© MATRIX ORBITAL

GLC24064
Technical Manual

Revision: 1.0



Contents

Contents ii
1 Intr oduction 1
1.1 Whatto ExpectFromtheGLC24064. . . . . . . . . . . . i i 1
1.2 WhatNotto ExpectFromtheGLC24064 . . . . . . . . . .. . . . 1
1.3 Mogd.&Xe . . . . . e 1
1.4 TryingOuttheGLC24064 . . . . . . . . . . e e e 2
1.4.1 Hereswhattodo: . . . ... ... . . . 3

1.5 ManualOverride . . . . . . . e e 4
1.6 MemoryChipLockDown . . . . . . . . . . . 4

2 Connections 5
2.1 PONEI . o e 5
2.1.1 PownerConnection4pinheader) . . . ... ... ... . .. 6

2.1.2 FivevoltPoverCable . . . . . . . . . . . 7

2.1.3 Wide Voltagewith Ef cient SwitchingPowver Supply(VPT) . . . . . . ... .. .. 8

2.1.4 PanerConnectionDB-9Connector) . . . . . . . . . . 9

2.2 CommUNICAtIONS . . . . . . o e 10
2.2.1 RS-232CommunicationgndDB-9 Connectopinout . . . . . .. ... ... ... 10

2.2.2 RS-232CommunicationthroughthePaverConnector . . . . . . . ... ... ... 11

2.2.3 12CCOMMUNICALIONS. . . . . v v v v e e e e e e 12

224 ACK . 13

2.3 GeneraPurposeDUtpUt. . . . . . . . . e e e e e e e e 13

3 Displaying Text 14
3.1 General . . .. 14
3.2 Writing TexttotheDisplay . . . . . . . . . . . 14
3.3 TeXtCommands . . . . . . i e e e e e 15
3.3.1 AutoScrollOn(25481) . . . . . . . . 15

3.3.2 AutoScrollOff (25482) . . . . . . . . 15

3.3.3 SetText InsertionPoint(25471[col][row]) . . . . . . . . . . . . ... . .. ..., 15

3.3.4 SetCurrentText InsertionPointtotopLeft (25472) . . . . . . . . ... ... ... 15

3.3.5 SetText InsertionPointUsingPixel Values(254121[x][y]) . . . ... .. .. ... 15

3.3.6 SetCurrentFont(25449[fontID]) . ... . ... . .. . . . . . . . . 16

3.3.7 SetFontMetrics(25450[metrics]) . . . . . . . . .o 16

4 Displaying Graphics 16
4.1 General . . . .. 16
4.2 GraphicsCommands. . . . . . . . . oo e 17
4.2.1 SetDrawing Color(25499]color]) . ... ... . . . . ... ... 17

4.2.2 Draw Line (254108 [X1][Y1][X2I[Y2] ) - - - « - v v v e e e e 18

4.2.3 ContinueLine (254101[X][V]) - - - -« « v i e e 18

4.2.4 PutPixel (254112[X][Y]) -« -« « « o e e e 18

4.2.5 Draw OutlineRectangl€254114[color][x1][y1][x21[y2]) - . . - - -« . . . . . .. 18

Matrix Orbital GLC24064 ii



7

4.2.6 Draw Solid Rectanglg254120[color][x1][y1][x21ly2]) . .. . . . . . .. .. ...
4.2.7 Initialize Bar Graph(254 103[ref]type][x1]ly1][x2][y2]) ... ... ... .. ...
4.2.8 Write to Bar Graph(254105[referencenumber]palue]) . . . . . . .. .. .. ...
4.2.9 DisplaySasredBitmap (25498 [referencenumber][X][y]) . . . . . . . . . . .. ...
4.2.10 Direct ScreerWrite Bitmap (254 100[x1][y1][x2][y2][ data][data]}) . . . . . . ..
4.2.11 Initialize Strip Chart(254106[ref][x1][y1][x21[y2]) . - - - -« « o o o o o o oL
4.2.12 Shift StripChart(254107[ref]) . . . . . . . . . . . . .
4.3 FlowControl . . . . . . .
4.3.1 EnterFlow ControlMode (25458 [full][empty]) . . ... .. ... ... ... ...
4.3.2 ExitFlow ControlMode(25459) . . . . . . . . . . . ...

Fonts and Graphics Files

5.1 General . . . . .

5.2 Usingmogd.&xe . . . . . . . . e e e e e

5.3 Commands . . . . . .. e
5.3.1 EraseFile (254176[type][ref]) . . . . . . . . .
5.3.2 PugeMemory(254338933) . . . . . ..
5.3.3 UploadFont(25436(ref] [le size][le data]) . . .. ... ... ... .......
5.3.4 UploadBitmap(25494[ref][le size][le data]) . . ... ... ... ... .....

5.4 Workingwith FontFiles . . . . ... .. . . . . . . . . . . e
5.4.1 FontFileinTableForm . . . . . . . . ... . .. . . .
5.4.2 UploadingtheFiletotheModule . . ... . ... ... . ... ... ........
543 ASampleFontFile . . . . . . .

5.5 Workingwith BitmapFiles . . . . . . . . . . . .

MiscellaneousCommands

6.1 General . . . . . . e e
6.1.1 ClearDisplay(25488) . . . . . . . . .
6.1.2 SetContrast(25480([contrast]) . . . . . . . . . . .
6.1.3 SetContrastandSave (254145[contrast]) . . . . .. . . .. . ... ...
6.1.4 BacklightOn(25466[minutes]). . . . . . . . . . . i i
6.1.5 BacklightOff (25470) . . . . . . . . . . .
6.1.6 GeneraPurposeOutputOn(25486) . . . . ... . . . . . i
6.1.7 GeneraPurposeOutputOff (25487) . . . . . . . . . . .
6.1.8 Setl?C Address25451[address]). . . . . . . . o
6.1.9 ReadModuleType(25455) . . . . . . . .
6.1.10 SetRS-232PortSpeed25457[speed]). . . . . . . . . .ol
6.1.11 SetSerialNumber(25452[bytel][byte2]. . . . . . . . . .. . . ... . ... ...
6.1.12 ReadSerialNumber(25453) . . . . . . . . . ..
6.1.13 ReadVersionNumber(25454) . . . . . . . . .. ...

Appendix: Command Summary

7.1 General . . . . .

7.2 lIssuingCommands. . . . . . . . .. e e e e e e e

7.3 OnNumbers. . . . . . .
7.3.1 ASCICharacters . . . . . . . . . e e

7.4 TextCommands . . . . . . . . e e e

Matrix Orbital GLC24064



7.5 GraphicsCommands. . . . . . . . . . . . . e 33

7.6 FileSystemCommands. . . . . . . . . . e e e e e e e 34
7.7 MiscellaneousCommands . . . . . . . . ... e 35
8 Appendix: Speci cations 37
8.1 Options . . . . . . e 40

Matrix Orbital GLC24064 iv



1 Introduction

The GLC24064is equippedwith thefollowing features;

240x 64 pixel graphicdisplay

Text displayusingbuilt in or usersuppliedfonts
Adjustablecontrast

Backlightin

RS-2320r |“C communications

1.1 What to Expect From the GLC24064

The GLC24064is designedas the display unit for an associatedcontroller The controller may be
anything from a singleboard,specialpurposemicro-controller to a PC dependingon the application. This
controlleris responsibldor whatis displayedon the screerof the display

Thedisplayprovidesasimplecommandstructurevhichallows bothtext andgraphicgo betransferredo
thescreenText fonts(andgraphicsijf desired)arestoredin thedisplay's ash ROM andmayberegardedas
‘permanent',in thatthey will survive power-off periodsandwill notchangeuntil explicitly reprogrammed.

The screenis backlit for low-light situations. Backlighting may be turnedon or off underprogram
control. Contrastis adjustabléo compensatéor differing lighting conditionsandviewing angles.

1.2 What Not to Expect From the GLC24064

Sincethe display is intendedto be usedwith a controllerit doesnot have ary built in text editing
functions.If astreamof ASCII charactersareinputed thosecharactersvill bedisplayed However, theCR,
LF, backspaceetc.,will beignored. If the applicationrequiresthesefunctions,they mustbe provided by
the softwarein the controller which will issuethe appropriatepositioningcommandgo the display The
displaydoesnotincludeakeypadinterface.

