
GLK12232­25­WBL
Technical Manual

Revision: 1.0



Contents

Contents ii

1 Intr oduction 1
1.1 Whatto ExpectFromtheGLK12232-25-WBL . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 WhatNot to ExpectFromtheGLK12232-25-WBL . . . . . . . . . . . . . . . . . . . . . . 1
1.3 KeypadInterface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.4 mogd.exe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.5 Settingup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.6 Trying Out theGLK12232-25-WBL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.7 Trying outa Keypad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.7.1 Here'swhatto do: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.8 ManualOver-ride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2 Connections 4
2.1 ConnectorPinout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.1.1 PowerConnections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.2 RS-232Communications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.3 I2C Communications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1.4 ACK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

2.2 GeneralPurposeOutputs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

3 Displaying Text 9
3.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.2 Writing Text to theDisplay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.3 Text Commands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.3.1 Auto scroll on (25481) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.3.2 Auto scroll off (25482) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.3.3 Settext insertionpoint (25471 [col] [row]) . . . . . . . . . . . . . . . . . . . . . . 10
3.3.4 Setcurrenttext insertionpoint to topLeft (25472) . . . . . . . . . . . . . . . . . . 10
3.3.5 Settext insertionpoint usingpixel values(254121[x][y]) . . . . . . . . . . . . . . 10
3.3.6 Setcurrentfont (25449 [font ID]) . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
3.3.7 Setfont metrics(25450 [metrics]) . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

4 Displaying Graphics 11
4.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
4.2 GraphicsCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

4.2.1 Setdrawing color (25499 [color]) . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.2.2 Draw line (254108[x1][y1][x2][y2 ]) . . . . . . . . . . . . . . . . . . . . . . . . . 12
4.2.3 Continueline (254101[x][y]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.2.4 Putpixel (254112[x][y]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
4.2.5 Draw outlinerectangle(254114[color][x1][y1][x 2][y2]) . . . . . . . . . . . . . . . 13
4.2.6 Draw solid rectangle(254120[color][x1][y1][x 2][y2]) . . . . . . . . . . . . . . . . 13
4.2.7 Initialize bargraph(254103[ref][type][x1][y1] [x2][y2]) . . . . . . . . . . . . . . 13
4.2.8 Write to bargraph(254105[referencenumber][value]) . . . . . . . . . . . . . . . 14

Matrix Orbital GLK12232-25-WBL ii



4.2.9 Displaysavedbitmap(25498 [referencenumber][x][y]) . . . . . . . . . . . . . . . 14
4.3 Flow Control . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4.3.1 EnterFlow ControlMode(25458 [full][empty]) . . . . . . . . . . . . . . . . . . . 14
4.3.2 Exit Flow ControlMode(25459) . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

5 KeypadInterface 15
5.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.2 Connections. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
5.3 I2C Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.4 RS-232Interface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
5.5 Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

5.5.1 Auto repeatmodeon (254126[mode]) . . . . . . . . . . . . . . . . . . . . . . . . 17
5.5.2 Auto repeatmodeoff (25496) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.5.3 Auto transmitkeypresseson (25465) . . . . . . . . . . . . . . . . . . . . . . . . . 17
5.5.4 Auto transmitkeypressesoff (25479) . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.5.5 Clearkey buffer (25469) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.5.6 Poll keypad(25438) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
5.5.7 Setdebouncetime(25485 [time]) . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

6 Fontsand Graphics Files 18
6.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
6.2 Usingmogd.exe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
6.3 Commands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

6.3.1 Erase�le (254173[type] [ref]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
6.3.2 Purgememory(254338933) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
6.3.3 UploadFont (25436 [ref] [�le size][�le data]) . . . . . . . . . . . . . . . . . . . . 20
6.3.4 UploadBitmap(25494[ref] [�le size][�le data]) . . . . . . . . . . . . . . . . . . . 20

6.4 Working with FontFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
6.4.1 FontFile in TableForm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
6.4.2 UploadingtheFile to theModule . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
6.4.3 A SampleFontFile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

6.5 Working with BitmapFiles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

7 MiscellaneousCommands 24
7.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

7.1.1 Cleardisplay(25488) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.1.2 Setcontrast(25480 [contrast]). . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.1.3 Setcontrastandsave (254145[contrast]) . . . . . . . . . . . . . . . . . . . . . . . 25
7.1.4 Backlighton (25466 [minutes]) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.1.5 Backlightoff (25470) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
7.1.6 Generalpurposeoutputon (25486 [gpo#]) . . . . . . . . . . . . . . . . . . . . . . 25
7.1.7 Generalpurposeoutputoff (25487 [gpo#]) . . . . . . . . . . . . . . . . . . . . . . 26
7.1.8 SetI2C address25451 [address]) . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
7.1.9 Readmoduletype(25455) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
7.1.10 SetRS-232port speed(25457 [speed]) . . . . . . . . . . . . . . . . . . . . . . . . 26
7.1.11 SetSerialNumber(25452 [byte1] [byte2] . . . . . . . . . . . . . . . . . . . . . . . 27
7.1.12 ReadSerialNumber(25453) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Matrix Orbital GLK12232-25-WBL iii



7.1.13 ReadVersionNumber25454) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

8 Appendix: CommandSummary 27
8.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
8.2 IssuingCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
8.3 Text Commands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
8.4 GraphicsCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
8.5 KeypadInterfaceCommands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
8.6 File SystemCommands. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
8.7 MiscellaneousCommands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

9 Appendix: Speci�cations 34

Matrix Orbital GLK12232-25-WBL iv



1 Intr oduction

TheGLK12232-25-WBLcomesequippedwith thefollowing features;

� 122x 32pixel graphicsdisplay
� Text displayusingbuilt in or usersuppliedfonts
� Adjustablecontrast
� Backlighting
� Keypadinterface
� RS-232or I2C communications

1.1 What to Expect From the GLK12232­25­WBL

TheGLK12232-25-WBLis designedasthedisplayunit for anassociatedcontroller. Thecontrollermay
be anything from a singleboard,specialpurposemicro-controllerto a PC,dependingon the application.
Thiscontrolleris responsiblefor whatis displayedon thescreenof thedisplay.

Thedisplayprovidesasimplecommandstructureto allow bothtext andgraphicsto betransferredto the
screen.Text fonts andgraphics,if desired,arestoredin thedisplay's �ash ROM andmay be regardedas
'permanent'in thatthey survivepower-off periodsanddon't changeuntil explicitly reprogrammed.

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

1.2 What Not to Expect From the GLK12232­25­WBL

Sincethe display is intendedto be usedwith a controller, it doesnot have any built in text editing
functions.If astreamof ASCII charactersis inputedthey will bedisplayed,but theCR,LF, backspace,etc.,
will beignored.If theuser's applicationrequiresthesefunctions,they mustbeprovidedby thesoftwarein
theuser's controller, whichcanissuetheappropriatepositioningcommandsto thedisplay.

1.3 Keypad Interface

Thekeypadinterfacetakesrow / columninput andconvertsit to ASCII characters,which aredelivered
out theRS-232or I2C port to theassociatedcontroller. Notethat thekeypadis not usedto directly control
any aspectof theoperationof thedisplay, which actssimply asa matrix to serialconverter. In orderto use
thekeypadto controlthedisplay, theusermustprogramtheir controlleraccordingly.

1.4 mogd.e xe

Matrix Orbital hasdevelopedan interfaceprogramwhich exercisesall the featuresof the display. It
is alsousedto managefont andgraphicsdownloads.Theprogram,called"mogd.exe", is providedon the
Matrix OrbitalCdandwebsite.

To install mogd.exefollow thesesteps;
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1. InserttheMatrix OrbitalCD-ROM into theCd drive.
2. Locatethe�le "mogd.zip".It shouldbein the"Download"directory.
3. Unzipmogd.zipto a temporarydirectory, usingaprogramsuchasWinzip, Pkzip,etc.
4. Doubleclick on "setup.exe".
5. Follow theinstructionson thescreento completetheinstallation.

