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Chapter 1

Intr oduction

This manualdescribes 68HC11basedmicrocomputeboardusefulin embeddeadomputersystemswhetherin
industry TechnicalCollege,Universityor by theenterprisingamateur

The MPP boardwasoriginally developedfor usein coursef ElectricalEngineeringat RyersonPolytechnic
Universityin Toronto,Canada.lt hasfoundits way into a wide variety of control, roboticsandinstrumentation
projects,sowethink it providesa corvenientandlow costplatformfor embeddeaomputing.

Thismanuakoversmaterialthatis particularlyusefulgettingtheboardcustomizedpperationabndin applied
to amicroprocessocontrolprojectsuchasa mobilerobot.

Commentsrequestdor clarificationandcashprizesareall encourage@ndshouldbedirectedby emailto

phiscock@ee.ryerson.ca

or by snailmail to

PeterD. Hiscocks
SyscompElectronicDesignLimited
55 Grandviev Avenue
Toronto,M4K 1J1

Canada

Phone/lx: 416-465-0325

Obtaining the Kit
A completekit includingthe printedcircuit boardand24 pageassemblymanualis availablefrom:

Active Electronics
3790Victoria Park Avenue
Toronto,Ontario,M5B 2K3
Canada
Phone:416-498-9886
Fax: 416-498-9875
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or Syscompat the addresgjivenabove. The EPROM andGAL in thekit aresuppliedpre-programmedwWe
alsoprovide someemailsupportfor usersof thekit.

Web Page

Late breakinginformation andlinks to the software usedin the projectare all available on the RyersonWEB
page:

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

A SyscompNEB pageis underconstructiorandshouldbe availableearlyin Y2002.

Revision History

May, 1994: Rev 1 Design,wrotefirst manual

Septembel994: Firstreleasdor studentuse.

Septembel996: Version2 of board,revisedmanualextensiely.

Septembel997: Addedmaterialon programmingheLCD usingthe MPP power supply

Septembef998: AddedsinglechipHC11andD-A circuits.

Februaryl999:  Minor correctionf partslist andschematic.

Septembel999: Addedmemorymappedievice dehuggingnotes.

April 2001: Movedassemblynstructionsto separatelocument
Numeroussmallrevisions.

October2001: More revisions,updating
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Jim Kochdesignedhe MPP printedcircuit board,maintainsthe WEB pageandtroubleshoot@roblems.Special
thanksto Janetrostat Active Electronicsfor keepinguson therails.

Copyright

This documents (©PeterHiscocks,2001. If you would like to make multiple copiesfor studentuse,we would
be pleasedo negotiatea sitelicense.



Chapter 2

Overview of the MPP Project

This sectionof the manualcontainsinformationon configuringandusingthe MicroprocessoProjectPlatform'.
A monitor programandfloating point packagemay be installedinto the boardEPROM andthenusedto develop
the systemsoftwareor assoftware components in the system.

2.1 Why Usethe 68HC11?

Many microprocessoraresuitablefor embeddedapplicationssoit is worthwhile askingwhy the 68HC11is a
suitablechoice.Herearesomeof thereasons:

Many SystemFeatures In additionto the coremicroprocessothe’HC11 includes

SerialCommunication$nterface(SCI) to supporta serialRS232port

SerialPeriferallnterface which simplifiesinterfacinga variety of periferaldevices

ElaborateTimer sectionwith 3 inputtimers,5 outputtimers,andaninput capturecounter

8 Channel8 bit resolutionanalogueo digital corverter

Electrically ErasableProgrammabldRead-OnlyMemory (EEPROM), useful (for example)for the
storageof calibrationconstantsn smartinstrumentation

DevelopmentSupport Becausedhe processoicanbe operatedwith an externaladdressand databus, external
memorycanbe attached.This allows programdevelopmentto proceedundercontrol of a monitorin E-
PROM with thetestprogramin RAM, connectedo thehardwareof thefinal system.Many microprocessors
requirespecialdevelopmentystemsgdeviceswhich areexpensve andrapidly becomeoutdated.

Low Cost, Available The partis readily availablein a variety of versions,andthe costis moderate:about$10
CDN in singleunit quantitiesat thetime of writing.

Literatur e The HC11 is supportedby an excellent(if somavhatdense)eferencemanual[l] anda databook
(seefor example[2]) for eachvariantof the basicdevice?.

1we thoughtof variousfruit namegor the computerbut all thegoodonesaretaken.
2At thetime of writing, theseareavailableon requesto the Motorola LiteratureDistribution Centey 1-800-441-2447.
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Simple Ar chitecture Thedesignof the coremicroprocessois straightforwardandusesa simplememorymod-
el. (No bankswitchingor paging,thankyou.) Theinterruptsystemis very sophisticatedor anembedded
microprocessomwith hardwarevectoringfor the usualexternalinterruptsandfor all thetimerandcommu-
nicationsubsystems,eal-timeinterrupt, softwareinterruptandillegal instructiontrap. The priority of the
interruptsis definedandcanbe changed.

Extensive Instruction Set: CISC vs RISC The 68HC11hasa very large setof machineinstructions(110)and
addressingnodes(7) which putsit in the CISC (Complec Instruction Set Computer)camp. The other
campis RISC, for ReducednstructionSetComputer A popularexampleis the Microchip PIC seriesof
processors.