1.3 mogd.e xe

Matrix Orbital hasdevelopedaninterfaceprogramwhich exercisesall the featuresof the display The
programcanbe usedto managedont andgraphicsdownloads."mogd.ee" is provided on Matrix Orbital's
Cdandwebsite.

To installmogd.ee, follow thefollowing steps;

Insertthe Matrix Orbital Cd-ROM into the Cd drive

Locatethe le "mogd.zip",which shouldbein the“Download” directory

Unzip mogd.zipto atemporarydirectoryusinga programsuchasWinzip, Pkzip, etc.
Doubleclick on"setup.ge"

Follow theinstructionson the screerto completetheinstallation

apwNE

After theinstallationis completetherewill beaMatrix Orbital entryunder‘Programs”in the“Start menu”.
Click onthis entryto runmogd.e&e.
Thefollowing informationmustbe enteredhe rst time mogd.eeis run;
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Theport numberto beused.(Usually COM1 or COM2)
Thebaudratefor theconnectionlt is bestto usel9,200for initial start-upof thedisplay

Thetype of displayunit. Setto 240x 64 for the GLC24064

Oncethis informationis enteredhe programcanbe usedto controlall functionsof thedisplay

1.4 Trying Out the GLC24064

Beforesettingup theapplicationit is bestto testout the display Thisis easilydonewith aPC.

Thefollowing is requiredfor testing;

A 5V powersupply(8to 30 VDC for “Ef cient switchingsupply” (VPT) models)
A power connector Thetypeusedfor 3.5” oppy drivesworks ne

A PCwith aspareRS-232port. (EitherCOM1 or COM2)

Themogd.ee program

A 9 or 25 conductoRS-232serialcable.If usinga 25 conductorcable,a25to0 9 pin adaptemill also
berequired

Thebackview of the GLC64064is shovn below for reference.

Figurel: RearView of GLC24064

Matrix Orbital GLC24064 2



1.4.1 Here's what to do:

Figure2: Connectiongor Testing

1. Referto the Figureabovefor thefollowing steps.

2. Wire the connectorto the power supply On mostconnectorghe RED leadwill goto +5V andthe
BLACK leadto GND.

NOTES

Do not connectthe GLC24064to a spare oppy drive power leadin the PC. The
wiring is not correctandthe unit will bedamaged.

The Manufacturers Warrantybecomesvoid if the unit is subjectedo over-voltage
or reversedpolarity.

3. Connecthedisplayto the PC usingthe serialcableandadapteif required.

4. Connectthe power connectorensuringthatthe +5V goesto V+ asshawn in the Figureabove. Turn
onthepower;the LCD backlightshouldcomeon.

5. Usethemogd.&e programto exercisesomeof the featuresof the displayto make certaineverything
worksproperly

6. To experimentwith typing text; run a PC terminal program,suchas Hyperterm. Make certainit's
con guredto usethecorrectport. Setthebaudrateto 19,200.

Oncethisis completetry typing somecharactersnthekeyboard.The charactershouldnow appeaonthe
displayscreen.Note that CR, backspaceetc.,will not have ary effect. Text will wrap aroundto the next
line whentheendof aline hasbeenreached.
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1.5 Manual Over-ride

Manualover-ride shouldonly berequiredin oneinstancelf for somereasorthe moduleis setata baud
ratewhich cannotbe producedy the hostsystemandall communicatiorto thedisplayis lost, thenthe user
shouldfollow this simpleprocedure;

. Turn off thedisplay

. Putajumperonthe manualover-ride pins.

. Powverupthedisplay Thebaudrateis now setto 19,200.

. Remwethejumperandchangehe RS-232port settingsto thedesiredbaudrate.
. Turn off thedisplay

. Powverupthedisplay

O WNE

Figure3: Manualover-ride

Referto the "Set RS-232port speed”,commandfor acceptablédaudrates. This proceduredoesnot
changesettingsan thememorychip. The proceduraisesdefault settingsstoredin themainprocessqmwhich
allows the userto communicatewith the display whenall other communicationsare lost. Onceableto
communicatevith thedisplay the usermaythenchangehedefault settingsin the memorychip.

Pleasenotethatwith themanualover-ride jumperin place,theunit will receve andperformcommands
suchasturningthe backlighton andoff. However, it will notoutputtext to the LCD.

1.6 Memory Chip Lock Down

Thedisplayusesa memorychip to storespeedstart-upscreercontrastfonts, bitmapsand! ?C settings.
Wheneverythinghasbeenchangedo the desiredsettingsandtheunitis in a nished productor in the eld,
locking down the memorychip sono settingscanbe changeds desirable This procedures only to bedone
by knowledgeableeople.

performingthis procedurewill not be coveredunderthe Manufacturers

@ WARNING Any damageo thedisplayresultingfrom usererrorwhile
Warranty
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Figure4: Memory Chip Lockdown

To lock down thememaorychip simply solderthejumperin the'redbox’ andcutthetracewherethe'red
X' is. Thiswill lock down the memorychip, therebynot allowing anything to be changednsideit until the
trackis restoredandthe solderjumperis removed.

2 Connections

2.1 Power

WARNINGS

Do notapplyary powerwith reversedpolarization.

Do notapplyary voltageotherthanthe speci edvoltage.

Do not useary cablesotherthanthe cablessuppliedby Matrix
Orbital, unlessthe useris awareof the modi cationsrequired.

Do notapplyvoltageto theDB-9 connecto AND powerconnector
Do notapply morethan+5Vdcto pin 9 onthe DB-9 connector

Referto the diagrambelow for this chapter
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Figure5: ElectricalConnections

Tablel: Connector& Functions

Connector | Function
4pin Power (Vdc) and I°C communica-
tionsor RS-232
DB-9F RS-232/ power
2 pin header| GPOheader
3x2header | 1°C andRS-232select

2.1.1 Power Connection (4 pin header)

Paweris appliedvia pins1 and4.
Pawverrequirements asfollows;

+5Vdc 0.25Vonstandardroltageunits

+7Vdcto +30Vdcwith “Wide voltage”and“Ef cient switchingpower” supply(-VPT).

Figure6: Paver Connector

Matrix Orbital
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Table2: ConnectoPinout

Pin4 Ground

Pin3 | SDA (I°C data)/ Rx
Pin2 | SCL(IC clock)/ Tx
Pin1 Vdc

2.1.2 Five volt Power Cable

If adisplaymoduleis usedin a PC,it becomegemptingto plug a sparepower connectoiinto the unit.
Do not do this! Wiring for the PC power connectoandthatrequiredfor the modulearedifferent,asshovn
in the Figurebelow.

Figure7: Wiring for 5 Volt Modules

Matrix Orbital cansupplyanadaptercabledesignedor usewith thedisplaymodulewhenit' s installed
in aPC,if theuserwould lik e to modify cablewiring.

Figure8: Five Volt Paver Cable

Simply insertthe splitter cablein serieswith a'large’ power connector(e.g. onegoingto a harddrive)
andplug thesmallconnectoiinto thedisplaymodule. The connectoiis 'k eyed' andwill only t oneway.
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NOTE The connectomprovideddoesnot allow accesgo the middle two pinswhich are
usedfor 12C communications.|f this functionality is required,Matrix Orbital suggests
wiring a suitableconnector

2.1.3 Wide Voltage with Efcient Switc hing Power Supply (VPT)

Paweris appliedto thewhite or brown four pin SIP connectorasfollows;

Table3: ConnectoPinout

Pin4 Gnd

Pin3 | SDA (I°C data)/ Rx
Pin2 | SCL(I°Cclock)/ Tx
Pin1 +7-30VDC

If the soledatasourceis via RS-232 the datainput is via the DB-9 connector In this casepins2 and3
arenotused.

NOTE Do not usethis cableunlessthe display modulehasthe "Wide voltagerange",
option (option V). Use of the 12 volt power cablewith 5 volt moduleswill damagethe
module.

The 12 volt power cableis designedor usewith wide voltagerangedisplay modulesmountedin a PC.
Wiring requiredfor the 12 volt power connectoiis shavn in the Figurebelow.

