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1 Intr oduction

TheGLC24064is equippedwith thefollowing features;

� 240x 64pixel graphicsdisplay
� Text displayusingbuilt in or usersuppliedfonts
� Adjustablecontrast
� Backlighting
� RS-232or I2C 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 PCdependingon theapplication.This
controlleris responsiblefor whatis displayedon thescreenof thedisplay.

Thedisplayprovidesasimplecommandstructurewhichallowsbothtext andgraphicsto betransferredto
thescreen.Text fonts(andgraphics,if desired)arestoredin thedisplay's�ash ROM andmayberegardedas
'permanent',in thatthey will survivepower-off periodsandwill not 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 GLC24064

Sincethe display is intendedto be usedwith a controller it doesnot have any built in text editing
functions.If astreamof ASCII charactersareinputed,thosecharacterswill bedisplayed.However, theCR,
LF, backspace,etc.,will be ignored. If theapplicationrequiresthesefunctions,they mustbe providedby
the softwarein the controller, which will issuetheappropriatepositioningcommandsto the display. The
displaydoesnot includeakeypadinterface.

1.3 mogd.e xe

Matrix Orbital hasdevelopedan interfaceprogramwhich exercisesall the featuresof thedisplay. The
programcanbeusedto managefont andgraphicsdownloads."mogd.exe" is providedon Matrix Orbital's
Cd andwebsite.

To install mogd.exe,follow thefollowing steps;

1. InserttheMatrix OrbitalCd-ROM into theCd drive
2. Locatethe�le "mogd.zip",whichshouldbein the“Download”directory
3. Unzipmogd.zipto a temporarydirectoryusinga programsuchasWinzip, Pkzip,etc.
4. Doubleclick on "setup.exe"
5. Follow theinstructionson thescreento completetheinstallation

After theinstallationis completetherewill beaMatrix Orbitalentryunder“Programs”in the“Startmenu”.
Click on this entryto runmogd.exe.

Thefollowing informationmustbeenteredthe�rst time mogd.exeis run;
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� Theport numberto beused.(UsuallyCOM1 or COM2)

� Thebaudratefor theconnection.It is bestto use19,200for initial start-upof thedisplay

� Thetypeof displayunit. Setto 240x 64 for theGLC24064

Oncethis informationis enteredtheprogramcanbeusedto controlall functionsof thedisplay.

1.4 Trying Out the GLC24064

Beforesettingup theapplicationit is bestto testout thedisplay. This is easilydonewith a PC.

Thefollowing is requiredfor testing;

� A 5V powersupply(8 to 30VDC for “Ef�cient switchingsupply” (VPT) models)

� A powerconnector. Thetypeusedfor 3.5” �oppy drivesworks�ne

� A PCwith a spareRS-232port. (EitherCOM1 or COM2)

� Themogd.exeprogram

� A 9 or 25conductorRS-232serialcable.If usinga25conductorcable,a25 to 9 pin adapterwill also
berequired

Thebackview of theGLC64064is shown below for reference.

Figure1: RearView of GLC24064
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1.4.1 Here's what to do:

Figure2: Connectionsfor Testing

1. Referto theFigureabovefor thefollowing steps.
2. Wire the connectorto thepower supply. On mostconnectorsthe RED leadwill go to +5V andthe

BLACK leadto GND.

NOTES

� Do not connectthe GLC24064to a spare�oppy drive power lead in the PC. The
wiring is not correctandtheunit will bedamaged.

� The Manufacturer's Warrantybecomesvoid if the unit is subjectedto over-voltage
or reversedpolarity.

3. Connectthedisplayto thePCusingtheserialcableandadapterif required.
4. Connectthepower connector, ensuringthat the+5V goesto V+ asshown in theFigureabove. Turn

on thepower; theLCD backlightshouldcomeon.
5. Usethemogd.exeprogramto exercisesomeof thefeaturesof thedisplayto make certaineverything

worksproperly.
6. To experimentwith typing text; run a PC terminalprogram,suchasHyperterm. Make certainit' s

con�guredto usethecorrectport. Setthebaudrateto 19,200.

Oncethis is complete,try typingsomecharactersonthekeyboard.Thecharactersshouldnow appearon the
displayscreen.Note thatCR, backspace,etc.,will not have any effect. Text will wraparoundto thenext
line whentheendof a line hasbeenreached.
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1.5 Manual Over­ride

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

1. Turnoff thedisplay
2. Puta jumperon themanualover-ridepins.
3. Powerup thedisplay. Thebaudrateis now setto 19,200.
4. RemovethejumperandchangetheRS-232port settingsto thedesiredbaudrate.
5. Turnoff thedisplay.
6. Powerup thedisplay.

