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1 Introduction

The GLK12232-25-SMcomesequippedwith thefollowing features;

122x 32 pixel graphicsdisplay

Text displayusingbuilt in or usersuppliedfonts

Contrasts adjustabléby softwarecontrol

Backlightingis adjustableby softwarecontrol

Keypadinterface

RS-2320r 1°C communications

Extendedvoltagemoduleavailable (-V). This moduleis equippedwith a constantcurrentsourceto

ensureconsistang in backlightbrightnesgrom unit to unit. Sincethis modulehasavoltageregulator,
thecontrastwith remainconsistantregardles®of theinputvoltage. Theinputvoltagemustbebetween
7-15Volts for this moduleto operate.

This manualdescribeghe basicuse and overview of the display It also describesadvancedfunctions,
which may requiresoldering. Matrix Orbital expectsthe userto be pro cient with a solderingiron before
attemptingo modify theunit. Pleasébeadvisedany damageesultingfrom solderingironsor modi cations
will notbe coveredunderthe Manufacturers Warranty

1.1 What to Expect From the GLK12232-25-SM

The GLK12232-25-SMis designedasthe displayunit for anassociatedontroller The controllermay
be anything from a single board,specialpurposemicro-controllerto a PC, dependingon the application.
This controlleris responsibldor whatis displayedon the screerof thedisplay

Thedisplayprovidesa simplecommandstructureto allow bothtext andgraphicgo betransferredo the
screenText fonts,aswell asgraphicsf desired arestoredin thedisplay's ash ROM andmayberegarded
as'permanent’in thatthey survive power-off periodsanddo not changeunlessexplicitly reprogrammed.

The screenis backlit for low-light situations. Backlightingmay be turnedup or down underprogram
control. Contrastis softwareadjustabléo compensatéor differing lighting conditionsandviewing angles.

1.2 What Not to Expect From the GLK12232-25-SM

Sincethedisplayis intendedto be usedwith a controller, it doesnot have ary built in text editing func-
tions. If astreamof ASCII characterareinputedthey will bedisplayed.However, the CR, LF, backspace,
etc.,will beignored.If theusersapplicationrequireghesefunctions they mustbeprovidedby the software
in the users controller, which canissuethe appropriatgositioningcommandgo thedisplay

1.3 Keypad Interface

Thekeypadinterfacetakesrow / columninput andcorvertsit to ASCII characterswhich aredelivered
outthe RS-232o0r I2C port to the associatedontroller Pleasenotethatthe keypadis not usedto directly
controlary aspecbf the operationof the display which actssimply asa matrix to serialcorverter In order
to usethekeypadto controlthedisplay the usermustprogramtheir controlleraccordingly
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1.4 mogd.e xe

Matrix Orbital hasdevelopedan interface programwhich exercisesall the featuresof the display It
is alsousedto managefont andgraphicsdownloads. The program,called"mogd.ee", is provided on the
Matrix Orbital Cd andwebsite.

To installmogd.eefollow thesesteps;

1. Insertthe Matrix Orbital CD-ROM into the appropriatedrive.

2. Locatethe le "mogd.zip".It shouldbein the“Download” directory

3. Unzipmogd.zipto atemporarydirectory usinga programsuchasWinzip, Pkzip, etc.
4. Doubleclick on"setup.ae".

5. Follow theinstructionsonthe screerto completetheinstallation.

After installationis completetherewill be a Matrix Orbital entry under“Programs”in the “Start Menu”.
Click onthis entryto runmogd.ee.
The rst time mogd.eis run, someinformationwill berequired;

Theport numberto beused.(Usually COM1 or COM2)
Thebaudratefor theconnectionlt is recommendetb use19,200for initial startupof thedisplay
Thetype of displayunit, setto 122x 32 for the GLK12232-25-SM

Oncethis informationhasbeenenteredthe programcanbe usedto controlall functionsof thedisplay

1.5 Installation

Thedisplayis easyto install:

1. Connecthe"Plugfor GLK12232-25-SM'to thePawer/ RS-232connectoonthebackof thedisplay
2. Connecthe RS-232connectotto anavailablePC COM port.
3. Connectthe "Power from PC" connectorto a 3.5" oppy drive power connector A PC power "Y"

cablemaybeusedto connecto a 5.25"drive connectolinstead.
4. TurnonthePC.Thebacklightonthedisplayshouldcomeon.

1.6 Setting Up

Beforesettingup theapplicationtheusermaywantto try outthedisplay Thisis easilydonewith a PC.
If notequippedvith a dualbay PC mountingkit, thefollowing will berequired;

ThePCcableavailablefrom Matrix Orbital. Thisis the simplestway to make testconnectionsvithout
having to solderup cablesandconnectors

A 5V or 12V powersupply(dependingpn the moduleordered)

A PCwith aspareRS-232port (COM1 or COM2)

Themogd.ee program

A power connector The type usedfor 3.5" oppy drivesworks ne with the appropriateconnector
only!

A modi ed serialcable
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Make certain the GLK12232-25-SMis equippedwith the proper connectorfor usewith this cable.

Figurel: Connectiongor Testing

1. Referto Figureabove for thefollowing steps.
2. Wire the connectorto the power supply On mostconnectorghe RED leadwill goto +5V andthe
BLACK leadto GND.

NOTE TheManufacturers Warrantybecomegwoid if theunitis subjectedo over-voltage
or reversedoolarity.

3. Connecthedisplayto the PC usingthe serialcableandadapteif required.
. Connecthe power connectormakingsurethatthe +5V goesto V+ asshavn in the diagram.
5. Turnonthepower: thebacklightshouldcomeon.

I

1.7 Trying out the GLK12232-25-SM

Ensuretheunitis connectedo powerandthe PCandbacklightareon.

1. Usethe mogd.ee programto exercisesomeof the featuresof the display This shouldprovide an
indicationof ary malfunction.

2. To experimentwith typingtext, run a PCterminalprogramsuchasHyperterm.Make sureit' s con g-
uredto usethe correctport. Setthe baudrateto 19,200.

If characteraretypedonthekeyboard,they shouldnow appeaionthedisplayscreenPleasenotethatCR,
backspacegtc.,won't have ary effect. Text will wraparoundto thenext line whentheendof aline hasbeen
reached.
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1.8 Trying out a Keypad

Sincea numberof differentkeypadtypescanbe connectedo the display the resultsmay be a little
unpredictableAt this pointall we needto dois make surethatthe keypadandinterfacework, andpossibly
generatean ASCIl mapfor any programmingneeds.

