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1 Intr oduction

TheLCD2041comesequippedwith thefollowing features;

� 20columnby 4 line text display
� Built in font with provisionfor up to 8 userde�ned characters
� Speedsfrom 1200bpsto a lighting fast19.2KbpsoverRS-232
� CommunicationoverRS-232or I2C
� Softwarecontrolledcontrast
� Backlightwith con�gurabletime out settingup to 180minutes
� Onegeneralpurposeoutputfor avarietyof applications
� Horizontalor Verticalbargraphs
� Variablepoweroptions,+5V or +8V to +15V
� Extendedtemperatureoption
� FitsMatrix Orbital'sDualPCBay insertwithout any modi�cations

1.1 What to Expect From the LCD2041

TheLCD2041is designedasthedisplayunit for anassociatedcontroller. Thecontrollermaybeanything
from asingleboard,specialpurposemicro-controllerto aPC,dependingon theapplication.Thiscontroller
is responsiblefor whatis displayedon thescreenof thedisplay.

The displayprovidesa simplecommandstructureto allow text andbar graphsto be displayedon the
screen.Text fontsarebuilt in, andusestandardASCII mapping.Provision is madefor up to 8 userde�ned
characters.

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

A generalpurposeoutputallows thecontrollerto switchanelectronicor electro-mechanicaldevice by
issuingcommandsto thedisplayunit. This canbeusedfor controllingLEDs, relays,etc.

1.2 What Not to Expect From the LCD2041

Thedisplaydoesnot includebitmapgraphicscapability, exceptthatpermittedby de�ning specialchar-
acters.Thedisplaydoesnot includeakeypadinterface.

1.3 Setup for Testing

Beforesettingup theapplicationtheusermaywantto try out thedisplay. This is easilydonewith a PC.
If notequippedwith a dualbayPCmountingkit, thefollowing will berequired;

� A 4-pin power connectorof thetypeusedto connect3.5” �oppy drive. Take carenot to connectthe
displayto anunmodi�ed sparepowerconnectorin a PC

� A spareRS-232port. (EitherCOM1 or COM2)
� A 5V powersupply. For wide voltagemodels,an 8 - 15V supply will be required
� A 9 or 25pin RS-232serialcable.If usinga25conductorcable,a9 to 25pin adapterwill berequired
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Figure1: Connectionsfor Testing

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

BLACK leadto GND.

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

3. Connectthedisplayto thePC usingtheserialcableandadapterif required.Make suretheRS-232
cableincludesthe requiredgroundlead. Theremustbe no voltagedifferentialbetweentheRS-232
groundandthepowersupplyground.

4. Connectthepower connector, makingsurethatthe+5V goesto V+ . Turn on thepower; thedisplay
backlightshouldcomeonanda blinking cursorat thetop left shouldappear.

1.4 Trying out the LCD2041

The unit shouldbe connectedto power and the PC andbacklightshouldbe on. To experimentwith
typing text, run a PCprogramsuchasDisplayTuneror AlphaDemo.Make sureit' s con�gured to usethe
correctport. Setthebaudrateto 19,200.

To exercisesomeof the otherfeaturesof the display, a program(in any convenientlanguagesuchas
Basicor C) will needto bewritten in orderto issuetherequiredcommandstrings.Most terminalprograms
areunableto issuethe0xFEcharacterneededasa commandpre�x.

2 Connections

2.1 Connector Pinout

Referto theFigurebelow for this chapter.
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Figure2: ElectricalConnections

Thedisplayhasthreeconnectors;

Table1: Connectors& Functions

Connector Function
2 pin Generalpurposeoutput
4 pin PowerandI2C communication
DB-9F RS-232/power

2.1.1 Power Connection

Power is appliedvia pins1 and4. Power requirementfor standardunitsis +5 VDC � 0.25V. Unitswith
thewidevoltagerangeoptionrequire8 - 15VDC.

