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1 Overview

The objectives of this exerciseare to learnhow to write text and numericvaluesto the LCD (Liquid Crystal
Display). The LCD maythenbe usedasa diagnosticandmonitoringtool to print out informationthatindicates
the stateof theeebotrobot.

To dorthis,we’ll developsomenecessargoftwaretoolsandthenexplorethe programmingof the LCD.

¢ huild a softwae delayroutine.

bit maskoperations.

corvertaone-bytevalueto a displayableASCII string.

initialize the LCD.

write messaget theLCD.

writesa hexadecimalvaluein hexadecimahotationto the LCD.

2 Software Delay

The microprocessorequiresa certainexecutiontime to processeachmachineinstruction. This executiontime
is measuredn units of madinecycles(akathe E clock cycle. The machinecycle time is the basicunit of time
in a microprocessorOn the 68HC11it is 4 timesthe oscillatorperiodt. The machinesn the lab have a 4MHz
crystaland consequenthan oscillatorfrequeny of 4MHz andan oscillatorperiod of 250 nanosecondsThe E
clock periodis thus1 microsecond.

Whenabrief delayis requiredin acomputemprogramwhile waiting for somethingelseto happerit iscommon
practiceto havethemachinerepeditively executealoop of instructions.Theloop containsaloop counterwhichis
initialized to somevalueandthenincrementedr decrementeé@achiterationof theloop. Theloop alsocontains
aconditionalbrand instructionthatterminateghe loop whenthe countreachesomepredeterminedalue.

2.1 A SimpleLoop

A very simpleexampleof a softwareloop is shavn below:

LDAA #$FF ; Initialize the loop counter ACCAto 255
LOOP DECA ; Decrement the loop counter
BNE LOOP ; If not done, continue to loop

(program  continues  here)

The LDAA#$FFinstructioninitializestheaccumulatoA. Noticetheimmediateaddressingnode.

ChecktheDEC instruction(whichincludesDECA) in the Pink Book, andyou canseeunderConditionCodes
thattheZ (zero)flag is setwhentheresultis zero.

Next, look at the Descriptionof the BNE instruction:it causes branchif Z is clear, ie, theresultis not zero.
SothemneumonidBNE shouldbe interpretedas: Brandh if Not Equal (to zero)

10onsomemachinesit is asmuchas20 timesthe oscillatorperiod,which is why computerclock speeds not necessarilyndicative of the
speeddf acomputer



Consequentlythe operationof the loop is to startat a loop countof 255 anddecrementeachtrip aroundthe
loop until theloop countis zero. At thatpoint,it doesnotbranchandcontinueswith the executionof theprogram.

Now we arein a positionto calculatethe delay Turn backto the Pink Book instructionpagesagain. We
can seethat the DEC instructionrequires2 machinecycles,andthe BNE instructionrequires3. So eachtrip
aroundtheloop requiress machinecycles,or 5 microsecondsFor 255trips, this representd275microseconds,
or about1.2 milliseconds. Certainly not somethingthat a humanwould ever detect,but a significantdelayin
microprocessotime.

2.2 Exercise: Simple Delay

Write asimpledelayroutineusingthe 16 bit X index registerastheloop counter How mary loop countscanthis
delayexecuteWhatis the maximumdelaywith a 1microseconckE clock?

2.3 Tweakingthe Delay Time

Thedelaytime maybetwealed(adjustedslightly) by addinginstructiongnsidetheloop. TheNOPR(No Operation)
instructionis useful for this, sinceit requires2 machinecyclesto executeand hasno effect on any machine
registers.

2.4 LoopsWithin Loops

It is possibleto nestonedelayloopinsideanothertherebycreatingareally long delay- in theorderof N2, where
N is theloopiterationtime. This canproducedelaysin the orderof minutes,if required.

2.5 A GeneralizedDelay

A software delayroutinewith a specificdelaytime is of limited usefulness.It's much more usefulto createa
softwaredelaywherea parametecanspecifythe delaytime. For example:

* * * * * * *kkkk

* 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

This canbe useasa subroutineandcalledwith with theinvocation

COUNT EQU 255
LDAA #COUNT
JSR SHORTDELAY

whereCOUNTis thedelaycount. It canbefiled away in the'library of usefulroutines’andthenre-usedn a
programwhenevery a (short)delayis needed.