Figure3: Manualover-ride

Refer to the "Set RS-232port speed",commandfor acceptablebaudrates. This proceduredoesnot
changesettingsin thememorychip. Theprocedureusesdefaultsettingsstoredin themainprocessor, which
allows the userto communicatewith the displaywhenall other communicationsare lost. Onceable to
communicatewith thedisplay, theusermaythenchangethedefault settingsin thememorychip.

Pleasenotethatwith themanualover-ride jumperin place,theunit will receiveandperformcommands
suchasturningthebacklightonandoff. However, it will notoutputtext to theLCD.

1.6 Memor y Chip Loc k Down

Thedisplayusesa memorychip to storespeed,start-upscreencontrast,fonts,bitmapsandI2C settings.
Wheneverythinghasbeenchangedto thedesiredsettingsandtheunit is in a �nished productor in the�eld,
lockingdown thememorychipsonosettingscanbechangedis desirable.Thisprocedureis only to bedone
by knowledgeablepeople.

WARNING Any damageto thedisplayresultingfrom usererrorwhile
performingthis procedurewill not becoveredundertheManufacturer's
Warranty.
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Figure4: MemoryChipLockdown

To lock down thememorychipsimplysolderthejumperin the'redbox' andcut thetracewherethe'red
X' is. Thiswill lock down thememorychip, therebynot allowing anything to bechangedinsideit until the
trackis restoredandthesolderjumperis removed.

2 Connections

2.1 Power

WARNINGS

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

Orbital,unlesstheuseris awareof themodi�cationsrequired.
� Do notapplyvoltageto theDB-9 connectorAND powerconnector
� Do notapplymorethan+5Vdcto pin 9 on theDB-9 connector.

Referto thediagrambelow for thischapter.
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Figure5: ElectricalConnections

Table1: Connectors& Functions

Connector Function
4 pin Power (Vdc) and I2C communica-

tionsor RS-232
DB-9F RS-232/ power

2 pin header GPOheader
3x2 header I2C andRS-232select

2.1.1 Power Connection (4 pin header)

Power is appliedvia pins1 and4.
Power requirementis asfollows;

� +5Vdc� 0.25Vonstandardvoltageunits
� +7Vdcto +30Vdcwith “Widevoltage”and“Ef�cient switchingpower” supply(-VPT).

Figure6: PowerConnector
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Table2: ConnectorPinout

Pin 4 Ground
Pin 3 SDA (I2C data)/ Rx
Pin 2 SCL(I2C clock) / Tx
Pin 1 Vdc

2.1.2 Five volt Power Cable

If a displaymoduleis usedin a PC,it becomestemptingto plug a sparepower connectorinto theunit.
Do not do this! Wiring for thePCpowerconnectorandthatrequiredfor themodulearedifferent,asshown
in theFigurebelow.

Figure7: Wiring for 5 Volt Modules

Matrix Orbital cansupplyanadaptercabledesignedfor usewith thedisplaymodulewhenit' s installed
in a PC,if theuserwould like to modify cablewiring.

Figure8: FiveVolt PowerCable

Simply insertthesplittercablein serieswith a ' large' power connector(e.g. onegoingto a harddrive)
andplug thesmallconnectorinto thedisplaymodule.Theconnectoris 'keyed' andwill only �t oneway.
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NOTE Theconnectorprovideddoesnot allow accessto themiddle two pinswhich are
usedfor I2C communications.If this functionality is required,Matrix Orbital suggests
wiring asuitableconnector.

2.1.3 Wide Volta ge with Ef�cient Switc hing Power Suppl y (VPT)

Power is appliedto thewhiteor brown four pin SIPconnectorasfollows;

Table3: ConnectorPinout

Pin 4 Gnd
Pin 3 SDA (I2C data)/ Rx
Pin 2 SCL(I2C clock) / Tx
Pin 1 +7 - 30V DC

If thesoledatasourceis via RS-232,thedatainput is via theDB-9 connector. In this casepins2 and3
arenotused.

NOTE Do not usethis cableunlessthe displaymodulehasthe "Wide voltagerange",
option (option V). Useof the 12 volt power cablewith 5 volt moduleswill damagethe
module.

