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1 Overview

The objectivesof this exerciseare to learnhow to write text andnumericvaluesto the LCD (Liquid Crystal
Display). TheLCD maythenbeusedasa diagnosticandmonitoringtool to print out informationthat indicates
thestateof theeebotrobot.

To do this,we’ll developsomenecessarysoftwaretoolsandthenexploretheprogrammingof theLCD.

� build a software delayroutine.

� bit maskoperations.

� convertaone-bytevalueto a displayableASCII string.

� initialize theLCD.

� write messagesto theLCD.

� writesa hexadecimalvaluein hexadecimalnotationto theLCD.

2 SoftwareDelay

The microprocessorrequiresa certainexecutiontime to processeachmachineinstruction. This executiontime
is measuredin unitsof machinecycles(akatheE clock cycle). Themachinecycle time is thebasicunit of time
in a microprocessor. On the68HC11it is 4 timestheoscillatorperiod1. Themachinesin the lab have a 4MHz
crystalandconsequentlyan oscillatorfrequency of 4MHz andan oscillatorperiodof 250nanoseconds.The E
clock periodis thus1 microsecond.

Whenabrief delayis requiredin acomputerprogramwhile waitingfor somethingelseto happenit is common
practiceto havethemachinerepeditivelyexecutealoopof instructions.Theloopcontainsa loopcounterwhichis
initialized to somevalueandthenincrementedor decrementedeachiterationof theloop. Theloop alsocontains
a conditionalbranch instructionthatterminatestheloopwhenthecountreachessomepredeterminedvalue.

2.1 A SimpleLoop

A verysimpleexampleof asoftwareloop is shown below:

LDAA #$FF ; Initialize the loop counter ACCA to 255
LOOP DECA ; Decrement the loop counter

BNE LOOP ; If not done, continue to loop
(program continues here)

TheLDAA#$FF instructioninitializestheaccumulatorA. Noticethe immediateaddressingmode.
ChecktheDECinstruction(which includesDECA) in thePinkBook,andyoucanseeunderConditionCodes

thattheZ (zero)flag is setwhentheresultis zero.
Next, look at theDescriptionof theBNE instruction:it causesa branchif Z is clear, ie, theresultis not zero.

SothemneumonicBNE shouldbeinterpretedas:Branch if Not Equal(to zero)
1Onsomemachines,it is asmuchas20 timestheoscillatorperiod,which is why computerclockspeedis notnecessarilyindicative of the

speedof acomputer.
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Consequently, theoperationof the loop is to startat a loop countof 255anddecrementeachtrip aroundthe
loopuntil theloopcountis zero.At thatpoint, it doesnotbranchandcontinueswith theexecutionof theprogram.

Now we are in a position to calculatethe delay. Turn backto the Pink Book instructionpagesagain. We
canseethat the DEC instructionrequires2 machinecycles,and the BNE instructionrequires3. So eachtrip
aroundtheloop requires5 machinecycles,or 5 microseconds.For 255trips, this represents1275microseconds,
or about1.2 milliseconds. Certainlynot somethingthat a humanwould ever detect,but a significantdelay in
microprocessortime.

2.2 Exercise: SimpleDelay

Write asimpledelayroutineusingthe16bit X index registerastheloopcounter. How many loopcountscanthis
delayexecute?Whatis themaximumdelaywith a1� �������

secondE clock?

2.3 Tweaking the Delay Time

Thedelaytimemaybetweaked(adjustedslightly) by addinginstructionsinsidetheloop. TheNOP(NoOperation)
instructionis useful for this, sinceit requires2 machinecycles to executeand hasno effect on any machine
registers.

2.4 LoopsWithin Loops

It is possibleto nestonedelayloopinsideanother, therebycreatingareally longdelay- in theorderof 	�
 , where
N is theloop iterationtime. Thiscanproducedelaysin theorderof minutes,if required.