2.6 UseWith Caution

Thesedelaysare usefulfor simple applicationsbut you shouldbe aware of their limitations. For onething, the
machineis not doing usefulwork while it is executinga delayloop. In someapplicationsthis is not acceptable.
For example,the machineuserinterfaceshouldbe availableat all times. If the machineis off executinga delay
loop insteadof servicingthe keyboard the machinewill appeato have crashed.

Youshouldalsobeawarethatthedelaytime dependsf thecomputerclock speed As the CPUclockshecome
faster thesedelaysshorten. We have hardwarein the lab that will only operateon very old (slow) machines
becausehe softwarecontainssuchsoftwaredelayloops. A bettersolution,whereaccurag is importantis to use
the Real Time Clock (if the processorcontainsone)to time delays. The RTC shouldoperateat the right speed
regardlesof the processoclock.

3 Bit Mask Operations: Writing to Machine Registers

It is frequentlynecessaryo write to certainbits of someregister, without affecting otherbits. Or, whenreadinga
register it is necessaryo examinecertainbits while ignoringothers.

For example,bit 0 of the MPP boardgeneraloutputregister GPOUTis usedto control the eebotstarboard
motor direction. (GPOUTs mappednto the MPP boardaddresspaceat $1100). Whenthis bit is 0, the motor
rotatesforward. Whenit is a 1, the motor rotatesin reverse. Obviously, to control the motor directionthis bit
mustbe setandcleared.

Theotherbitsin this sameregistercontrolothermachinefunctions.lt is importantwhenwe changedirection
of thestarboardnotorbit thatwe not affect ary of theotherbitsin the sameregister

Thelogical ANDinstructionandthelogical ORinstructioncanbe usedfor theseoperations.

3.1 Settingand Clearing a SpecificBit

The correctway to seta bit in aregisteris to ORIt with alogical 1 in that position (andzerosin therestof the
byte).
To seewhy thisis so,considerthe truth tablefor the Logical OR:

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

e ORingary datavaluewith alogical 1 in the masksetsthatdatato 1.

e ORingary datavaluewith alogical 0 in themaskhasno effect onthatdata.

(Forreasonshatwe’ll explainlater(seesection7 onpagel4),wecan't work directlywith GPOUTWe'll work
with somethingcalledthe shadowregister, which asanordinaryRAM read-writememorylocationthatcontains
theidenticalcontentsto GPOUT We'll call this locationGPOUT_SHADON®0 the sequencef instructionsto
setbit 0 in this registeris:



LDAA GPOUT_SHADOW
ORAA#%0000001
STAA GPOUT_SHADOW

(The% symbolindicateso theassembleprogramthatthearguments in binarynotation.)Whateser contents
arein the otherbits of GPOUT_SHADOAke unafectedbecausédRing a 0 with 0 givesa zeroandORinga 0
with a1 givesal.

Similarily, the sequencef instructionsto clearabit in aregisteris to ANDit with azeroin thatposition(and
1'sin therestof thebyte).

To seewhy this works, considerthe truth tablefor thelogical AND:

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

¢ ANDing ary datavaluewith alogical 0 in the maskclearsthatdatato O.
¢ ANDing ary datavaluewith alogical 1 in themaskhasno effectonthatdata.

Sothesequencef instructiongo clearbit 0 of GPOUT_SHADOW/zerowould be:

LDAA GPOUT_SHADOW
ANDA #%11111110
STAA GPOUT_SHADOW

Whatever contentsarein the otherbits of GPOUT_SHADOAMEunafectedbecaus@NDing a0 with 1 givesa0
andANDing a1 with a1l givesal.

Theargumentdo the ORandANDinstructionss oftenreferredio asamaskbyte becausét hidescertainbits.
(Perhapdilter bytewould be moredescriptve.)

Testyour understanding
1. Whathappensvhenadatabit is EORedwith a maskbit of 0?
2. Whathappensvhenadatabit is EORedwith a maskbit of 1?
3. Whathappendo the contentoof GPOUTwhenthey areEORedwith themask%111111117

Recallthetruth tablefor the Exclusive Or: TheEOROof two bitsis a logical 1 if they are different

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




3.2 Readinga SpecificData Bit

A similar processcanbe usedto isolatecertainbits for testing. Whenwe wantto examinebit 7 of somebyte
calledADCTL, we canmaskoff all the otherbits andthentestfor zerousinga conditionalbranch:

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)

The effect of the maskoperationis to reduceall the bits exceptbit 7 to zero. If bit 7 is alsozero,the whole byte
is thenzero. If bit is notzero,thenthewhole byteis not zero. Consequentlythe conditionof bit 7 may betested
by testingthewhole bytefor zero,usinga BEQ(Branchif Equalto zero)conditionalbranchinstruction.