Figure9: Wiring for 12 Volt Modules

Matrix Orbital cansupplyanadapteicabledesignedor usewith thedisplaymodulewhenit's installed
in aPC,if theuserwould lik e to modify cablewiring.
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Figure10: Twelve Volt Power Cable

NOTE Theconnectorprovided doesnot allow accesgo the middle two pins,which are
usedfor 12C communicationslf this functionality is required,Matrix Orbital suggests
suitableconnectoibewired.

2.1.4 Power Connection (DB-9 Connector)

Thedisplaycanbe poweredvia pin 9 onthe DB-9 connectorNo matterwhich voltageoptionthedisplay
is equippedwith, the usermay only use+5Vdcthroughpin 9. Using+5Vdc bypasseary voltageregulator
onthedisplay

tionswill damagethe displayandresultin a void Manufacturers War-

@ WARNING Thesemodi cations mustbe done. Impropermodi ca-
ranty.

1. Solderthejumperin the'redsquare'.lt's locatedby the DB-9 connector

Figurell: Pover DB-9

1. Solderthejumperin the'redsquare'asshavn in the Figurebelow.
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Figure12: Paver JumperDB-9

2.2 Communications

2.2.1 RS-232 Communications and DB-9 Connector pinout

A standardDB-9F is provided for RS-232communications Pover may alsobe suppliedvia this con-
nectorif desired. In addition, the user may usethe two middle pins of the power connectorfor serial
communications.

Figure13: RS-232andPawver Connector

The RS-232connectoron the serial cableis wired so that a standard straightthrough’, 9 pin D-sub
cablemay be usedto connectthe modulesto a standardserial port suchas COM portson PCs. Note that
this device complieswith the EIA232 standardn thatit usessignallevelsfrom 12Vto 12V.It canalso
operatecorrectlyat TTL (0 to +5V) levels. To usestandardrS-232no modi cationsarerequired.For TTL,
pleaseeferto the Tablebelow.
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Table4: RS-232Pinout

Pin Number Dir ection Description LCD | Host
2 Datafrom LCD | DataOut(LCD) | Tx Rx
3 Datato LCD Dataln (LCD) Rx TX
5 - Ground gnd | gnd

2.2.2 RS-232 Communication through the Power Connector

RS-232communicatiorcanalsobe achievedthroughthe middletwo pinsof the power connector

Figure14: Paver Connector

Table5: ConnectoPinout

Pin4 Vdc
Pin3 TX
Pin2 Rx
Pin1 | Ground

To allow this, thejumpersmustbe setasindicatedbelow.

Figure15: RS-232

Matrix Orbital
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2.2.3 12C Communications

The display has|2C communicationsunning at 100 Kbps and up to 127 units can exist on a single
communicationdine. Thedisplayl2C communicatiorinesarethetwo middle pinsof the power connector
Thesearesharedwith RS-232andmustbe turnedon. The default I2C addresss 0x50. The I2C dataline
operate®n 5 volts.

Figure16: Paver Connector

Table6: ConnectoPinout

Pin4 Ground
Pin3 | SDA (I°C data)
Pin2 | SCL(I*C clock)
Pinl Vdc

The display doesnot work on 12C by default. The modi cation shavn in the Figure belov mustbe
carriedout.

Figurel7:12C

I2C communicatiorrunsat 100Kbpsandsupportaup to 127 unitson asinglecommunicationgine. The
I2C dataline operate®n 5V CMOSlevels.

Matrix Orbital GLC24064 12



2.24 ACK

Theideaof ACK is to indicatewhenthe datahasbeenreceved correctly ACK doesnotindicatedata
incorrectlyreceved. ACK simply fails to indicatewhendatais correctlyreceved. Clearly; thisis of limited
usefulnesaindevenlesssowith Matrix Orbital modules.Matrix Orbital modulesarenot capableof failing
to acknavledgean incorrectly receved byte in responseo that byte's transition. They are only capable
of failing to acknavledgethe bytesfollowing the byte, which werenot receved. To fully understandhe
reasondor this one needsto understandsomethingabouthow a Matrix Orbital module processeslata.
Basically thereasonwhy a Matrix Orbital modulemightfail to receve a byte correctlyis thatit wasunable
to processghe byte previous beforethe failed byte was transmitted. Becauseghe module cannotpossibly
know thatit would be unableto storethe bytebeforethe next bytewasreceved,it cannotknow to not ACK.
The reasorfor this situationin deferenceo situationsone might be familiar with (i.e., memorychips,etc)
is that the Matrix Orbital moduleemploys a micro-processoto performthesedatastoragefunctions. A
memorychip takescareof thesethingsentirelyin hardwaresubsystemshich operateatthe samespeedas
thetransmissionthemseles.

ThedisplayusesastandardPhillips 7bitaddressisde ned by Phillips. However, Matrix Orbital speci es
I2C addressn 8bits. The 8th bit, or leastsigni cant bit (LSB or Low OrderBit) of the 8bit addresss read
[ write bit. If we take a standardPhillips 7bit addressof 45hex this would be in binary 1000101(this is
7bits). Matrix Orbital would describethe Phillips 1°C addresf 45hex as8Ahex. Thereadaddressvould
be 8Bhex.

For moreinformationon Phillips 12C pleasevisit;

2.3 General Purpose Output

Thegenerapurposeoutputis providedto controlrelaysor otherdevicesvia thedisplay This allows an
externaldevice to beturnedon or off usingthe controllerandsoftwarecommands.

The GPOis meantto be usedasa pair. The positive sideof the GPOis connectedo a power sourceof
+5Vdcsuppliedby themodule.This connectioris via a 240ohmresistowhich limits the maximumcurrent
to 20 mA. Thenegative sideof the GPOis connectedo ground.

If the device which is beingdriven by a GPOrequiresa relatively high current(suchasa relay) and
hasaninternalresistancef its own greaterthan250 ohms,thenthe 240 ohmresistormayberemovedand
replacedwith ajumper This resistoris locateddirectly to theleft of the positive pin of thegenerapurpose
output.

NOTE This operationrequiressoldering. With the resistorremoved the GPOdoesnot
have ary over currentor over/ undervoltageprotectionso caremustbe takenwhenusing
the GPO.For instance|f the externaldevice is a relay it mustbe fully clampedusinga
diodeandcapacitorto absorbary generatedbackelectro-motve force (EMF).
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Figure18: Clampinga Relay
3 Displaying Text

This chapterdescribeghe varioustext-displaycommandsn detail. Before issuingcommandsto the
GLC24064pleasereadsections7.2and 7.3.

3.1 General

Text is displayedbnthe GLC24064usingfontssaredin itsinternal ash memory Thedisplayis supplied
with a 5x7 fontinstalled.If thisis suitable thenthereis no needto install any otherfonts.

3.2 Writing Text to the Display

Whenthedisplayrecevesacharacterit displaysthatcharacteatthepositioncurrentlyde ned. Thenext
characteisentto the modulethenadvancego the following positionon the display Charactersaredravn
using the currently selectedfont, and only charactersde ned in the currentfont are actually processed.
Characterghatarenot de ned by the currentfont areignored,andthe positioningis not advancedfor the
next character

Thepositionwheretext is to bedisplayeds asinglepixellocationstoredn thedisplay'svolatile memory
andmaintainednternally by the display's rmw are. This positionis manipulatedby the commandshawn
in thefollowing section.
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3.3 Text Commands
In this sectioncommandsreidenti ed by theirnamesanddecimalvalues.
3.3.1 Auto Scroll On (254 81)

Whenautoscrollingis on, it causeshedisplayto shift the entiredisplay's contentsup to make roomfor
anew line of text whenthetext reacheshe scroll positionde ned by the "Setfont metrics"commandn the
displaymemory(normally, the bottomright characteposition- default valuefor the GLC24064is 64).

3.3.2 Auto Scroll Off (254 82)

Whenautoscrollingis disabledtext will wrapto thetopleft cornerof thedisplayarea.Existinggraphics
or text in the displayareaarenot erasedeforetext is placed. Whenusing proportionalfonts without auto
scrolling,careshouldbetakento clearareasvheretext is beingwritten, particularlywhenwrappingoccurs.
This maybe doneusingthe“Draw solid rectangle’commandwith the color setto white.