WARNINGS

� Do not applyany power with reversedpolarization.Do not apply
any voltageotherthanthespeci�edvoltage.Do notuseany cables
otherthanthecablessuppliedby Matrix Orbital, unlessawareof
themodi�cationsrequired.Do notapplyvoltageto theDB-9 con-
nectorAND power connectorDo not apply morethan+5Vdc to
pin #9on theDB-9 connector.
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Connectorpinoutis asfollows;

Figure3: PowerConnector

Table2: PinoutConnections

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

2.1.2 Five Volt Modules

If thedisplayis usedin a PCit is temptingto pluga sparepowerconnectorinto theunit. Don't do this!
Wiring for thePCpowerconnectorandthatrequiredfor thedisplayaredifferent.

Figure4: Wiring for 5V Modules

Matrix Orbital is equippedto supply an adaptercabledesignedto usewith the LCD2041 when it' s
installedin a PC.Thecableis wiredasshown in theFigurebelow.

NOTE Thiscabledoesnotprovideconnectionsfor I2C.
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Figure5: FiveVolt PowerCable

2.1.3 Wide Volta ge Range Modules

NOTE Do not usethis cableunlessthe displaymodulehasthe "Wide voltagerange"
option.Useof the12volt powercablewith 5 volt moduleswill damagethemodule.

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

Figure6: Wiring for 12Volt Modules

Matrix Orbital is equippedto supplyanadaptercabledesignedto usewith thedisplaymodulewhenit' s
installedin a PC.Thecableis wiredasshown in theFigurebelow.

Figure7: TwelveVolt PowerCable
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2.1.4 Appl ying Power thr ough the DB­9 Connector

Power maybeprovidedto themoduleby pin 9 of theDB-9 connectorinsteadof throughthe4-pin SIP.
If power is to beappliedusingtheDB-9, it mustbea regulated5Vdcsupply.

NOTE This appliesto wide voltageunits,V andVPT extensions,aswell asto standard
5 volt units.

Figure8: DB-9 Power

To usepin 9 asthepowersource,theusermustsolderthe5 volt jumperpadbesidetheDB-9 connector.

WARNING Application of a voltageto pin 9 greaterthan5.25volts
may causeimmediatedestructionof unit and void the Manufacturer's
Warranty.

2.2 RS­232 Comm unications

TheRS-232connectoron thePCcableis wired so thata standard'straightthrough' 9 pin D-subcable
maybeusedto connectthemoduleto astandardserialportsuchasCOM portsonPCs.Pleasenotethatthis
device complieswith theEIA-232 standardin that it usessignallevels from � 12V to � 12V andcanbe
convertedto TTL levelsaswell. Thedisplayis setat 19.2Kbpsdefaultspeed.Othersettingsare;

� 8 bits,noparity, 1 stopbit.

2.2.1 DB9 Connections

A standardDB-9F is providedfor RS-232communications.Power mayalsobe suppliedvia this con-
nectorif desired.
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Figure9: RS-232andPowerConnector

Table3: 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 Alternate Serial Connection

An optionalalternateconnectionheaderis providedto allow onecablefor dataandpower. Two jumpers
will have to besetinto theRS-232positionabovetheDB-9 connector.

Figure10: I2C

Connectorpinoutis asfollows;
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Pin 4 Ground
Pin 3 Rx
Pin 2 Tx
Pin 1 Vdc

Figure11: PowerConnector

2.2.3 TTL comm unications

Thedisplaycanbetalkedto atTTL (logic 0V to +5V) levels.Threemodi�cationshaveto bemade.This
will allow TTL communicationsthroughthe4-pinSIPheaderor theDB9 connector.

Figure12: TTL Communications

2.2.4 Con�guring RS­232 and I2C

RS-232baudrateandI2C addressarecon�guredby meansof jumpers.
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Figure13: RS-232Jumpers

Themoduleis suppliedwith jumpersJ1andJ2installed,whichgivesanRS-232baudrateof 19200and
anI2C addressof 0x5C.