The 12 volt power cableis designedfor usewith wide voltagerangedisplaymodulesmountedin a PC.
Wiring requiredfor the12volt powerconnectoris shown in theFigurebelow.

Figure9: Wiring for 12Volt Modules

Matrix Orbital cansupplyanadaptercabledesignedfor usewith thedisplaymodulewhenit' s installed
in a PC,if theuserwould like to modify cablewiring.
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Figure10: TwelveVolt PowerCable

NOTE Theconnectorprovideddoesnot allow accessto themiddletwo pins,which are
usedfor I2C communications.If this functionality is required,Matrix Orbital suggestsa
suitableconnectorbewired.

2.1.4 Power Connection (DB­9 Connector)

Thedisplaycanbepoweredvia pin 9 ontheDB-9 connector. No matterwhichvoltageoptionthedisplay
is equippedwith, theusermayonly use+5Vdcthroughpin 9. Using+5Vdcbypassesany voltageregulator
on thedisplay.

WARNING Thesemodi�cations must be done. Impropermodi�ca-
tions will damagethedisplayandresult in a void Manufacturer's War-
ranty.

1. Solderthejumperin the'redsquare'.It' s locatedby theDB-9 connector.

Figure11: PowerDB-9

1. Solderthejumperin the'redsquare'asshown in theFigurebelow.
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Figure12: PowerJumperDB-9

2.2 Comm unications

2.2.1 RS­232 Comm unications and DB­9 Connector pinout

A standardDB-9F is providedfor RS-232communications.Power mayalsobe suppliedvia this con-
nector if desired. In addition, the usermay usethe two middle pins of the power connectorfor serial
communications.

Figure13: RS-232andPowerConnector

The RS-232connectoron the serial cableis wired so that a standard'straightthrough', 9 pin D-sub
cablemay beusedto connectthemodulesto a standardserialport suchasCOM portson PCs. Note that
this device complieswith theEIA232 standardin that it usessignallevelsfrom � 12V to � 12V. It canalso
operatecorrectlyatTTL (0 to +5V) levels.To usestandardRS-232nomodi�cationsarerequired.For TTL,
pleasereferto theTablebelow.
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Table4: 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

2.2.2 RS­232 Comm unication thr ough the Power Connector

RS-232communicationcanalsobeachievedthroughthemiddletwo pinsof thepowerconnector.

Figure14: PowerConnector

Table5: ConnectorPinout

Pin 4 Vdc
Pin 3 Tx
Pin 2 Rx
Pin 1 Ground

To allow this, thejumpersmustbesetasindicatedbelow.

Figure15: RS-232
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2.2.3 I2C Comm unications

The displayhasI2C communicationsrunning at 100 Kbps andup to 127 units canexist on a single
communicationsline. ThedisplayI2C communicationlinesarethetwo middlepinsof thepowerconnector.
Thesearesharedwith RS-232andmustbe turnedon. Thedefault I2C addressis 0x50. The I2C dataline
operateson5 volts.

Figure16: PowerConnector

Table6: ConnectorPinout

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

The displaydoesnot work on I2C by default. The modi�cation shown in the Figurebelow must be
carriedout.

Figure17: I2C

I2C communicationrunsat100Kbpsandsupportsup to 127unitsonasinglecommunicationsline. The
I2C dataline operateson5V CMOSlevels.
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2.2.4 ACK

Theideaof ACK is to indicatewhenthedatahasbeenreceivedcorrectly. ACK doesnot indicatedata
incorrectlyreceived.ACK simply fails to indicatewhendatais correctlyreceived.Clearly, this is of limited
usefulnessandevenlesssowith Matrix Orbitalmodules.Matrix Orbitalmodulesarenot capableof failing
to acknowledgean incorrectly received byte in responseto that byte's transition. They areonly capable
of failing to acknowledgethe bytesfollowing the byte, which werenot received. To fully understandthe
reasonsfor this one needsto understandsomethingabouthow a Matrix Orbital moduleprocessesdata.
Basically, thereasonwhy aMatrix Orbitalmodulemight fail to receiveabytecorrectlyis thatit wasunable
to processthe byte previous beforethe failed byte wastransmitted.Becausethe modulecannotpossibly
know thatit wouldbeunableto storethebytebeforethenext bytewasreceived,it cannotknow to notACK.
Thereasonfor this situationin deferenceto situationsonemight befamiliar with (i.e., memorychips,etc)
is that the Matrix Orbital moduleemploys a micro-processorto performthesedatastoragefunctions. A
memorychip takescareof thesethingsentirelyin hardwaresubsystemswhichoperateat thesamespeedas
thetransmissionthemselves.