3.3.3 Set Text Insertion Point (254 71 [col] [row])

This commandsetsthe insertionpoint to the[column] and[row] speci ed. Theinsertionpointis posi-
tionedusingthebasesizeof thecurrentfont (this commandioesnot positiontheinsertionpointata speci ¢
pixel). The pixel columnusedis determinedby multiplying the width of the widestcharacteiin the font
by [column]. The pixel row usedis determinecby multiplying the heightof the font by [row + interline
spacing]. If precisepixel-basedext positioningis required,see"Set text insertionpoint - pixel values",
below.

3.3.4 Set Current Text Insertion Point to top Left (254 72)

This commandnovesthetext insertionpointto thetop left of the displayarea,basedon the metricsof
thecurrentfont. Referto the"Setfont metrics"commandelon for moredetails.

3.3.5 Set Text Insertion Point Using Pixel Values (254 121 [X][y])

This commandsetsthe next positionfor text placemento anindividual pixel location. The coordinate
([x position],[y position]) de nes a pixel on the screenwherethetop left cornerof the screenis de ned as
(0,0). This pixel locationwill be usedasthetop left cornerof the next characteof text whichis sentto the
modulewithoutary regardto ‘font metrics'like charactespacingor line spacing.
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3.3.6 Set Current Font (254 49 [font ID])

This commandnstructsthe displayto usethefont speci ed by [font identi er] asthe defaultfont. The
valuespeci ed shouldreferto afont alreadypresenin thedisplay's memory

NOTE Thefont ID is establishedvhenthe font is saved to the display normally using
themogd.ee program.Theinstalled5x7 font ID is 0x01,unlesschangedy user

3.3.7 Set Font Metrics (254 50 [metrics])

Where[metrics]= [left magin][top mamgin][x space][yspace][scroltow]

Thiscommandle nesthemetricsof afont alreadypresentn the display's memory

[left mamgin] speci esthe rst pixel columnto usefor the rst characteiin a row. In someinstances,
afont maynotevenly t onthescreenanddividing the extra spacebetweerthe maginswill improve the
overall appearancef the font. [top margin] speci esthe top pixel row to begin drawing the rst row of
text onthedisplayarea.[x spacefspeci esthe numberof pixelsto placebetweercharactergi.e. character
spacing).[y space]speci esthe numberof pixelsto placebetweerrows of text (i.e. line spacing).[scroll
row] speci esthe pixel row wherescrolling shouldstart(or, if autoscrollingis off, wherewrappingshould
occur). Typically, this valueshouldbe setto the rst pixel row immediatelybelow the lastrow of text that
will t thedisplay

4 Displaying Graphics

This chapterdescribeshevariousgraphics-displagommandsn detail. Uploadinga graphicto position
1 will resultin thatbitmapbeingdisplayedvhentheunit is poweredon.

4.1 General

Sincethe displayis a bit-mappeddevice, it may be usedto displaygraphics. Graphicimagesmay be
createcby meansof a pixel orientedgraphicsprogram saved ashitmaps,andloadedinto the displayusing
themogd.ee program.Imagesmaybesaredin thedisplay's memoryanddisplayeduponcommandopr they
maybedownloadedon the y' (in-line) duringdisplayoperation.

NOTE ‘'saved' and'on the y' graphicsimagesareprocessediifferently. Thesediffer-
encegnustbetakeninto accountwhenprocessingraphics.

Savedbitmapsuseeachbyte (8 bits) to represena verticalcolumnof 8 pixels. Thenext byterepresentshe
next columnto theright. If thegraphicis 'taller' than8 pixels,the LSB of thenext databytewill bethenext
pixel. Orientationis top to bottom- LSB to MSB. Pixels/ bits are'packed’, meaning;if the heightof the
graphicis notanevenmultiple of 8, theleftover bits go onthenext X columnto theright, etc.

Matrix Orbital GLC24064 16



In-line bitmapsare processedhorizontallyandeachbyte represents horizontalrow of 8 bits, with the
next byterepresentinghenext 8 bitsto theright. Orientationis left to right - MSB to LSB, whichis opposite
to the serialtransmissiorsequencébytesaresentLSB rst).

Figure19: GraphicBitmaps

Eachpixel in a bitmapis describedby a single bit, and may only have the valuesON or OFF For
example,shade®f grey arenot supported.

4.2 Graphics Commands

In this sectioncommandsreidenti ed by theirnamesanddecimalvalues.Hex andASCII equivalents
aregivenin thesummary

Thecoordinateorigin (0,0)is atthetop left cornerof thedisplay X valuesgo from 0 to 239 (increasing
towardtheright) andY valuesgo from 0 to 63 (increasingowardthe bottom).

4.2.1 Set Drawing Color (254 99 [color])

This commandsetsthe drawing color for subsequengraphiccommandghat do not have the draving
color passe@sa parameterThe parametefcolor] is the valueof the color wherewhite 0 Hex, andblackis
255Hex.

NOTE All non-zerovalueswill displayasblack.
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4.2.2 Draw Line (254 108 [x1][y1][x2][y2])

This commandwill draw aline from (x1,y1)to (x2,y2) usingthe currentdrawing color. Lines may be
drawn from ary partof thedisplayto ary otherpart. However, it maybeimportantto notethattheline may
interpolatedifferently right to left, or left to right. This meanghata line drawvn in white from right to left
may notfully erasehe sameine drawvnin blackfrom left to right.

4.2.3 Contin ue Line (254 101 [X][y])

This commandwill draw a line with the currentdraving color from the lastline end (x2,y2) to (x,y).
This commandusesthe global drawing color so the “Set drawing color” commandshouldbe usedbefore
the rst line segmentif required.

4.2.4 Put Pixel (254 112 [X][y])

This commandwill draw a pixel at (x,y) usingthe currentdrawing color. The unit processeshese
requestgastenoughto keepup with a steadystreamat 115kbaud,so o w controlis notrequired.

4.2.5 Draw Outline Rectangle (254 114 [color][x1][y1][x2][y2])

Thiscommandiravs arectangulaboxin thespeci ed color (0 = white, non-zero= black). Thetopleft
corneris speci ed by (x1,y1) andthebottomright cornerby (x2,y2).

4.2.6 Draw Solid Rectangle (254 120 [color][x1][y1][x2][y2])

This commanddraws a solid rectanglein the speci ed color (0 = white, non-zero= black). Thetop left
corneris speci ed by (x1,y1) andthe bottomright cornerby (x2,y2). Sincethis commandnvolvesconsid-
erableprocessingverheadwe stronglyrecommendheuseof o w control, particularlyif thecommands
to berepeatedrequently

This procedureis commonfor monitoring applicationswherethereis a' eld' on the displaythatis
constantlhybeingupdated An exampleof thiswould be atemperaturesensor

4.2.7 Initializ e Bar Graph (254 103 [ref][type][x1][y1][x2][y2])

This commandnitializes a bar graphreferredto by number{referencenumber]of type [type] with size
from (x1,y1) (topleft) to (x2,y2) (bottomright). A maximumof 16 bargraphswith referencaenumbersrom
Oto 15canbeinitialized as;

[type = 0] Vertical,bottomreferenced
[type = 1] Horizontalleft referenced
[type = 2] Verticaltop referenced
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[type = 3] Horizontalright referenced

Thebargraphsmaybelocatedanywhereonthedisplay but if they overlap,they will notdisplayproperly

NOTE It isimportantthat[x1] is lessthan[x2], and[y1] is lessthan[y2].

Thiscommandloesnt actuallydrav thegraph,it mustbe' lled in' usingthe“Write to bargraph”command
describedelown. Theunit savestime by only draving thatpartof thebargraphwhich haschangedrom the
lastwrite, sothe representatioon the screenmay not survive a screenclearor othercorruptive action. A
write of valuezero,followedby new valueswill restorethe properlook of thebargraph.