2.5 A GeneralizedDelay

A softwaredelayroutinewith a specificdelaytime is of limited usefulness.It’s muchmoreuseful to createa
softwaredelaywherea parametercanspecifythedelaytime. For example:

*************************************** ****** ****** ****** *****
* Short Delay
*
* This subroutine generates delays approximately 5 microseconds per
* count on a 1 microsecond E clock.
* Passed: The delay count in ACCA.
* Returns: (n/a)
* Side-effects: Clobbers ACCA

SHORTDELAY DECA ; Decrement the loop counter
BNE LOOP ; If not done, continue to loop
RTS ; Done, return

Thiscanbeuseasa subroutineandcalledwith with theinvocation

COUNT EQU 255
LDAA #COUNT
JSR SHORTDELAY

whereCOUNTis thedelaycount. It canbefiled away in the’ library of usefulroutines’andthenre-usedin a
programwheneverya (short)delayis needed.
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2.6 UseWith Caution

Thesedelaysareusefulfor simpleapplicationsbut you shouldbeawareof their limitations. For onething, the
machineis not doingusefulwork while it is executinga delayloop. In someapplications,this is not acceptable.
For example,themachineuserinterfaceshouldbeavailableat all times. If themachineis off executinga delay
loop insteadof servicingthekeyboard,themachinewill appearto havecrashed.

Youshouldalsobeawarethatthedelaytimedependsof thecomputerclockspeed.As theCPUclocksbecome
faster, thesedelaysshorten. We have hardware in the lab that will only operateon very old (slow) machines
becausethesoftwarecontainssuchsoftwaredelayloops.A bettersolution,whereaccuracy is importantis to use
the RealTime Clock (if the processorcontainsone)to time delays.TheRTC shouldoperateat the right speed
regardlessof theprocessorclock.

3 Bit Mask Operations: Writing to Machine Registers

It is frequentlynecessaryto write to certainbits of someregister, withoutaffectingotherbits. Or, whenreadinga
register, it is necessaryto examinecertainbits while ignoringothers.

For example,bit 0 of the MPP boardgeneraloutput registerGPOUTis usedto control the eebotstarboard
motordirection. (GPOUTis mappedinto theMPPboardaddressspaceat $1100).Whenthis bit is 0, themotor
rotatesforward. Whenit is a 1, the motor rotatesin reverse. Obviously, to control the motor directionthis bit
mustbesetandcleared.

Theotherbits in thissameregistercontrolothermachinefunctions.It is importantwhenwechangedirection
of thestarboardmotorbit thatwenot affectany of theotherbits in thesameregister.

Thelogical ANDinstructionandthelogical ORinstructioncanbeusedfor theseoperations.

3.1 Settingand Clearing a SpecificBit

Thecorrectway to seta bit in a registeris to ORit with a logical 1 in thatposition(andzerosin the restof the
byte).

To seewhy this is so,considerthetruth tablefor theLogicalOR:

Data Mask Result
0 0 0
0 1 1
1 0 1
1 1 1

� ORingany datavaluewith a logical1 in themasksetsthatdatato 1.

� ORingany datavaluewith a logical0 in themaskhasnoeffecton thatdata.

(For reasonsthatwe’ll explainlater(seesection7 onpage14),wecan’t work directlywith GPOUT. We’ll work
with somethingcalledtheshadowregister, which asanordinaryRAM read-writememorylocationthatcontains
the identicalcontentsto GPOUT. We’ll call this locationGPOUT_SHADOW.) So thesequenceof instructionsto
setbit 0 in this registeris:
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LDAA GPOUT_SHADOW
ORAA #%0000001
STAA GPOUT_SHADOW

(The% symbolindicatesto theassemblerprogramthattheargumentis in binarynotation.)Whatevercontents
arein the otherbits of GPOUT_SHADOWareunaffectedbecauseORing a 0 with 0 givesa zeroandORing a 0
with a 1 givesa 1.

Similarily, thesequenceof instructionsto cleara bit in a registeris to ANDit with a zeroin thatposition(and
1’s in therestof thebyte).

To seewhy this works,considerthetruth tablefor thelogical AND:

Data Mask Result
0 0 0
0 1 0
1 0 0
1 1 1

� ANDing any datavaluewith a logical 0 in themaskclearsthatdatato 0.