ThedisplayusesastandardPhillips7bit addressasde�nedbyPhillips. However, Matrix Orbitalspeci�es
I2C addressin 8bits. The8th bit, or leastsigni�cant bit (LSB or Low OrderBit) of the8bit addressis 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;
���������	����
�
�
�
���������
����������������������������� �!�"�#%$����� �!�����&��%'(
)����*

2.3 General Purpose Output

Thegeneralpurposeoutputis providedto controlrelaysor otherdevicesvia thedisplay. This allowsan
externaldevice to beturnedonor off usingthecontrollerandsoftwarecommands.

TheGPOis meantto beusedasa pair. Thepositive sideof theGPOis connectedto a power sourceof
+5Vdcsuppliedby themodule.Thisconnectionis via a240ohmresistorwhichlimits themaximumcurrent
to 20mA. Thenegativesideof theGPOis connectedto ground.

If the device which is beingdriven by a GPOrequiresa relatively high current(suchasa relay) and
hasaninternalresistanceof its own greaterthan250ohms,thenthe240ohmresistormayberemovedand
replacedwith a jumper. This resistoris locateddirectly to theleft of thepositive pin of thegeneralpurpose
output.

NOTE This operationrequiressoldering. With the resistorremovedthe GPOdoesnot
have any overcurrentor over / undervoltageprotectionsocaremustbetakenwhenusing
the GPO.For instance,if the externaldevice is a relay it mustbe fully clampedusinga
diodeandcapacitorto absorbany generatedbackelectro-motiveforce(EMF).
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Figure18: Clampinga Relay

3 Displa ying Text

This chapterdescribesthevarioustext-displaycommandsin detail. Before issuingcommandsto the
GLC24064pleasereadsections7.2and 7.3.

3.1 General

Text is displayedontheGLC24064usingfontssavedin its internal�ash memory. Thedisplayis supplied
with a 5x7 font installed.If this is suitable,thenthereis noneedto 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.
Charactersthatarenot de�ned by thecurrentfont areignored,andthepositioningis not advancedfor the
next character.

Thepositionwheretext is to bedisplayedis asinglepixel locationstoredin thedisplay'svolatilememory
andmaintainedinternallyby thedisplay's �rmw are.This positionis manipulatedby thecommandsshown
in thefollowing section.
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3.3 Text Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.

3.3.1 Auto Scroll 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(normally, thebottomright characterposition- default valuefor theGLC24064is 64).

3.3.2 Auto Scroll 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 thecolorsetto 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]. If precisepixel-basedtext positioningis required,see"Set text insertionpoint - pixel values",
below.

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. Referto the"Setfont metrics"commandbelow for moredetails.

3.3.5 Set Text Inser tion Point Using Pixel 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.
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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.

NOTE The font ID is establishedwhenthe font is saved to thedisplay, normallyusing
themogd.exeprogram.Theinstalled5x7 font ID is 0x01,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�es the �rst pixel columnto usefor the �rst characterin a row. In someinstances,

a font maynot evenly �t on thescreen,anddividing theextra spacebetweenthemarginswill improve the
overall appearanceof the font. [top margin] speci�es the top pixel row to begin drawing the �rst row of
text on thedisplayarea.[x space]speci�esthenumberof pixelsto placebetweencharacters(i.e. character
spacing).[y space]speci�esthenumberof pixels to placebetweenrows of text (i.e. line spacing).[scroll
row] speci�esthepixel row wherescrollingshouldstart(or, if autoscrollingis off, wherewrappingshould
occur). Typically, this valueshouldbesetto the �rst pixel row immediatelybelow the last row of text that
will �t thedisplay.

4 Displa ying Graphics

Thischapterdescribesthevariousgraphics-displaycommandsin detail.Uploadingagraphicto position
1 will resultin thatbitmapbeingdisplayedwhentheunit is poweredon.

4.1 General

Sincethe displayis a bit-mappeddevice, it may be usedto displaygraphics.Graphicimagesmay be
createdby meansof a pixel orientedgraphicsprogram,savedasbitmaps,andloadedinto thedisplayusing
themogd.exeprogram.Imagesmaybesavedin thedisplay'smemoryanddisplayeduponcommand,or they
maybedownloaded'on the�y' (in-line) duringdisplayoperation.

NOTE 'saved' and'on the �y' graphicsimagesareprocesseddifferently. Thesediffer-
encesmustbetakeninto accountwhenprocessinggraphics.

