EE 308Lab 1 Spring 2002

EE 308—-LAB 1
ASSEMBLER, SIMULATOR, AND MONIT OR

Intr oduction and Objectives

This laboratoryintroducesyou to thefollowing 68HC12assembljfanguaggrogrammingools:

e The68HC12assemble€A6812. ThisrunsonthePC.
e The68HC12simulatorZAP. This alsorunsonthePC.
e TheD Bug 12 monitorthatrunsonthe68HC12.

An assembletakesassemblyanguageodein aform thatahumancanreasonablyeadwith alittle practice,
translatest to machinecodeswhich amicroprocessotanunderstandandstoreghemin a. s19 file which
the68HC12microcontrollercanunderstandln thislabwewill usetheCosmicSoftwareCA6812assembler
which is onthe PCsin the Digital/Microcontrolles lab. Thisis copyrightedsoftwarewhich is licensedfor
useonourlabcomputeronly. Thereis ademoversionof thisassembletaswell asthe CosmicC compiler)
available. It shouldbe adequatdor mostof the labsin this course. Informationabouthow to obtainthis
demoassembleand compilerwill be postedon the EE 308 web page. In your HC12 kit you receved a
copy of the P&E MicrosystemdASM12 assemblerYou may put this assembleon your own PC,andmay
putit in your directoryon the EE computersystem.Usingthis assembleyou cando muchof theassembly
languageprogrammingat home.l ASML2 is similar to the Cosmicassemblewe will usein lah.

The CosmicCA6812 assembleproducesan outputfile with a. h12 extensionwhich the ZAP simulator
useslt alsoproducesnoutputfile with a. s19 extensiorwhich canbeloadedinto andrunonthe68HC12.
TheD- Bug 12 monitor, runningfrom HC12EPRDOM, loadsS19 recordsnto theHC12andprovidessome
toolsfor deluggingloadedprograms.

The ZAP simulatorsimulatesthe operationof the 68HC120n a computer This hastwo advantagesyou

cantry a programwithout having a 68HC12,andyou caneasilyseeinformation(suchasregistercontents,
numberof cyclesto completegtc.) whicharedifficult orimpossibleto obsene onanactualmicrocontroller

Again,thefull ZAP simulatoris alicensedorogramwhich cannotbedistributed,but we have ademoversion
of thesimulatorwhich will be adequatdor mostof thelabsin this course.

Therelationshipbetweerthesevariousprogramss illustratedin Figurel.

Pre-Lab

You shouldreadthis entirelab before comingto lab, andanswerall of the questionsn the pre-labsection
before comingto lab.

The D Bug 12 commandf interestfor this lab are: ASM BF, BR, NOBR, G, HELP, LOAD, MD, ,MDW
MM MWV RM RD, and T. Readthe descriptionsof thesecommandsn Chapter3 of the M6BEVB912B32
Evaluation Board User's Manual.
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Figurel: TherelationshippetweenCA6812, ZAP, andD- Bug 12.

Questionsto answerbefore lab:

o Whatis thedifferencebetweerthe MD andMDWcommands?

e How would you changeghevalueof the B accumulatoto 0x55?

The assemblylanguagecommandf interestare: LDAA, STAA, TAB, ABA, and ASRA. Readthe descrip-
tions of thesecommandsn the 68HC12 CPU12ReferenceManual. At this pointyou will notunderstand
everythingthereferencananualsaysabouttheseinstructionsbut you shouldunderstané&noughto getyou
throughthislah.

Figure2is asimpleprogramfor theHC12. We will useit toillustratehow to usetheassembleithesimulator
andD-Bug12.
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; 68HCLl2 denob program
: Bill R son
; 1/22/99

; This is a programto divide and rmultiply a nunber by two,
; and store the results in nenory

title "LAB 2 Deno Progrant

evbram equ $0800 ; 0x0800 is start of user ramon 68HC12
pr og: equ evbram ;start program at begi nni ng of RAM
dat a: equ evbram+$0100 ;
CODE: section .text ; The stuff which follows is program code
org pr og ; set program counter to 0x0800
| daa i nput ;Get input data into ACC A
asra ;Divide by 2
st aa resul t :Save the result
| daa i nput ; Get input data into ACCA
tab :Put the sane nunber into ACCB
aba ; Add the nunber to itself (multiply by two)
st aa result+1 ; Save the result
SW ; End program (return to nonitor in HCLl2)
DATA: section .data ; The stuff which follows is data
org data
i nput : dc. b $07 ;first input data
result: ds.b 2 ;reserve two bytes for results

Figure2: An assemblylanguageprogramusedto getstartedwith the CA6812, ZAP, andD- Bug 12.
Questionto answerbefore lab: Whatarethecontentof theA registeraftereachinstructionof the program
shawvn in Figure2 executes?

We will useD- Bug 12 to explore the memoryof the HC12 on your EVBU. The memorymapfor your
68HC12is shavn on page31 of the MC68HC912B32Technical Summary. Most of this memoryis used
by the D- Bug 12 monitor Page3-55of the M6BEVB912B32Evaluation Board User's Manual shavs
the memoryavailablefor your use.

Questionto answerbefore lab: How mary bytesof RAM areavailablefor your useonthe EVBU?

Typethe programshavn in Figure2 beforecomingto lab andsave it underthenamel ab01. s. (Youcan
alsouseawebbrowvswerto downloadthe program.)