After installationis completetherewill be a Matrix Orbital entry under"Programs"in the "Start Menu".
Click on this entryto runmogd.exe.

The�rst time mogd.exeis run,someinformationwill berequired;

� Theport numberto beused(usuallyCOM1or COM2)
� Thebaudratefor theconnection.It is recommendedto use19,200for initial startupof thedisplay
� Thetypeof displayunit, setto 240x 64 for theGLK12232-25-WBL

Oncethis informationis entered,theprogramcanbeusedto controlall functionsof thedisplay.

1.5 Setting up

Beforesettingupanapplicationtheusermaywantto try out theirdisplay. This is easilydonewith aPC.
Thefollowing will berequired;

� ThePCcableavailablefrom Matrix Orbital (this is thesimplestway to maketestconnectionswithout
having to soldercablesandconnectors).

NOTE Makesurethatthedisplayis equippedwith theproperconnectorfor usewith this
cable.Thisconnectorcanbespeci�edat timeof order.

� A 5 V powersupply
� A PCwith a spareRS-232port (COM1or COM2)
� Themogd.exeprogram
� A powerconnector. Thetypeusedfor 3.5" �oppy drivesworks�ne
� A 9 or 25pin RS-232serialcable.If usinga25conductorcable,a9 to 25pin adapterwill berequired

Figure1: Connectionsfor Testing
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1. Referto theFigureabovefor thefollowing steps.

2. Wire the connectorto thepower supply. On mostconnectorsthe RED leadwill go to +5V andthe
BLACK leadto GND.

NOTE TheManufacturer'sWarrantybecomesvoid if theunit is subjectedto over-voltage
or reversedpolarity.

3. Connectthedisplayto thePCusingtheserialcableandadapterif required.

4. Connectthepowerconnector, makingsurethatthe+5V goesto V+ asshown in thediagram.

5. Turnon thepower: theLCD backlightshouldcomeon.

1.6 Trying Out the GLK12232­25­WBL

Theunit shouldbeconnectedto powerandthePCandbacklightshouldbeon.

1. Usethemogd.exeprogramto exercisesomeof thefeaturesof thedisplayto ensureeverythingworks
properly.

2. To experimentwith typing text, run a PCterminalprogram,suchasHyperterm.Make sureit' s con-
�gured to usethecorrectport. Setthebaudrateto 19,200.

If charactersaretypedon thekeyboard,they shouldnow appearon thedisplayscreen.PleasenotethatCR,
backspace,etc.,won't haveany effect. Text will wraparoundto thenext line whentheendof aline hasbeen
reached.

1.7 Trying out a Keypad

Sincea numberof differentkeypadtypescanbe connectedto the display, the resultsmay be a little
unpredictable.At this pointall we needto do is make surethatthekeypadandinterfacework, andpossibly
generateanASCII mapfor any programmingneeds.

The keypad interfaceon the display convertsa row / columnconnectionto an ASCII character. By
default, a keypressis transmittedasserialdataimmediately. Keypadbuffering canbe selectedusing the
appropriatecommands.

1.7.1 Here's what to do:

1. ThePCshouldberunninga terminalprogramsuchasHyperterm.

2. With thedisplayconnectedto thePC,plug in thekeypad.If theconnectorhasfewerpinsthantheone
on thedisplay, centerit aswell aspossible.
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NOTES

� Thekeypadconnectormustbewiredwith columnsononesideandrowsontheother
sideof thecenterof theconnector. If thekeypadisn't wiredthisway, anadapterwill
needto be made. Anothermethodwould be to rewire the connectorto meetthis
requirement.

� Theconnectoris reversible.Reversingtheconnectorwill not damagethekeypador
thedisplay, but will however, changetheASCII charactermap.

3. Pressa key on the keypad. An uppercaseASCII character(A-Y) shouldappearon the PC screen.
Differentkeysshouldgeneratedifferentcharacters.

To experiment,reversetheconnectorandseeif it generatesa morelogical setof characters.Ultimately, the
programin themicro-controllerwill haveto 'map' thesecharactersto theonesmarkedonthekeypad,which
will likely bedifferent.

1.8 Manual Over­ride

Manualover-rideshouldonly berequiredin oneinstance.If for somereasonthemoduleis setata baud
ratewhichcannotbeproducedby thehostsystemandall communicationto thedisplayis lost, thentheuser
shouldfollow thissimpleprocedure;

1. Turnoff thedisplay.
2. Puta jumperonpins5 and6 of thekeypadconnector.
3. Powerup thedisplay. Thebaudrateis now setto 19,200.
4. RemovethejumperandchangetheRS-232port settingsto thedesiredbaudrate.
5. Turnoff thedisplay.
6. Powerup thedisplay.

NOTE This proceduredoesnot changesettingsin thememorychip, it usesdefault set-
tingsstoredin themainprocessor. This allows theuserto communicatewith thedisplay
whenall othercommunicationsarelost. Onceableto communicatewith thedisplay, the
usermaythenchangethedefaultsettingsin thememorychip.

2 Connections

2.1 Connector Pinout

Referto thediagrambelow for this chapter.
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Figure2: ElectricalConnections

All connectionsare madevia a 25 pin in-line connectorareanearthe bottom edgeof the PCB. Pin
descriptionsareasfollows;

Table1: Pin Descriptions

Pin Mark ed Function Pin Mark ed Function
1 Yellow donotuse 14 C1 Keypadcolumn1
2 Black ground 15 C2 Keypadcolumn2
3 Black ground 16 C3 Keypadcolumn3
4 Red +5V power input 17 C4 Keypadcolumn4
5 SCL I2C clock 18 C5 Keypadcolumn5
6 SDA I2C data 19 R1 Keypadrow 1
7 GND ground 20 R2 Keypadrow 2
8 Rx RS-232receivedata 21 R3 Keypadrow 3
9 Tx RS-232transmitdata 22 R4 Keypadrow 4
10 +5V +5V power input 23 R5 Keypadrow 5
11 G1 Generalpurposeoutput1 24 Rst donotuse
12 G2 Generalpurposeoutput2 25 Cont donotuse
13 GND groundfor GPOs
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2.1.1 Power Connections

WARNINGS

� Do notapplyany powerwith reversedpolarization.
� Do notapplyany voltageotherthanthespeci�edvoltage.
� Do not useany cablesother than the cablessuppliedby Matrix

Orbital,unlessawareof themodi�cationsrequired.
� Do not underany circumstancesusean unmodi�ed �oppy drive

powercable.
� Do not apply power to both the DB-9 connectorAND the 4-pin

powerconnector.
� Do notapplymorethan+5Vdcto pin #9of theDB-9 connector.

2.1.2 RS­232 Comm unications

A groupof four connections(pins 7-10)provide for RS-232communicationsandpower. A 4 pin SIP
connectorsolderedto thesepinscanbeconnectedto aMatrix Orbital suppliedPCcable.

TheRS-232connectoron thePCcableis wired so thata standard'straightthrough' 9 pin D-subcable
may be usedto connectthe modulesto a standardserialport suchasCOM portson PCs. Note that this
device complieswith the EIA232 standardin that it usessignal levels from +/- 3V to +/- 12V. It will not
operatecorrectlyat TTL (0 to +5V) levels.