� RS-232port: J0,J1,J2- controlbaudrate.RS-232formatis 8N1,8 bits,noparity, onestopbit
� I2C port: J0,J1,J2,J3- setsslaveperipheraladdress

Table4: SerialBaudRates

Baud Rate SlaveAddr ess J3 J2 J1 J0
1200 50H out out out out

52H out out out in
2400 54H out out in out

56H out out in in
9600 58H out in out out

5AH out in out in
19200 5CH out in in out

5EH out in in in
1200 60H in out out out

62H in out out in
2400 64H in out in out

66H in out in in
9600 68H in in out out

6AH in in out in
19200 6CH in in in out

6EH in in in in
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2.3 I2C Comm unications

I2C communicationsrunsat 100Kbpsandsupportsup to 16unitsona singlecommunicationsline. The
I2C dataline operateson5 volt CMOSlevels.

2.3.1 ACK

Theideaof ACK is to indicatewhenthedatahasbeenreceivedcorrectly. ACK doesnot indicatedata
incorrectlyreceived.ACK simply fails to indicatewhendatais correctlyreceived.Clearly, this is of limited
usefulnessandevenlesssowith Matrix Orbital modules.Matrix orbital modulesarenot capableof failing
to acknowledgean incorrectlyreceivedbyte in responseto thatbytestransition. They areonly capableof
failing to acknowledgethebytesfollowing thebyte,whichwasnot received.To fully understandthereasons
for thisoneneedsto understandsomethingabouthow aMatrix Orbitalmoduleprocessesdata.Basicallythe
reasonwhy aMatrix Orbitalmodulemight fail to receiveabytecorrectlyis thatit wasunableto processthe
bytepreviousbeforethefailedbytewastransmitted.Becausethemodulecannotpossiblyknow thatit would
beunableto storethebytebeforethenext bytewasreceivedit cannotknow to notACK. Thereasonfor this
situationin deferenceto situationsonemight be familiar with (i.e., memorychips,etc) is that the Matrix
Orbital moduleemploys a micro-processorto performthesedatastoragefunctions. A memorychip takes
careof thesethingsentirelywith in hardwaresubsystemsthatoperateat thesamespeedasthetransmission
themselves.

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

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

And for moreinformationspeci�c to ourdisplaysvisit;
���������	����
�
�
�
	+�!�&�"�,�-%.%*0/1
2!�,3*4��"�,�-�.�*5/��%67�3�%
���,�����!8
���������9�:��3�

To communicateby I2C two jumpershave to besetinto theI2C positionabovetheDB-9 connector.

Figure14: I2C Communications

Connectorpinoutis asfollows;
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Pin 4 Ground
Pin 3 SDA (12C Data)
Pin 2 SLC(I2C Clock)
Pin 1 Vdc

Figure15: PowerConnector

2.4 General Purpose Output

Thedisplayhasageneralpurposeoutputwhichcanbeusedto controlrelaysor otherelectronicdevices.
Thisallowsexternaldevicesto beturnedonor off usingyourPCor controllerandsoftwarecommands.The
+ terminalis connectedto themodulepositivesupply, the- terminalis connectedthrougha240ohmcurrent
limiting resistorandtheelectronicswitchto ground.

Figure16: GeneralPurposeOutput

Maximumallowablecurrentis 20mA, which is enforcedby thecurrentlimiting resistor. If thedevice
beingswitchedhasa resistanceof 240ohmsor morethe correspondingresistormay be shorted.Soldera
small jumperwire or wirewrapwire betweenthetwo feedthroughholes.
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Figure17: Bypassing240ohmResistor

NOTE TheGPOsdonothaveany overcurrentor over / undervoltageprotectionsocare
mustbetakenwhenusingthem.For instanceif theexternaldeviceis arelayit mustbefully
clampedusinga diodeandcapacitorto absorbany generatedbackelectro-motive forceor
“EMF”.