The keypad interface on the display corvertsa row / column connectionto an ASCII character By
default, a keypressis transmittedas serial dataimmediately Keypad buffering canbe selectedusingthe
appropriateeommands.

1.8.1 Here's what to do:

1. ThePCshouldberunningaterminalprogramsuchasHyperterm.
2. With thedisplayconnectedo the PC,plugin thekeypad.If theconnectohasfewer pinsthantheone
onthedisplay centerit aswell aspossible.

NOTES

Thekeypadconnectomustbewiredwith columnson onesideandrows ontheother
sideof the centerof theconnectorlf thekeypadisn't wired this way, anadaptemwill
needto be made. Another methodwould be to rewire the connectorto meetthis
requirement.

The connectots reversible.Reversingthe connectomwill notdamagehe keypador
thedisplay but will hawever, changehe ASCII charactemap.

3. Pressa key on the keypad. An uppercaseASCII characte(A-Y) shouldappearon the PC screen.
Differentkeys shouldgeneratalifferentcharacters.

To experimentreversethe connectormndseeif it generates morelogical setof charactersUItimately, the
programin themicro-controllemwill haveto ‘'map'thesecharacterso theonesmarkedonthekeypad,which
will likely bedifferent.

1.9 Manual Over-ride

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

. Turn off thedisplay

. Putajumperonpins5 and6 of thekeypadconnector

. Powverupthedisplay Thebaudrateis now setto 19,200

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

. Pownverupthedisplay

O wWNE
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NOTE This proceduredoesnot changesettingsin the memorychip, it usesdefault set-
tings storedin the main processar This allows the userto communicatewith the display
whenall othercommunicationgrelost. Onceableto communicatewith the display the
usermaythenchangehedefault settingsin the memorychip.

2 Memory Chip Lock Down

The displayusesa memorychip to storespeed startup screencontrast,|°C settingandothersettings.
Wheneverythinghasbeenchangedo the desiredsettingsandtheunitis in a nished productor in the eld,
locking down the memorychip so no settingscan be changedmight be desirable.This is only to be done
by knowledgeablepeople. Any damageo the displayby this procedureesultingfrom usererrorwill notbe
coveredunderthe Manufacturers Warranty

Figure2: UnLockedPosition

To lock down the memorychip, unsolderthe jumperasshavn in the UNLOCKED pictureaborve and
solderthejumperin the LOCKED position. Thiswill lock down the memorychip, notallowing anythingto
be changednsideit until thejumpersarerestoredo their original position.

3 Connections
3.1 Connector Pinout

Referto the diagrambelaow for this chapter
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Memory Lockdown Configuration Jumpers

| &Q

T.1_

GRFOs Keypad Gonnector Power/Data
Connector

Figure3: ElectricalConnections

3.1.1 Power Connections

WARNINGS

Do notapplyary powverwith reversedpolarization.

Do notapplyary voltageotherthanthe speci edvoltage.

Do not useary cablesotherthanthe cablessuppliedby Matrix
Orbital, unlessawareof the modi cationsrequired.

Do not underary circumstancesisean unmodi ed oppy drive
power cablein thewrongconnector
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[}—GND
[F—TX
[[F—RX
[(F—+5V

[—-+5V

[—GND
[ }—GND

[—+12V

Figure4: PowverandDataCon guration

If a standardnoduleis ordereda 5 Volt input mustbe applied. You have two optionsfor this to be
applied. You canapply power andcommunicatiorvia onecablethroughthe top connectoror apply power
via an unmodi ed oppy power cablethroughthe bottom connectorand power/groundthroughthe top
connector

If awide voltagemoduleis ordereda 7-15Volt input mustbe applied. Thereis two optionsfor this to
beapplied.Paverandcommunicatiorcanbeappliedvia onecablethroughthetop connectoyor power can
be appliedvia anunmodi ed oppy power cablethroughthe bottomconnectomwith dataandgroundbeing
connectedo thetop connector

NOTES

A commongroundshouldbe usedatall times.
Eachmoduleorderedhasspeci ¢ voltagesandcannotbeinterchanged.

3.1.2 RS-232 Communications

A 4 pin SIP connectoicanbe connectedo a Matrix Orbital suppliedPCcable.

The RS-232connectomon the PC cableis wired sothata standardstraightthrough' 9 pin D-subcable
may be usedto connectthe modulesto a standardserialport suchas COM portson PCs. To connectthis
moduleto a PC,a 1 foot serialcableanda 4-BR cableare needed.Theseaccesorieganbe purchasedt
thefollowing link: www.matrixorbital.com/pages/acceswa.asp?CatlD=5T his device complieswith the
EIA232 standardn thatit usessignallevelsfrom +/-12V to +/- 12V. It will alsooperatecorrectlyatTTL (0
to +5V) levels. To usestandardR S-232no modi cations arerequired.
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Tablel: RS-232Pinout

Pin Number Direction Description | LCD | Host
2 Datafrom LCD | Dataout(LCD) | Tx Rx
3 Datato LCD Datain (LCD) Rx TX
5 - Ground gnd | gnd

Pleaseseethefollowing gure below for thedefault RS232con guration.

Figure5: Default RS232Con guration

3.1.3 TTL Comm unications

Thisdevice complieswith theEIA232 standardn thatit usessignallevelsfrom +/-12Vto +/- 12V. It will
alsooperatecorrectlyat TTL (0 to +5V) levels. To con gure to TTL modeyou mustremove the jumpers
from the RS232locationandplacenew jumperson the indicatedTTL setting. Pleaseseethe gure below
for TTL con guration.

Figure6: TTL Connections

3.1.4 12C Comm unications

Thedisplayhas|?C communicationsunningat 100 Kbps andup to 127 units on a singlecommunica-
tionsline. Thel?C dataline operatesn 5 volt CMOS levels. The displaydoesnotwork on 12C by default.
To con gure to I2C modeyou mustremove thejumpersfrom the RS232locationandplacenew jumperson
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theindicatedl2C setting.Therequiredmodi cation mustbe carriedout, asdescribedn the Figurebelow.

Figure7: I2C Connections

To communicateén 12C youmustconnectccordingo the4 pin connectorasshovn in the Figurebelow.