Savedbitmapsuseeachbyte(8 bits) to representa verticalcolumnof 8 pixels.Thenext byterepresentsthe
next columnto theright. If thegraphicis ' taller' than8 pixels,theLSB of thenext databytewill bethenext
pixel. Orientationis top to bottom- LSB to MSB. Pixels / bits are'packed', meaning;if theheightof the
graphicis notanevenmultiple of 8, theleftoverbits goon thenext X columnto theright, etc.
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In-line bitmapsareprocessedhorizontallyandeachbyterepresentsa horizontalrow of 8 bits, with the
next byterepresentingthenext 8 bitsto theright. Orientationis left to right - MSB to LSB,whichis opposite
to theserialtransmissionsequence(bytesaresentLSB �rst).

Figure19: 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.
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4.2.2 Draw Line (254 108 [x1][y1][x2][y2])

This commandwill draw a line from (x1,y1) to (x2,y2) usingthecurrentdrawing color. Linesmaybe
drawn from any partof thedisplayto any otherpart.However, it maybeimportantto notethattheline 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.

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

This commandwill draw a line with the currentdrawing color from the last line end(x2,y2) to (x,y).
This commandusestheglobaldrawing 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) 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 stronglyrecommendtheuseof �o w control,particularlyif thecommandis
to berepeatedfrequently.

This procedureis commonfor monitoring applicationswherethereis a '�eld' on the display that is
constantlybeingupdated.An exampleof thiswould bea 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
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� [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].

Thiscommanddoesn't actuallydraw thegraph,it mustbe'�lled in' usingthe“Write to bargraph”command
describedbelow. Theunit savestimeby only drawing thatpartof thebargraphwhichhaschangedfrom the
lastwrite, so therepresentationon thescreenmaynot 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�nesthetop left cornerof thebitmap.

NOTE The referencenumberis establishedwhenthe bitmapis saved, normally using
mogd.exe. Bitmapsand fonts may usethe samereferencenumbers. For example, it' s
possibleto havebotha bitmap1 anda font 1.

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

This commandis usedto draw 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 bitmapdownload,this commandexpectsdatato be senthorizontally insteadof
vertically. The�rst byteof datais locatedin thetop left of theareade�ned by (x1,y1)andtheMSB of that
byte is the left-mostpixel. The secondbyte is the next 8 pixels to the right of the �rst byte. While each
individualbyteis orientedasonewouldexpect,with LSB towardtheright andthebytesmoving from left to
right acrossthescreen,it' s not a 'bit-stream' asmight beexpected.After the�rst pixel row of datais sent,
datacontinueson thenext 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 thescreenat pixel location(13,13).It
is however, possibleto write a 16x 10bitmapto thescreenatpixel location(24,13).

Theusermaywish to use�o w controlduringdirectscreenbitmapwritesto avoid possiblebuffer over-
�o w.
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4.2.11 Initializ e Strip Char t (254 106 [ref][x1][y1][x2][y2])

A 'stripchart' is anareaof thescreenreservedfor horizontalscrolling.This is normallyusedasfollows;

1. Initialize thestripchart,which reservestheappropriateareaof thescreen.
2. Draw a line segmentat theright or left sideof thestripchart.
3. Shift thestripchartto theright or left.
4. Draw thenext line segment.

Usedthis way thestrip chartcanproducea graphwhich scrollssmoothly, horizontallyin eitherdirection.
With text thestripcharttheusercanproducea 'marquis' effect.

NOTE If thestrip chartis usedwith text, Matrix Orbital recommendstheuseof a 6 or
7 pixel wide �x edwidth charactersetwith eachcharacterplaced8 pixelsfrom thestartof
thepreviousone.

Up to 7 strip charts([ref] = 0 - 6) maybede�ned. To initialize a strip charttheusermustde�ne anareaon
thedisplayin which to placethestripchart.(x1,y1)is thetop left cornerof theareato beused,where[x1] is
theplacementof thecolumnwherethestrip chartis to begin and[y1] is therow. Theusermustthende�ne
[x2] asthebottomright columnof theareato beutilizedand[y2] asthebottomright row.

Thede�nition of x mustlie on 'byte boundaries'.That is, x mustbede�ned as0x00,0x08,0x10,etc.
This restrictiondoesnotapplyto y values.