Basedon the experienceof porting a substantiaHC11 assemblylanguageprogramto a Microchip PIC, |
find thattheinstructionsetof the 68HC11is easierto usethanthe RISCinstructionset. It's quite feasible
to programmoderate-sizedrogramsn assemblyanguagentheHC11. For thatreason] alsobelievethat
the 68HC11is aneasiemachinefor the neophyteo learn. RISC machinesffectively requirethe useof a
high level languagesuchasC, for anything beyondatiny program.

However, the large instructionsetof the 68HC11addsto the size and costof the chip anda single-chip
systemusingthe PIC is often smallerandlessexpensie. RyersonEE studentdfirst learnthe 68HC11
instruction set and architecture. Somestudentssubsequentlychooseto usethe PIC in projects,soit’s
possibleto move from onearchitecturg¢o anothemwithout a hugepenaltyin learningtime.

Software DevelopmentTools Available To aid software developmentthereare available at leasttwo monitor
programsseveralassemblersa floating point mathpackagea multitaskingexecutive andvariousC com-
pilers. Much of this softwareis in the public domain,which makes software developmentaccessibléo
studentandotherswith limited funds.

SpecialEmbeddedApplication Features The processocanbe operatedn a singlechip mode,eliminatingthe
needfor externalmemoryparts.It is equippedwith a power-down modeanda watchdogtimer which can
restartthe programif it goesoff into theweeds pecausef electricalinterferencefor example.

Disadwantages?Vell, with a 1MHz clockit’s no speeddemon.On the otherhand,this is still somethindike
500 x 10% instructionsper second, lots for mary embeddedipplications.Someof the configurationvariables
canonly be changedwithin the first 64 clock cyclesafterreset,a minor nuisance Finally, the BSETandBCLR
(bit setandclear)instructionscanonly beusedin page0 (thefirst 256locations)of memory

2.2 Applications of the MPP

The MPP boardis a generalpurposemicroprocessosystem. It hasbeenusedby studentsat RyersonUniversity
to learnmicroprocessotechnologyandassemblyanguaggrogramminglt hasbeenappliedin awide variety of
seniourvariety of systemsncluding:

¢ Six leggedwalking robotandothervarietiesof mobilerobots
¢ Forcefeedbackveighscale

¢ Aerial photographycameracontroller

3Basedon anaverageof two clocksperinstruction
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e Greenhouseontroller

TheWeatherStation,a studenfprojectin instrumentation

Variouspower controllercircuits,including high-paverinvertersandcycloconverters

Slow scantelevision system

Remotemonitoringsystemfor cottages

Solartelescopeontroller

Softwaredevelopmentfor singlechip 68HC11applications

Becausehis systemhasbeenthoroughlydeluggedanddocumentedthe usershouldfind it straightforvardto
assemblandprogram.Thisallowsthefocusof theprojectto bedirectedtowardtheapplicationof microprocessor
technologyin a givensystemyatherthanthe detailsof designingandconstructinga microprocessoboard.

2.3 Software Developmenton the MPP

To begin with, considerthefollowing scenaridor softwaredevelopmentor a microprocessor;

An engineemritestheassemblyanguagesourcecodeon a P/C,usinganeditorprogram.Sheensureshatthe
microprocessoresetvectorpointsat the startof the program,assembles the sourcecodeinto a binaryimagefile
andburnsit into an EPROM. Thensheplugsthe EPROM into its socket on themicroprocessoboardandpresses
reset.At this point, the softwareshouldexecutecorrectly Of courseaswe all know, it will have softwarebugs,
andwill needto becorrected.

Thefly in the ointmentwith this schemds thatthereis no easymethodof deluggingthe software. There
arethingsthatcanbe done:the programcanberun on asimulator to testits operationandtestprogramscanbe
burnedinto the EPROM to narronv down problems.However, deluggingis a painful processat best:eachchange
requiresreburningan EPROM. And eachreburning of the EPROM may be followed by a crashof the software.
As aresult,thisis known asthe Burn and Crash Method of Software Devel opment.

Thesimulatof is a help,but therearemary problemsthatcannotsatisctorily be resolhedwith a simulator

The Monitor Method

Thekey ideahereis thatthe programunderdevelopmentis loadedinto RAM ratherthanEPROM. This hasthree
significantadvantages:

e changeslo notrequireburningan EPROM
¢ thecodemaybe patched in variouswaysto testdifferentsections

¢ themachinememorymaybedisplayedfor diagnosticpurposes.

4Thereareseveral 68HC11simulators.Onesuchis The Wookie which maybefoundonthelnternet.
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For example breakpoints maybeinsertedn thecode.Theprocessorunsatfull speediptothebreakpointand
thenstopsdisplayingthecontentsof themachineregisters.Or, in anextremeform of breakpointingthe machine
canbe madeto executeoneinstructionatatime. The contentf machineregistersandmemorylocationscanbe
displayedon the host.

Notice thatthe microprocessocaninteractwith the hardwarethatit is readingand controlling, an essential
requiremenfor embeddedystemdevelopment.

Obviously, thisis amuchnicerdevelopmenernvironmentthanCrash and Burn.

To accomplishthis magic,we install a smallmonitor programin the machineandpointtheresetvectorto the
startof the monitor program.Whenthe processois reset,it startsthe monitorprogram.