Table2: RS-232Pinout

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

2.1.3 I2C Comm unications

The displayhasI2C communicationsrunsat 100Kbps andsupportsup to 127 unitson a singlecom-
municationsline. The I2C dataline operateson 5 volt CMOSlevels. Thepower connectoris alsothe I2C
communicationline.
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Figure3: PowerandI2C Connector

Table3: ConnectorPinout

Pin4 Ground
Pin3 SDA (I2C data)
Pin2 SCL(I2C clock)
Pin1 Vdc

2.1.4 ACK

Theideaof ACK is to indicatewhenthedatahasbeenreceivedcorrectly. ACK doesnot indicatedata
incorrectlyreceived.ACK simply fails to indicatewhendatais correctlyreceived.Clearly, this is of limited
usefulnessandevenlesssowith Matrix Orbital modules.Matrix orbital modulesarenot capableof failing
to acknowledgeanincorrectlyreceivedbyte in responseto thatbyte's transition.They areonly capableof
failing to acknowledgethebytesfollowing thebyte,whichweren't received.To fully understandthereasons
for thisoneneedsto understandsomethingabouthow aMatrix Orbitalmoduleprocessesdata.Basicallythe
reasonwhy aMatrix Orbitalmodulemight fail to receiveabytecorrectlyis thatit wasunableto processthe
bytepreviousbeforethefailedbytewastransmitted.Becausethemodulecannotpossiblyknow thatit would
beunableto storethebytebeforethenext bytewasreceivedit cannotknow to notACK. Thereasonfor this
situationin deferenceto situationsonemight be familiar with (i.e., memorychips,etc) is that the Matrix
Orbital moduleemploys a micro-processorto performthesedatastoragefunctions. A memorychip takes
careof thesethingsentirelywithin hardwaresubsystemswhichoperateat thesamespeedasthetransmission
themselves.

ThedisplayusesastandardPhillips7bit addressasde�nedbyPhillips. However, Matrix Orbitalspeci�es
I2C addressin 8bits. The8th bit, leastsigni�cant bit (LSB or Low OrderBit) of the8bit addressis a read
/ write bit. If we take a standardPhillips 7bit addressof 45hex this would be in binary; 1000101.This is
7bits. Matrix Orbital would describethePhillips I2C addressof 45hex as8Ahex. Thereadaddresswould
be8Bhex.

For moreinformationonPhillips I2C pleasevisit;
���������	����
�
�
�
���������
����������������������������� �!�"�#%$����� �!�����&��%'(
)����*
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2.2 General Purpose Outputs

Thedisplayhastwo generalpurposeoutputs,G1 andG2. Theseareprovidedto control relaysor other
electronicdevices.Thisallowsexternaldevicesto beturnedonor off usingthePCor controllerandsoftware
commands.

Thetwo outputsdiffer slightly in speci�cation;

� G1 providesan outputwhich is switchedLOW whenON. WhenG1 is OFF it is pulled up to +5V
through150 kohms,in otherwords it canonly be usedto 'ground' an externaldevice. Maximum
currentis 20mA.

� G2 providesan outputwhich is switchedLOW whenON. WhenG2 is OFF it is pulled up to +5V,
suppliedby themodule.Maximumcurrentis 20mA.

Bothoutputsarereferencedto ground.

Typicaluseof theseoutputsis shown in theFigurebelow.

Figure4: UsingtheGeneralPurposeOutputs

If thedevice which is beingdrivenby a GPOrequiresa relatively high current(suchasa relay) it must
haveaninternalresistancegreaterthan250ohms,or mustbecurrentlimited to 20mA by meansof asuitable
resistor.

NOTE TheGPOsdonothaveany overcurrentor over / undervoltageprotectionsocare
mustbe taken whenusingthem. For instanceif the externaldevice is a relay it mustbe
fully clamped(usinga diodeandcapacitor)to absorbany generatedbackelectro-motive
force(EMF).
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Figure5: Clampinga Relay

3 Displa ying Text

Thischapterdescribesthevarioustext-displaycommandsin detail.

3.1 General

Text is displayedon thedisplayusingfontssaved in its internal�ash memory. Thedisplayis supplied
with a 5x7 font installed.If this is suitable,therewill benoneedto install any otherfonts.

3.2 Writing Text to the Displa y

Whenthedisplayreceivesacharacter, it displaysthatcharacteratthepositioncurrentlyde�ned. Thenext
charactersentto themodulethenadvancesto the following positionon thedisplay. Charactersaredrawn
using the currently selectedfont, and only charactersde�ned in the currentfont are actually processed.
Characterswhicharenotde�ned by thecurrentfont areignored,andthepositioningis notadvancedfor the
next character.

Thepositionwheretext is to bedisplayedis asinglepixel locationstoredin thedisplay'svolatilememory
andmaintainedinternallyby thedisplay's �rmw are.It canbemanuallymanipulatedwith two commands;

1. Setcurr ent text position (25471[col] [r ow]) positionsthecharactersusingatext orientedcoordinate
system,dividing thedisplayinto charactercells.

2. Settext cursor - pixel values(254121[x][y]) Setstext cursorto position(x,y), wherex andy arein
pixels. Valueis top left cornerof next text character. This positionsthecharacterat a speci�c pixel,
allowing more'�ne grained'controlwhenneeded.

3.3 Text Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.Hex andASCII equivalents
aregivenin thesummary.
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3.3.1 Auto scr oll on (254 81)

Whenautoscrollingis on, it causesthedisplayto shift theentiredisplay'scontentsup to makeroomfor
anew line of text whenthetext reachesthescroll positionde�ned by the"Setfont metrics"commandin the
displaymemory(normallythebottomright characterposition- defaultvaluefor theGLK12232-25-WBLis
64).

3.3.2 Auto scr oll off (254 82)

Whenautoscrollingis disabled,text will wrapto thetopleft cornerof thedisplayarea.Existinggraphics
or text in thedisplayareaarenot erasedbeforetext is placed.Whenusingproportionalfontswithout auto
scrolling,careshouldbetakento clearareaswheretext is beingwritten,particularlywhenwrappingoccurs.
Thismaybedoneusingthe"Draw solid rectangle"commandwith thecoloursetto white.

3.3.3 Set text inser tion point (254 71 [col] [row])

This commandsetsthe insertionpoint to the[column] and[row] speci�ed. Theinsertionpoint is posi-
tionedusingthebasesizeof thecurrentfont (thiscommanddoesnotpositiontheinsertionpointataspeci�c
pixel). The pixel columnusedis determinedby multiplying the width of the widestcharacterin the font
by [column]. The pixel row usedis determinedby multiplying the heightof the font by [row + interline
spacing].

3.3.4 Set current text inser tion point to top Left (254 72)

This commandmovesthetext insertionpoint to thetop left of thedisplayarea,basedon themetricsof
thecurrentfont.

3.3.5 Set text inser tion point using pix el values (254 121 [x][y])

This commandsetsthenext positionfor text placementto an individual pixel location. Thecoordinate
([x position],[y position])de�nes a pixel on thescreenwherethetop left cornerof thescreenis de�ned as
(0,0). This pixel locationwill beusedasthetop left cornerof thenext characterof text which is sentto the
modulewithoutany regardto 'font metrics' like characterspacingor line spacing.

3.3.6 Set current font (254 49 [font ID])

This commandinstructsthedisplayto usethefont speci�edby [font identi�er] asthedefault font. The
valuespeci�edshouldreferto a font alreadypresentin thedisplay'smemory.
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NOTE The font ID is establishedwhenthe font is saved to thedisplay, normallyusing
themogd.exeprogram.Theinstalled5x7 font ID is "1", unlesschangedby user.

3.3.7 Set font metrics (254 50 [metrics])

Where[metrics]= [left margin][top margin][x space][yspace][scrollrow]
Thiscommandde�nesthemetricsof a font alreadypresentin thedisplay'smemory.

� [left margin] speci�esthe�rst pixel columnto usefor the�rst characterin arow. In someinstances,a
font maynot evenly �t on thescreen,anddividing theextra spacebetweenthemarginswill improve
theoverallappearanceof thefont.

� [top margin] speci�esthetoppixel row to begin drawing the�rst row of text on thedisplayarea.

� [x space]speci�esthenumberof pixelsto placebetweencharacters(i.e.,characterspacing).

� [y space]speci�esthenumberof pixelsto placebetweenrowsof text (i.e., line spacing).

� [scroll row] speci�es the pixel row wherescrolling shouldstart (or, if autoscrolling is off, where
wrappingshouldoccur). Typically, this valueshouldbesetto the �rst pixel row immediatelybelow
thelastrow of text thatwill �t thedisplay.

4 Displa ying Graphics

Thischapterdescribesthevariousgraphics-displaycommandsin detail.