4.2.12 Shift Strip Char t (254 107 [ref])

This commandshifts the strip chart left or right. [ref] determinesboth which strip chart is usedand
whichdirectionit will shift. Thedirectionis selectedby themostsigni�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 commandshiftsthecontentsof theareade�ned in the"Initialize strip chart"command,8 pixelsat

a time.

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. An "almostempty"message(0xFF)will bedisplayedwhenthebuffer contentsdropto 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 I2C.

This commandenables�o w control.Whenthebuffer �lls sothatonly [full] bytesareavailable,thedisplay
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 'Flow control mode' or not, the modulewill ignoredisplayor commandbytes
whichwouldover-runthebuffer. While in 'Flow 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
hostsystemor PCwhichcontainsaFIFO,theusershouldsetthevalueof equalto or greaterthanthesizeof
theFIFO.Thereasonfor this is that theFIFO maybefull whenthehostsystemreceives0xFE.In thecase
of 16550UART thesizeat its maximumis 16, thereforethevalueshouldbesetto 16or greater.

WARNING This modemustnot be usedduring loadingof fonts and
bitmaps.It is highly recommendedfor usewith directscreenwrite and
multiplepixel placements.

4.3.2 Exit Flow Contr ol Mode (254 59)

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

5 Fonts and Graphics Files

5.1 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,themodulesmayneedto spend
considerabletime moving �les to make roomfor thenew �le. This delayduringdownloadcanbeasmuch
asa minute,but generallyit will notexceed10seconds.
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Whena �le is beingdownloadedwith thesame'name' or referencenumberasthepreviously existing
�le, theold �le needsto bedeleted�rst. It is impossibleto know if thenew �le is exactly thesamesizeas
theold �le sincethespacevacatedby theold �les are�lled by moving previouslyexisting �les down to �ll
up thevacatedspace.Thisensuresthatno �le spaceis wasted.

Of course,theaveragemodulewill simply have �les loadedinto it andit will work without everhaving
to performthis �le reorganizationtask.The�le spacemayberewrittenup to 100000times.However, most
userswill simply loadin their fontsandbitmapsonceandthatwill beit.

5.2 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 makeuseof smallerfontsit is recommendedthatapre-generatedfont beused.Thesefontsarelocated
on thediskor thewebsite.Unfortunately, integratingthesefontsis not asstraightforwardasgeneratingthe
fonts personally. To make useof thesefonts, the usermustplacethe font �les in their font directoryas
de�ned in theinterfaceprogram.Thisdirectorymaybeusedandfoundunder"settings".

A font �le consistsof a single�le with an extension.mgf anda directorywhich containsbitmapsfor
every character. All .mgf �les arecontainedwithin the font directoryandall bitmap directoriesaresub
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.exeandclick
on thefont tab. Theusershouldnow seetheir new pre-generatedfont listedin thefont list of mogd.

5.3 Commands

In addition to the commandslisted below, the usermay usethe mogd.exe programto save fonts and
bitmapsto thedisplay's �ash memory.

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

Thiscommanderasesa �le within thedisplaymemory, in additionto erasingasingle�le at a time.
Thecommandneedsto 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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5.3.2 Purge Memor y (254 33 89 33)

This commandcompletelyerasesthedisplay's non-volatile memory. It removesall fonts,font metrics,
bitmaps,andsettings(currentfont, cursorposition,communicationspeed,etc.). It is an'odd' commandin
thatit is threebytesin length.This is to preventaccidentalexecution.

5.3.3 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.

5.3.4 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.

5.4 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)

5.4.1 Font File in Table Form

Thetablebelow showsthelayoutof a font �le in tableform.
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Table7: 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

5.4.2 Uploading the File to the Module

The“Uploadfont” commandis usedto actuallyuploadthefont �le. Pleaserememberthatthesyntaxfor
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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Table8: Uploadingthe�le 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

* If the moduledetectsthat the �le will not �t in the available memorywhen the �le sizehasbeen
transmitted,it will send0x08insteadof 0x01. In this case,thehostshouldceasetransmission.Themodule
will returnto a readystate.

From this point, the moduletreatsall dataasraw andjust storesit away. The modulewill storethe
data,thenreadit backfrom memoryandsendthereadvaluebackto thehost. If thehostsystemreceives
an incorrectecho,it shouldsendstatusas0x08 insteadof 0x01. This will terminatethe transfer. Upon
termination,themodulewill deletethepartiallycompleted�le andreturnto a readystate.