Themonitor programcommunicatesia a serialline with an externalcomputeyknown in this context asthe
host devel opment system, asshawvn in figure2.1.

Serial
Connection

Target System Development System

Figure2.1: TargetandDevelopmentSystems

Themonitorprogramin themicroprocessatarget systencansendthecontentof themicroprocessomemory
for displayonthescreerof thehost. It canalsoaccepia programfrom thehostandinstallit ataspecifiedocation
in memory Upona commandrom thehost,it canstarta userprogram.Oncetheuserprogramis running,it runs
atfull speedandhasfull controlof the system.However, the monitoris configuredin suchaway thata break in
theuserprogramtransferscontrolbackto themonitor. Theneteffectis to give the hostcontroloverthe execution
of thetestprogram.

In practicetestprogramscrash. Thatis, they don't exhibit the expectedoehaiour nor (if they aresupposed
to) do they terminatebackto the monitor. In that case,the operatorsimply presseghe resetbutton to regain
control. Resetrestartsthe monitor program,which canthenbe usedto pick throughthe wreckageto determine
whatwentwrong. For example theoperatorcanreadmemoryregistersfor cluesto thecrash.Or theoperatorcan
reruna small sectionof the programto narrov down the sourceof the crash.

Themonitormethodis usedontheMPPR. A monitorprogram(BUFFALO) is installedin the EPROM andused
to loadandexecuteprogramsn RAM®

Oncetheapplicationprogramis completelydehugged then it maybe burnedinto EPROM. Theresetvector
is repointedto the startof the applicationprogram,andthereafteiit is the applicationprogramthatrunswhenthe
processors reset.

A morecompletedescriptionof the monitoris givenin section5, but thiswill doto getusstarted.

Thereis a priceto be paidfor having a monitor: someof the systemresourcesnustbe providedfor the use
of the monitor. In the caseof the Buffalo monitor, it needsa small sectionof the microprocessoRAM for its
own stackandworking registers,and8K of thememoryaddresspacefor themonitorprogram.it alsotakesover

5An alternatve monitor, KIMSMON, is availablefrom thewebpage.
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oneof themachineoutputlines (PA3). However, oncethe systemis delugged,it canbe modifiedto freeup these
resources.

2.4 Learning to Program the 68HC11

Assemblylanguagegprogrammingof the 68HC11is describedn a numberof textbooks,reference$3], [4], [5],
[6].

The ReferenceManualfor the 68HC11(referencd1]) andthe databookfor the 68HC11E1(referencd?2])
areessentiateadingandare availablefrom Motorolaon request.(Seethe Bibligraphy andReferencesection).
Thesedocumentsarenotlight readingandabeginnerwill needothersourcesf information.

Youcanlearnalot by looking atotherpeoples code:thesourcecodefor the Buffalomonitor(BUFF32.ASM)
malkesinterestingandinformative reading.This andotherexamplesareavailableon the WEB page.

2.5 Description of the MPP Hardware

A photoof the MPP boardis shavn in figure 2.2 on page9.
A block diagramfor theboardis shavn in figure2.3 on pagel0.
Thefeaturesof theboardareasfollows:

Processor MotorolaMC68HC11E1CFN2.

e 52pin PLCCpackage
e 8 Channel8 bit resolutionA/D
e SerialCommunicationgnterface
e SerialPeriferallnterface
e 5outputtimer channels3 inputtimer channels
e 512bytesEEPFOM
e 512bytesRAM
EPROM Theboardsupportoone28pin EPROM of sizes8K (2764),16K (27128)or 32K (27256)bytes,selected

by meansf jumperson pins26 and27 of thesoclket. The EPROM suppliedwith thekit is pre-programmed
with a monitorprogramandthe floating point mathpackage.

RAM Theboardsupportone28 pin RAM, sizes8K and32K, by meansof jumperson pins1 and26.

Input Register Oneeightbit parallelinput register device 74HC244or equivalent,is mappednto the memory
addresspace.Theinputlinesareconnectedo aheader

Output Register Oneeightbit paralleloutputlatch, device 74HC273or equivalent,is mappednto thememory
addresspace Theoutputlinesareconnectedo a header

LCD Display A headeris suppliedfor attachmenof an LCD display The LCD display is mappedinto the
memoryspaceof the microprocessomoticethatthe LCD displayattachedo this portis only guaranteed
to work with a 1MHz E Clock (4MHz crystal),thoughwe've neverfounda problemusingan8MHz crystal
(2MHz E Clock).
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Memory Map Decoder Thememorymapis decodedy a 16V8 GAL device, which mustbe programmedvith
thememorymap. Outputsof the decodeselectthe EPROM, RAM, Inputregister, OutputRegister andthe
LCD displayheaderThe GAL alsocorvertsthe Motorolastyle controllines (Enable R/W) into Intel style
controllines (Write Enable ReadEnable)for useby the variousperiferals.The GAL suppliedwith thekit
is programmeadvith the memorymapequations.

ResetCir cuit A momentaryactionpushhuttonis providedon theboardfor reset.