� ANDing any datavaluewith a logical 1 in themaskhasno effecton thatdata.

Sothesequenceof instructionsto clearbit 0 of GPOUT_SHADOWto zerowouldbe:

LDAA GPOUT_SHADOW
ANDA #%11111110
STAA GPOUT_SHADOW

Whatevercontentsarein theotherbits of GPOUT_SHADOWareunaffectedbecauseANDing a 0 with 1 givesa 0
andANDing a 1 with a1 givesa 1.

Theargumentsto theORandANDinstructionsis oftenreferredto asamaskbytebecauseit hidescertainbits.
(Perhapsfilter bytewouldbemoredescriptive.)

Testyour understanding

1. Whathappenswhenadatabit is EORedwith a maskbit of 0?

2. Whathappenswhenadatabit is EORedwith a maskbit of 1?

3. Whathappensto thecontentsof GPOUTwhenthey areEORedwith themask%11111111?

Recallthetruth tablefor theExclusiveOr: TheEORof two bits is a logical 1 if they are different:

Data Mask Result
0 0 0
0 1 1
1 0 1
1 1 0
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3.2 Readinga SpecificData Bit

A similar processcanbe usedto isolatecertainbits for testing. Whenwe want to examinebit 7 of somebyte
calledADCTL, we canmaskoff all theotherbitsandthentestfor zerousingaconditionalbranch:

LDAA ADCTL
ANDA #%10000000 ; Mask off all bits except 7
BEQ NOT_SET

ITS_SET (continue here) ; The flag is set
(this code handles the flag set condition)
BRA CONTINUE

NOT_SET (continue here) ; The flag is not set
(this code handles the flag not set condition)

CONTINUE (program continues here)

Theeffect of themaskoperationis to reduceall thebits exceptbit 7 to zero. If bit 7 is alsozero,thewholebyte
is thenzero.If bit is not zero,thenthewholebyteis not zero.Consequently, theconditionof bit 7 maybetested
by testingthewholebytefor zero,usinga BEQ(Branchif Equalto zero)conditionalbranchinstruction.

Noticehow theUnconditionalBranch instructionBRAis usedto brancharoundtheNOT_SETcode.
(When the most significantbit is the one being testedit may be testeddirectly. Recall that an 8 bit 2’s

complementnumberhasa zeroin themostsignificantbit positionwhenit is positiveanda 1 whenit is negative.
Conseqently, thebranchinstructionsBPL (branch if positive) andBMI (branch if negative) canbeuseddirectly.
However, if thebit to betestedis in someotherpositionin thebyte,thedataword thenhasto berotatedsothat
thebit to betestedis in themostsignificantposition.)

4 Programming the Liquid Crystal Display

In thisnext section,youwill learnhow to write amessagestringto theliquid crystaldisplay(LCD) thatis attached
to theMPPboard.On theMPPV1stations,thedisplayis 16 charactersby 2 lines. On theeebotthedisplayis a
moregenerous20 charactersby 2 lines.Programmingis thesamefor bothdisplays.

TheseLCD modulesandotherslike it includetheir own microprocessorcontrollerwhich takescareof re-
freshingtheLCD andtransferringdatato andfrom thehostmicroprocessor.

TheLCD is mappedinto theaddressspaceof the68HC11microprocessor. Two typesof informationmaybe
written to theLCD: controlbytesanddata(display)bytes.Controlbytesarewritten to address$1400.Display
bytesarewritten to address$1401.

Thestatusof theLCD maybedeterminedby readingthecontrolregisterataddress$1400.If theLCD is busy,
theMSBit of thedatareadfrom thecontrolregisterwill beset;if theLCD is ready, theMSBit will becleared.

4.1 Display Control Instructions

Displaycontrolinstructionsareusedto setupor changesuchdisplaypropertiesas

� displayscroll asnew charactersareadded(or not)

� cursorblinking or steady

� positionof thecursor
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� show or hidethecursor

� show or hidethedisplay

� typeof electricalinterface,4 or 8 bit

� addressfor thenext characterto bedisplayed

If youneedto modify thedisplaycharacteristicsor changethepositionof a themessageontheLCD, youwill
have to issuecontrol instructionsto the LCD. The control codesfor thesevariousfunctionsaresummarizedin
figure1.