Notice how the UnconditionalBrandh instructionBRAIs usedto brancharoundthe NOT_SETcode.

(When the most significantbit is the one being testedit may be testeddirectly. Recallthat an 8 bit 2's
complemennumberhasa zeroin the mostsignificantbit positionwhenit is positive anda 1 whenit is negative.
Conseqgentlythe branchinstructionsBPL (branc if positivg andBMI (branch if negative) canbe useddirectly.
However, if the bit to betestedis in someotherpositionin the byte, the dataword thenhasto be rotatedso that
thebit to betesteds in the mostsignificantposition.)

4 Programming the Liquid Crystal Display

In thisnext sectionyouwill learnhow to write amessagstringto theliquid crystaldisplay(LCD) thatis attached
to the MPP board.Onthe MPPV1 stationsthe displayis 16 characterdy 2 lines. On the eebotthe displayis a
moregenerou0 characterdy 2 lines. Programmings the samefor bothdisplays.

TheseLCD modulesand otherslike it include their own microprocessocontrollerwhich takescareof re-
freshingthe LCD andtransferringdatato andfrom the hostmicroprocessor

TheLCD is mappednto the addresspaceof the 68HC11microprocessormfwo typesof informationmay be
written to the LCD: control bytesanddata(display)bytes. Control bytesarewritten to address$1400. Display
bytesarewritten to addres$$1401.

Thestatusof the LCD maybedeterminedy readingthecontrolregisterataddres$1400.1f theLCD is busy;
the MSBIt of the datareadfrom the controlregisterwill beset;if theLCD is ready the MSBit will becleared.

4.1 Display Control Instructions

Display controlinstructionsareusedto setup or changesuchdisplaypropertiesas
¢ displayscrollasnew charactersreadded(or not)
e cursorblinking or steady

e positionof thecursor



shaw or hidethecursor

shaw or hidethedisplay

typeof electricalinterface,4 or 8 bit

addresgor thenext characteto bedisplayed

If youneedto modify thedisplaycharacteristicer changehe positionof athemessagenthe LCD, you will
have to issuecontrolinstructionsto the LCD. The control codesfor thesevariousfunctionsare summarizedn

figurel.

$01
$02

$06

$0C

$38

[olo]o]o

0 ‘ 0 ‘ 0 ‘ 1 ‘ Clear display, move cursor to home position (addr 0)

[olo]o]o

0‘0‘1‘0‘ Home cursor

[olo]o]o

0‘ 1 ‘ 1‘0‘ Entry Mode Set

o

0=No display shift on entry, 1=shift display
0=Decrement display address, 1=Increment display address

[olo]o]o

1]1]o]o]| Display on-off Control

0=No Blink, 1=Blink

0=No Cursor, 1=Cursor

0=Display hide, 1=Display visible

1 ‘ 0 ‘ 0 ‘ 0 ‘ Display Function Set

4\— 0=1 line display, 1=2 line display

0=4 bit interface, 1=8 bit interface

‘ ‘ ‘ ‘ Display Address (Character Position) Select

Character address:

0 to 15 for upper line

64 to 79 for lower line

Figurel: LCD ControlCodes

4.2 Displaying a Message:Overview

Oncethedisplayis initialized, placingamessag®n thedisplayis simply a matterof writing ASCII character$o
thedataregisteraddressThedisplaywill write thesecharacterin sequence.

Notice thatthe secondine of the 16 characteiperline display doesnot begin at addressl6, asone might
expect,but at decimal64. For the 20 characteiperline displayon eebot the secondine alsobegins at address
64. Thislittle idiosyncray hascausednorethanoneprogrammeto tearoutwadsof hairin frustration.



Writing a stringto the displayshouldbe handledby a displaystring routinethatis a subroutineandwritings
anull-terminateccharactestringto the display Thedisplaystring routineis passed pointeraddresgo the start
of the stringandexits whenit detectgheterminatingnull charactef the string.

Thedisplaystring routine calls anothersubroutine display character, which writes a single characteto the
display Thisis passedn (say)accumulato the characteto be displayedandhandleghe hardwareinteraction
with theactualLCD hardware?.