Power Supply Theboardincludesa5 volt regulatorwith roomfor asmallheatsinkiif required. Theunregulated
power input connectionis via a power coaxialjack which mateswith a 9 volt, 500 mA DC adaptorwall
wart power supply Theunregulatedpower input connectionincludesa power diodeto preventthe reverse
applicationof power. The raw 9 volts is broughtto a pador terminalto supportthe powering of single
supplyop ampsfrom a supplygreaterthan+5 volts. Bipolar power of +/-10 volts anda few milliampsis
availablefrom the RS232level corverter This might be usefulto power oneor two op ampsor otherlow
currentdevicesthatrequirebipolarpower.

WireWrap Area Unusedboardareais givento a matrix of holeson 0.1 inch centresfor application-specific
circuitry.

Bus ExpansionHeader This connectommay be usedto attachmemorymappedperiferals. For example,video
memorycouldbemappednto theaddresspacaisingthis connectoandthe SelectCaddresslecodesignal.
(An exampleis shavn in section3.8). Thesignalsthatarebroughtto the Bus ExpansiorHeaderareshovn
in figure 3.4 (page30). Sparepins canbejumperedo signals(suchasIRQ) to suittheproject.

The SelectOsignalis an outputof the GAL memorymapdecoder This selectsignalreplaceshe upper
addresdinesAl12 throughA15.

The Addr essStrobe (AS) line is broughtto an edgeconnectomin so that the addressand datamy be
demultiplexedon aremoteboardto minimize backplanewiring in a multi-cardsystem.

The+5 volt andpower groundlinesareavailableon the expansionconnector

Crystal Eithera4MHz or 8MHz crystalmay be used but the LCD portmaybe usedonly with a4MHz crystal.
Unlessyou have goodreasorto usean8MHz crystal,4AMHz is advised.

Serial Port PCB mountDB-9 connectoon the boardis configuredfor a directserial(COM) port connectiorto
aPC.(No crosseersor null modemarerequired.)

A Maxim MAX232 or LinearTechnologyL T1081translateshe5 volt logic signalsto andfrom theRS-232
logic swingandhelpsisolatethe microprocessoboardfrom the P/Cdevelopmensystem.
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Bus Expansion Port

Parallel Parallel
Output Port Input Port

g 8 R

HELLO WORLD"WSE

HCI1 PP CC1996

Prototyping LCD Port

Area

TG ul RAM: 8 or 32K

EPROM: 8, 16 or 32K

68HC11, PLCC Package

16V8 GAL
Memory Map Decoder

Serial Port Connector for

Connection to PC ;9 =
for software develpment

T~

Figure2.2: MPPBoard

5 Volt Power Supply Regulator

Calculator style Power Supply
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AD
INPUTS
®)
INPUTS OUTPUTS
EPROM RAM (8) (8)

5
| 55

RS232 PORT

(ToPC
Host)
LEVEL MEMORY ADDRESS and DATA BUS T
TRANSLATOR [ ]
SPI > LCD DISPLAY
PORT
EXPANSION
CONNECTOR

TIMER  TIMER
INPUTS  OUTPUTS
® (®)

m90
block-diagram.latex

T

Figure2.3: MPP Block Diagram

SynchronousPort Interface The SPlis oneof severalwaysto connectexternaldevicesto the microprocessqr
eitherto senseexternal signalsor generatesignalsto control other devices. The following signalsare
broughtoutto a headeto facilitateuseof the SPI.

MISO (PD2)

MOSI (PD3)

SCK(PD4)

SS*(PD5)

. An applicationof the SPIto add8 bit inputandoutputportsis shavn in section3.6.

Pullups on 68HC11Pins Thefollowing pinsarepulledup by resistorgo +5volts: XIRQ, IRQ, MODA, MODB,
IC1, 1C2, IC3. Eachpin hasanassociatedvire wrapterminalto which signalsmaybe connected.

A-D Inputs Inputsto the A-D, VRH and VRL are broughtout to wire wrap pins. VRH is not connectedo
+5 volts, and VRL is not connectedo ground,sincethey shouldbe connectedo the analogsectionof
the project. For non-critical A-D applicationsthe VRH andVRL pins may be jumperedto +5 volts and
ground.

LED Indicators ThreeLEDsareprovidedto indicatethe boardstatusandhelpdiagnoseproblems:

e Power
e Serialporttransmit
e Serialportreceve

Single Stepping In orderto supportsinglesteppingoperatiorusingthe Buffalo monitor, OC5mustbeconnected
to XIRQ. Two adjacenteadepinsareprovidedfor this purposejumperingthemconnect€OC5to XIRQ.
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2.6 MPP Default Memory Map

The memory map for a computersystemshaws the addressesf the varioushardwaredevicesandresidentsoft-
ware. Thedefaultmemorymapfor the MPP systemis shavn in figure 2.7.

$FFFF - - T ’’’’’’’ N~ T N T
$FO00 | Buffalo |
Monitor 8K EPROM
$E000 - SL, _.
,,,,,,,,,,,, 16K EPROM
$DAES
Math11
$D000 $D000 _
$C000 | R [ __ 32K EPROM
. $B7FF EEPROM Memory
$8000 L —] . $B600 512 Bytes
$A000 | N
$9000 | —
$goo0 || _____ T ,,,,,,,,,,,,,,, > S
$7000
8K RAM
$6000 L _____ \L, .
$5000 | —
$4000 | ] 32K RAM
$3000 —
. CswFF '\ $2000 | ]
LCD Display ¢ 400 Y S Tees T T T T T
-mes oo --IIIIII I ine Regi
) $11FF oo " 1000 64 Machine Registers
1/0 Registers $1100 /) $w000 0 | T ____
******* - , $00FF
4 256 Byte Ram
$0000 __seeeo . Vo

Figure2.7: MPP Memory Map
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Thefollowing devicesarememorymapped:

EPROM The EPROM may have threedifferentsizes:8k,16kor 32k bytes.In all casesthe endof the EPROM
mustoccurat the top of memoryin orderto storethe processoresetvectors.Thusthe startingaddresf
anEPROM depend®nits size.