4.1 General

Sincethe displayis a bit mappeddevice, it may be usedto displaygraphics.Graphicimagesmay be
createdby meansof a pixel-orientedgraphicsprogram,savedasbitmaps,andloadedinto thedisplayusing
the mogd.exe program. Imagesmay be saved in the display's memory, anddisplayeduponcommand,or
they maybedownloaded'on the�y' (inline) duringdisplayoperation.

Notethat 'saved' and'on the�y' graphicsimagesareprocesseddifferently. Thesedifferencesmustbe
takeninto accountwhenprocessinggraphics.

� Savedbitmaps: Theseuseeachbyte(8 bits) to representa verticalcolumnof 8 pixels.Thenext byte
representsthenext columnto theright. If thegraphicis ' taller' than8 pixels,theLSB of thenext data
bytewill bethenext pixel. Orientationis top to bottom- LSB to MSB. Pixels/ bitsare'packed' - that
is, if theheightof thegraphicis not anevenmultiple of 8, theleftover bits go on thenext X column
to theright, etc.

� Inline bitmaps: Theseareprocessedhorizontally, andeachbyterepresentsahorizontalrow of 8 bits,
with thenext byterepresentingthenext 8 bits to theright. Orientationis left to right - MSB to LSB,
which is theoppositeto theserialtransmissionsequence(bytesaresentLSB �rst).
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Figure6: GraphicBitmaps

Eachpixel in a bitmap is describedby a single bit, and may only have the valuesON or OFF. For
example,shadesof grey arenot supported.

4.2 Graphics Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.Hex andASCII equivalents
aregivenin thesummary.

Thecoordinateorigin (0,0) is at thetop left cornerof thedisplay. X valuesgo from 0 to 239(increasing
towardtheright) andY valuesgo from 0 to 63(increasingtowardthebottom).

4.2.1 Set drawing color (254 99 [color])

This commandsetsthedrawing color for subsequentgraphiccommandsthatdo not have thedrawing
colorpassedasa parameter. Theparameter[color] is thevalueof thecolorwherewhite 0 Hex, andblackis
255Hex.

NOTE All non-zerovalueswill displayasblack.

4.2.2 Draw line (254 108 [x1][y1][x2][y2])

This commandwill draw a line from (x1,y1) to (x2,y2) using the currentdrawing color. Lines may
be drawn from any part of the display to any otherpart, but may be importantto note that the line may
interpolatedifferently right to left, or left to right. This meansthata line drawn in white from right to left
maynot fully erasethesameline drawn in blackfrom left to right.
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4.2.3 Contin ue line (254 101 [x][y])

Thiscommandwill draw line with thecurrentdrawing color from thelastline end(x2,y2)to (x,y). This
commandusestheglobaldrawing colorsothe“Setdrawing color” commandshouldbeusedbeforethe�rst
line segmentif required.

4.2.4 Put pix el (254 112 [x][y])

This commandwill draw a pixel at (x,y) using the currentdrawing color. The unit processesthese
requestsfastenoughto keepupwith a steadystreamat115kbaud,so�o w controlis not required.

4.2.5 Draw outline rectangle (254 114 [color][x1][y1][x2][y2])

Thiscommanddrawsarectangularbox in thespeci�edcolor (0 = white,non-zero= black).Thetop left
corneris speci�edby (x1,y1)andthebottomright cornerby (x2,y2).

4.2.6 Draw solid rectangle (254 120 [color][x1][y1][x2][y2])

This commanddrawsa solid rectanglein thespeci�edcolor (0 = white,non-zero= black). Thetop left
corneris speci�edby (x1,y1)andthebottomright cornerby (x2,y2). Sincethis commandinvolvesconsid-
erableprocessingoverhead,we strongly recommendtheuseof �o w control,particularlyif thecommand
is to berepeatedfrequently.

This procedureis commonfor monitoring applicationswherethereis a '�eld' on the display that is
constantlybeingupdatedfrom, say, a temperaturesensor.

4.2.7 Initializ e bar graph (254 103 [ref][type][x1][y1][x2][y2] )

This commandinitializesa bargraphreferredto by number[referencenumber]of type[type] with size
from (x1,y1)(top left) to (x2,y2)(bottomright). A maximumof 16bargraphswith referencenumbersfrom
0 to 15canbeinitializedas;

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

Thebargraphsmaybelocatedanywhereon thedisplay, but if they overlap,they will notdisplayproperly.

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

This commanddoesn't actuallydraw thegraph,it mustbe '�lled in' usingthe “Write to bar graph”com-
mand,describedbelow. Theunit savestime by only drawing thatpartof thebargraphwhich haschanged
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from the last write, so the representationon the screenmay not survive a screenclearor othercorruptive
action.A write of valuezero,followedby new valueswill restoretheproperlook of thebargraph.

4.2.8 Write to bar graph (254 105 [ref erence number][v alue])

Oncethebargraphhasbeeninitialized it canbe'�lled in' usingthis command.This commandsetsthe
bargraph[referencenumber]to value[value]. [value]is givenin pixelsandshouldnotexceedtheavailable
height/ width of thegraph.(If it does,thegraphwill simplybewritten to its maximumsize.)

4.2.9 Displa y saved bitmap (254 98 [ref erence number][x][y])

This commandcausesa previously storedbitmapreferencedby [referencenumber]to be displayedto
thescreenat pixel location(x, y) wherethis locationde�nes thetop left cornerof thebitmap.Bitmapsand
fontsmayusethesamereferencenumbers,for exampleit is possibleto havebotha bitmap1 anda font 1.

NOTE The referencenumberis establishedwhenthe bitmapis saved, normally using
mogd.exe.

4.3 Flow Contr ol

Thedisplayhasbuilt in �o w controlwhich is veryusefulduringdirectbitmapdisplayandmultiplepixel
placement.Flow control is enabledor disabledby two commands.If �o w control is enabled,thedisplay
will returnan"almostfull" message(0xFE)to themicro-controllerwhenits internalbuffer �lls to a de�ned
level, andan"almostempty"message(0xFF)whenthebuffer contentsdropto a de�ned level.

4.3.1 Enter Flow Contr ol Mode (254 58 [full][empty])

NOTE Flow controlappliesonly to theRS-232interface.It is notavailablefor I2C.

This commandenables�o w control. Whenthebuffer �lls sothatonly [full] bytesareavailablethedisplay
will returnan "almostfull" message(0xFE) to themicro-controller. Whenthebuffer emptiesso thatonly
[empty]bytesremainthedisplaywill returnan"almostempty"message(0xFF)to themicro-controller.

Thedisplaywill returnthe"almostfull" messagefor everybytesentto thedisplayuntil theusedbuffer
spaceoncemoredropsbelow the[full] level.

Whetherthe useris in '�o w control mode' or not, the modulewill ignoredisplayor commandbytes
which would overrunthebuffer. While in '�o w controlmode' theunit will return0xFEwhenthebuffer is
almostfull eventhoughit mayhavealreadythrown rejecteddataaway. Thebuffer sizefor thedisplayis 96
bytes.

Whenusingthis commandin anapplication,selectionof thevaluefor thebuffer almostfull shouldbe
consideredverycarefully. This is acritical aspectof usingthiscommandto it' s full potential.Whenusinga

Matrix Orbital GLK12232-25-WBL 14



hostsystemor PCwhichcontainsaFIFO,theusershouldsetthevalueof equalto or greaterthanthesizeof
theFIFO.Thereasonfor this is that theFIFO maybefull whenthehostsystemreceives0xFE.In thecase
of 16550UART thesizeat its maximumis 16, thereforethevalueof shouldbesetto 16or greater.

NOTE This modemustnot be usedduring loadingof fonts andbitmaps. It is highly
recommendedfor usewith directscreenwrite andmultiple pixel placements.

4.3.2 Exit Flow Contr ol Mode (254 59)

Thiscommandturnsoff �o w control.Bytesmayover�ow thebuffer without warning.

5 Keypad Interface

Thischapterdescribesthekeypadinterfaceandassociatedcommandsin detail.