4.2.8 Write to Bar Graph (254 105 [reference number][v alue])

Oncethe bargraphhasbeeninitializedit canbe' lled in' usingthis command.This commandsetsthe
bargraph[referencenumber]to value[value].[value]is givenin pixelsandshouldnot exceedthe available
height/ width of thegraph.If it doesthegraphwill simply bewrittento its maximumsize.

4.2.9 Display Saved Bitmap (254 98 [reference number][x][y])

This commandcauses previously storedbitmapreferencedy [referencenumber]to be displayedto
thescreerat pixel location(x, y) wherethislocationde nesthetop left cornerof the bitmap.

NOTE The referencenumberis establishedvhenthe bitmapis saved, normally using
mogd.«e. Bitmapsand fonts may usethe samereferencenumbers. For example,it's
possibleto have bothabitmapl1 andafont 1.

4.2.10 Direct Screen Write Bitmap (254 100 [x1][y1][x2][y2][data]{[data]})

This commands usedto drav a bitmapto the screendirectly without rst storingit in the le space.
This is a moreef cient methodof drawing a bitmapto the screenthanusingindividual pixels. Thereare
someirregularitiesandlimitationsto thiscommand.

Unlike the format of bitmap download, this commandexpectsdatato be senthorizontally insteadof
vertically. The rst byte of datais locatedin thetop left of theareade ned by (x1,y1) andthe MSB of that
byteis the left-mostpixel. The secondbyteis the next 8 pixelsto theright of the rst byte. While each
individual byteis orientedasonewould expect,with LSB towardtheright andthe bytesmoving from left to
right acrosghe screenijt's not a 'bit-stream' asmight be expected.After the rst pixel row of datais sent,
datacontinueson the next pixel row.

Thede nitions of [x1] and[x2] mustlie on'byte boundaries' Thatis, [x1] and[x2] mustbede ned as
0x00,0x08,0x10, etc. It is not possibleto write a 10 x 10 bitmapto the screerat pixel location(13,13). It
is however, possibleto write a 16 x 10 bitmapto the screerat pixel location(24,13).

Theusermaywish to use o w controlduringdirectscreerbitmapwritesto avoid possiblebuffer over-

oWw.
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4.2.11 Initializ e Strip Chart (254 106 [ref][x1][y1][x2][y2])

A 'stripchart'is anareaof thescreerresenedfor horizontalscrolling. Thisis normallyusedasfollows;

1. Initialize the strip chart,which resenesthe appropriateareaof thescreen.
2. Draw aline segmentattheright or left sideof the strip chart.

3. Shift thestrip chartto theright or left.

4. Draw thenext line segment.

Usedthis way the strip chartcanproducea graphwhich scrollssmoothly horizontallyin eitherdirection.
With text the strip chartthe usercanproducea 'marquis' effect.

NOTE If the strip chartis usedwith text, Matrix Orbital recommendshe useof a 6 or
7 pixel wide x edwidth charactesetwith eachcharacteplaced8 pixelsfrom the startof
thepreviousone.

Up to 7 strip charts([ref] = 0 - 6) maybede ned. To initialize a strip chartthe usermustde ne anareaon
thedisplayin whichto placethestrip chart.(x1,y1)s thetopleft cornerof theareato beused where[x1] is
the placementf the columnwherethe strip chartis to begin and[y1] is therow. Theusermustthende ne
[x2] asthe bottomright columnof theareato be utilized and[y2] asthe bottomright row.

Thede nition of x mustlie on 'byte boundaries'.Thatis, x mustbe de ned as0x00, 0x08, 0x10, etc.
Thisrestrictiondoesnotapplyto y values.

4.2.12 Shift Strip Chart (254 107 [ref])

This commandshifts the strip chartleft or right. [ref] determineshoth which strip chartis usedand
whichdirectionit will shift. Thedirectionis selectedyy the mostsigni cant bit (MSB):

MSB = 0 shiftsleft

MSB = 1 shiftsright

For example,if [ref] is 1;

2541071 (hex FE 6B 01) shiftsleft

254107129 (hex FE 6B 81) shiftsright

This commandshiftsthe contentsof theareade ned in the"Initialize strip chart"commandg pixelsat
atime.

4.3 Flow Contr ol

Thedisplayhasbuilt in o w controlwhichis very usefulduringdirectbitmapdisplayandmultiple pixel
placement.Flow controlis enabledor disabledby two commands.If o w controlis enabledthe display
will returnan"almostfull" messag€0xFE)to the micro-controllerwhenits internalbuffer lls to ade ned
level. An "almostempty"messag€OxFF)will bedisplayedvhenthebuffer contentdropto ade ned level.
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4.3.1 Enter Flow Contr ol Mode (254 58 [full][empty])

NOTE Flow controlappliesonly to theRS-232interface. It is notavailablefor 12C.

This commandenableso w control. Whenthe buffer lIs sothatonly [full] bytesareavailable,thedisplay
will returnan"almostfull" messag€¢0xFE)to the micro-controller Whenthe buffer emptiessothatonly
[empty] bytesremainthedisplaywill returnan“almostempty"messag€0xFF)to the micro-controller

Thedisplaywill returnthe"almostfull* messagdor every byte sentto the displayuntil the usedbuffer
spaceoncemoredropsbelow the[full] level.

Whetherthe useris in 'Flow control mode' or not, the modulewill ignoredisplay or commandbytes
whichwould over-runthebuffer. While in ‘Flow controlmode'theunit will returnOxFEwhenthebuffer is
almostfull, eventhoughit mayhave alreadythrown rejecteddataaway. Thebuffer sizefor thedisplayis 96
bytes.

Whenusingthis commandn anapplication,selectionof the valuefor the buffer almostfull shouldbe
consideredrery carefully. Thisis acritical aspecbf usingthiscommando it's full potential.Whenusinga
hostsystemor PCwhich containsa FIFO, the usershouldsetthe valueof equalto or greateithanthe sizeof
the FIFO. Thereasorfor thisis thatthe FIFO maybefull whenthe hostsystemreceivesOxFE.In the case
of 16550UART thesizeatits maximumis 16, thereforethe valueshouldbe setto 16 or greater

bitmaps.It is highly recommendedor usewith directscreenwrite and

& WARNING This modemustnot be usedduring loading of fontsand
multiple pixel placements.

4.3.2 Exit Flow Contr ol Mode (254 59)

Thiscommandurnsoff o w control. Bytesmayover ow the buffer without warning.

5 Fonts and Graphics Files

5.1 General

Matrix Orbital graphicmodulescontaina sophisticatedle systemfor storingandretrieving font infor-
mation,bitmapsandsystemparametersjot unlike the way thata computerdealswith les onaharddrive.
However, the modulesuseno moving parts,therefore datais storedfar morereliably thandataon a home
PC.

Operationallythereis oneimportantdifferencebetweerthe Matrix Orbital le systemandthatof aPC.
While aPCwill allow fragmentatiorof its les acrosgheavailable le spacetheMatrix Orbital le system
takesgreatcareto ensurethatall partsof a le arestoredtogether This systemworks well to maximize
storagespaceandoperationakf ciency. However, during le downloads,the modulesmay needto spend
considerabléime moving les to make roomfor thenew le. This delayduringdownloadcanbeasmuch
asaminute,but generallyit will notexceedl10 seconds.
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Whena le is beingdownloadedwith the same'name’ or referencenumberasthe previously existing
le, theold le needdo bedeletedrst. It isimpossibleto know if thenew le is exactly the samesizeas
theold le sincethespacevacatedby theold les are lled by moving previously existing les downto Il
up thevacatedspace This ensureshatno le spaceds wasted.

Of coursethe averagemodulewill simply have les loadedinto it andit will work without ever having
to performthis le reomanizatiortask.The le spacemayberewrittenupto 100000times.However, most
userswill simplyloadin theirfontsandbitmapsonceandthatwill beit.

5.2 Using mogd.e xe

The Matrix Orbital Interfaceprogram”mogd.ee”, which is provided on the disk andthe website,gen-
eratesandsavesfontslargerthanl14 pixelsin height. It is alsousedto save graphicimages(bitmaps)to the
display

To make useof smallerfontsit is recommendethatapre-generatefbnt beused.Theseontsarelocated
onthedisk or thewebsite.Unfortunatelyintegratingthesefontsis not asstraightforwardasgeneratinghe
fonts personally To make useof thesefonts, the usermustplacethe font les in their font directory as
de nedin theinterfaceprogram.This directorymaybe usedandfoundundersettings".