[—GND
[F—SDA
C—soL

[—+5V

[(}—+5V

[J—GND
[—GND
[}—+12v

Figure8: I2C Connections

Now the unit will beableto communicatever|2C. It usesthe samepinsasRS-232.Much moredetail
onthis basicl?C functioncanbefoundin the1?C speci cationby Phillips.
A goodreferences alsoavailableat;

3.2 General Purpose Outputs

Thedisplayhastwo generalpurposeoutputs,G1 andG2. Theseareprovidedto control relaysor other
electronicdevices. This allows externaldevicesto beturnedon or off usingthe PCor controllerandsoftware
commands.
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Thetwo outputsdiffer slightly in speci cation;

G1 providesan outputwhich is switchedLOW whenON. WhenG1 is OFF it is pulled up to +5V
through150 kohms. In otherwordsit canonly be usedto 'ground' an externaldevice. Maximum
currentis 250mA.

G2 providesan outputwhich is switchedLOW whenON. WhenG2 is OFF it is pulled up to +5V,
suppliedby the module.Maximum currentis 250 mA.

111

=0=0
O, 0L
OnPn

Figure9: GPOCon guration

Both outputsarereferencedo ground.If thedevicewhichis beingdrivenby a GPOrequiresarelatively
high currentsuchasarelay, it musthave aninternalresistancereaterthan 250 ohms,or mustbe current
limited to 100 mA by meanf a suitableresistor

NOTE The GPOsdo not have any over currentor over / undervoltage protectionso
caremustbe takenwhenusingthem. For instancef the externaldevice is arelay it must
befully clampedusinga diodeandcapacitotto absorbary generatedackelectro-motve
force (EMF).

Figure10: Clampinga Relay
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4 Displaying Text
This chapterdescribeshe varioustext-displaycommandsn detail.
4.1 General

Text is displayedon the GLK12232-25-SMusingfonts savedin its internal ash memory Thedisplay
is suppliedwith a5x7 font installed.If thisis suitable therewill be no needto install ary otherfonts.

4.2 Writing Text to the Display

Whenthedisplayrecevesacharacterit displaysthatcharacteatthepositioncurrentlyde ned. Thenext
charactessentto the modulethenadvancedo the following positionon the display Charactersaredravn
usingthe currentlyselectedont, andonly charactersle ned in the currentfont areprocessedCharacters
which are not de ned by the currentfont are ignored, thusthe positioningis not advancedfor the next
character

The position wheretext is to be displayed,is a single pixel location storedin the display's volatile
memoryand maintainedinternally by the display's rmw are. It can be manuallymanipulatedwith two
commands;

1. Setcurrenttext position (25471 [col] [row]) positionsthecharactersisingatext orientedcoordinate
systemdividing thedisplayinto charactecells.
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 positionsthe characteiat a speci ¢ pixel,
allowing ' ne grained'controlwhenneeded.

4.3 Text Commands
In this sectioncommandsreidenti ed by theirnamesanddecimalvalues.
4.3.1 Auto Scroll On (254 81)

Whenautoscrollingis on, it causeshedisplayto shift the entiredisplay's contentaup to make roomfor
anew line of text whenthetext reacheshe scroll positionde ned by the "Setfont metrics"commandn the
displaymemory(normally the bottomright characteposition- default valuefor the GLK12232-25-SMis
64).

4.3.2 Auto Scroll Off (254 82)

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

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

This commandsetsthe insertionpoint to the[column] and[row] speci ed. Theinsertionpointis posi-
tionedusingthebasesizeof thecurrentfont (this commandioesnot positiontheinsertionpointata speci c
pixel). The pixel columnusedis determinedby multiplying the width of the widestcharacteiin the font
by [column]. The pixel row usedis determinecby multiplying the heightof the font by [row + interline
spacing].

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

This commandmovesthetext insertionpointto thetop left of the displayarea,basedon the metricsof
thecurrentfont.

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

This commandsetsthe next positionfor text placemento anindividual pixel location. The coordinate
([x position],[y position]) de nes a pixel on the screenwherethe top left cornerof the screeris de ned as
(0,0). This pixel locationwill be usedasthetop left cornerof the next characteof text which is sentto the
modulewithoutary regardto "Font metrics"like charactespacingor line spacing.

4.3.6 Set Current Font (254 49 [font ID])

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

NOTE Thefont ID is establishedvhenthe font is saved to the display normally using
themogd.e&e program.Theinstalled5x7 font ID is "1", unlesschangedy user

4.3.7 Set Font Metrics (254 50 [metrics])

Where[metrics]= [left magin][top mamgin][x space][yspace][scroltow]
Thiscommandle nesthe metricsof afont alreadypresentn thedisplay's memory

[left mamgin] speci esthe rst pixel columnto usefor the rst charactein arow. In someinstancesa
font maynotevenly t onthescreenanddividing the extra spacebetweerthe marginswill improve
the overall appearancef the font. [top magin] speci esthetop pixel row to begin drawing the rst
row of text onthedisplayarea.

[x spacekpeci esthenumberof pixelsto placebetweercharactergi.e. charactespacing).
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[y spacekpeci esthe numberof pixelsto placebetweerrows of text (i.e. line spacing).
[scroll row] speci esthe pixel row wherescrolling shouldstart (or, if autoscrolling is off, where

wrappingshouldoccur). Typically, this valueshouldbe setto the rst pixel row immediatelybelow
thelastrow of text thatwill t thedisplay

5 Displaying Graphics
This chapterdescribeshevariousgraphicsdisplaycommandsn detail.

5.1 General

Sincethe displayis a bit mappeddevice, it may be usedto display graphics. Graphicimagesmay be
createcby meansof a pixel orientedgraphicsprogram saved ashitmaps,andloadedinto the displayusing
the mogd.ee program. Imagesmay be saved in the display’s memory and displayeduponcommand or
they maybedownloadedon the y' (in-line) duringdisplayoperation.

Notethat'saved' and'on the y' graphicimagesare processediifferently. Thesedifferencesnustbe
takeninto accountwhenprocessingyraphics.

Saved bitmaps: Theseuseeachbyte (8 bits) to represena verticalcolumnof 8 pixels. The next byte
representthenext columnto theright. If thegraphicis 'taller' than8 pixels,the LSB of thenext data
bytewill bethenext pixel. Orientationis top to bottom- LSB to MSB. Pixels/ bitsare'packed' - that
is, if the heightof the graphicis not an evenmultiple of 8, theleftover bits go onthe next X column

to theright.
Inline bitmaps: Theseareprocessedthorizontallyandeachbyterepresents horizontalrow of 8 bits,

with the next byte representinghe next 8 bits to theright. Orientationis left to right - MSB to LSB,
whichis the oppositeto the serialtransmissiorsequencébytesaresentLSB rst).

Figure1l: GraphicBitmaps
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Eachpixel in a bitmapis describedby a single bit, and may only have the valuesON or OFF For
example,shade®f grey arenot supported.