5.1 General

The displaykeypadinterfaceprocessesthe keypadrow / columnmatrix into a serial (RS-232or I2C)
databytestream.Aside from this processing,thekeypadhasno effect on thedisplay. If it is necessaryto
sendkeystrokesto thedisplay, they mustberoutedthroughthemicro-controller.

5.2 Connections

Figure7: KeypadConnector

Theconnectoris not 'keyed' so thekeypadwill probablyplug in eitherof two ways. Thedisplaywill
not bedamagedby reversingtheconnector. However, thekeypadwill generatea differentASCII character
mappingfor eachposition. If the connectorhasfewer than10 pins it shouldbe centeredon the display
connector.

Thediagramshowsthelogical layout(row 1, column1 in upperleft). Theconnectorfor thekeypadis a
10pin 0.1" spacingmaleheader. Pins1 through5 arecolumnsandpins6 through10 arerows. Thekeypad
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is scannedwheneverakey is pressed;thereis nocontinuouskey scan.Thismeansthatkey pressesaredealt
with immediatelywithout any appreciablelatency. This alsopreventselectricalnoisewhich is oftencaused
by continuouskey scans.

NOTE Pleasenotethatkeypadsmaybelaid out in a differentpattern.If this is thecase,
theuserwill needto interpretthekey codesdifferently.

Table4: KeypadLayout

Columns
1 2 3 4 5

1 A B C D E
Rows 2 F G H I J

3 K L M N O
4 P Q R S T
5 U V W X Y

NOTE Thekeypadconnectormustbewired with columnson onesideandrows on the
othersideof the centerof the connector. In situationswherethe keypadisn't wired this
way anadapterwill needto bemade,or theusershouldrewire theconnectorto meetthis
requirement.

5.3 I2C Interface

Thekeypadis readby I2C masterread.In short,this meansthata readof themodulewill alwaysreturn
the �rst unreadkey press. A readis initiated by writing to the modulewith its baseaddressplus 1, then
clocking themodule's returnbyteafter themodulereleasestheSDA line. Much moredetailon this basic
I2C functioncanbefoundin theI2C speci�cationby Phillips. A goodreferenceis alsoavailableat;

���������	����
�
�
�
���������
��������������+���,�� �!�"�#�$��,�� �!�����&���'(
)����*

Themodulecontainsa tenkey pressbuffer sothat it canbepolledfor key pressesat aninfrequentrate
(every 500 to 1000mSis typical). All returnedkey pressesindicatethepresenceor absenceof additional
loggedkey pressesby themostsigni�cant bit (MSB - bit 7). If theuserhaspressedtwo keys sincethelast
poll of thekeypadinterface,the �rst readwill returnthe key codewith bit 7 setandthe secondreadwill
returnthekey codewith bit 7 clear. Theapplicationmusttake into accountthis bit to keepupwith userkey
presses.If therearenokeypressesdetected,themodulewill returnzero(0x00).

5.4 RS­232 Interface

By defaultonany pressof akey, themodulewill immediatelysendout thekey codeat theselectedbaud
rate.Thisbehavior canbemodi�ed usingcommandsfoundin thenext section.
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5.5 Commands

5.5.1 Auto repeat mode on (254 126 [mode])

[mode]= 0 givesResendKey Codemode
[mode]= 1 givesKey down / Key upcodemode
Two Modesof autorepeatareavailableandaresetvia thesamecommand.

1. ResendKey Code: This modeis similar to theactionof a keyboardon a PC.In this mode,whena
key is helddown, thekey codeis transmittedimmediatelyfollowedby a 1/2 seconddelay. After this
delay, key codeswill besentvia theRS-232interfaceatarateof about5 codespersecond.Thismode
hasnoeffect if polling or if usingtheI2C interface.

2. Keydown / Keyup codes:Thismodemaybeusedwhenthetypematicparametersof theResendKey
codemodeareunacceptableor if theunit is beingoperatedin polledmode.Thehostsystemdetects
thepressof akey andsimulatesanautorepeatinsidethehostsystemuntil thekey releaseis detected.

In this mode,whena key is helddown, thekey codeis transmittedimmediatelyandno othercodeswill be
sentuntil thekey is released.Onthereleaseof thekey, thekey releasecodetransmittedwill beavalueequal
to thekey down codeplus20 hex. For example,thekey codeassociatedwith key 'P' (0x50)is pressed,the
releasecodeis 'p' (0x70).

In RS-232polledmodeor via theI2C interface,thekey down / key upcodesareused.However, theuser
shouldbecarefulof timing details.If thepoll rateis slower thanthesimulatedauto-repeatit is possiblethat
polling for akey upcodewill bedelayedlongenoughfor anunwantedkey repeatto begenerated.

Figure8: Poll Timing

5.5.2 Auto repeat mode off (254 96)

Thiscommandturnsoff autorepeatmode.

5.5.3 Auto transmit keypresses on (254 65)

In this mode,all keypressesare sent immediatelyto the host systemwithout the useof poll keypad
command.This is thedefaultmodeonpowerup.
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5.5.4 Auto transmit keypresses off (254 79)

In this mode,up to 10 keypressesarebuffereduntil the unit is polled by the hostsystemvia the poll
keypadcommand.Issuingthis commandplacestheunit in polledmode.

5.5.5 Clear key buff er (254 69)

This commandclearsany unreadkeypresses.In a menuingapplication,if theuserpressesa key which
changesthemenucontext, any following key pressesmaybeinaccurateandcanbeclearedoutof thebuffer
betweenmenuchangesto preventjumpingaroundthemenutree.It mayalsobeusedto, in effect, resetthe
keypadin casethehostapplicationresetsfor whatever reason.

5.5.6 Poll keypad (254 38)

This commandreturnsany unbufferedkeypressesvia the RS-232interface. The hostsystemmustbe
setup to receive the key codes. Whenthe displayreceivesthis commandit will immediatelyreturnany
unbufferedkeypresseswhich mayhave not beenreadalready. If thereis morethanonekeypressbuffered,
thenthehigh orderbit (MSB) of this returnedkeycodewill beset(1). If this is theonly bufferedkeypress,
thenthe MSB will be reset(0). If thereareno bufferedkeypresses,thenthe returnedcodewill be 0x00.
Pleasenoteto makeuseof this commandthe"Auto transmitkeypress"modeshouldbeoff.

5.5.7 Set debounce time (254 85 [time])

[time] is in incrementsof 6554microseconds.
Thiscommandsetsthetimebetweenkey pressandkey read.All key typeswith theexceptionof latched

piezoswitcheswill 'bounce' for a varying time, dependingon their physicalcharacteristics.The default
debouncetime for themoduleis about52mS,which is adequatefor mostmembranekeypads.

6 Fonts and Graphics Files

6.1 General

Matrix Orbital graphicmodulescontaina sophisticated�le systemfor storingandretrieving font infor-
mation,bitmapsandsystemparameters;notunlike theway thata computerdealswith �les ona harddrive.
However, themodulesuseno moving parts,therefore,datais storedfar morereliably thandataon a home
PC.

Operationally, thereis oneimportantdifferencebetweentheMatrix Orbital �le systemandthatof a PC.
While aPCwill allow fragmentationof its �les acrosstheavailable�le space,theMatrix Orbital �le system
takesgreatcareto ensurethat all partsof a �le arestoredtogether. This systemworks well to maximize
storagespaceandoperationalef�ciency, however, during �le downloads,the modulesmay needto spend
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considerabletime moving �les to make roomfor thenew �le. This delayduringdownloadcanbeasmuch
asa minute,but generallyit will notexceed10seconds.

Whena �le is beingdownloadedwith the same'name' or referencenumberasa previously existing
�le, theold �le needsto bedeleted�rst. We cannotknow if thenew �le is exactly thesamesizeastheold
�le, sincethespacevacatedby theold �les is �lled by moving previously existing �les down to �ll up the
vacatedspace.Thisensuresthatno �le spaceis wasted.

Of course,theaveragemodulewill simply have �les loadedinto it andit will thengetto work, without
everhaving to performthis �le reorganizationtask.The�le spacemayberewrittenupto 100000times,but
mostuserswill simply loadin their fontsandbitmapsonceandthatwill beit.