Thedefaultmemorymapdecoderenablegshe EPROM selectline for the upperhalf of memory sothatany
sizedEPROM will work withoutchangego the GAL. Of coursejf your programreadsanaddresstwhich
thereis no EPROM, it will readgarbage Sothe EPROM jumpersneedto be changedor differentsizesof
EPROM, but the GAL doesnot.

If, however, you wantedto usean 8K EPROM andmapsomeotherdevice into the unusedspacen upper
memory you would have to changehe GAL equations.

Notice thata 32K EPROM overlapsthe processointernal EEPROM between$B600and $B7FF (unless
the internal EEPFOM s disabled)in which caseEPROM addressebetween$B600 and $B7FF are not
useable (The 68HC11givespriority to its internaldeviceswhenthey overlapwith externaldevicesin the
memorymap.)If thisis a problem,the EEPROM canbedisabled.

The EPROM suppliedwith the MPP boardkit is 16k bytesin sizein orderto storethe 8k Buffalo Monitor
and3k MATH11routines.

RAM ThestaticRAM may have two differentsizes,8K or 32K bytes. In orderto be compatiblewith thethree
differentsizesof EPROMs,the RAM is locatedin thebottomhalf of memory A 32K byte RAM overlapsa
varietyof thingsin thebottomhalf of memory andsois effectively not useablébelowv addres$1800.Thus
thememorydecodeiis programmedo enablea 32K RAM chip only betweeraddresse$1800and$7FFF
sopartof the 32K RAM chipis unuseableAn 8K or 32K RAM chip may be usedwithout changego the
decodelGAL, but theremustbe valid memoryat whatever addresss readfrom or written to: thereis no
hardwareto preventreadsandwritesto addressethatdo not have RAM®. Whenusinga 32K RAM chip,
avoid locationsbelov $1800.

LCD Display The baseaddresof the LCD displayis establishedat $1400. With this baseaddressthe LCD
control registeris at $1400andthe dataregisterat $1401. Becauseof incompleteaddressiecoding,the
displayoccursthroughouthe addres$lock $1400to $14FFaddress aliases. (Anotherway to indicatethe
baseaddres®f the LCD is as$14xx,wherexx indicatesdon’t care).

Input-Output Registers Thesearebothlocatedatabaseaddres®f $1100.A write directsthedatato the output
register: aread gatestheinput registerontothe databus. As in the caseof the LCD display bothregisters
arealiasedhroughoutaddresse$1100to $11FF (Also seethe notein section2.6.1below.)

Select0 Oneadditionalsparedevice selectline is availablefrom the GAL decoderircuit andbroughtoutto the
bus expansionconnector In the default design,this selectline is disabled,so no spaces allotedfor them
onthedefaultmemorymap. If you needthis controlline to addsomethingo the memorymap,checkout
theinformationon modifying the memorymapin section7.7 andsection7.3.

Also shavnonfigure2.7arethemaplocationsof theprocessointernalregisters($1000to $103F)andinternal
memory($0000to $00FF).As in thecaseof the EEPROM mentionedabove,ary externaldevicesmappedo these
addressewould beignored.

6Many computersystemdiave hardwaresupporto signalwhenanillegalmemoryaddresss accessedHow couldthatbedonehere?Well,
you could programthe GAL to generatenactive low signalwhen&er anillegal addresss accessedandthe signalcould be usedto actuate
aninterruptline, XIRQ for example. The interruptserviceroutinewould print an errormessagetogethemwith the offendinginstructionand
addressA goodstudentproject,by theway.
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2.6.1 The ROM Error Message

Whenyou usethe monitor programMMMemory Modify) commando changea byte in memory you may get
the ROMerror messageThis is the monitor programsayingin its own inimitably brief way: "I wrote something
to memorybut couldnt readthe samething back”. The monitorthenassumeshatthe memoryareain question
is read-only

However, mary areasof memory especiallymachineregistersandoutputports,arelegitimateto write to and
do not readbackthe samedata. For example,whenyou write to the OutputRegisterat $1100 , you do indeed
write to the hardware. However, the monitor readsback contentsof the Input Register and theseare usually
differentthanwhatwasjust written. Sothe monitorgeneratethe ROMerrormessagéut it maybeignored.

2.7 The MPP Power Supply

The’standardboardpower supplyis an AC adaptompower supplyof 9 volts andoutputcurrentcapabilityof 500
mA maximum.Thisis thenregulatedby a versionof the 7805typeintegratedcircuit threeterminalregulator(the
78MO5CT)thathasa currentlimit of 500 mA. Undernormalconditions,the MPP shouldrequireno morethan
100mAor so,whichis well below the capabilitiesof the AC adaptotransformemandregulatorIC. (Theprocessor
is specifiedrequiring 25 mA undernormal operation.) The power supply specifiedin the partslist shouldbe
sufficient for moststudentrequirementsIf a morerobust power supplyis neededyeplacethe regulatorwith a
standard’805device (1 ampoutputcurrentlimit) andthe AC adaptomwith atransformesrectifiercapacitosfilter
capableof at least7 volts and1 amp currentoutput. In this case,a larger heatsink on the regulatorIC will be
required.