0 0 0 0 0 0 0 1

0 0 0 0 1 Display On-Off Control

0=No Blink, 1=Blink

0=No Cursor, 1=Cursor

0=Display hide, 1=Display visible

01 0

0 0 1 0 0 Display Function Set1 1 0

0=1 line display, 1=2 line display

0=4 bit interface, 1=8 bit interface

0 0 0 0 0 0 01 Home cursor

0 0 0 0 0 Entry Mode Set

0=Decrement display address, 1=Increment  display address

011

0=No display shift on entry, 1=shift display

0 to 15 for upper line

64 to 79 for lower line

Display Address (Character Position) Select1

Character address:

Clear display, move cursor to home position (addr 0)$01

$02

$06

$0C

$38

Figure1: LCD ControlCodes

4.2 Displaying a Message:Overview

Oncethedisplayis initialized,placingamessageon thedisplayis simplyamatterof writing ASCII charactersto
thedataregisteraddress.Thedisplaywill write thesecharactersin sequence.

Notice that the secondline of the 16 character-per-line displaydoesnot begin at address16, asonemight
expect,but at decimal64. For the20 character-per-line displayon eebot, thesecondline alsobeginsat address
64. This little idiosyncracy hascausedmorethanoneprogrammerto tearout wadsof hair in frustration.
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Writing a stringto thedisplayshouldbehandledby a displaystring routinethat is a subroutineandwritings
a null-terminatedcharacterstringto thedisplay. Thedisplaystring routineis passeda pointeraddressto thestart
of thestringandexits whenit detectstheterminatingnull characterof thestring.

Thedisplaystring routinecallsanothersubroutine,displaycharacter, which writesa singlecharacterto the
display. This is passedin (say)accumulatorA thecharacterto bedisplayedandhandlesthehardwareinteraction
with theactualLCD hardware2.

Noticethephilosophyhere:theproblemis decomposedinto oneof writing a null-terminatedstring,andthen
furtherdecomposedinto thesimplerproblemof writing onecharacterto thedisplay. Thishasseveraladvantages:

� It keepseachroutineshortandsimple,andmakeseachroutineeasierto maintainanddebug.

� It protectsagainsthardwarechanges.If thedisplayhardwarewereto change,thedisplaycharacterwould
betheonly onethatwould requiremodification.Thedisplaystring routinewouldstayexactly thesame.

� If weneededto addanotherdisplaydevice,wecouldadda seconddisplaycharacterroutineandselectthe
appropriateonewith asoftwareswitchmechanism.Again,hedisplaystring routinewouldstayexactly the
same.

A messagestringcanbeincorporatedinto theassemblylanguagesourcecodelike this:

TESTMESSAGEFCC ’Hi There!’
FCB 00

TheFCB 00 directive placesa null byteat theendof thestring,which is detectedby thedisplaystring routine
asthestringterminator.

Thesequenceof instructionsto write to thedisplaywill besomethinglike

LDX #TESTMESSAGE
JSR DISPLAYSTRING

4.3 Display Character

Thedisplaycharacterroutinewould becalledwith codelike this:

LDAA #’A’ ; Display A
JSR DISPLAYCHAR

Thedisplaycharacterroutinewould includethefollowing features:

� instruction(s)to write thecharacterto thedisplay

� instructionsto readtheLCD controlregisterandloopuntil theLCD is readyagain,ie, themostsignificant
bit (bit 7) becomesset.(Youshouldmaskoff all bitsexceptbit 7).