Also createthefile | ab01. | kf which containghefollowing lines:
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# Link file for program | ab0Ol.s

+seg .text -b 0x0800 -n .text # program start address
+seg .data -b 0x0900 -n .data # data start address

| ab01. o # application program

You canassembl¢heathome,usingthedemoca6812 assemblewith thecommands

> ca68l2 -a -1 -xx -pl lab0l.s
> c¢lnk -0 [ab01l. hl2 -m |l ab01. map | ab0l1. | kf
> chex -0 |lab01l.s19 | ab01. h12

Theca6812 commandwill createafile calledl ab01. o which containsthe machinecodesin a special
form which otherprogramscanread. It alsocreateghefile | ab01. | s which shavs whatop codeswere
generatedby theassemblerThecl nk commandwill translatehel ab01. o file into aform whichtheZAP
simulatorcanunderstand It alsocreatesafile | ab01. map which shavs wherein memorythe program
will beloaded.Thechex commandwill createa. s19 file, which s thefile you will usewith the HC12
evaluationboard.

Bring adisk with the programonit to thelah.

Asyougainexperienceyouwill operatandependentlyn thelah. However, for thefirst few labsyou should
be pesteringhe lab assistant$o distractionto make sureyou geteverythingthatyou canfrom thetime in
thelab. We arethereto help. Your partis to take the pre-labseriouslyand shav up for the lab session
prepared.

The Lab

Createa directoryfor this course(say D: \ EE308). Insidethis directorycreatea subdirectoryfor this lab
(say D: \ EE308\ LAB01). Changeto this subdirectorytypein thel ab01. s program,andassemblét
with thecommandshavn above.

Somequestionson the outputof theassembler:
e Look atthel ab01. | s file. Wherewill the machinecodefor the instructionst aa result be
storedin theHC12?

¢ What machinecodeis generatedor the st aa result mnemonic? Is this what you expected?
(Look up the STAA instructionin your CPU12 ReferenceManual to determinewhat codethis in-
structionshouldgenerate.)

e At whataddreswill r esul t belocatedin theHC12memory?

Startthe ZAP simulator
Onceyou arein thesimulator loadthe. h12 file usingtheFi | e menu.

Goto the Show menuandclick on Menor y. Give a startingaddresof 0x0800 anda Dat a format. For
Si ze selectByt e. AdjustyourdesktopsoyoucanseetheRegi st er s, Di sassenbl y, Comand, and
Menor y windows. In theDi sassenbl y window you shouldseethel ab01 program.

4
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Question
¢ WhatvaluedotheHC12registershavein theRegi st er W ndow?
Trace or singlestep throughyour programusingthei st ep commandn thecommandvindow, or clicking

ontheFoot st ep icon,andobsene whatis goingonin theDi sassenbl y andRegi st er windows.

Whenyou aredonesinglesteppingdo thefollowing:

e Setabreakpointattheswi instruction.Do this by double-clickingontheaddres®f theswi instruc-
tionin theDi sassenbl y window. Theaddresshouldbecomehightlightedin red. You needto set
abreakpointsothesimulatorwill stopatthisaddress-it doesnothave D-Bug12loadedto recognize
thesw instruction.

e Resetthe programcounterto 0x0800. You canresetthe programcounterby enteringthe command
Zap> eval $pc=0x0800

in the Conmmand window, or by double-clickingon thepc in theRegi st er window andtypingin
thedesiredvalue.

e Runtheentireprogram.You canrunthe programby enteringthecommand
Zap> go
in the Cormmand window, or by clickingon G een Li ght iconontheiconbar

Checkthatyou have theexpectedvaluesin r esul t andresul t + 1 afterthe programhasfinished.
Changeheinput datafrom $07 to $be, andrerunthe program.Checktheresults.
Somequestionson the simulator:
e How dothecontentof theAregistercompareo whatyou predictedn the Pre-Labaftertheexecution
of eachin instruction?

e Changdhecontentf the B registerto 0x AC. Changehe contentsof the A registerto 0x DC. Setthe
stackpointerto 0x09D0. Hint: How did you changehe programcounter?

e How canyouput0x3421 in the X register?How canyou verify the changetook place?Do it to see
if yourideasarecorrect.

¢ Whatdothefour columnsin theDi sassenbl y window represent?

¢ Resetheprogramcounterto 0x0800 andreruntheprogram.Displaymemoryto look ati nput and
result.Isresult equaltoi nput /2?If not,why?
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Whenyou havefinishedexploringthesimulator typeQUI T or EXI T. Connectyour EVBU to yourcomputer
andpower supplyasyou did in lastweeks lab, andpower up your HC12. Openaterminalto the HC12 by
double-clickingonthejtt¢, Win 3.11Terminalj/tt¢on your desktop.

Todownloadyourprogramo yourEVBU typeLOADattheD- Bug 12 prompt.ThenselectheTr ansf er s
menu,Send Text Fi | e submenuandselecthefilel ab01. s19 tosend.Waitfor theHC12torespond
with >.

Using your EVBU do the samethingsthatyou did on the simulator andanswerall of the questionfrom
the simulatorsectionthatareapplicableto the EVBU. In addition:

e WhatistheD- Bug 12 commando changeheProgramCounter
e Usethe BF commando load 0x55 into memorylocationsOx0980 to 0x09f f . Usethe MD com-
mandto verify thatit worked.

Answerthefollowing questionsboutthe EVBU:

o Whatsoftwareresidesn memorylocationsOx8000 to OXx FFFF?

¢ Whatvalueis the stackpointerloadedwith whenD-Bug 12 initially startsup afterreset?