A font le consistsof a single le with an extension.mgf anda directory which containshitmapsfor
every character All .mgf les arecontainedwithin the font directoryandall bitmap directoriesare sub
directoriesof the font directory After download of a font le, the usershouldusea "Zip" programto
"Unzip" the.mgf le andbitmapsub-directoryinto their font directory Startor restartmogd.ee andclick
onthefonttah Theusershouldnow seetheir new pre-generatetbnt listedin thefont list of mogd.

5.3 Commands

In additionto the commanddisted belaw, the usermay usethe mogd.e&e programto save fonts and
bitmapsto the display’s ash memory

5.3.1 Erase File (254 176 [type] [ref])

Thiscommancerases le within thedisplaymemoryin additionto erasingasingle le atatime.

The commandneedso be giventwo parametersftype] and[ref]. The le typeandreferencenumber
arede ned whenthe le is savedto thedisplayusingmogd.ee. Sincethereis nocommando list les in
memory the usermustkeeptrack of the memorycontents.

[type]=lisafont le
[type] = 5is abitmap

Oncethis commandis completedall les 'move up' andrecover the empty spacefor ef cient memory
management.
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5.3.2 Purge Memory (254 33 89 33)

This commandcompletelyeraseghe display's non-\olatile memory It removesall fonts, font metrics,
bitmaps,andsettings(currentfont, cursorposition,communicatiorspeedgtc.). It is an'odd' commandn
thatit is threebytesin length. Thisis to preventaccidentakxecution.

5.3.3 Upload Font (254 36 [ref] [le size] [le data])

This commandbeginsafont uploadto the display's non-wlatile memory [ref] is thereferencenumber
to beusedfor thisfont. File sizeis a 2 bytevaluethatmustbe calculatedyy thehostbeforethetransfertakes
place.

5.3.4 Upload Bitmap (254 94[ref] [le size] [le data])

This commandbegins a bitmap uploadto the display's non-wlatile memory [ref] is the reference
numberto be usedfor this bitmap. File sizeis a 2 byte value that mustbe calculatedby the hostbefore
thetransfertakesplace.

5.4 Working with Font Files

A font le consistof aheaderacharactetist, andcharactebitmaps.
Theheaderconsistof;

Placeholdefor actualEOF (2 bytes,useOxFFOxFF - thesebyteswill besetto their nal valueby the
module)

Nominalcharactewidth (1 byte)

Absolutefont height(1 byte)

ASCII valueof rst charactede nedin this le (1 byte)
ASCII valueof lastcharactede nedin this le (1 byte)

Thecharactefist consistof groupsof 3 bytespercharacter;

Offsetto charactebitmap(2 bytes)
Actual width of this characte(1 byte)

5.4.1 Font File in Table Form

Thetablebelon shavsthelayoutof afont le in tableform.
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Table7: File Format

OxFF OxFF | Xsize | Y size | Start End O-High | O-Low
Width | O-High | O-Low | Width | O-High | O-Low | Width | O-High
O-Low | Width | O-High | O-Low | Width | O-High | O-Low | Width
O-High | O-Low | Width Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data Data Data Data
Data Data Data Data Data

5.4.2 Uploading the File to the Module

The“Uploadfont” commands usedto actuallyuploadthefont le. Pleaseemembethatthe syntaxfor
thiscommands;

OXFEOx24[ref] [ le size][le data]

In this examplethe le sizeis 94 bytes(0x5E) andthe referencenumberis 2. The communications
exchangebetweerthe hostandthe modulelookslik e this;
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Table8: Uploadingthe le tothe Module

Host sends Module sends
Oxfe

'$' (command))

'2' (reference

‘2" (echoreference)

0x01 (hostcon rms echo)
0x5e(low size)

0x5e(echo)

0x01 (hostcon rms echo)
0x00(high size)

0x00(echo)
0x01(le ts)*

OxFF( rst byteof data)

OxFF(echo)
0x01 (hostcon rms echo)
OxFF (secondbyte of data)
O0xFF(echo)
0x01 (hostcon rms echo)
0x20(third byte of data)
0x20(echo)

0x01 (hostcon rms echo)
etc

* If the moduledetectsthatthe le will not t in the available memorywhenthe le size hasbeen
transmittedjt will sendOx08insteadof 0x01. In this casethe hostshouldceasdransmissionThe module
will returnto areadystate.

From this point, the moduletreatsall dataasraw andjust storesit away. The modulewill storethe
data,thenreadit backfrom memoryandsendthe readvaluebackto the host. If the hostsystemreceves
anincorrectecho, it shouldsendstatusas 0x08 insteadof 0x01. This will terminatethe transfer Upon
terminationthe modulewill deletethe partially completedle andreturnto areadystate.

5.4.3 A Sample Font File

Below is a shortsamplefont le containingonly theletters"h", "i* and"j". Firstwe needto de ne the
font size. For this examplewe'll usea 5x7 pixel font. Next, we have to draw the bitmapsfor eachof the
characters.
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Figure20: Bitmapsfor h, i, and]

Now the bitmapshave to be corvertedto bytes. If thefont is 8 bits high, it will becomea fairly simple
job becauseachverticalcolumnis simply onebyte (Isb atthetop). In this case however, thefont is only 7
bits high sothebytes'wrap around'.

Figure21: Bytesfor a7 bit high font

We've markedin the bits thataresetfor theletter"h". Remembethatthe bytesare'inverted' (i.e., the
LSB is atthetop). Eachbyteis shavn in a differentcolor in the diagram.Whenthe bytesarestraightened
out, it's simpleenoughto nd their hex values,which areshavn in the diagramabove eachbyte. Trailing
zerobytesatthe endof narrav characterarenotincludedin the le.

Now let'slook atthe le itself.

Table9: ExampleFont File

OxFF | OxFF 0x00 | OxOF
0x05 | Ox00 | Ox14 | Ox03 OX7F
0x04 | Ox81 | Ox80 | Ox07 | OxC4 | Ox3E | 0x10

Thecolorsreferto: ,character
“h”, charactefi” , :

Explanationof the bytesin the le;

(All valuesbelow arein hex)

Matrix Orbital GLC24064 26



Table10: Explanationof Bytesin the File

FFFF placeholdergor actualEOF
05 font width
07 font height
68 rst ASCII charactede ned
70 lastASCII charactede ned
000F offsetto de nition of rst characte(*h”)
05 numberof bytesin de nition of rst character
0014 offsetto de nition of seconccharacte("i”)
03 numberof bytesin de nition of secondcharacter
00017 offsetto de nition of third characte("j”)
04 numberof bytesin de nition of third character
7F04818007 de nition of rst character
C43E10 de nition of secondcharacter
0220B107 de nition of third character

5.5 Working with Bitmap Files

Uploadinga bitmapis the sameasuploadinga font le exceptthatthe characteheadeilinformationis
notrequired.

Thebitmap le consistof a headefollowedby the bitmapdata. The headerformatis asfollows;

Placeholdefor actualEOF (2 bytes,useOxFF OxFF - thesebyteswill be setto their nal valueby the
module)x sizeof bitmap(1 byte)y sizeof bitmap(1 byte)

Bitmap datafollows with the bits organizedvertically from the top left. The last byte may be padded
with zeros.

6 Miscellaneous Commands
6.1 General

The commanddistedin this chapterdon't readily t in ary of the othercategories,or areusedin more
thanonecateagory.

6.1.1 Clear Display (254 88)

Thiscommandlearsthe displayandresetghetext write positionto thetop left of the screen.
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6.1.2 Set Contrast (254 80 [contrast])

This commandsetsthe display's contrastto [contrast],where[contrast]is a value between0x00 and
OxFF (between0 and 255). Lower valuescaus€on' elementdn the display areato appeatighter, while
highervaluescauséon' elementgo appeadarker.

Lighting conditionswill affect the actualvalue usedfor optimal viewing. Individual display modules
will alsodiffer slightly from eachotherin appearanceln addition, valuesfor optimal viewing while the
displaybacklightis on maydiffer from valuesusedwhenthebacklightis off.