6.2 Using mogd.e xe

TheMatrix Orbital interfaceprogram"mogd.exe", which is providedon thedisk andthewebsite,gen-
eratesandsavesfontslargerthan14 pixelsin height.It is alsousedto save graphicimages(bitmaps)to the
display.

To make useof smallerfonts it is recommendedthat a pre-generatedfont be used. Thesefonts can
be locatedon the disk or the website. Unfortunately, integratingthesefonts is not asstraightforward as
generatingthefonts. To make useof thesefonts theusermustplacethefont �les in their font directoryas
de�ned in theinterfaceprogram.Thisdirectorycanbefoundunder"settings".

A font �le consistsof a single �le with an extension.mgfanda directorywhich containsbitmapsfor
every character. All .mgf �les arecontainedwithin the font directoryandall bitmap directoriesaresub
directoriesof thefont directory. After downloadof a font �le usea "Zip" programto "UnZip" the.mgf �le
andbitmapsub-directoryinto thefont directory. Startor restartmogd.exeandclick on thefont tab. Thefont
list of mogdshouldnow displaythenew pre-generatedfont list.

6.3 Commands

In additionto thecommandslistedbelow, themogd.exeprogramsavesfontsandbitmapsto thedisplay's
�ash memory.

6.3.1 Erase �le (254 173 [type] [ref])

Thiscommanderasesa �le within thedisplay'smemory, in additionto erasinga single�le ata time.
This commandneedsto begiventwo parameters:[type] and[ref]. The �le typeandreferencenumber

arede�ned whenthe�le is savedto thedisplayusingmogd.exe. Sincethereis no commandto list �les in
memory, theusermustkeeptrackof thememorycontents.

� [type] = 1 is a font �le
� [type] = 5 is abitmap

Oncethis commandis completed,all �les 'move up' andrecover the emptyspacefor ef�cient memory
management.
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6.3.2 Purge memor y (254 33 89 33)

Thiscommandcompletelyerasesthedisplay'snon-volatilememory. Thisremovesall fonts,fontmetrics,
bitmaps,andsettings(currentfont, cursorposition,communicationspeed,etc.). It is an'odd' commandin
thatit is threebytesin length.This is to preventaccidentalexecution.

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

This commandbeginsa font uploadto thedisplay's non-volatilememory. [ref] is thereferencenumber
to beusedfor this font. File sizeis a2 bytevaluethatmustbecalculatedby thehostbeforethetransfertakes
place.

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

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

6.4 Working with Font Files

A font �le consistsof a header, a characterlist andcharacterbitmaps.
Theheaderconsistsof;

� Placeholderfor actualEOF(2 bytes,use0xFF0xFF- thesebyteswill besetto their �nal valueby the
module)

� Nominalcharacterwidth (1 byte)

� Absolutefont height(1 byte)

� ASCII valueof �rst characterde�ned in this �le (1 byte)

� ASCII valueof lastcharacterde�ned in this �le (1 byte)

Thecharacterlist consistsof groupsof 3 bytespercharacter;

� Offsetto characterbitmap(2 bytes)

� Actualwidth of this character(1 byte)

6.4.1 Font File in Table Form

Thetablebelow showsthelayoutof a font �le in tableform.
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Table5: File Format

0xFF 0xFF X size 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

6.4.2 Uploading the File to the Module

The “Upload font” commandis usedto actually uploadthe font �le. Recall that the syntaxfor this
commandis;

0xFE0x24[ref] [�le size][�le data]

In this examplethe �le size is 94 bytes(0x5E) and the referencenumberis 2. The communications
exchangebetweenthehostandthemodulelookslike this;
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Table6: UploadingtheFile to theModule

Host sends Module sends
0xfe

'$' (command))
'2' (reference

'2' (echoreference)
0x01(hostcon�rms echo)

0x5e(low size)
0x5e(echo)

0x01(hostcon�rms echo)
0x00(highsize)

0x00(echo)
0x01(�le �ts)*

0xFF(�rst byteof data)
0xFF(echo)

0x01(hostcon�rms echo)
0xFF(secondbyteof data)

0xFF(echo)
0x01(hostcon�rms echo)
0x20(third byteof data)

0x20(echo)
0x01(hostcon�rms echo)

etc

NOTE If themoduledetectsthatthe�le will not �t in theavailablememorywhenthe�le
sizehasbeentransmitted,it will send0x08 insteadof 0x01. In this case,thehostshould
ceasetransmission.Themodulewill returnto a readystate.

Fromthispoint,themoduletreatsall dataasraw andjuststoresit away. Themodulewill storethedata,then
readit backfrom memoryandsendthereadvaluebackto thehost. If thehostsystemreceivesanincorrect
echo,it shouldsendstatusas0x08insteadof 0x01. This will terminatethetransfer. Upontermination,the
modulewill deletethepartiallycompleted�le andreturnto a readystate.

6.4.3 A Sample Font File

Let's look at a shortsamplefont �le containingonly the letters"h", "i" and"j". First we needto de�ne
thefont size.For this examplewe'll usea 5x7pixel font. Next, we haveto draw thebitmapsfor eachof the
characters.We'll usetheexamplesshown in theFigurebelow.

Matrix Orbital GLK12232-25-WBL 22



Figure9: Bitmapsfor h, i, andj

Now the bitmapshave to be convertedto bytes. If the font is 8 bits high, this is a pretty simple job
becauseeachverticalcolumnis simplyonebyte(lsb at thetop). In this casehowever, thefont is only 7 bits
highsothebytes"wraparound"asshown in theFigurebelow.

Figure10: BytesFor a 7 Bit High Font

We've markedin thebits thataresetfor the letter "h". Rememberthat thebytesare'inverted', i.e., the
LSB is at thetop. Eachbyteis shown in a differentcolourin thediagram.Whenthebytesarestraightened
out, it' s simpleenoughto �nd their hex values,which areshown in thediagramabove eachbyte. Trailing
zerobytesat theendof narrow charactersarenot includedin the�le.

Table7: Exampleof a File Font

0xFF 0xFF 0X05 0x07 0x68 0x6A 0x00 0x0F
0x05 0x00 0x14 0x03 0x00 0x17 0x04 0x7F
0x04 0x81 0x80 0x07 0xC4 0x3E 0x10 0x02
0x20 0xB1 0x07

Thecoloursreferto: Font informationheader, character'h' , character'i' , character'j' .
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Table8: Explanationof Bytesin theFile

FFFF placeholdersfor actualEOF
05 font width
07 font height
68 �rst ASCII characterde�ned
70 lastASCII characterde�ned

000F offset to de�nition of �rst character
(h)

05 numberof bytesin de�nition of �rst
character

001 4 offsetto de�nition of secondcharac-
ter (i)

03 numberof bytesin de�nition of sec-
ondcharacter

00017 offsetto de�nition of third character
(j)

04 number of bytes in de�nition of
third character

7F 04818007 de�nition of �rst character
C43E10 de�nition of secondcharacter

0220B1 07 de�nition of third character

6.5 Working with Bitmap Files

Uploadinga bitmapis thesameasuploadinga font �le exceptthat thecharacterheaderinformationis
not required.

Thebitmap�le consistsof a headerfollowedby thebitmapdata.Theheaderformatis asfollows;

� Placeholderfor actualEOF(2 bytes,use0xFF0xFF- thesebyteswill besetto their �nal valueby the
module)

� x sizeof bitmap(1 byte)
� y sizeof bitmap(1 byte)

Bitmapdatafollows with thebits organizedvertically from thetop left. The lastbytemaybepaddedwith
zeros.

7 Miscellaneous Commands

7.1 General

Thecommandslisted in this chapterdon't readily �t in any of theothercategories,or areusedin more
thanonecategory.
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7.1.1 Clear displa y (254 88)

Thiscommandclearsthedisplayandresetsthetext write positionto thetop left of thescreen.