Noticethe philosophyhere:the problemis decomposeéhto oneof writing a null-terminatedstring,andthen
furtherdecomposeihto the simplerproblemof writing onecharacteto thedisplay This hasseveraladvantages:

¢ |t keepseachroutineshortandsimple,andmakeseachroutineeasierto maintainanddetug.

¢ It protectsagainsthardwarechangeslf the displayhardwarewereto changethedisplaycharacterwould
bethe only onethatwould requiremodification. The displaystring routinewould stayexactly the same.

¢ If we neededo addanothedisplaydevice, we couldadda secondlisplaycharacterroutineandselectthe
appropriateonewith a softwareswitchmechanismAgain, hedisplaystring routinewould stayexactly the
same.

A messagstringcanbeincorporatednto theassemblyjanguagesourcecodelik e this:

TESTMESSAGHE-CC 'Hi Therel’
FCB 00

The FCB 00 directive placesa null byte at the endof the string, which is detectecby the displaystring routine
asthestringterminator
Thesequencef instructionsto write to the displaywill besomethindike

LDX #TESTMESSAGE
JSR DISPLAYSTRING

4.3 Display Character

Thedisplaycharacterroutinewould be calledwith codelik e this:

LDAA #A’ . Display A
JSR DISPLAYCHAR

Thedisplaycharacterroutinewould includethefollowing features:
e instruction(s)}o write the characteto thedisplay

e instructionsto readthe LCD controlregisterandloop until the LCD is readyagain,ie, the mostsignificant
bit (bit 7) becomeset. (You shouldmaskoff all bits exceptbit 7).

e thesubroutineRETURNRNSstruction

2Amongprogrammersthewriting of devicedrivers is consideredn to bea difficult andanadwancedskill. Thisis yourfirst device driver!




4.4 Exercise: Display String
Thedisplaystring routineshouldinclude:
e aproperheaderasusual
e anindirectloadof thecharacteto be printed,usingthe X index registerasa pointer
e atestfor thenull charactethatcausesheroutineto exit whenit is detected
e asubroutinecall to the write characterdisplayroutine
e aninstructionto incrementhe string pointer(the X index register)
Thecodeto write a stringto thedisplayiwould look somethindik e this:

TESTMESSAGH-CC '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 the codefor the displaystring anddisplaycharactersubroutines.

5 Converting Hex to ASCII

Thefinal building blockin our questto displayA/D voltagereadingsonthe LCD is aroutineto corvert2 nibble
hexadecimalalueinto adisplayablecharactestring. We begin with the concepiof the charactercode

5.1 The ASCII Character Codes

Thestandardor representingf textualinformationis known asASCIl, AmericanStandardCodefor Information
Interchange ASCII is a seven bit code,allowing the representationf 128 distinct charactersupperandlower
casealphabeticshumericspunctationandsomecontrolcharactersThecompleteASCII codeis shovnin figure
2 onpagelOandfigure3 onpagell.



Dec Hex Character
Control Codes

0 00 Null
2 02 STX
4 04 ECT
6 06 ACK
8 08 BS
10 OA LF
12 0C FF
14 OE SO
16 10 DLE
18 12 DC2
20 14 DC4
22 16 SYN
24 18 CAN
26 1A SUB
28 1C FS
30 1E RS

Printing Characters

32 20 Space
34 22
36 24 $
38 26 &
40 28 (
42 2A ¢
4 2C
46 2E .
48 30 O
50 32 2
52 34 4
54 36 6
56 38 8
58 3A
60 3C <
62 3E >

Notes

StartTransmission
Endof Transmission
Acknowledge
Backspace

Line Feed

Form Feed

Shift Out

Doublequote

Dec Hex
1 01
3 03
5 05
7 07
9 09
11 0B
13 oD
15 OF
17 11
19 13
21 15
23 17
25 19
27 1B
29 1D
31 1F
33 21
35 23
37 25
39 27
41 29
43 2B
45 2D
47 2F
49 31
51 33
53 35
55 37
57 39
59 3B
61 3D
63 3F