5.2 Graphics Commands

In this sectioncommandsreidenti ed by their namesanddecimalvalues.
Thecoordinateorigin (0,0)is atthetop left cornerof thedisplay X valuesgo from 0 to 239 (increasing
towardtheright) andY valuesgo from 0 to 63 (increasingowardthe bottom).

5.2.1 Set Drawing Colour (254 99 [color])

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

NOTE All non-zerovalueswill displayasblack.

5.2.2 Draw Line (254 108 [x1][y1][x2][y2])

This commandwill draw a line from (x1,y1) to (x2,y2) usingthe currentdrawing color. Lines may
be drawn from ary part of the displayto ary other part, but may be importantto note that the line may
interpolatedifferently right to left, or left to right. This meanghata line drawvn in white from right to left
may notfully erasehe sameine drawvnin blackfrom left to right.

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

Thiscommandwill draw line with thecurrentdrawing color from thelastline end(x2,y2)to (x,y). This
commandisesheglobaldraving color sothe“Setdrawing color” commandhouldbe usedbeforethe rst
line segmentif required.

5.2.4 Put Pixel (254 112 [x][y])

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

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

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

Matrix Orbital GLK12232-25-SM 14



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

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

This procedureis commonfor monitoring applicationswherethereis a' eld' on the displaythatis
constanthybeingupdatedrom, say atemperatursensor

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

This commandnitializes a bar graphreferredto by number{referencenumber]of type [type] with size
from (x1,y1) (topleft) to (x2,y2) (bottomright). A maximumof 16 bargraphswith referencenumbersrom
0to 15canbeinitialized as;

[type = 0] Verticalbottomreferenced
[type = 1] Horizontalleft referenced
[type = 2] Verticaltop referenced
[type = 3] Horizontalright referenced

Thebargraphsmaybelocatedanywhereonthedisplay but if they overlapthey will notdisplayproperly

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

This commandioesnt actuallydraw thegraph,it mustbe' lled in' usingthe Write to bargraphcommand,
describedelown. Theunit savestime by only draving thatpartof thebargraphwhich haschangedrom the
lastwrite, sothe representatiomn the screenmay not survive a screenclearor othercorruptive action. A
write of valuezero,followedby new valueswill restorethe properlook of thebargraph.

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

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

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

This commandcauses previously storedbitmapreferencedy [referencenumber]to be displayedto
the screerat pixel location(x, y) wherethis locationde nesthetop left cornerof the bitmap. Bitmapsand
fontsmay usethe samereferencenumbersfor exampleit is possibleto have botha bitmap1 andafont 1.

NOTE The referencenumberis establishedvhenthe bitmapis saved, normally using
mogd.ee.
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5.3 Flow Control

Thedisplayhasbuilt in o w controlwhichis very usefulduringdirectbitmapdisplayandmultiple pixel
placement.Flow controlis enabledor disabledby two commands.If o w controlis enabledthe display
will returnan“almostfull” messag€OxFE)to themicro-controllerwhenits internalbuffer lls to ade ned
level, andan“almostempty" messag€0xFF)whenthe buffer contentdropto ade ned level.

5.3.1 Enter Flow Control Mode (254 58 [full][empty])

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

This commandenableso w control. Whenthebuffer lls sothatonly [full] bytesareavailablethedisplay
will returnan"almostfull" messag€0xFE)to the micro-controller Whenthe buffer emptiesso thatonly
[empty] bytesremainthedisplaywill returnan“almostempty"messag€0xFF)to the micro-controller

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

Whetherthe useris in ' 0 w control mode' or not, the modulewill ignoredisplay or commandbytes
which would over-run the buffer. While in ' o w controlmode'the unit will returnOxFEwhenthe buffer is
almostfull eventhoughit mayhave alreadythrown rejecteddataaway. Thebuffer sizefor thedisplayis 96
bytes.

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

NOTE This modemustnot be usedduring loading of fonts and bitmaps. It is highly
recommendeébr usewith directscreennrite andmultiple pixel placements.

5.3.2 Exit Flow Control Mode (254 59)

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

6 Keypad Interface

This chapterdescribeshe keypadinterfaceandassociatedommandsn detail.
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6.1 General

The display keypad interfaceprocesseshe keypadrow / columnmatrix into a serial (RS-232or 12C)
databyte stream.Aside from this processingthe keypadhasno effect on the display If it is necessaryo
sendkeystrokesto thedisplay they mustberoutedthroughthe micro-controller

6.2 Connections

Figure12: KeypadConnector

T

=
(2

Figure13: KeypadConnector

GN

GND—]
COoL1—]
1

The connectoris not 'k eyed' sothe keypadwill probablyplug in eitherof two ways. The displaywill
not bedamagedy reversingthe connector However, the keypadwill generate differentASCII character
mappingfor eachposition. If the connectorhasfewer than 10 pins it shouldbe centeredon the display
connector

Thediagramshavsthelogical layout(row 1, column1 in upperleft). The connectoffor the keypadis a
10pin 0.1" spacingmaleheaderPins1 through5 arecolumnsandpins 6 through10 arerows. The keypad
is scannedvheneverakey is pressedthereis no continuouskey scan.This meanghatkey pressesredealt
with immediatelywithout arny appreciabldateng. This alsopreventselectricalnoisewhich is oftencaused
by continuouskey scans.

NOTE Pleasenote that keypadsmay be laid out in a differentpattern. If this is the
casetheuserwill needto interpretthe key codesdifferently. Also includedaretwo extra
pins on eachend of the connectorto be usedfor groundstrapping. This can be used
in conjuntionwith your keypadif a groundstrapconnectionis requiredor if a common
groundconnectioris needed.
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Table2: KeypadlLayout

Columns
112|3|4]|5
1/lA|B|C|D]|E
2/ F|G|H]|I]J
Rows | 3|K|L|M|[N|O
4 P|Q|R|S|T
5{U|V|IW|X]|Y

NOTE Thekeypadconnectomustbe wired with columnson onesideandrows onthe
otherside of the centerof the connector In situationswherethe keypadisn't wired this
way anadaptewill needto be made,or the usershouldrewire the connectoito meetthis
requirement.