� thesubroutineRETURNinstruction
2Amongprogrammers,thewriting of devicedrivers is consideredin to beadifficult andanadvancedskill. This is yourfirst devicedriver!
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4.4 Exercise: Display String

Thedisplaystring routineshouldinclude:

� aproperheader, asusual

� anindirectloadof thecharacterto beprinted,usingtheX index registerasa pointer

� a testfor thenull characterthatcausestheroutineto exit whenit is detected

� asubroutinecall to thewrite characterdisplayroutine

� aninstructionto incrementthestringpointer(theX index register)

Thecodeto write astringto thedisplayiwould look somethinglike this:

TESTMESSAGEFCC ’Hi There!’; The message
FCB 00 ; The message terminator
LDX #TESTMESSAGE; Initializing the pointer into the message
JSR DISPLAYSTRING ; Write the string
SWI ; Break to the monitor

followedby thecodefor thedisplaystringanddisplaycharactersubroutines.

5 Converting Hex to ASCII

Thefinal building block in our questto displayA/D voltagereadingson theLCD is a routineto convert2 nibble
hexadecimalvalueinto adisplayablecharacterstring.We begin with theconceptof thecharactercode.

5.1 The ASCII Character Codes

Thestandardfor representingof textual informationis known asASCII, AmericanStandardCodefor Information
Interchange.ASCII is a sevenbit code,allowing the representationof 128distinctcharacters:upperandlower
casealphabetics,numerics,punctation,andsomecontrolcharacters.ThecompleteASCII codeis shown in figure
2 on page10andfigure3 onpage11.
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Dec Hex Character Notes Dec Hex Character Notes
Control Codes
0 00 Null 1 01 SOH
2 02 STX StartTransmission 3 03 ETX EndTransmission
4 04 EOT Endof Transmission 5 05 ENQ
6 06 ACK Acknowledge 7 07 BELL Ringbell
8 08 BS Backspace 9 09 HT Tab
10 0A LF Line Feed 11 0B VT
12 0C FF FormFeed 13 0D CR CarriageReturn
14 0E SO Shift Out 15 0F SI Shift In
16 10 DLE 17 11 DC1 XON, resumeoutput
18 12 DC2 19 13 DC3 XOFF, suspendoutput
20 14 DC4 21 15 NAK
22 16 SYN 23 17 ETB
24 18 CAN 25 19 EM
26 1A SUB 27 1B ESC Escapesequencefollows
28 1C FS 29 1D GS
30 1E RS 31 1F US
Printing Characters
32 20 Space 33 21 !
34 22 ” Doublequote 35 23 #
36 24 $ 37 25 % Percent
38 26 & 39 27 ’ Apostrophe
40 28 ( 41 29 )
42 2A * 43 2B +
44 2C , 45 2D -
46 2E . 47 2F / Forwardslash
48 30 0 49 31 1
50 32 2 51 33 3
52 34 4 53 35 5
54 36 6 55 37 7
56 38 8 57 39 9
58 3A : 59 3B ;
60 3C � 61 3D =
62 3E 
 63 3F ?

Figure2: ASCII CharacterCodes
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continued.. .
Dec Hex Character Notes Dec Hex Character Notes
64 40 @ 65 41 A
66 42 B 67 43 C
68 44 D 69 45 E
70 46 F 71 47 G
72 48 H 73 49 I
74 4A J 75 4B K
76 4C L 77 4D M
78 4E N 79 4F O
80 50 P 81 51 Q
82 52 R 83 53 S
84 54 T 85 55 U
86 56 V 87 57 W
88 58 X 89 59 Y
90 5A Z 91 5B [
92 5C “ 93 5D ]
94 5E ˆ Caret 95 5F Underscore
96 60 ‘ Graveaccent 97 61 a
98 62 b 99 63 c
100 64 d 101 65 e
102 66 f 103 67 g
104 68 h 105 69 i
106 6A j 107 6B k
108 6C l 109 6D m
110 6E n 111 6F o
112 70 p 113 71 q
114 72 r 115 73 s
116 74 t 117 75 u
118 76 v 119 77 w
120 78 x 121 79 y
122 7A z 123 7B [
124 7C � Bar 125 7D ]
126 7E ˜ Tilde 127 7F DEL Delete

Figure3: ASCII CharacterCodes
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As thecomputerhasdeveloped,it hasbecomecustomaryto work with informationin multiplesof onebyte,
or 8 bits. The8 bit byte is a goodchoicefor storingASCII characters:eachASCII characteroccupies7 bits, so
charactersmaybestoredoneperbytewith onebit unused.