6.1.3 Set Contrast and Save (254 145 [contrast])

This commandworksin exactly the sameway asthe "Set contrast'command.The only differenceis
it savesthe contrastvaluein the memoryof the module,whereasthe previouscommandonly changeghe
valuefor the durationof use.

6.1.4 Backlight On (254 66 [min utes])

This commandturns on the backlightfor a time of [minutes] minutes. (This speci es how long the
backlightwill remainon afterreceptionof thecommand)If [minutes]is zero(0), the backlightwill remain
oninde nitely.

NOTE Backlightis alwayson by default on power up.

6.1.5 Backlight Off (254 70)
This commandurnsthe backlightof the displayoff.
6.1.6 General Purpose Output On (254 86)

This commandturns ON the generalpurposeoutput. In the 'on' statethe GPO provides5 volts at a
maximumcurrentof 20 mA to operatesxternaldevices.

6.1.7 General Purpose Output Off (254 87)

This commandurnsOFFthegenerapurposeoutput.
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6.1.8 Set I°C Address 254 51 [address])

This commandsetsthe 1°C write addresof the module. This valuemustbe an even numberandthe
readaddresss onehigher For exampleif thel2C write addresss setto 0x50,thenthereadaddresss 0x51.
The changein addresss immediate. This addresss 0x50 by default, andis resettemporarilybackto that
valuewhenthe'manualoverride' jumperis usedon power up.

6.1.9 Read Module Type (254 55)

Thiscommandwill return,overthe RS-232interface the modeltypevalueof themodule.It will return
a 1-bytehex value.Valuesfor variousmodulesat thetime of this publicationareasfollows:

Tablel1: ModuleValues

LCD0821- 0x01

LCD2021- 0x03

LCD2041- 0x05

LCD4021- 0x06

LCD4041- 0x07

LK202-25- 0x08

LK204-25- 0x09

LK404-55- Ox0A

VFD2021- 0x0B

VFD2041- 0x0C

VFD4021- 0x0D

VK202-25- Ox0E

VK204-25- 0xOF

GLC12232- 0x10

GLC24064- 0x13

GLC24064- 0x15 | GLK12232-25- 0x22 | GLK12232-25-SM- 0x24
LK404-AT - 0x31 LK402-12- 0x33 LK162-12- 0x34
LK204-25PC- 0x35

6.1.10 Set RS-232 Port Speed (254 57 [speed])

This commandsetsthe display's RS-232port to the speci ed [speed]. The changetakesplaceimmedi-
ately [speed]is a singlebyte specifyingthe desiredport speed.Valid speedsareshavn in the tablebelow.
The display canbe manuallyresetto 19,200baudin the eventof an error during transmissionincluding
transmittinga value not listed below, by settingthe 'manual override' jumperon the display controller
boardduringpower up. This commands ignoreduntil this jumperis removedagain.

Table12: SpeedSettings

SpeedValue Speed
20 Hex 9600baud
OF Hex 19200baud
95 Hex 57600baud
03 Hex 76800baud
8A Hex 115000baud
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6.1.11 Set Serial Number (254 52 [bytel] [byte2]

Modulesmay be deliveredwith the serialnumberblank. In this casethe usermay setthe desired? byte
serialnumberusingthis onetime only command.

Uponthe executionof this commandthe modulewill echothesetwo bytesbackoverthe RS-232inter
face.Theserialnumbemaybesetonly once.Any future attemptto executethis commandwill resultin no
changeandthemodulewill returnto theoriginally setserialnumber

6.1.12 Read Serial Number (254 53)

Thiscommandwill return,overthe RS-232interface thetwo-byteserialnumberof themoduleasit was
previously stored.

6.1.13 Read Version Number (254 54)

Thiscommandwill returnthe rmw areversionnumberof thedisplay It will returna 1-bytehex value.

7 Appendix: Command Summary

7.1 General

Theoperationof thedisplayis controlledby a simpleandconsistentommandset.
Commandgontrol;

Text display

Graphicdisplay

Thedisplay le system
Miscellaneousperatingparameters

7.2 Issuing Commands

Commandsareissuedto the displayby the micro-controller In a testsetup,commandsanbeissued
to the displayby meansof a BASIC program,usingthe chr$() function. In the tablesbelow, we've shavn
commandsn hex, ASCIl and decimalform. All commandsbegin with the pre x characterOxFE (254
decimal). Thesecommandsareissuedon the serialcommunicationdink (1°C or RS-232)at the currently
de nedbaudrate.

For example(usingBASIC in atestsetup).the usercouldissuethe commando clearthe screeron the
displayby includingtheline;

Matrix Orbital GLC24064 30



in the BASIC program.

Or, with C theusercould (usingZcommseriallibrary)

7.3 On Numbers

Like all computerizeddevices, the display operatesvith commandsand valuesin the form of binary
numbers.Thesebinary numbersarearrangedn 8 digit (i.e., 8 bit) groupscalledbytes. The decimalvalue
of abytemayhave ary valuefrom 0 to 255.

Bytesareusuallyspeci edin eitherdecimalor hexadecimalbasel6) form for corveniencesincebinary
numbersareconfusingto dealwith directly. Hexadecimalhex) numbersareparticularlycorvenientbecause
exactlytwo hexadecimadtigits make up onebyte,eachhex digit representing binarydigits (4 bits)asshaovn
here;

Table13: Hex ValueTable

Binary | Hex | Decimal | Binary | Hex | Decimal
0000 0 0 1000 8 8
0001 1 1 1001 9 9
0010 2 2 1010 A 10
0011 3 3 1011 B 11
0100 4 4 1100 C 12
0101 5 5 1101 D 13
0110 6 6 1110 E 14
0111 7 7 1111 F 15

Basedon thetable,the byte 0100101 1canberepresenteth hex as4B, which is usuallywritten asary
of 4Bh,4BH, 4B hex or 0x4B. Thenumbersanalsobe expressedn decimalform if preferred.

7.3.1 ASCII Character s

Sincecomputergiealinternallywith numbersonly, but externallywith bothlettersandnumbersseveral
schemeswere developedto 'map’ written characterdo numericvalues. One suchschemehasbecome
universal,the American StandardCodefor Information Interchangepr ASCII. ASCII tablesare readily
availablefrom anumberof sourcesA few exampleswill do here;
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Table14: Exampleof anASCII Table

Theletter | A | hasavalueof | 65decimalor | 41 hex
Theletter | a | hasavalueof | 97 decimalor | 61 hex
Thenumber| 0 | hasavalueof | 48decimalor | 30hex
Thenumber| 9 | hasavalueof | 57decimalor | 39hex

This givesriseto the possibilityof confusionwhenparameterarebeingsetonthedisplay For example,
somecommandsisea [type] parameteto indicatea le type. We're told thatacceptableraluesare0 and
5. All parametersnustusenumericvalues(i.e., the actualbyte values).If we sendthe ASCIl number0 by
mistale it will actuallygive the value48 decimal(30 hex) to the parametgrwhich is wrong. In thetables
givenin thefollowing sectionsASCII characterareshavn as'A’, with singlequotes.

7.4 Text Commands

Syntaxin thetablesbelow is givenin hex, decimalanddecimalwith ASCII, in thatorder, oneperline.

Table15: Text Commands

[col] [row]
254'G' [col] [row]

Command Syntax Default Notes
Auto scrollon FE51 off Enablesscroll at
25481 bottom of screen.
254'Q' Text will push
display up one
line to make room
for new line.
Auto scroll off FE52 off Disables auto
25482 scroll. Text will
254'R’ wrap to top left
and overwrite
existing text.
Settext insertionpoint FE 47 [col] [row] 254 71 | n/a Setstext insertion

point using the
base size of the
currentfont.
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Command Syntax Default Notes
Settext insertion point to | FE48 This command
topleft 25472 moves the text
254'H' insertion  point
to the top left
of the display
area, based on
the metricsof the
currentfont.
Settext insertionpoint us- | FE79[X][y] n/a Setstext insertion
ing pixel values 254121 [x][y] point to position
254'y" [X][y] (x,y), wherex and
y are in pixels.
Value is top left
cornerof next text
character
Setcurrentfont FE 31 [font id] n/a Setsfont to [font
25449 id]. Font mustbe
254'1" in memory
Setfont metrics FE 32 [metrics] n/a For de nition of
25450 [metrics] [metrics] seesec-

254'2' [metrics]

tion 3.3.7.