6.3 I2C Interface

Thekeypadis readby 1°C masteread.In short,this meanghatareadof the modulewill alwaysreturn
the rst unreadkey press. A readis initiated by writing to the modulewith its baseaddreslus 1, then
clockingthe modules returnbyte after the modulereleaseshe SDA line. Much moredetail on this basic
I2C functioncanbefoundin thel?C speci cationby Phillips. A goodreferences alsoavailableat;

The modulecontainsa ten key pressbuffer sothatit canbe polledfor key pressest aninfrequentrate
(every 500to 1000mSiis typical). All returnedkey pressesndicatethe presencer absencef additional
loggedkey pressedy the mostsigni cant bit (MSB - bit 7). If theuserhaspressedwo keys sincethelast
poll of the keypadinterface,the rst readwill returnthe key codewith bit 7 setandthe secondreadwill
returnthekey codewith bit 7 clear Theapplicationmusttake into accountthis bit to keepup with userkey
presseslf thereareno keypressesletectedthe modulewill returnzero(0x00).

6.4 RS-232 Interface

By defaulton ary pressof akey, themodulewill immediatelysendoutthekey codeattheselectedaud
rate. This behaior canbe modi ed usingcommandgoundin thenext section.

6.5 Commands
6.5.1 Auto repeat mode on (254 126 [mode])

[mode]= 0 givesResendKey Codemode
[mode]= 1 givesKey down / Key up codemode
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Two modesof autorepeatareavailableandaresetvia the samecommand.

1. ResendKey Code This modeis similar to the actionof a keyboardon a PC. In this mode,whena
key is helddown, the key codeis transmittedmmediatelyfollowedby a 1/2 seconddelay After this
delay key codeswill besentviatheRS-232interfaceatarateof about5 codegpersecond Thismode

hasno effectif polling or if usingthe|2C interface.
2. Keydown / Key up codes This modemay be usedwhenthetypematicparametersf the “Resend

key code” modeare unacceptabler if the unit is beingoperatedn polled mode. The hostsystem
detectsthe pressof a key andsimulatesan autorepeatinsidethe hostsystemuntil the key releases
detected.

In this mode,whenakey is helddown, thekey codeis transmittedmmediatelyandno othercodeswill be
sentuntil thekey is releasedOnthereleasef thekey, thekey releasecodetransmittedwill beavalueequal
to thekey down codeplus 20 hex. For example,thekey codeassociatedvith key 'P' (0x50)is pressedthe
releasecodeis 'p' (0x70).

In RS-232polledmodeor via thel2C interface thekey down / key up codesareused.However, theuser
shouldbe carefulof timing details.If the poll rateis slowerthanthe simulatedauto-repeait is possiblethat
polling for akey up codewill bedelayedong enoughfor anunwantedkey repeato be generated.

Figure14: Poll Timing

6.5.2 Auto repeat mode off (254 96)
Thiscommandurnsoff autorepeatmode.
6.5.3 Auto transmit keypresses on (254 65)

In this mode, all keypressesre sentimmediatelyto the host systemwithout the use of poll keypad
commandThisis the defaultmodeon power up.

6.5.4 Auto transmit keypresses off (254 79)

In this mode,up to 10 keypressesre buffered until the unit is polled by the hostsystemvia the poll
keypadcommandIssuingthis commandlacesheunit in polledmode.
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6.5.5 Clear key buffer (254 69)

This commandclearsary unreadkeypressesin a menuingapplication,if the userpresses key which
changeshemenucontext, ary following key pressesnaybeinaccurateandcanbe clearedout of the buffer
betweermenuchangego preventjumpingaroundthe menutree. It mayalsobe usedto, in effect, resetthe
keypadin casethe hostapplicationresetdor whatever reason.

6.5.6 Poll keypad (254 38)

This commandreturnsary unkufferedkeypressewia the RS-232interface. The hostsystemmustbe
setup to receve the key codes. Whenthe display recevesthis commandit will immediatelyreturnary
unkufferedkeypressesvhich may have not beenreadalready If thereis morethanonekeypressbuffered
the high orderbit (MSB) of this returnedkeycodewill beset(1). If thisis the only bufferedkeypressthen
the MSB will bereset(0). If thereareno bufferedkeypressesthenthe returnedcodewill be 0x00. Please
notethatto make useof this commandhe "Auto transmitkeypress"modeshouldbe off.

6.5.7 Set debounce time (254 85 [time])

[time] is in incrementf 6554microseconds.

Thiscommandsetsthetime betweerkey pressandkey read.All key typeswith the exceptionof latched
piezoswitcheswill 'bounce'’ for a varying time, dependingon their physicalcharacteristics.The default
debouncgime for the moduleis about52 mS,which is adequatéor mostmembranéeypads.

7 Fonts and Graphics Files

7.1 General

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

Operationallythereis oneimportantdifferencebetweerthe Matrix Orbital le systemandthatof aPC.
While aPCwill allow fragmentatiorof its les acrosgheavailable le spacetheMatrix Orbital le system
takesgreatcareto ensurethatall partsof a le arestoredtogether This systemworks well to maximize
storagespaceandoperationakf ciency. However, during le downloadsthe modulesmay needto spend
considerabléime moving les to make roomfor thenew le. This delayduringdownloadcanbeasmuch
asaminute,but generallyit will notexceedl10 seconds.

Whena le is beingdownloadedwith the same'name’' or referencenumberasa previously existing
le, theold le needgo bedeletedrst. We cannotknow if thenew le is exactly the samesizeastheold
le sincethe spacevacatedby theold les is lled by moving previously existing les downto Il upthe

vacatedspace Thisensureghatno le spaceds wasted.
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Of course the averagemodulewill simply have les loadedinto it andit will thengetto work, without
everhaving to performthis le reomanizatiortask.The le spacemayberewrittenupto 100000times,but
mostuserswill simplyloadin their fontsandbitmapsonceandthatwill beit.

7.2 Using mogd.e xe

The Matrix Orbital interfaceprogram"mogd.ee”, which is provided on the eCD generatesndsaves
fontslargerthan14 pixelsin height.It is alsousedto save graphicimagesbitmaps)to thedisplay

To make useof smallerfonts, a pre-generateébnt is recommendedThesefontswill belocatedon the
eCdprovidedto you. Unfortunatelyintegratingthesefontsis notasstraightforwardasgeneratinghefonts.
To make useof thesefonts, placethefont les in thefont directoryasde nedin theinterfaceprogram.The
directorycanbefoundandde ned under"settings".

A font le consistsof a single le with an extension.mgf anda directory which containshitmapsfor
every character All .mgf les are containedwithin the font directoryandall bitmap directoriesare sub
directoriesof thefont directory After downloadof afont le usea"Zip" programto "UnZzZip" the.mgf le
andbitmapsub-directoryinto thefont directory Startor restarimogd.exeandclick onthefonttah Thefont
list of mogdshouldnow displaythe new pre-generatetbnt list.