5.4.3 A Sample Font File

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

Now thebitmapshave to beconvertedto bytes.If thefont is 8 bits high, it will becomea fairly simple
job becauseeachverticalcolumnis simplyonebyte(lsbat thetop). In thiscase,however, thefont is only 7
bits highsothebytes'wrap around'.

Figure21: Bytesfor a 7 bit high font

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

Now let's look at the�le itself.

Table9: ExampleFontFile

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

Thecolorsreferto: Font informationheader, character

“h” , character“i” , character“j” .

Explanationof thebytesin the�le;

(All valuesbelow arein hex)
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Table10: Explanationof Bytesin theFile

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

000F offsetto de�nition of �rst character(“h”)
05 numberof bytesin de�nition of �rst character

0014 offsetto de�nition of secondcharacter(“i”)
03 numberof bytesin de�nition of secondcharacter

00017 offsetto de�nition of third character(“j”)
04 numberof bytesin de�nition of third character

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

0220B1 07 de�nition of third character

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

6 Miscellaneous Commands

6.1 General

Thecommandslisted in this chapterdon't readily �t in any of theothercategories,or areusedin more
thanonecategory.

6.1.1 Clear Displa y (254 88)

Thiscommandclearsthedisplayandresetsthetext write positionto thetop left of thescreen.
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6.1.2 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 valuesusedwhenthebacklightis off.

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

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

6.1.4 Backlight On (254 66 [min utes])

This commandturnson the backlight for a time of [minutes]minutes. (This speci�es how long the
backlightwill remainonafterreceptionof thecommand).If [minutes]is zero(0), thebacklightwill remain
on inde�nitely.

NOTE Backlightis alwaysonby default onpowerup.

6.1.5 Backlight Off (254 70)

Thiscommandturnsthebacklightof thedisplayoff.

6.1.6 General Purpose Output On (254 86)

This commandturnsON the generalpurposeoutput. In the 'on' statethe GPOprovides5 volts at a
maximumcurrentof 20mA to operateexternaldevices.

6.1.7 General Purpose Output Off (254 87)

ThiscommandturnsOFFthegeneralpurposeoutput.
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6.1.8 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.

6.1.9 Read Module Type (254 55)

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

Table11: 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
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 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 eventof an error during transmission,including
transmittinga valuenot listed below, by settingthe 'manual over-ride' jumper on the displaycontroller
boardduringpowerup. Thiscommandis ignoreduntil this jumperis removedagain.

Table12: SpeedSettings

SpeedValue Speed
20Hex 9600baud
0F Hex 19200baud
95Hex 57600baud
03Hex 76800baud
8A Hex 115000baud
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6.1.11 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.

6.1.12 Read Serial Number (254 53)

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

6.1.13 Read Version Number (254 54)

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

7 Appendix: Command Summar y

7.1 General

Theoperationof thedisplayis controlledby asimpleandconsistentcommandset.
Commandscontrol;

� Text display
� Graphicsdisplay
� Thedisplay�le system
� Miscellaneousoperatingparameters

7.2 Issuing Commands

Commandsareissuedto thedisplayby the micro-controller. In a testsetup,commandscanbe issued
to thedisplayby meansof a BASIC program,usingthechr$() function. In thetablesbelow, 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),theusercouldissuethecommandto clearthescreenon the
displayby includingtheline;

+�,.-0/�1�2.��34!0��5�6879 ���:.;=<4!���5>6?79@�@�;
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in theBASIC program.

Or, with C theusercould(usingZcommseriallibrary)

A�B�C0*�*D�%E%F�G�5.������B�C�*�*�H�I����D7	��'�"��>;=<

A�B�C0*�*D�%E%F�G�5.������B�C�*�*�H�I����D7�JLKMJN;=<

7.3 On Number s

Like all computerizeddevices, the displayoperateswith commandsandvaluesin the form of binary
numbers.Thesebinarynumbersarearrangedin 8 digit (i.e., 8 bit) groupscalledbytes.Thedecimalvalue
of a bytemayhaveany valuefrom 0 to 255.

Bytesareusuallyspeci�edin eitherdecimalor hexadecimal(base16)form for convenience,sincebinary
numbersareconfusingto dealwith directly. Hexadecimal(hex) numbersareparticularlyconvenientbecause
exactlytwo hexadecimaldigitsmakeuponebyte,eachhex digit representing4binarydigits(4bits)asshown
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,thebyte01001011canberepresentedin hex as4B, which is usuallywritten asany
of 4Bh,4BH, 4B hex or 0x4B.Thenumberscanalsobeexpressedin decimalform if preferred.