7.5 Graphics Commands

Tablel7: GraphicsCommands

Command Syntax Notes

SetDrawing Color FE 63[color] Setscolor (0 = white, 255 = black)
25499 [color] for thevariousdrawving commands.
254'c' [color]

Draw Line FE 6C [x1][y1][x2][y2] Drawsaline from x1,y1tox2,y2. x

254108[x1][y1][x2][y2]
254" [x1][y1][x2][y2 ]

valuesarefrom 0 - 63 (decimal)and
y valuesfrom 0 - 239 (decimal).

ContinueLine FE 65 [X][y] Continuesline from last line end
254101[X][y] (x2,y2)to (x,y). Usescurrentdraw-
254'e" [X][y] ing color.
PutPixel FE 70 [X][y] Puts pixel in position (x,y). Uses
254112[X][y] currentdrawing color.
254'p" [X]ly]
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Command

Syntax

Notes

Draw Outline Rectangle

FE 72
[color][x1]ly1][x2][y2]
254 114
[color][x1]ly1][x2][y2]
254 T

[color][x1]ly1](x2 ][y2]

Draws a rectangularoutline using
color[color].

Draw Solid Rectangle

FE
[color][x1]ly1][x2][y2]
254 120
[color][x1]ly1](x2][y2]
254 X'
[color][x1]ly1](x2 ][y2]

78

Draws a solid rectangleusingcolor
[color].

Initialize Bar Graph

FE
67[ref][type][x1][y 1][x2][y2
254 103
[ref][type][x1][y1] [x2][y2]
254 g’

[ref]itype](x1]ly1] [x2][y2]

Sets aside spacefor a bar graph.

] [ref] is referencenumber(0-15) for
useby the Write to Bar Graphcom-
mand. [type] hasvalues: 0 = ver
tical, startingfrom bottom1 = hor-
izontal, startingfrom left 2 = verti-
cal, startingfrom top 3 = horizontal,
startingfrom right

Write to Bar Graph FE 69 [ref][value] 254 | Fillsthebargraphreferredto asfref]
105 [ref][value] 254 'I' | from startto [value]. [value]is in
[ref][value] pixels.

Display SavedBitmap FE 62 T[ref]x]ly] 254 | Causesitmap[ref] to be displayed
98 [ref]x][y] 254 'b' | withitstopleft cornerstartingatpo-

[refl[X][y] sition (x,y).

Initialize Strip Chart FE 6A | [ref] is areferencenumberfrom O -
[refl[x1][y1][x2] [y2] 6, allowing 7 strip chartsto be de-
254 106 | ned.
[reflix1]ly1][x2] [y2] 254
j [reflix1]ly1]x2][ y2]

Shift Strip Chart FE 6B [ref] [ref] selects the strip chart and
254107 [ref] the direction in which it moves.
254'k" [ref] Movementis always 8 pixels at a

time.MSB = 0 shifts left MSB = 1
shiftsright.

7.6 File System Commands

In additionto thesecommandsthe mogd.e&e programis usedto downloadfonts and graphicsto the

display

Table19: File SystemCommands
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Command Syntax Default Notes
Erasele FEBO [type] [ref] n/a Erases le in
254173 [type] [ref] memory Type =
1lisfont, type=5
is bitmap. [ref] is
referencenumber
Pugememory FE215921 n/a Remawes all
254338933 fonts, font met-
rics, bitmapsand
settings  from
memory
Uploadbitmap FENE [ref] [size] [data] n/a Uploadsa bitmap
25494]ref] [size] [data] to the memoryof
254N [ref] [size] [data] thedisplay
Uploadfont FE 24 [ref] [size] [data] n/a Uploadsa font to
25436 [ref] [size][data] thememoryof the
254'$" [ref] [size] [data] display
7.7 Miscellaneous Commands
Table21: MiscellaneousCommands
Command Syntax Default Notes
Cleardisplay FE58 n/a Clears screen of
25488 text andgraphics,
254X placestext cursor
attopleft.
Setcontrast FE 50 [contrast] 254 80 | 128 Setsdisplay con-
[contrast] 254 'P' [con- trast. Compen-
trast] satesfor viewing
angle. Contrast
is avaluebetween
0 and 255 (hex 0
to FF). Larger =
darler.
Setcontrastandsare FE 91 [contrast] 254 145 | 128 Sameas"setcon-
[contrast] trast" but saves
[contrast] as de-
fault.
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Command Syntax Default Notes
Backlighton FE 42 [minutes] on Backlight  will
254 66 [minutes] 254 'B' stay on for [min-
[minutes] utes].If [minutes]
= 0 backlight
will  stay on
permanently
Backlightoff FE46 on Turns off back-
25470 light.
254'F
Generabpurposeoutputon | FE56 off Turns the general
25486 purpose output
254'V' ON.
Generabpurposeoutputoff | FE57 off Turns the general
25487 purpose output
254'W' OFE
Setl?C address FE 33 [address] ox50 Valueis write ad-
25451 [address] dressandmustbe
254'3' [address] even,readaddress
is 1 higher
Readmoduletype FE 37 seetable Readghe module
25455 type. Returnsa 1-
254'7 byte hex value.
SetRS-232portspeed FE 39 [speed] 19,200 Sets RS-232
25457 [speed] speed.
254'9' [speed]
Enter o w controlmode FE 3A [full] [empty] off Sets "full" and

25458 [full] [empty]
254" [full] [empty]

"empty"  marks
for the 96 byte
display buffer.

When buffer
reaches  [full]

display will

return OXFE to
host. When
buffer  reaches
[empty] display

will returnOxFE

Exit o w controlmode FE3B Turns off ow
25459 control  (buffer
254" handshaking).
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Command Syntax Default Notes
SetSerialNumber FE 34 [bytel][byte2] This is a one-
25452 [bytel][byte2] time-use com-
254'4" [bytel][byte?2] mand which
works only on
units without
factory set serial
numbers.
ReadSerialNumber FE 35 Reads the two
25453 byte serial num-
254'5' berof themodule.
ReadVersionNumber FE36 Reads the
25454 rmw are ver-
254'6' sion number

of the module.
Returnsa 1-byte

hex value.
8 Appendix: Speci cations
Table23: ErvironmentalSpeci cations
Standardremperature Extendedlemperature
OperatingTemperature 0 Cto+50C -20Cto+70C
StorageTemperature -20Cto+70C -30Cto+80 C
OperatingRelatve Humidity | 90% maxnon-condensing 90% maxnon-condensing

Vibration (Operating) 4.9m/s” XYZ directions
Vibration (Non-Operating) 19.6m/s* XYZ directions
Shock(Operating) 29.4m/s* XYZ directions
Shock(Non-Operating) 490m/s* XYZ directions

Table24: Electrical Speci cations

SupplyVoltage 4.75- 5.25Vdc (Optional7 - 30 Vdc)
SupplyCurrent 31mA typical
SupplyBacklightCurrent 160mA typical
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Table25: Optical Characteristics

Pixel Layout

240x 64 pixels XxY

Numberof Characters

320 (maximum 40 charactersx 8
Lineswith 5x7 font)

DisplayArea 127.16x 33.88mmxXxY
Dot Size 0.49x 0.49mm(XxY)
Dot Pitch 0.53x 0.53mm(XxY)

LED / CCFL BacklightLife

100,000hourstypical

Color of lllumination

Yellow Green (LED), Light Blue
(CCFL)

Matrix Orbital

GLC24064

38



Figure22: PhysicalLayout
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8.1 Options

Table26: OptionsAvailableon StandardProductLine

Extendedlemperature E
Wide Voltage Y
Wide Voltagewith Ef cient SwitchingPower Supply | VPT
Blue ElectroluminescerBacklight EL
Cold Cathodéd-luorescent.ampBacklight(CCFL) FL
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