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EE 308—-LAB 5

C Programming Language

Intr oduction

The C programmindanguagés usedextensiely in programmingmicroprocessorsln this lab you will write some
simpleC programswhich do thethingsyou did in assemblyanguagen thelastlab.

For example the following C programincrementd?ortB:

/* A C Language Programto Increnent Port B on a 68HC12

* Bill Rison

* February 16, 1999

*/
#i ncl ude "hcl1l2b32. h" /* Get the HCl12 definitions */
#define D_1Ms5 (8000/ 4) /* Inner delay |oop takes 4 cycles */
#define TRUE 1 /* A nornmal C define */

voi d del ay(unsi gned int ns);

voi d mai n() /* The main program */
{
DDRB = Oxff; /* Make all bits of Port B output */
PORTB = O;
whil e (TRUE) /* Do forever */
{
PORTB = PORTB + 1; /* Increment Port B */
del ay(100); /* Wait 100 ns */
}
}
/* Function to delay nms nilliseconds */
voi d del ay(unsi gned int ns)
{ . .
int i;
while (nms > 0)
{
i = D _1M5;
while (i >0)
{
=1 - 1
}
mn = nms - 1
}
}

Figurel: A C programto incrementPortB.
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PreLab

For the pre-labwrite the programsgor Part 4 of this lab.

The Lab

1. Typein theabove C program(or downloadit from theweb)andgive it the namei nc. c. Opena Command
window. Compilethe programasdescribedn the TIPS sectionat theendof thislab.

You shouldnow havethefilesi nc. | a,i nc. h12,i nc. s19 andi nc. map in yourdirectory

(a) i nc. | a is theassemblyjanguagdisting generatedby the C compiler Look at the file andtry to under
standwhatit does.Notethattheremaybe somethingswhich do not make sensdo you. At theveryleast,
find the assemblyjanguagecodewhich incrementdPort B. (Note thatthe C compilerproducesaassembly
codein decimalratherthanhexadecimal.)

(b) Lookatthefilei nc. map. Thisshavstheaddressesf thestartof thefunctionsin theprogramaswell as
theaddressesf ary globalvariables.(Sincethei nc. ¢ programdoesnot useary globalvariablesnone
will appeaiin thei nc. map file. Thelocal variablesusedin i nc. c areallocatedon the stackwhenthey
areneeded.)

Notethatthefunctionandvariablenamesareprecededy anunderscoreNotealsothatthereis afunction
_exi t. Findtheaddres®f thisfunction.

(c) Look atthefilei nc. s19. Thiscontaingheop codeghatwill beloadedinto theHC12. Reverseassemble
the_exi t function. Whatdoesthisdo?

N

. Loadthefile i nc. h12 into yourZAP simulatorandrunit. Notethatyou canseeboththeassemblyodewhich
theHC12will executeandthe C codeusedto generatehe assemblycode.

. Loadthefile i nc. s19 into yourHC12andrunit. Verify thatPortB increments.
. Usingtheprogrami nc. ¢ asamodel,write a C programto implementthe functionsfrom Lab 4.

. Compileandrunyour program.Have aninstructorverify thatit works.

o o~ W

. Look atthel ab05. map file for this week’s lab, anddeterminehow mary bytesthe programtakes(thelength
of the. t ext segment).Comparehisto thelengthof lastweek’s programwrittenin assembly

~

. Putyour programin the EEPROM ataddres©x0D00. Notethatyou will wantthearraywhich storestheturn
signal patternsinto the EEPROM (so the arraywill not disappeamwhenyou turn off power). You will want
variableswhich will changeasthe programis executedto be placedin RAM. You cantell the compilerto put
anarrayin EEPROM by definingthe arrayastype const , andtelling thelinker to puttheconst sectionin
EEPROM following thet ext section.An exampleof settingup anarrayof typeconst is

const char table[] = {Oxaa, Oxbb, Oxcc};

For moreinformationon puttingyour C programinto EEPROM, readthe TIPS sectionbelow.

TIPS:

e To compilea C programyou needa startupfile calledcrt s. s. In its simplestform (which is theform we will
use)crt s. s simply loadsthe stackpointerandjumpsto themai n() functionof the C program.In its more
complicatedform (suchasthe standarccrt s. s file distributedwith the Cosmiccompiler),crts. s will do
suchthingsaszerooutuninitializedvariables Hereis a crts.sfile which you canuse:
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; C STARTUP FOR MC68HC12

xdef _exit
xr ef _main, _ stack
lds #_ stack ; initialize stack pointer
jsr _main ; execute main
_exit:
SWi ; stay here
end

e Createalinkerfile | ab05. | kf likethis:

# link command file for test

#

+seg .text -b 0x0800 -n
+seg .const -a .text
+seg .data -b 0x0900
crts.o

| ab05. o

+def _ stack=0x0A00

. text

#
#
#
#
#
#

program

program start address
constants foll ow code

data start address

startup routine

application program

stack pointer initial value

To putthe programinto EEPROM changehelocationof the. t ext segmentfrom 0x0800 to 0x0DOO0.

e To make compiling programseasiemake a batchfile called,e.g.,cc. bat . An exampleof acc. bat file is:

cx6812 -vl -p -ax +debug crts.s %.c
clnk -0 %4.h12 -m%. map %. | kf

chex -0 %.s19 9%. h12
clabs %d. hl2

Thento compilethefile | ab05. ¢, justgivethecommandcc | ab05.

¢ If you have a programwhich usesinitialized staticvariables pleasereadthe sectionon staticvariablesin the
Cosmiccompilermanual(availablefrom theinstructor). It maybe simplerat this point to useglobalvariables
which areinitialized in the main programratherthanstaticinitialized variables.



