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EE 308– LAB 5

C Programming Language

Intr oduction

TheC programminglanguageis usedextensively in programmingmicroprocessors.In this lab you will write some
simpleC programswhichdo thethingsyoudid in assemblylanguagein thelastlab.

For example,thefollowing C programincrementsPortB:

/* A C Language Program to Increment Port B on a 68HC12
* Bill Rison
* February 16, 1999
*/

#include "hc12b32.h" /* Get the HC12 definitions */
#define D_1MS (8000/4) /* Inner delay loop takes 4 cycles */
#define TRUE 1 /* A normal C define */

void delay(unsigned int ms);

void main() /* The main program */
{

DDRB = 0xff; /* Make all bits of Port B output */
PORTB = 0;
while (TRUE) /* Do forever */
{

PORTB = PORTB + 1; /* Increment Port B */
delay(100); /* Wait 100 ms */

}
}

/* Function to delay ms milliseconds */
void delay(unsigned int ms)
{

int i;

while (ms > 0)
{

i = D_1MS;
while (i >0)
{

i = i - 1;
}
ms = ms - 1;

}
}

Figure1: A C programto incrementPortB.
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PreLab

For thepre-labwrite theprogramsfor Part 4 of this lab.

The Lab

1. Type in the above C program(or downloadit from theweb)andgive it thenameinc.c. Opena Command
window. Compiletheprogramasdescribedin theTIPS sectionat theendof this lab.

Youshouldnow have thefilesinc.la, inc.h12, inc.s19 andinc.map in yourdirectory.

(a) inc.la is theassemblylanguagelisting generatedby theC compiler. Look at thefile andtry to under-
standwhatit does.Notethattheremaybesomethingswhichdonot makesenseto you. At thevery least,
find theassemblylanguagecodewhich incrementsPortB. (Note that theC compilerproducesassembly
codein decimalratherthanhexadecimal.)

(b) Look at thefile inc.map. Thisshowstheaddressesof thestartof thefunctionsin theprogram,aswell as
theaddressesof any globalvariables.(Sincetheinc.c programdoesnot useany globalvariables,none
will appearin theinc.map file. Thelocal variablesusedin inc.c areallocatedon thestackwhenthey
areneeded.)

Notethatthefunctionandvariablenamesareprecededby anunderscore.Notealsothatthereis afunction
_exit. Find theaddressof this function.

(c) Look atthefile inc.s19. Thiscontainstheopcodesthatwill beloadedinto theHC12.Reverseassemble
the_exit function.Whatdoesthis do?

2. Loadthefile inc.h12 into yourZAP simulatorandrunit. Notethatyoucanseeboththeassemblycodewhich
theHC12will executeandtheC codeusedto generatetheassemblycode.

3. Loadthefile inc.s19 into yourHC12andrun it. Verify thatPortB increments.

4. Usingtheprograminc.c asamodel,write aC programto implementthefunctionsfrom Lab4.

5. Compileandrunyourprogram.Haveaninstructorverify thatit works.

6. Look at thelab05.map file for this week’s lab,anddeterminehow many bytestheprogramtakes(thelength
of the.text segment).Comparethis to thelengthof lastweek’sprogramwritten in assembly.

7. Putyour programin theEEPROM at address0x0D00. Notethatyou will want thearraywhich storestheturn
signalpatternsinto the EEPROM (so the arraywill not disappearwhenyou turn off power). You will want
variableswhich will changeastheprogramis executedto beplacedin RAM. You cantell thecompilerto put
anarrayin EEPROM by definingthearrayastypeconst, andtelling the linker to put theconst sectionin
EEPROM following thetext section.An exampleof settingup anarrayof typeconst is

const char table[] = {0xaa, 0xbb, 0xcc};

For moreinformationonputtingyourC programinto EEPROM, readtheTIPS sectionbelow.

TIPS:

� To compileaC programyouneedastartupfile calledcrts.s. In its simplestform (which is theform wewill
use)crts.s simply loadsthestackpointerandjumpsto themain() functionof theC program.In its more
complicatedform (suchasthe standardcrts.s file distributedwith theCosmiccompiler),crts.s will do
suchthingsaszeroout uninitializedvariables.Hereis a crts.sfile which youcanuse:
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; C STARTUP FOR MC68HC12
;

xdef _exit
xref _main, __stack

;
lds #__stack ; initialize stack pointer
jsr _main ; execute main

_exit:
swi ; stay here

;
end

� Createa linkerfile lab05.lkf like this:

# link command file for test program
#
+seg .text -b 0x0800 -n .text # program start address
+seg .const -a .text # constants follow code
+seg .data -b 0x0900 # data start address
crts.o # startup routine
lab05.o # application program
+def __stack=0x0A00 # stack pointer initial value

To put theprograminto EEPROM changethelocationof the.text segmentfrom 0x0800 to 0x0D00.

� To makecompilingprogramseasiermakeabatchfile called,e.g.,cc.bat. An exampleof acc.bat file is:

cx6812 -vl -p -ax +debug crts.s %1.c
clnk -o %1.h12 -m %1.map %1.lkf
chex -o %1.s19 %1.h12
clabs %1.h12

Thento compilethefile lab05.c, just give thecommandcc lab05.

� If you have a programwhich usesinitialized staticvariables,pleasereadthesectionon staticvariablesin the
Cosmiccompilermanual(availablefrom theinstructor).It maybesimplerat this point to useglobalvariables
whichareinitialized in themainprogramratherthanstaticinitializedvariables.
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