We have seensomeattemptsto usea 6 volt adaptorto power the MPP board. This is very marginal andwill
resultin mysteriougesetdo theboard,soit’s notrecommended.

On the other hand,a 12 volt adaptorwill work undernormal circumstances.The heatsink is noticeably
warmer however, andthe amountof additionalcurrentthat canbe suppliedto auxilary circuitsis consequently
muchless.

If you areusingthe MPP boardin a mobile robot application,you musttake extremecareto decouplethe
motor power supply from the microprocessosupply It is possibleto usethe samebatteryfor both, but the
motor systemshouldhave its own regulatorandLC filter. Otherwise hoisespikesandloadtransientswill cause
misoperatiorof the microprocessoboard.

2.8 Software Distrib ution

The files showvn belov may be accessedia the RyersonElectrical DepartmentWEB page(seelntroduction),
which usersarewelcometo download.

README A descriptiorof thedocumentatiomn thedistribution, similarto this section putincludinglastminute
changes(Someof thefile namesdn this sectionmay not be exactly correct:checkthe READMEHile).

Editor, QEDIT.EXE This is a simpleeditorthatrunson a DOS system. Studentanay preferto usetheir own
editorsuchasNOTEPAD®N a Windows95system.

GAL Configuration File, DECODER.ASCThisfile is the programmindile for thememorymapGAL chip.

GAL DocumentationFile, DECODER.DO®inoutandotherdocumentatiofior thememorymapdecodeiGAL
chip.



CHAPTERZ2. OVERVIEW OF THE MPPPROJECT 17

GAL Compiler, PLANII or OPAL This program(from National Semiconductororvertsthe GAL program-
ming file (eg, DECODER.ASYTto the JEDECform that canbe usedby the GAL programmei(eg, DE-
CODER.JED.

CrossAssembler AS11.EXE ThisprogramrunsonaDOScomputerandacceptsan ASCII text file of 68HC11
sourcecodeandgenerateshe .S19 and.PRN versionsof thefile. The.S19 file may be downloaded
from the P/Cinto the MPP.

Thereis alsoa Unix versionof the assemblethat runsvery nicely underLinux. For a variety of rea-
sons,the Linux ernvironmentis muchmorecorvenientthanthe Windows environmentto usefor program
development.

AssemblerManual, ASREF.MAN Operatingmanualfor MotorolaFreavareassemblersncludingAS11.EXE.

Terminal Emulator, PROCOMM.EXEhis programcorvertsthe DOS hostP/Cinto a dumbterminalfor com-
municationwith the MPP. Studentsmay preferto useadifferentterminalemulator suchasthe Windows95
Hyperterminal

Terminal Emulator Documentation,PROCOMM.MAN shortsummaryof commandsndtheuseof PROCOMM
for cross-deelopmentwith the MPP. The completedocumentatioriile for PROCOMMROCOMM.DGE
someavhatlengthy but is alsoprovidedfor reference.

Monitor Program, BUFF32.ASM This programis assembleéndburnedinto the MPP EPROM to provide an
operatingsystemon the MPP. The monitorcommandsandidiosyncracie®of the monitoraredescribedn
chapter5. We have slightly modified the sourcecodeto bettersuit this application,andit 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
floatingpoint package Section6.6 of this manualdescribesn detailhow to useFP11.

Multitasking Executive, MCX11.ASM Sourcecodefor a multitaskingkernelonthe68HC11.
Multitasking Documentation, MCX11.DOCManualon the useof the multitaskingkernel.

Library of Subroutines A varietyof usefulsubroutinesrestoredin this sub-directory Studentsareencouraged
to usetheseroutinesin their programs.f you developa usefulsubroutine pleaseemailit to the authorfor
inclusionin thelibrary.

This softwarerunsunderDOS or in a DOS window underthe Microsoft Windows operatingsystem. The
minimumervironmentfor cross-dgelopmenbf MPP programds a P/CXT machine soit shouldbe possibleto
scroungesomethingsuitable.

2.9 Setting Up Communications

AssumingthattheMPPis working, it shouldnow bepossibleto establistcontactwith the Buffalomonitor. Before
we launchinto the nitty-gritty of makingthis work, a bit of explanationis in order
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2.9.1 The Dumb Terminal

A terminal emulation programis a programthatsuckstheintelligenceout of apersonabomputerandturnsit into
arelic of thepast:thedumb terminal. To appreciatéheabsencef functionsof theclassicdumbterminal,we have
to journey backto the JurassicAge of computertechnologythe Time of the Mainframe,betweenperhapsl 960
and 1975. Mainframecomputersverelarge, expensve, and hadimpressve control panelsthat only a selected
few priestswere allowed to operate. The dinosaursequiredair conditioningandraisedfloors (to accomodate
cables)andsowerekeptin separateéooms. Lessemortalsaccesseg@rogramsvia the glass teletype, aterminal
equippedwvith avideodisplayandakeyboard,thedumbterminal.IBM hadits own standardor thesethings,and
afew of themcanstill befoundin the corridorsof high technologyenterprisesline cordremoved,evidencethat
yesterdaystatussymbolis tomorrovs computettrash.