Character

SOH
ETX
ENQ
BELL
HT
VT
CR
sl
DC1
DC3
NAK
ETB
EM
ESC
GS
us

!
#
%

©O~NOWERE ™~ 4+~

R | B

Notes

End Transmission

Ring bell
Tab

CarriageReturn
ShiftIn

XON, resumeoutput
XOFF, suspendutput

Escapesequencéollows

Percent
Apostrophe

Forwardslash

Figure2: ASCII CharactelCodes
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continued. .
Dec Hex
64 40
66 42
68 44
70 46
72 48
74  4A
76 4C
78 4E
80 50
82 52
84 54
86 56
88 58
90 5A
92 5C
94 5E
96 60
98 62
100 64
102 66
104 68
106 6A
108 6C
110 6E
112 70
114 72
116 74
118 76
120 78
122 7A
124 7C
126 7E

Character
@
B
D
F
H
J
L
N
P
R
T
V
X
Z

“

> O T

I—N X < =+ =S7T 5 ——

Notes

Caret

Dec Hex

65
67
69
71
73
75
77
79
81
83
85
87
89
91
93
95

Graveaccent 97

Bar
Tilde

99

101
103
105
107
109
111
113
115
117
119
121
123
125
127

41
43
45
47
49
4B
4D
4F
51
53
55
57
59
5B
5D
5F
61
63
65
67
69
6B
6D
6F
71
73
75
77
79
7B
7D
7F

Character

—— <SCVOOZTATOMO>

U'—"_“<§C(D_Q03W_'LQCDOQ)'

EL

Notes

Underscore

Delete

Figure3: ASCII CharactelCodes
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As the computerthasdeveloped,it hasbecomecustomaryto work with informationin multiplesof onebyte,
or 8 hits. The 8 bit byteis a goodchoicefor storingASCII characterseachASCII characteccupiesy bits, so
charactersnaybe storedoneperbytewith onebit unused.

ASCII valuesfrom 0 to 31 arecontrolcodes hon-printingcharactersvhich areusedto communicateontrol
signalsin acommunicatiorsystem.Theimportantonesareannotatedn thechart.

Whenwriting assemblylanguagefor the 68HC11,it is not necessaryo look up charactecodes:they canbe
representedvithin quotemarksandthe assemblewill generatdhe correspondingharactecode. For example,
theinstructionLDAA "X’ will causehe ACCA to loadwith thevalue$58.

5.2 A Conversion Algorithm

A hexadecimahumbersuchas1A cannotbe printeddirectly: thedigits mustbe corvertedinto a sequencef two
charactercodes.For example,the hexadecimalnumber3F is decimal63 which representshe ASCII character
?. Soif yousendlA to theLCD, it will displaythequestionmarkcharactet?'.
Consultingthe ASCII table,we canseethatthe stringto print the hexadecimahumberlA would be31 41.
Onepossiblealgorithmfor corvertinga hex digit to its ASCII codeis thefollowing:

¢ Consultingthe ASCII table,we canseethatthe ASCII codedor numericdigits 0 through9 maybeobtained
by adding$30to the value of the digit. For example,$7 becomes$37, which is the displaycodefor the
character’.

e Fordigitsgreatethan9, (lettersbetweem andF)it is necessarjo addafurthervalueof $07. For example,
$A becomes$41,whichis thedisplaycodefor thecharacteA.

Computercodemay often be re-usedfrom anotherapplication. An exampleof HEX-ASCII corversionis
found in the sourcecodefor the Buffalo Monitor and reproducecbelon. (Ask your lab supervisorif you're
interestedn readingthe Buffalo Monitor assemblylanguagsdisting). This exampleis lackingin documentation
anddoesnt do exactly whatwe want, but it' s a startingpoint.

*%x% *% *%x% *% *%x% *kkkkk *kkkx *%
*  OUTRHLF(), OUTLHLF(), OUTA()
* Convert A from binary to ASCIl and output.
* Contents of A are destroyed..
*%x% *% *%x% *% *% *kkkkk *kkkk *%
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:

12



It'snot clearfrom thedocumentationbut this routineis passed two-digit hexadecimalbinary)numberin
ACCA and,dependingon the entry point OUTLHLFor OUTRHLEprintseithertheleft or right digit asan
ASCII characterThis shavs acommonpractice:dualentry pointswith acommonexit point.

Enteringat OUTLHLFoutputsthe left digit; enteringat OUTRHLFoutputsthe right digit. (Notice how the
descriptve namesarea big helpin figuring outtheroutinefunction.)