ASCII valuesfrom 0 to 31 arecontrolcodes,non-printingcharacterswhich areusedto communicatecontrol
signalsin acommunicationsystem.Theimportantonesareannotatedon thechart.

Whenwriting assemblylanguagefor the68HC11,it is not necessaryto look up charactercodes:they canbe
representedwithin quotemarksandtheassemblerwill generatethecorrespondingcharactercode.For example,
theinstructionLDAA ’X’ will causetheACCA to loadwith thevalue$58.

5.2 A ConversionAlgorithm

A hexadecimalnumbersuchas1A cannotbeprinteddirectly: thedigitsmustbeconvertedinto asequenceof two
charactercodes.For example,thehexadecimalnumber3F is decimal63 which representstheASCII character
?. Soif yousend1A to theLCD, it will displaythequestionmarkcharacter’?’.

ConsultingtheASCII table,we canseethatthestringto print thehexadecimalnumber1A would be31 41 .
Onepossiblealgorithmfor convertinga hex digit to its ASCII codeis thefollowing:

� ConsultingtheASCII table,wecanseethattheASCII codesfor numericdigits0 through9 maybeobtained
by adding$30 to the valueof the digit. For example,$7 becomes$37,which is the displaycodefor the
character7.

� For digitsgreaterthan9, (lettersbetweenA andF) it is necessaryto addafurthervalueof $07.For example,
$A becomes$41,which is thedisplaycodefor thecharacterA.

Computercodemay often be re-usedfrom anotherapplication. An exampleof HEX-ASCII conversionis
found in the sourcecodefor the Buffalo Monitor and reproducedbelow. (Ask your lab supervisorif you’re
interestedin readingtheBuffalo Monitor assemblylanguagelisting). This exampleis lackingin documentation
anddoesn’t do exactlywhatwewant,but it’s astartingpoint.

*********************************** ****** ***** **
* OUTRHLF(), OUTLHLF(), OUTA()
* Convert A from binary to ASCII and output.
* Contents of A are destroyed..
*********************************** ****** ***** **
OUTLHLF LSRA shift data to right

LSRA
LSRA
LSRA

OUTRHLF ANDA #$0F mask top half
ADDA #$30 convert to ascii
CMPA#$39
BLE OUTA jump if 0-9
ADDA #$07 convert to hex A-F

OUTA JSR OUTPUT output character
RTS

Pointsto notice:
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� It’ snotclearfrom thedocumentation,but this routineis passeda two-digit hexadecimal(binary)numberin
ACCA and,dependingon theentrypoint OUTLHLFor OUTRHLF, printseithertheleft or right digit asan
ASCII character. This showsacommonpractice:dualentrypointswith acommonexit point.

� Enteringat OUTLHLFoutputstheleft digit; enteringat OUTRHLFoutputstheright digit. (Noticehow the
descriptivenamesarea big helpin figuring out theroutinefunction.)

� TheJSR OUTPUTis definitelynot requiredin our application:we have developeda separateroutinefor
this. If we eliminatethat line, we have a routine which is enteredwith the hex numberin ACCA and
(dependingon theentrypoint) returnswith eithertheleft or right ASCII characterin ACCA. A moresubtle
point is this: it is bestif eachroutine is limited to onesimple function. This routinenot only doesthe
conversionbut sendsthecharacterto theoutput. This is not goodpractice,becausewe might want to use
theroutinein anapplicationwherewe don’t wantto sendtheresultto theoutput.

Now youshouldbeableto reverseengineerthecodeandunderstandhow it works.

6 Assignment: Display Messageand Hex Value

Write a routineto print a text messagefollowedby two hexadecimalvalues,to theLCD. The text messagecan
beanythingyou like. It shouldbestoredin theprogramtext asa null-terminatedstring. Thehexadecimalvalues
shouldbetakenfrom location$6000and$6001.Your lab supervisorwill specifytheactualhex valuesat demo
time.