7.1.2 Set contrast (254 80 [contrast])

This commandsetsthe display's contrastto [contrast],where[contrast]is a valuebetween0x00 and
0xFF (between0 and255). Lower valuescause'on' elementsin thedisplayareato appearlighter, while
highervaluescause'on' elementsto appeardarker.

Lighting conditionswill affect the actualvalueusedfor optimal viewing. Individual displaymodules
will alsodiffer slightly from eachother in appearance.In addition,valuesfor optimal viewing while the
displaybacklightis onmaydiffer from valuesusedwhenbacklightis off.

7.1.3 Set contrast and save (254 145 [contrast])

This commandworks in exactly the sameway asthe "Set contrast"command.The only differenceis
it savesthecontrastvaluein thememoryof themodule,whereasthepreviouscommandonly changesthe
valuefor thedurationof use.

7.1.4 Backlight on (254 66 [min utes])

This commandturnson thebacklightfor a time of [minutes]minutes(this speci�eshow long theback-
light will remainon afterreceptionof thecommand).If [minutes]is zero(0), thebacklightwill remainon
inde�nitely.

NOTE Backlightis alwaysonby default onpowerup.

7.1.5 Backlight off (254 70)

Thiscommandturnsthebacklightof thedisplayoff.

7.1.6 General purpose output on (254 86 [gpo #])

ThiscommandturnsON eitherof thegeneralpurposeoutputs.[gpo#] is 1 for G1or 2 for G2. Notethat
ON meansthattheoutputis pulledlow.
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7.1.7 General purpose output off (254 87 [gpo #])

ThiscommandturnsOFFeitherof theGeneralPurposeOutputs.[gpo#] is 1 for G1or 2 for G2. For G1
OFFallows theoutputto '�oat'. For G2OFFpulls theoutputto +5V.

7.1.8 Set I2C address 254 51 [address])

This commandsetsthe I2C write addressof the module. This valuemustbe an even numberandthe
readaddressis onehigher. For exampleif theI2C write addressis setto 0x50,thenthereadaddressis 0x51.
Thechangein addressis immediate.This addressis 0x50by default, andis resettemporarilybackto that
valuewhenthe'manualover-ride' jumperis usedonpowerup.

7.1.9 Read module type (254 55)

Thiscommandwill return,over theRS-232interface,themodeltypevalueof themodule.It will return
a 1-bytehex value.Valuesfor variousmodulesat thetimeof this publicationareasfollows;

Table9: ModuleValues

LCD0821- 0x01 LCD2021- 0x03 LCD2041- 0x05
LCD4021- 0x06 LCD4041- 0x07 LK202-25- 0x08
LK204-25- 0x09 LK404-55- 0x0A VFD2021- 0x0B
VFD2041- 0x0C VFD4021- 0x0D VK202-25- 0x0E
VK204-25- 0x0F GLC12232- 0x10 GLC24064- 0x13

GLK24064-25- 0x15 GLK12232-25-WBL - 0x22 GLK12232-25-SM- 0x24
LK404-AT - 0x31 LK402-12- 0x33 LK162-12- 0x34

LK204-25PC- 0x35

7.1.10 Set RS­232 por t speed (254 57 [speed])

This commandsetsthedisplay's RS-232port to thespeci�ed [speed].Thechangetakesplaceimmedi-
ately. [speed]is a singlebytespecifyingthedesiredport speed.Valid speedsareshown in thetablebelow.
The displaycanbe manuallyresetto 19,200baudin the event of an error during transmission(including
transmittinga valuenot listed below) by settingthe 'manual over-ride' jumper on the displaycontroller
boardduringpowerup. Thiscommandis ignoreduntil this jumperis removedagain.
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Table10: SpeedSettings

SpeedValue Speed
20Hex 9600baud
0F Hex 19200baud
95Hex 57600baud
03Hex 76800baud
8A Hex 115000baud

7.1.11 Set Serial Number (254 52 [byte1] [byte2]

Modulesmaybedeliveredwith theserialnumberblank. In this casetheusermaysetthedesired2 byte
serialnumberusingthisonetimeonly command.

Upontheexecutionof this command,themodulewill echothesetwo bytesbackover theRS-232inter-
face.Theserialnumbermaybesetonly once.Any futureattemptto executethiscommandwill resultin no
changeandthemodulewill returnto theoriginally setserialnumber.

7.1.12 Read Serial Number (254 53)

Thiscommandwill return,overtheRS-232interface,thetwo-byteserialnumberof themoduleasit was
previouslystored.

7.1.13 Read Version Number 254 54)

Thiscommandwill returnthe�rmw areversionnumberof thedisplay. It will returna1-bytehex value.

8 Appendix: Command Summar y

8.1 General

Theoperationof thedisplayis controlledby asimpleandconsistentcommandset.
Commandscontrol;

� Text display
� Graphicsdisplay
� Keypadinterfacethedisplay�le system
� Miscellaneousoperatingparameters

Thischapterincludessummarytablesof all commands.

Matrix Orbital GLK12232-25-WBL 27



8.2 Issuing Commands

Commandsareissuedto the displayby the micro-controller. In a testsetupcommandscanbe issued
to thedisplayby meansof a BASIC programusingthechr$( ) function. In the tablesbelow, we've shown
commandsin hex, ASCII and decimalform. All commandsbegin with the pre�x character0xFE (254
decimal). Thesecommandsareissuedon theserialcommunicationslink (I2C or RS-232)at thecurrently
de�ned baudrate.

For example,usingBASIC in a testsetup,theusercould issuethecommandto clearthescreenon the
displayby includingtheline;

-�.+/10�2�3+��45!1��6�798: ���;+<>=5!���6,7?8:@�@�<

in theuser'sBASIC program.
Or, with C theusercould(usingZcommseriallibrary)

A�B�C1*�*D�%E%F�G�6+������B�C�*�*�H�I����D8	��'�"��,<>=

A�B�C1*�*D�%E%F�G�6+������B�C�*�*�H�I����D8�JLKMJN<>=

8.3 Text Commands

Table11: Text Commands

Command Syntax Default Notes
Auto scroll on FE51

25481
254'Q'

off Enablesscroll at
bottom of screen.
Text will push
display up one
line to makeroom
for new line.

Auto scroll off FE52
25482
254'R'

off Disables auto
scroll. Text will
wrap to top left
and overwrite
existing text.

Settext insertionpoint FE 47 [col] [row] 254 71
[col] [row] 254 'G' [col]
[row]

n/a Setstext insertion
point using the
base size of the
currentfont.
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Command Syntax Default Notes
Set text insertion point to
top left

FE48
25472
254'H'

This command
moves the text
insertion point
to the top left
of the display
area, based on
the metricsof the
currentfont. See
"Set font metrics"
for moredetails.

Settext insertionpoint us-
ing pixel values

FE79 [x][y]
254121[x][y]
254'y' [x][y]

n/a Setstext insertion
point to position
(x,y), wherex and
y are in pixels.
Value is top left
cornerof next text
character.

Setcurrentfont FE31 [font id]
25449
254'1'

n/a Setsfont to [font
id]. Font mustbe
in memory.

Setfont metrics FE32 [metrics]
254 50 [metrics] 254 '2'
[metrics]

n/a For de�nition of
[metrics] seesec-
tion 3.3.7.

8.4 Graphics Commands

Table13: GraphicCommands

Command Syntax Notes
Setdrawing color FE 63 [color]

25499 [color]
254'c' [color]

Setscolor (0 = white, 255 = black)
for thevariousdrawing commands.

Draw line FE 6C[x1][y1][x2][y2]
254108[x1][y1][x2][y2 ]
254' l' [x1][y1][x2][y2 ]

Drawsa line from x1,y1to x2, y2. x
valuesarefrom 0 - 63(decimal)and
y valuesfrom 0 - 239(decimal).

Continueline FE 65[x][y]
254101[x][y]
254'e' [x][y]

Continuesline from last line end
(x2,y2) to (x,y). Usescurrentdraw-
ing color.
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Command Syntax Notes
Putpixel FE 70 [x][y]

254112[x][y]
254'p' [x][y]

Puts pixel in position (x,y). Uses
currentdrawing color.