The dumbterminalexistedat a time whencomputersandelectronicdeviceswere expensve. Froman eco-
nomicpointof view, it madesenseo have onehideouslyexpensve mainframeanda bunchof low costterminals
to communicatavith themainframe. Eachterminalhadtheabsoluteminimumof intelligenceto detecta key press
on the keyboardand spit that out a connectoron the back, or to receve a characteistreamanddisplaythat on
thevideoscreen.Theelectronicavas’bubblegum’ LSl logic. Latermodelsmight have hada UART or primitive
microprocessor

Eventhoughmainframesanddumbterminalsareno longerwith us, the standardiveson asthe lowestcom-
mon denominatorfor communicationwith a computer Thus, in the situationthat concernsus, the MPP will
communicatevith a device muchlike a dumbterminal. Now dumbterminalsare easilyhadsurplusthesedays
for about$10, but it’s rathera clunky anduselesshing to keeparound.Insteadwe loada programinto our P/C’s
thatemulates a dumbterminal. As a bonus,we canstill useall the nice P/C features suchasthe harddisk for
storageandotherutilities, suchasthe 68HC11assembler

(Incidentally, any computerunninga terminalemulatorwill work equallywell. | usedan Atari ST for this
purposefor mary years.However, mostdevelopmentsoftwarerunsonly onasDOSP/C.)

Most dumbterminalscommunicatedvith a mainframevia a serialRS232line, a standardhat continuesto
be widely usedasthe COM port of a P/C.In its minimum form, the serialcommunicatiorlink consistsof three
lines: Tx (transmit),Rx (receve) and Ground. Otherpins are usedfor flow controlandmoreobscurefunctions
thatonly telephoneengineersareabout.We shallusethe threewire connection.

Gettingthe dumbterminalto talk to the MPP requiressortingout two mainissues- gettingthe Rx, Tx leads
connectegroperly andestablishinghe correctprotocol.

2.9.2 Communication: Stepby Step

1. Find a terminalemulatorprogramandinstall it on your computer A typical terminalemulatorfor DOS
machiness PROCOMM.EX&hichis availableaspartof the MPP softwaredistribution.

2. The terminalemulatorwill have a meansof settingthe speedand format of the characterst sendsand
receved. Configuretheterminalemulatorfor 4800baud,8 databits, 1 stopbit, no parity. (This maynotbe
thecorrectspeedput it will dofor now.)

3. Identify the COM port onthebackof your computer This canbeabit tricky: the PRINTERportis oftena
similar type of connector Serialportstendto be maleandprinterportsfemale,but thisis notafixedrule.

The next stepis to identify the Tx, Rx and Groundpins on this connector If you have a manual this will
help. Unfortunately Tx is sometimesonsideredo be from the computer andothertimesto the computer.
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For a 25 pin connectorthe relevantpinsare2,3and7. Groundis alwayson pin 7. (You needbright light
andgoodeyesightto readthe numbersof the pins, but they arethere. Small grabbersf the type usedto
connecto IC pinsarehandyin clipping to the pins of the connectors.)

Oneof pins2 and3 will besittingat-10voltsor so. Thisis thetransmitpin. Theotherpin will besitting at
0 volts. Thisis thereceve pin. With theterminalemulatorprogramrunning,watchthetransmitpin on an
oscilloscopeandpressa key onthekeyboard,andyou shouldseeatrain of pulsesto +10volts.

If the COM portis a9 pin connectortherelevantpinsare2,3and5, with groundon pin 5.

Incidentally if you are using COML1 for a mouseor modem,you can probably configurethe terminal
emulatorto talk to COM2. If you don't getary actiity onthe COM port pinswhenyou type characters,
try the otherCOM port.

If you expectto do this very often,ahandycommercialgizmois the COM porttester This consistsof two
DB-25 connectorswith LEDs on all the importantpins. Simply plug it into a DB-25 serialport andthe
LED ontheTx line will flash.If you have two machinedalkingto eachotheroveraserialline, you cansee
theactiity onbothTx andRx LEDs.

Anotherhandydevice allows you to jumpervariouspins of the COM port togethey to facilitate swapping
pins2 and3 for example.Eachof thesedevicesis about$10.

4. Having identifiedthetransmit,receve andgroundpins on the computerCOM port, wire up a cablewith a
suitableconnectoifor the computerendanda DB-9 connectoto plug into the MPP serialport. It helpsto
use24AWG or finer strandedvire (do not usesolid wire) andclampthecablesoit is strainrelievedatboth
connectorslf you expectto usea differentmachine(for example themachinein oneof the Ryersorabs),
male up a suitablecablefor thataswell. Incidentally shouldyou losetheinformationfor the MPP serial
portconnectionsthe sametechniqueanay be usedthereto identify Tx andRx.

5. We arenow readyto communicatevith the MPP. Connectthe computerCOM port to the serial port of
the MPP suchthat Tx on the hostcomputelis connectedo Rx onthe MPP andvice versa,andsothatthe
two groundpins areconnected Power up the MPP andthe Buffalo signonmessageshouldappeamon the
terminalemulatorscreen.