Thefinal programshouldloopendlessly:clearthedisplay, write theinformation,wait for onesecond.

6.1 AssignmentHints

You’ll needto build andtestthis programin a seriesof steps:

1. Write a routine,howevercrude,to write oneASCII characterto thedisplay. Testit.

2. Restructurethis routineasasubroutineandtestit.

3. Write a routineto write astringto thedisplay. It’sbestif this routineusesoneof theindex registersto step
throughthestring,but if you can’t get thatto work, usebruteforce: a seriesof callsto thewrite character
subroutine.

4. Write aroutineto convertahex numberinto a2 asciicharacters.This routineshouldn’t write to thedisplay
- it shouldacceptabytevaluein theaccumulatorandthenconvertit to 2 asciicharactersandleavetheresult
in oneof the68HC11registers.

5. Putall this togetherto createoneprogramthatwritesthestringandnumericvaluesto thedisplay.

6. Add a delayroutineandloopinginstructionssothat theprogramendlesslyloops,eachtime delayingfor 1
secondor so,clearingthedisplay, andthenwriting thestringandbytevalues.

Whenyouhaveall thiscodeworking,youhavesomevaluableintellectualpropertywhichshouldbeproperly
storedandprotectedfor re-use.Createa subdirectory ˜/538/library . Cleanup eachof theusefulroutines
so that they canbe incorporatedin otherprograms,andstorethemin the library directory. Make a backupand
keepit safe.
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7 Appendix: The Shadow Register

In an ideal, simple,world it would be possibleto readthe general-purposeoutput registerGPOUT(at location
$1100in memory),do the maskoperationsto setor clear the desiredbit, andthenwrite it back. So the code
would look like this:

LDAA GPOUT ; Get the register data
ORAA #%00000001 ; set the least significant bit

STAA GPOUT ; and store it back.

Unfortunately, becauseof thehardwaredesignof theMPPboard,thiswon’t work. It won’t work becauseread
andwrite operationsto $1100don’t accessthesameregister: they accessdifferentregisters.A readoperationat
$1100accessesa separate8 bit input port.

This problemcanbeovercomeby maintaininga shadowregister in RAM somewhere,that canbereadand
written normally. Theshadow register, which we’ll call GPOUT_SHADOW, maintainsa currentcopy of GPOUT.
Sothedrill is to performany maskoperationon GPOUT_SHADOWandthenwrite GPOUT_SHADOWto GPOUT.
Thenour codebecomes:

LDAA GPOUT_SHADOW; Get the register data
ORAA #%00000001 ; set the least significant bit
STAA GPOUT_SHADOW; and store it back.

STAA GPOUT ; Update the hardware

Noticethatthesystemmustbeinitializedwith thesameinformationin GPOUT_SHADOWandGPOUT.

8 Appendix: Initializing the Liquid Crystal Display

The Buffalo monitor programhasbeenmodifiedto initialize the LCD andshow a sign-onmessage.If you are
downloadingaprograminto thedevelopmentsystemundercontrolof themonitorandthenrunningit in RAM you
will not needto initialize thethedisplay. However, if you build a stand-aloneprogramthatthe68HC11executes
from reset,you will needto initialize theLCD. For thesakeof completeness,we includethatinformationhere.

Thestartupsequencespecifiedfor theLM016L display, from theHitachimanual,is shown in figure4 onpage
15.

Our experienceis that thedisplaysarevery tolerantof the startupsequenceandalmostanything will work.
For example,we have foundthat it is not necessaryto sendthe initial controlcodethreetimes,andthatonceis
sufficient. However, figure4 shows themanufacturerapprovedprocedure.
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Power On

Write #%00111000 to display control register
(again)

Write #%00111000 to display control register
(again)

Write #%00000110 to display control register
(no display shift, increment address)

Write #%00111000 to display control register
(to specify 8 bit interface, 2 line display)

Delay at least 4.1 milliseconds

Delay at least 100 microseconds

Write #%00001100 to display control register
(show display, no cursor, no blink)

Write #%00000001 to display control register
(clear display, home cursor)

Figure4: LCD StartupSequence
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