TheJSR OUTPUTis definitely not requiredin our application:we have developeda separateoutinefor
this. If we eliminatethatline, we have a routine which is enteredwith the hex numberin ACCA and
(dependingntheentrypoint) returnswith eithertheleft or right ASCII charactein ACCA. A moresubtle
point is this: it is bestif eachroutineis limited to one simplefunction. This routine not only doesthe
conversionbut sendsthe characteto the output. This is not good practice,becausave might wantto use
theroutinein anapplicationwherewe don’t wantto sendtheresultto the output.

Now you shouldbe ableto reverseengineetthe codeandunderstandhow it works.

6 Assignment: Display Messageand Hex Value

Write aroutineto print a text messagdollowed by two hexadecimalvalues,to the LCD. Thetext messagean
bearythingyoulike. It shouldbe storedin the programtext asa null-terminatedstring. The hexadecimalvalues
shouldbe takenfrom location$6000and $6001. Your lab supervisowill specifythe actualhex valuesat demo

time.

Thefinal programshouldloop endlesslyclearthe display write theinformation,wait for onesecond.

6.1

AssignmentHints

You'll needto build andtestthis programin a seriesof steps:

1.
2.,
3.

Write aroutine,however crude,to write oneASCII characteto thedisplay Testit.
Restructurehis routineasa subroutineandtestit.

Write aroutineto write a stringto thedisplay It's bestif this routineusesoneof theindex registersto step
throughthe string, but if you cant getthatto work, usebruteforce: a seriesof callsto thewrite character
subroutine.

. Write aroutineto corvertahex numberinto a2 asciicharactersThis routineshouldnt write to thedisplay

- it shouldaccepibytevaluein theaccumulatoandthencorvertit to 2 asciicharacterandleave theresult
in oneof the 68HC11registers.

. Putall thistogetherto createoneprogramthatwritesthe stringandnumericvaluesto the display

. Add adelayroutineandloopinginstructionssothatthe programendlesslyloops,eachtime delayingfor 1

seconcbr so,clearingthedisplay andthenwriting the stringandbyte values.

Whenyou have all this codeworking, you have somevaluableintellectualpropertywhich shouldbe properly

storedandprotectedor re-use.Createa subdirectory “/538/library . Cleanup eachof the usefulroutines
sothatthey canbeincorporatedn otherprogramsandstorethemin the library directory Make a backupand
keepit safe.
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7 Appendix: The Shadov Register

In anideal, simple,world it would be possibleto readthe general-purposeutputregister GPOUT{at location
$1100in memory),do the maskoperationgo setor clearthe desiredbit, andthenwrite it back. So the code
would look lik e this:

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

Unfortunatelybecausef thehardwaredesignof the MPPboard thiswon’t work. It won’t work becauseead
andwrite operationgo $1100don't accesshe sameregister: they accesglifferentregisters.A readoperationat
$1100accessea separaté bit input port.

This problemcanbe overcomeby maintaininga shadowregisterin RAM someavhere,thatcanbereadand
written normally. The shadaev register which we’'ll call GPOUT_SHADQWaintainsa currentcopy of GPOUT
Sothedrill is to performany maskoperationon GPOUT_SHADQaNdthenwrite GPOUT_SHADOWGPOUT
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

Noticethatthe systemmustbeinitialized with the sameinformationin GPOUT_SHADCGAWAGPOUT

8 Appendix: Initializing the Liquid Crystal Display

The Buffalo monitor programhasbeenmodifiedto initialize the LCD andshowv a sign-onmessagelf you are
downloadingaprograminto thedevelopmensystenundercontrolof themonitorandthenrunningit in RAM you
will notneedto initialize thethedisplay However, if you build a stand-alongrogramthatthe 68HC11executes
from resetyou will needto initialize the LCD. For the sale of completenesaye includethatinformationhere.
Thestartupsequencspecifiedor theLMO16L display from theHitachimanualjs shavnin figure4 on page

15.

Our experienceis thatthe displaysare very tolerantof the star;ulpsequenceand almostarything will work.
For example,we have foundthatit is not necessaryo sendtheinitial control codethreetimes,andthatonceis
sufficient. However, figure 4 shovs the manufcturerapprosedprocedure.
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Write #%00111000 to display control registe
(to specify 8 bit interface, 2 line display)

=

Delay at least 4.1 milliseconds

|

Write #%00111000 to display control registe
(again)

iy

Delay at least 100 microseconds

|

Write #%00111000 to display control registe
(again)

=

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

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

=

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

Figured: LCD StartupSequence
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