If garbageappearsprobablythe baudrateis wrong. Try changingthe hostbaudrateto 2400,4800and
9600.0neof thoseshouldwork’.

6. Whenyou getthe monitor signonmessagetry variousmonitor commands For example,MDshoulddo a
Memory Dump of a sectionof MPP memory

7. Finally: Congratulatgrourself. You have aworking 68HC11DevelopmentSystem.

2.10 A First Program on the MPP

This sectionshavs the developmentof a very simple programfor the MPP. You can extrapolateto something
moreweighty, but this programsimply addsthe numbers3 and5. Hopefully, the computerwill agreethatthe
answershouldbe 8.

We assumaen this sectionthat you've had someexperienceprogrammingin machinelanguage.If not, you
mightwishto look at oneof thereferencesWe alsoassumehatyou’re working in the DOS ernvironment.

"Whenyouchangehebaudratein Hyperterminalyou have to disconnect andthenconnect to have it take effect. OtherwiseHyperterminal
lies: it tellsyou a differentbaudratefrom the hardvaresetting.
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2.10.1 Stepl: Write the program

Usingyour favorite text editor, (QEDIT underDOS, ClipboardunderWindows: whatever), write the program.It
shouldlook somethindik e 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 instructionsandassemblydirectvesmustnot appeatin thefirst column. Only symbolicaddress
labelsmayappeatin thefirst column.)

Save the programas MYPROG.ASMThe ’ASM’ sufiix indicatesthat this is an assemblylanguagesource
codefile. Thereis nothingmagicalaboutASM’: you coulduse’SRC’ if you prefer)

2.10.2 Step2: Assemblethe program
In the DOS ervironment,call the assemblewith theincantation
asll myprog.asm -l cre >myprog.prn

(If you gettired of typing thisin, createa batchfile containingthatline.) This shouldhave the effect of starting
uptheassembleandvery shortly thereaftertwo new files shouldappeaion your harddrive:

myprog.s19
myprog.prn

Youcanloadeitherof thesento yourtext editorto examine. The’prn’ file is alisting file (somepeopleusethe
sufiix Ist). Thefirst columncontaingheline number Thesecondtolumncontaingheaddres®f eachinstruction.
The third columnis the machinecodefor the instruction. Therestof theline is the original assemblyjanguage
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 O

If thereareary errors,they aredocumentedhereandyou have to go backto your sourcecodefile andfix them
beforeproceedingThislisting file is absolutelyessentiainformationduringdelugging:it shavs wheredifferent
component®f theprogramarelocatedin memory

Themyprog.s19 file is anencodedrersionof your program(an S-Record) which canbe uploadednto the
MPPboard.lIt lookslike this:

$108600086038B05017D
S9030000FC
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Referencg6] hasadescriptionof theformatof the S19file. It's notimportantatthis stage put understanding
it canbeusefulin somesituation§.

2.10.3 Step3: Upload the S19file into the MPP board

Presumablyyou have establisheadontactwith the MPP board,usingaterminalemulator Startup your emulator
program.(ProcommunderDOS, HyperterminaunderWindows95,or Seyon underLinux, for example.Inciden-
tally, this is wherea multi-windowing GUI is really corvenient:you canstartup your editorwith sourcecodein
onewindow with theterminalemulatorin a secondvindow.)

Establishcontactwith theboard.For example,presstheresetbuttonandthe terminalshouldshow the signon
message.

Enterthe’load’ command:LOAD T. The MPP boardis now waiting for an S-Recordo be uploaded.

Choosehe’upload’ optionfor yourterminalemulatorenterthefile name(myprog.s19 ), andthefile should
uploadinto the MPP board.

2.10.4 Step4: Checkthat the program loadedcorrectly

Do you trustyour computer?You shouldnt! Checkthatthefile loadedinto the MPP memorycorrectly To do
this, do amemorydumpof addressestartingwith location$6000,the startof your program with the command
MD 6000 . You shouldseethe sequencef bytes:

86 03 8b 05 01

This corresponds$o theinformationon the .prnfile andconfirmsthatthe programis indeedin memory

2.10.5 Stepb: Testthe program

We wish to run the programstartingat addres$6000. Thelastinstructionis a NOP at addres$6004 , wherewe
wantto exit thetestprogramandbreakbackto themonitor. Thefirst thingto do, then,is to establishabreakpoint
ataddres$6004,with amonitorinstructionsomethingdike

br 6000

(Justto make it confusingthemonitorassumesll numbersarehexadecimahotation:you don't needthedollars

sign.)
Now you canrunthe program:

go 6000

Whenthe programcompletesa few microsecondfaterin this casejt breaksbhackto the monitor, displaying
theregistercontentslt shouldshow thatthe’A’ accumulatorcontainghe sumof 5 and3.

That'sit! Programdevelopmentccurswith the samecycle: edit,assembleypload test. Ohyes,anddebug.

Onceyou canwrite smallroutines,andmake themwork, you shouldbegin to think aboutdesigning thecode.
Like any otherengineeringdesignskill, therearegoodandbadwaysto designa computerprogram,andthere
aretechniqueghat will overcomesomeof the potentialproblems. Designingand building a large programis
guantitatvely andqualitatively differentfrom writing little programsandrequirescarefulthought.

8For example,it's possibleto combineS19files usinganeditor, if you understandhe format.
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