll explain this one later

(Noticethatall instructionsandassemblydirectivesmustnot appearin thefirst column. Only symbolicaddress
labelsmayappearin thefirst column.)

Save the programasMYPROG.ASM. (The ’ASM’ suffix indicatesthat this is an assemblylanguagesource
codefile. Thereis nothingmagicalabout’ASM’: youcoulduse’SRC’ if you prefer.)

2.10.2 Step2: Assemblethe program

In theDOSenvironment,call theassemblerwith theincantation

as11 myprog.asm -l cre >myprog.prn

(If you get tired of typing this in, createa batchfile containingthat line.) This shouldhave theeffect of starting
up theassemblerandveryshortlythereafter, two new files shouldappearon yourharddrive:

myprog.s19
myprog.prn

Youcanloadeitherof theseinto yourtext editorto examine.The’prn’ file is a listing file (somepeopleusethe
suffix lst). Thefirst columncontainstheline number. Thesecondcolumncontainstheaddressof eachinstruction.
The third columnis themachinecodefor the instruction. Therestof the line is theoriginal assemblylanguage
text.

Freeware assember ASxx.EXE Ver 1.03.
0001 * Program to add two numbers
0002 6000 ORG$6000
0003 6000 86 03 LDAA #3
0004 6002 8b 05 ADDA #5
0005 6004 01 NOP

Number of errors 0

If thereareany errors,they aredocumentedhereandyouhaveto gobackto yoursourcecodefile andfix them
beforeproceeding.This listing file is absolutelyessentialinformationduringdebugging:it showswheredifferent
componentsof theprogramarelocatedin memory.

Themyprog.s19 file is anencodedversionof your program(anS-Record) which canbeuploadedinto the
MPPboard.It lookslike this:

S108600086038B05017D
S9030000FC
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Reference[6] hasadescriptionof theformatof theS19file. It’snot importantat thisstage,but understanding
it canbeusefulin somesituations8.

2.10.3 Step3: Upload the S19file into the MPP board

Presumably, you haveestablishedcontactwith theMPPboard,usinga terminalemulator. Startup youremulator
program.(ProcommunderDOS,HyperterminalunderWindows95,or SeyonunderLinux, for example.Inciden-
tally, this is wherea multi-windowing GUI is really convenient:you canstartup your editorwith sourcecodein
onewindow with theterminalemulatorin a secondwindow.)

Establishcontactwith theboard.For example,presstheresetbuttonandtheterminalshouldshow thesignon
message.

Enterthe’ load’ command:LOAD T. TheMPPboardis now waiting for anS-Recordto beuploaded.
Choosethe’upload’ optionfor yourterminalemulator, enterthefile name(myprog.s19 ), andthefile should

uploadinto theMPPboard.

2.10.4 Step4: Check that the program loadedcorrectly

Do you trust your computer?You shouldn’t! Checkthat thefile loadedinto theMPPmemorycorrectly. To do
this,do a memorydumpof addressesstartingwith location$6000,thestartof your program,with thecommand
MD 6000 . You shouldseethesequenceof bytes:

86 03 8b 05 01

Thiscorrespondsto theinformationon the.prnfile andconfirmsthattheprogramis indeedin memory.

2.10.5 Step5: Testthe program

We wish to run theprogramstartingat address$6000.Thelast instructionis a NOPat address$6004,wherewe
wantto exit thetestprogramandbreakbackto themonitor. Thefirst thingto do,then,is to establishabreakpoint
at address$6004,with amonitorinstructionsomethinglike

br 6000

(Justto make it confusing,themonitorassumesall numbersarehexadecimalnotation:youdon’t needthedollars
sign.)

Now youcanrun theprogram:

go 6000

Whentheprogramcompletes,a few microsecondslaterin this case,it breaksbackto themonitor, displaying
theregistercontents.It shouldshow thatthe’A’ accumulatorcontainsthesumof 5 and3.

That’s it! Programdevelopmentoccurswith thesamecycle: edit,assemble,upload,test.Ohyes,anddebug.
Onceyoucanwrite smallroutines,andmake themwork, youshouldbegin to think aboutdesigning thecode.

Like any otherengineeringdesignskill, therearegoodandbadwaysto designa computerprogram,andthere
are techniquesthat will overcomesomeof the potentialproblems. Designingandbuilding a large programis
quantitatively andqualitatively differentfrom writing little programs,andrequirescarefulthought.

8For example,it’s possibleto combineS19files usinganeditor, if youunderstandtheformat.
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