7.3 Commands

In additionto thecommanddistedbelow, themogd.ee programsavesfontsandbitmapsto the display’s
ash memory

7.3.1 Erase le (254 173 [type] [ref])

Thiscommancerases le within thedisplay's memoryin additionto erasingasingle le atatime.

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

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

Oncethis commandis completedall les 'move up' andrecover the empty spacefor ef cient memory
management.

7.3.2 Purge memory (254 33 89 33)

Thiscommandtompletelyeraseshedisplay'snon-wlatilememory Thisremovesall fonts,font metrics,
bitmaps,andsettings(currentfont, cursorposition,communicatiorspeedgtc.). It is an'odd' commandn
thatit is threebytesin length. Thisis to preventaccidentakxecution.
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7.3.3 Upload Font (254 36 [ref] [le size] [le data])

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

place.
7.3.4 Upload Bitmap (254 94[ref] [le size][le data])

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

7.4 Working with Font Files

A font le consistof aheaderacharactetist andcharactebitmaps.

Theheaderconsistof;

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

Nominalcharactewidth (1 byte)
Absolutefont height(1 byte)
ASCII valueof rst charactede nedin this le (1 byte)

ASCII valueof lastcharactede nedin this le (1 byte)

Thecharactetist consistof groupsof 3 bytespercharacter:

Offsetto charactebitmap(2 bytes)

Actual width of this characte(1 byte)
7.4.1 Font File in Table Form

TheTablebelow shovsthelayoutof afont le in tableform.
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Table3: File Format

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

7.4.2 Uploading the File to the Module

The “Upload font” commandis usedto actually uploadthe font le. Recallthat the syntaxfor this
commands;

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

In this examplethe le sizeis 94 bytes(0x5E) andthe referencenumberis 2. The communications
exchangebetweerthe hostandthe modulelookslik e this;
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Table4: Uploadingthe le tothe Module

Host sends Module sends
Oxfe

'$' (command))

'2' (reference

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

0x5e(echo)

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

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

OxFF( rst byteof data)

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

0x01 (hostcon rms echo)
etc

NOTE If themoduledetectghatthe le will not t in theavailablememorywhenthe le
sizehasbeentransmittedjt will sendOx08insteadof 0x01. In this case the hostshould
ceasdransmissionThemodulewill returnto areadystate.

Fromthis point,themoduletreatsall dataasraw andjust storest away. Themodulewill storethedata,then
readit backfrom memoryandsendthe readvaluebackto the host. If the hostsystenmrecevesanincorrect
echo,it shouldsendstatusasO0x08insteadof 0x01. Thiswill terminatethetransfer Uponterminationthe
modulewill deletethepartiallycompletedle andreturnto areadystate.

7.4.3 A Sample Font File

Let'slook ata shortsamplefont le containingonly theletters"h”, "i* and"j". Firstwe needto de ne
thefont size.For this examplewe'll usea 5x7 pixel font. Next, we have to draw the bitmapsfor eachof the
characters.
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Figure15: Bitmapsfor h, i, and]

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

Figure16: BytesFor a7 Bit High Font

We've markedin the bits thataresetfor theletter"h". Remembethatthe bytesare"inverted",i.e. the
LSB is atthetop. Eachbyteis shovn in a differentcolourin thediagram.Whenthe bytesarestraightened
out, it's simpleenoughto nd their hex values,which areshavn in the diagramabove eachbyte. Trailing
zerobytesatthe endof narrov charactersrenotincludedin the le.

Table5: Exampleof a File Font

OxFF | OxFF 0x00 | OxOF
0Ox05 | Ox00 | 0Ox14 | Ox03 OX7F
0x04 | Ox81 | Ox80 | Ox07 | OxC4 | Ox3E | 0x10

Thecoloursreferto: , characterh', charactetfi' ,
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Table6: Explanationof Bytesin theFile

FFFF Placeholderfor actualEOF
05 Fontwidth
07 Fontheight
68 First ASCII charactede ned
70 LastASCII charactede ned
000F Offsetto de nition of rst charactefh)
05 Numberof bytesin de nition of rst character
0014 Offsetto de nition of secondcharactefi)
03 Numberof bytesin de nition of secondcharacter
00017 Offsetto de nition of third charactex))
04 Numberof bytesin de nition of third character
7F04818007 De nition of rst character
C43E10 De nition of secondcharacter
0220B107 De nition of third character

7.5 Working with Bitmap Files

Uploadinga bitmapis the sameasuploadinga font le exceptthatthe characteheadeilinformationis
notrequired.
Thebitmap le consistof a headefollowedby the bitmapdata. The headerformatis asfollows;

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

x sizeof bitmap(1 byte)

y sizeof bitmap(1 byte)

Bitmap datafollows with the bits organizedvertically from the top left. The lastbyte may be paddedwith
Zeros.

8 Miscellaneous Commands
8.1 General

Thecommanddistedin this chapterdon't readily t in ary of the othercategories,or areusedin more
thanonecateaory.

8.1.1 Clear Display (254 88)

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

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

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

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

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

8.1.4 Backlight On (254 66 [min utes])

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

NOTE Backlightis alwayson by defaulton power up.

8.1.5 Backlight Off (254 70)
This commandurnsthe backlightof thedisplayoff.
8.1.6 Set Backlight brightness (254 153 [brightness])

This commandssetsthe display's backlight brightnessto [brightness],where[brightness]is a value
between0x00 and OxFF (between0 and 255). Lower valueswill causethe backlightintensityto “dim”,
while highervaluescausehe backlight'sintensityto “brighten”.

8.1.7 Set Backlight brightness and save (254 152 [brightness])

This commandssetsthe display's backlightbrightnesgo [brightness]and savesit, where[brightness]
is a valuebetweer0Ox00 andOxFF (betweerD and255). Lower valueswill causethe backlightintensityto
“dim”, while highervaluescausehe backlight'sintensityto “brighten”. Oncethis commanchasbeensent,
[brightnesswill besetaccordinglyon additionalpower ups.
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8.1.8 General Purpose Output On (254 86 [gpo #])

This commandurnsON eitherof the generalpurposeoutputs.[gpo #] is 1 for G1 or 2 for G2. Please
notethat ON meanghatthe outputis pulledlow.

8.1.9 General Purpose Output Off (254 87 [gpo #])

ThiscommandurnsOFF eitherof thegeneralpurposeoutputs.[gpo#] is 1 for G1 or 2 for G2. For G1
OFFallowstheoutputto " oat". For G2 OFF pullsthe outputto +5V.