Draw outlinerectangle FE 72
[color][x1][y1][x2 ][y2]
254 114
[color][x1][y1][x2 ][y2]
254 'r'
[color][x1][y1][x2 ][y2]

Draws a rectangularoutline using
color [color].

Draw solid rectangle FE 78
[color][x1][y1][x2 ][y2]
254 120
[color][x1][y1][x2 ][y2]
254 'x'
[color][x1][y1][x2 ][y2]

Draws a solid rectangleusingcolor
[color].

Initialize bargraph [ref][type][x1][y1] [x2][y2]
254 103
[ref][type][x1][y1] [x2][y2]
254 'g'
[ref][type][x1][y1] [x2][y2]

Sets aside spacefor a bar graph.
[ref] is referencenumber(0-15) for
useby theWrite to Bar Graphcom-
mand.[type] hasvalues:
0 = vertical,startingfrom bottom
1 = horizontal,startingfrom left
2 = vertical, startingfrom top 3 =
horizontal,startingfrom right

Write to bargraph FE 69[ref][value]
254105[ref][value]
254'I' [ref][value]

Fills thebargraphreferredtoas[ref]
from start to [value]. [value] is in
pixels.

Displaysavedbitmap FE 62[ref][x][y]
25498 [ref][x][y]
254'b' [ref][x][y]

Causesbitmap[ref] to be displayed
with its topleft cornerstartingatpo-
sition (x,y).

8.5 Keypad Interface Commands

Table15: KeypadInterfaceCommands

Command Syntax Default Notes
Auto repeatmodeon FE7E [0|1]

254126[0|1]
254'~' [0|1]

off Appliesto keypad
only. 0 = 200
mstypematic,1 =
key down/key up
codessent.
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Command Syntax Default Notes
Auto repeatmodeoff FE60

25496
254'`'

off Appliesto keypad
only.

Auto transmit keypresses
on

FE41
25465
254'A'

on Setsautotransmit
modefor keypad.
Keypresses are
transmitted to
host without
polling.

Auto transmit keypresses
off

FE4F
25479
254'O'

off Up to 10 key-
presses buffered
until polled.

Clearkey buffer FE45
25469
254'E'

n/a Clearunreadkey-
presses.

Poll keypad FE26
25438
254'&'

n/a Returns buffered
keypressesto ap-
plication.

Setdebouncetime FE55 [time]
25485 [time]
254'U' [time]

52ms Resolution: 1 =
0.6554ms

8.6 File System Commands

In additionto thesecommands,the mogd.exe programis usedto downloadfonts andgraphicsto the
display.

Table17: File SystemCommands

Command Syntax Default Notes
Erase�le FEB0 [type] [ref]

254173[type] [ref]
n/a Erases �le in

memory. Type =
1 is font, type= 5
is bitmap. [ref] is
referencenumber.

Purgememory FE215921
254338933

n/a Removes all
fonts, font met-
rics, bitmapsand
settings from
memory.
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Command Syntax Default Notes
Uploadbitmap FE6E [ref] [size] [data]

25494[ref] [size] [data]
254'^' [ref] [size] [data]

n/a Uploadsa bitmap
to the memoryof
thedisplay.

Uploadfont FE24 [ref] [size] [data]
25436 [ref] [size] [data]
254'$' [ref] [size] [data]

n/a Uploadsa font to
thememoryof the
display.

8.7 Miscellaneous Commands

Table19: MiscellaneousCommands

Command Syntax Default Notes
Cleardisplay FE58

25488
254'X'

n/a Clears screen of
text andgraphics,
placestext cursor
at top left.

Setcontrast FE 50 [contrast] 254 80
[contrast] 254 'P' [con-
trast]

128 Setsdisplay con-
trast. Compen-
satesfor viewing
angle. Contrast
is avaluebetween
0 and 255 (hex 0
to FF). Larger =
darker.
Set contrast and
save FE 91 [con-
trast] 254 145
[contrast]128.

Setcontrastandsave FE 91 [contrast] 254 145
[contrast]

128 Sameas"Setcon-
trast" but saves
[contrast] as de-
fault.

Backlighton FE42 [minutes]
254 66 [minutes] 254 'B'
[minutes]

on Backlight will
stay on for [min-
utes].If [minutes]
= 0 backlight
will stay on
permanently.
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Command Syntax Default Notes
Backlightoff FE46

25470
254'F'

on Turns off back-
light.

Generalpurposeoutputon FE56
25486
254'V'

off Turns the general
purpose output
ON.

Generalpurposeoutputoff FE57
25487
254'W'

off Turns the general
purpose output
OFF.

SetI2C address FE33 [address]
25451 [address]
254'3' [address]

ox50 Valueis write ad-
dressandmustbe
even,readaddress
is 1 higher.

Readmoduletype FE37
25455
254'7'

seetable Readsthemodule
type. Returns1-
bytehex value.

SetRS-232port speed FE39 [speed]
25457 [speed]
254'9' [speed]

19,200 Sets RS-232
speed.

Enter�o w controlmode FE3A [full] [empty]
25458 [full] [empty]
254':' [full] [empty]

off Sets "full" and
"empty" marks
for the 96 byte
display buffer.
When buffer
reaches [full]
display will
return 0xFE to
host. When
buffer reaches
[empty] display
will return0xFF.

Exit �o w controlmode FE3B
25459
254';'

Turns off �o w
control (buffer
handshaking).

SetSerialNumber FE34 [byte1][byte2]
25452 [byte1][byte2]
254'4' [byte1][byte2]

This is a one-
time-use com-
mand which
works only on
units without
factory set serial
numbers.

ReadSerialNumber FE35
25453
254'5'

Reads the two
byte serial num-
berof themodule.
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Command Syntax Default Notes
ReadVersionNumber FE36

25454
254'6'

Reads the
�rmw are ver-
sion number
of the module.
Returns 1-byte
hex value.

9 Appendix: Speci�cations

Table21: EnvironmentalSpeci�cations

StandardTemperature
OperatingTemperature 0� C to +50� C
StorageTemperature -20� C to +70� C

OperatingRelativeHumidity 90%maxnon-condensing
Vibration(Operating) 4.9m/s2 XYZ directions

Vibration(Non-Operating) 19.6m/s2 XYZ directions
Shock(Operating) 29.4m/s2 XYZ directions

Shock(Non-Operating) 490m/s2 XYZ directions

Table22: ElectricalSpeci�cations

SupplyVoltage 4.75- 5.25Vdc
SupplyCurrent 18mA typical

SupplyBacklightCurrent 110mA typical
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Table23: OpticalCharacteristics

Pixel Layout 122x 32pixelsXxY
Numberof Characters 80 (maximum 20 charac-

tersx 4Lineswith 5x7font)
DisplayArea 69.50x 20.76mmXxY

Dot Size 0.52x 0.62mm(XxY)
Dot Pitch 0.53x 0.53mm(XxY)

LED / CCFL BacklightLife 100,000hourstypical
Colorof Illumination Yellow Green
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Figure11: PhysicalLayout

Table24: DisplayOptions

Model E V VPT EL FL
LCD0821 a a n/a n/a n/a
LCD2041 a a n/a n/a n/a
LCD4021 a a n/a n/a n/a
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Model E V VPT EL FL
LCD4041 a n/a a a n/a
LK162-12 a a n/a n/a n/a
LK202-25 a a n/a n/a n/a
LK204-25 a a a n/a n/a
L402-12 a a a n/a n/a

LK404-55 a n/a a a n/a
LK404-AT a n/a a a n/a
BLC2041 a a n/a n/a n/a
VFD2041 a a n/a n/a n/a
VK202-25 a a n/a n/a n/a
VK204-25 a a a n/a n/a
BVF2041 a a n/a n/a n/a
GLC24064 a n/a a a n/a

GLK12232-25-WBL n/a n/a n/a n/a n/a
GLK24064-25 a n/a a n/a a

Matrix Orbital GLK12232-25-WBL 37