7.3.1 ASCII Character s

Sincecomputersdealinternallywith numbersonly, but externallywith bothlettersandnumbers,several
schemeswere developedto 'map' written charactersto numericvalues. One suchschemehasbecome
universal,the AmericanStandardCodefor Information Interchange,or ASCII. ASCII tablesare readily
availablefrom anumberof sources.A few exampleswill dohere;
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Table14: Exampleof anASCII Table

Theletter A hasa valueof 65decimalor 41hex
Theletter a hasa valueof 97decimalor 61hex

Thenumber 0 hasa valueof 48decimalor 30hex
Thenumber 9 hasa valueof 57decimalor 39hex

Thisgivesriseto thepossibilityof confusionwhenparametersarebeingsetonthedisplay. For example,
somecommandsusea [type] parameterto indicatea �le type. We're told thatacceptablevaluesare0 and
5. All parametersmustusenumericvalues(i.e., theactualbytevalues).If we sendtheASCII number0 by
mistake it will actuallygive thevalue48 decimal(30 hex) to theparameter, which is wrong. In the tables
givenin thefollowing sectionsASCII charactersareshown as'A', with singlequotes.

7.4 Text Commands

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

Table15: 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.

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]
25450 [metrics]
254'2' [metrics]

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

7.5 Graphics Commands

Table17: GraphicsCommands

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.

PutPixel FE 70 [x][y]
254112[x][y]
254'p' [x][y]

Puts pixel in position (x,y). Uses
currentdrawing color.
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Command Syntax Notes
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 SolidRectangle 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 Bar Graph FE
67[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 = ver-
tical, startingfrom bottom1 = hor-
izontal, startingfrom left 2 = verti-
cal,startingfrom top3 = horizontal,
startingfrom right

Write to Bar Graph FE 69 [ref][value] 254
105 [ref][value] 254 'I'
[ref][value]

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

DisplaySavedBitmap FE 62 [ref][x][y] 254
98 [ref][x][y] 254 'b'
[ref][x][y]

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

Initialize StripChart FE 6A
[ref][x1][y1][x2] [y2]
254 106
[ref][x1][y1][x2] [y2] 254
'j' [ref][x1][y1][x2][ y2]

[ref] is a referencenumberfrom 0 -
6, allowing 7 strip chartsto be de-
�ned.

Shift Strip Chart FE 6B [ref]
254107[ref]
254'k' [ref]

[ref] selects the strip chart and
the direction in which it moves.
Movementis always 8 pixels at a
time.MSB = 0 shifts left MSB = 1
shiftsright.

7.6 File System Commands

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

Table19: File SystemCommands
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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.

Uploadbitmap FE^E [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.

7.7 Miscellaneous Commands

Table21: 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.

Setcontrastandsave FE 91 [contrast] 254 145
[contrast]

128 Sameas"setcon-
trast" but saves
[contrast] as de-
fault.
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Command Syntax Default Notes
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.

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. Returnsa 1-
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).
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Command Syntax Default Notes
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.

ReadVersionNumber FE36
25454
254'6'

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

8 Appendix: Speci�cations

Table23: EnvironmentalSpeci�cations

StandardTemperature ExtendedTemperature
OperatingTemperature 0� C to +50� C -20� C to +70� C
StorageTemperature -20� C to +70� C -30� C to +80� C

OperatingRelativeHumidity 90%maxnon-condensing 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

Table24: ElectricalSpeci�cations

SupplyVoltage 4.75- 5.25Vdc (Optional7 - 30Vdc)
SupplyCurrent 31mA typical

SupplyBacklightCurrent 160mA typical
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Table25: OpticalCharacteristics

Pixel Layout 240x 64pixelsXxY
Numberof Characters 320 (maximum 40 charactersx 8

Lineswith 5x7 font)
DisplayArea 127.16x 33.88mmXxY

Dot Size 0.49x 0.49mm(XxY)
Dot Pitch 0.53x 0.53mm(XxY)

LED / CCFL BacklightLife 100,000hourstypical
Colorof Illumination Yellow Green (LED), Light Blue

(CCFL)
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Figure22: PhysicalLayout
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8.1 Options

Table26: OptionsAvailableonStandardProductLine

ExtendedTemperature E
Wide Voltage V

WideVoltagewith Ef�cient SwitchingPowerSupply VPT
Blue ElectroluminescentBacklight EL

ColdCathodeFluorescentLampBacklight(CCFL) FL
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