8.1.10 Set I°C Address 254 51 [address])

This commandsetsthe I2C write addresf the module. This value mustbe an even numberandthe
readaddresss onehigher For exampleif thel2C write addresss setto 0x50,thenthereadaddresss 0x51.
The changein addresss immediate. This addresss 0x50 by default, andis resettemporarilybackto that
valuewhenthe'manualoverride' jumperis usedon power up.

8.1.11 Read Module Type (254 55)

Thiscommandwill returnoverthe RS-232interface,the modeltype valueof the module. It will return
a 1-bytehex value.Valuesfor variousmodulesat thetime of this publicationareasfollows;

Table7: Module Values

LCD0821- 0x01 LCD2021- 0x03 LCD2041- 0x05
LCD4021- 0x06 LCD4041- 0x07 LK202-25- 0x08
LK204-25- 0x09 LK404-55- Ox0A VFD2021- 0x0B
VFD2041- 0x0C VFD4021- 0x0D VK202-25- Ox0E
VK204-25- Ox0F GLC12232- 0x10 GLC24064- 0x13
GLK24064-25- 0x15 | GLK12232-25-0x22 | GLK12232-25-SM- 0x24
LK404-AT - 0x31 LK402-12- 0x33 LK162-12- 0x34

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

This commandsetsthe display's RS-232port to the speci ed [speed]. The changetakesplaceimmedi-
ately [speed]is a singlebyte specifyingthe desiredport speed.Valid speedsreshavn in the tablebelow.
The display canbe manuallyresetto 19,200baudin the event of an error during transmissior(including
transmittinga value not listed belav) by settingthe 'manual override' jumper on the display controller
boardduringpower up. This commands ignoreduntil this jumperis removedagain.
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Table8: SpeedSettings

Speedvalue Speed
20 Hex 9600baud
OF Hex 19200baud
95 Hex 57600baud
03 Hex 76800baud
8A Hex 115000baud

8.1.13 Set Serial Number (254 52 [bytel] [byte2]

Modulesmay be deliveredwith the serialnumberblank. In this casethe usermay setthe desired? byte

serialnumberusingthis onetime only command.

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

changeandthe modulewill returnto theoriginally setserialnumber

8.1.14 Read Serial Number (254 53)

This commandwill return,overthe RS-232interface,the 2-byte serialnumberof the moduleasit was

previously stored.

8.1.15 Read Version Number (254 54)

This commandwill returnthe rmw areversionnumberof thedisplay Versionnumberwill bea 1-byte

hex value.

9 Appendix: Command Summary

9.1 General

Theoperationof thedisplayis controlledby a simpleandconsistentommandset. Commandgontrol;

Text display

Graphicdisplay

Keypadinterface

Thedisplay le system
Miscellaneousperatingparameters

This chaptelincludessummarytablesof all commands.

Matrix Orbital GLK12232-25-SM

29



9.2 Issuing Commands

Commandsareissuedto the displayby the micro-controller In a testsetup,commandsanbeissued
to the displayby meansof a BASIC program,usingthe chr$() function. In thetablesbelaw, we've shavn
commandsn hex, ASCIl and decimalform. All commandsegin with the pre x charactefOxFE (254
decimal). Thesecommandsareissuedon the serialcommunicationdink (12C or RS-232)at the currently

de ned baudrate.

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

displayby includingtheline:

in the BASIC program.
Or, with C theusercould (usingZcommseriallibrary)

9.3 Text Commands

Table9: Text Commands

Command Syntax Default Notes
Auto scrollon E51 off Enablesscroll at
25481 bottom of screen.
254'Q’ Text will push
display up one
line to make room
for new line.
Auto scroll off FE52 off Disables  auto
25482 scroll. Text will
254'R’ wrap to top left
and overwrite
existing text.
Settext insertionpoint FE 47 [col] [row] 254 71 | n/a Setstext insertion
[col] [row] 254 'G' [col] point using the
[row] base size of the
currentfont
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Command Syntax Default Notes

Settext insertion point to | FE48 n/a This command
topleft 25472 moves the text
254'H' insertion  point

to the top left
of the display
area, based on
the metricsof the
currentfont. See
"Setfont metrics"
(section3.3.7)for

moredetails.
Settext insertionpoint us- | FE79[X][y] n/a Setstext insertion
ing pixel values 254121 [x][y] point to position
254'y" [X][y] (x,y), wherex and

y are in pixels.
Value is top left

cornerof next text
character
Setcurrentfont FE 31 [font id] n/a Setsfont to [font
25449 id]. Font mustbe
254'1" in memory
Setfont metrics FE 32 [metrics] n/a For de nition of
254 50 [metrics] 254 '2' [metrics] seesec-
[metrics] tion 3.3.7
9.4 Graphics Commands
Table11: GraphicscCommands
Command Syntax Notes
Setdrawing color FE 63[color] Setscolor (0 = white, 255 = black)
25499 [color] for thevariousdrawing commands.
254'c' [color]
Draw line E 6C [x1][y1][x2][y2] 254 | Drawsaline from x1,y1lto x2,y2. x
108 [x1][y1][x2][y2] 254 | valuesarefrom O - 63 (decimal)and
1" [x1][y1]x2][y2] y valuesfrom 0 - 239 (decimal).
Continueline FE 65 [X][y] Continuesline from last line end
254101[x][y] (x2,y2)to (x,y). Usescurrentdraw-
254'e" [X][y] ing color.
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Command Syntax Notes

Putpixel FE 70 [X][y] Puts pixel in position (x,y). Uses
254112[X][y] currentdrawing color.
254'p" [x]ly]

Draw outlinerectangle FE 72 | Draws a rectangularoutline using

[color][x1]ly1](x2][y2]
254 114
[color][x1]ly1][x2][y2]
254 r
[color][x1]ly1](x2 ][y2]

color[color].

Draw solidrectangle

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

78

Draws a solid rectangleusingcolor
[color].

Initialize bargraph

[reflltype](x1][y1] [x2][y2]
254 103
[ref][type][x1][y1] [x2][y2]
254 g’

[ref]ltype][x1]ly1] [x2][y2]

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

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

Display saredbitmap FE 62 T[ref]X][y] 254 | Causeditmap][ref] to be displayed
98 [ref]x][y] 254 'b' | withitstopleft cornerstartingatpo-

[ref]x][y]

sition (X,y).

9.5 Keypad Interface Commands

Table13: KeypadinterfaceCommands

Command Syntax Default Notes
Auto repeatmodeon FE7E[O|1] off Appliesto keypad
254126][0]1] only. 0 = 200
254'~' [0]1] mstypematic,1 =
key down/key up
codessent.
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Command Syntax Default Notes
Auto repeatmodeoff FE 60 off Appliesto keypad
25496 only
254"
Auto transmit keypresses| FE41 on Setsautotransmit
on 25465 modefor keypad.
254'A' Keypresses are
transmitted  to
host without
polling.
Auto transmit keypresses| FE4F off Up to 10 key-
off 25479 presses buffered
254'0' until polled.
Clearkey buffer FE45 n/a Clearunreadkey-
25469 presses.
254'E'
Poll keypad FE 26 n/a Returns buffered
25438 keypressedo ap-
254'&' plication.
Setdebouncdime FE55[time] 52ms Resolution: 1 =
25485 [time] 0.6554ms
254'U" [time]

9.6 File System Commands

In additionto thesecommandsthe mogd.ee programis usedto download fonts and graphicsto the
display

Table15: File SystemCommands

Command Syntax Default Notes
Erasele FEBO [type] [ref] 254173 | n/a Erases le in
[type] [ref] memory Type =

1lisfont, type=5
is bitmap. [ref] is

referencenumber
Pugememory FE215921 n/a Remwes all
254338933 fonts, font met-

rics, bitmapsand
settings  from
memory
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Command Syntax Default Notes
Uploadbitmap FENE [ref] [size][data] n/a Uploadsa bitmap
25494]ref] [size] [data] to the memory of
254N [ref] [size] [data] thedisplay
Uploadfont FE 24 [ref] [size] [data] n/a Uploadsa font to
25436 [ref] [size][data] thememoryof the
254'$" [ref] [size] [data] display
9.7 Miscellaneous Commands
Table17: MiscellaneousCommands
Command Syntax Default Notes
Cleardisplay FE58 n/a Clears screen of
25488 text and graphics,
254'X' placestext cursor
attopleft.
Setcontrast FE 50 [contrast] 254 80 | 128 Setsdisplay con-
[contrast] 254 'P' [con- trast. Compen-
trast] satesfor viewing
angle. Contrast
is avaluebetween
0 and 255 (hex 0
to FF). Larger =
darker.
Setcontrastandsare FE 91 [contrast] 254 145 | 128 Sameas"Setcon-
[contrast] trast" but saves
[contrast] as de-
fault.
Backlighton FE 42 [minutes] on Backlight  will
254 66 [minutes] 254 'B' stay on for [min-
[minutes] utes].If [minutes]
= 0 backlight
will  stay on
permanently
Backlightoff FE 46 on Turns off back-
25470 light.
254'F'
Setbacklightbrightness FE99 On (Full Inten- | Changes the
254153 sity) intensity of the

backlight.

Matrix Orbital

GLK12232-25-SM

34



Command Syntax Default Notes
Set backlight brightness| FE98 on Changes the
andsave 254152 intensity of the
backlight. Back-
light brightness
is saved for sub-
sequent power
ups.
Generapurposeoutputon | FE56 off Turns the general
25486 purpose output
254"V ON.
Generabpurposeoutputoff | FE57 off Turns the general
25487 purpose output
254'W' OFFE
Setl?C address FE 33 [address] 0x50 Valueis write ad-
25451 [address] dressandmustbe
254'3' [address] even,readaddress
is 1 higher
Readmoduletype FE 37 seetable Readghe module
25455 type. Returnsa 1-
254'7 byte hex value.
SetRS-232portspeed FE 39 [speed] 19,200 Sets RS-232
25457 [speed] speed.
254'9' [speed]
Enter o w controlmode FE 3A [full] [empty] off Sets "full" and
25458 [full] [empty] "empty"  marks
254" [full] [empty] for the 96 byte
display buffer.
When buffer
reaches  [full]
display will
return OXFE to
host. When
buffer reaches
[empty] display
will returnOxFE
Exit o w controlmode FE 3B n/a Turns off ow
25459 control  (buffer
254" handshaking).
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Command Syntax Default Notes
SetSerialNumber FE 34 [bytel][byte2] n/a This is a one-
25452 [bytel][byte2] time-use com-
254'4" [bytel][byte?2] mand which
works only on
units without
factory set serial
numbers.
ReadSerialNumber FE 35 n/a Reads the two
25453 byte serial num-
254'5' berof themodule.
ReadVersionNumber FE36 n/a Reads the
25454 rmw are ver-
254'6' sion number
of the module.
Returnsa 1-byte
hex value.

10 Appendix: Speci cations
Table19: Envir onmental Speci cations
Standardlemperature
OperatingTemperature 0Cto+50C
StorageTemperature -20Cto+70C

OperatingRelatve Humidity | 90% maxnon-condensing

Vibration (Operating) 4.9m/s” XYZ directions
Vibration(Non-Operating) | 19.6m/s* XYZ directions

Shock(Operating) 29.4m/s” XYZ directions

Shock(Non-Operating) 490m/s” XYZ directions

Table20: Electrical

Speci cations

SupplyVoltage 4.75-5.25Vdc
SupplyCurrent 22 mA Typical
SupplyBacklightCurrent | 21 mA Typical
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Table21: Optical Characteristics

Pixel Layout 122x 32pixelsXxY
Numberof Characters | 80 (Maximum20 Characters 4Lineswith 5x7 Font)
DisplayArea 60.2x 18.0mmXxY
Dot Size 0.40x 0.40mm(XxY)
Dot Pitch 0.44x 0.44mm(XxY)
LED/CCFL BacklightLife 100,000Hourson Average
Color of lllumination White/ Ice Blue

Figurel7: PhysicalLayout

Table22: Display OptionsandAvailability
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Model E V | VPT | EL | FL
LCD0821 a a n/a | nf/a| n/a
LCD2041 a a n/a | nfa| n/a
LCD4021 a a n/a | n/a| n/a
LCD4041 a | nla a a | nla
LK162-12 a a n/a | nf/a| n/a
LK202-25 a a n/a | nfa| n/a
LK204-25 a a a n/a | n/a

L402-12 a a a n/a | n/a
LK404-55 a | nla a a | nla
LK404-AT a | nla a a | nla
BLC2041 a a n/a | nf/a| nla
VFD2041 a a n/a | nfa| n/a
VK202-25 a a n/a | nf/a| n/a
VK204-25 a a a n/a | n/a
BVF2041 a a n/a | nfa| n/a
GLC24064 a | nla a a | nla

GLK12232-25 na| nfa| n/a | nla] nla
GLK12232-25-SM | n/a | nfa | n/a | n/a | n/a
GLK24064-25 a | na a na| a
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