Figure18: Clampinga Relay

3 Displa ying Text

This chapterdescribesthevarioustext-displaycommandsin detail. Before issuingcommandsto the
LCD2041pleasereadsections6.2and 6.3.
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3.1 General

Text is displayedon thedisplayusingthebuilt in 5x7dotmatrix font, in additionto up to 8 userde�ned
characters.

3.2 The built in Character Font

Thedisplayincludesa built in 5x7dotmatrix font with thefull rangeof ASCII charactersplusa variety
of extendedcharacters,asshown in theFigurebelow.

Figure19: CharacterSet

In additionto the built in characters,usersmay de�ne up to 8 specialcharacterswhich, oncede�ned,
occupy positions0x00 to 0x07 in theabove chart. Thedisplaydoesnot have provision to downloadother
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fonts.

3.3 Writing Text to the Displa y

Whenthedisplayreceivesa character, it displaysthat characterat thepositioncurrentlyde�ned. The
next charactersentto the modulethenadvancesto the following positionon the display. Charactersare
drawn usingthebuilt in font, andonly charactersde�ned in thefont areactuallydisplayed.Charactersthat
arenot de�ned by thebuilt in font print asa space.Thepositionwheretext is to be insertedis a character
locationstoredin thedisplay's volatile memoryandmaintainedinternallyby thedisplay's �rmw are. This
positionis manipulatedby thecommandsshown in thefollowing section.

3.4 Text Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.

3.4.1 Auto line wrap on (254 67)

Enablesautomaticline wrapping.This is not 'word wrapping'andwrapsmayoccurin themiddleof a
word. If autoline wrapandautoscroll arebothoff (default) text will wrapfrom line 1 to line 3 then2 then
4. Factorydefault is OFF.

3.4.2 Auto line wrap off (254 68)

Disablesautomaticline wrapping.

3.4.3 Auto scr oll on (254 81)

Whenautoscrollingis on thedisplayshiftstheentiredisplay's contentsup to makeroomfor anew line
of text whenthetext reachesthescroll positionat thebottomright characterposition.

3.4.4 Auto scr oll off (254 82)

Whenautoscrollingis disabled,text will wrapto thetop left cornerof thedisplayarea.Existingtext in
thedisplayareais not erasedbeforenew text is placed.A seriesof 'spaces'followedby a “Cursorhome”
commandmaybeusedto erasethetop line of text.
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3.4.5 Set cur sor position (254 71 [column] [row])

Thiscommandsetsthecursorposition(text insertionpoint)to the[column]and[row] speci�ed.Columns
havevaluesfrom 1 to 20 (0x01to 0x14)androwshavevaluesof 1 to 4 (0x01to 0x04).

3.4.6 Send cur sor home (254 72)

Thiscommandmovesthecursorposition(text insertionpoint) to thetop left of thedisplayarea.

3.4.7 Turn on underline cur sor (254 74)

Turnson the underlinecursor. The cursorshows the currenttext insertionpoint. Both underlineand
blinking cursorsmaybeturnedonor off independently. Thecursoris off by default.

3.4.8 Turn off underline cur sor (254 75)

Turnsoff theunderlinecursor. Doesnotaffect theblinking block cursor.

3.4.9 Turn on bloc k (blinking) cur sor (254 83)

Turnson theblinking block cursor. Thecursorshows thecurrenttext insertionpoint. Bothblinking and
underlinecursorsmaybeturnedonor off independently. Thecursoris off by default.

3.4.10 Turn off bloc k (blinking) cur sor (254 84)

Turnsoff theblinking block cursor. Doesnotaffect theunderlinecursor.

3.4.11 Cursor left (254 76)

Movesthecursoronepositionto the left but doesnot eraseany characterthatmaybe in thatposition.
Notethatthis commandmovesthetext insertionpointevenif thecursoris turnedoff.

NOTE A 'destructive backspace'which erasesthe characterto the left of the original
position,maybedoneby issuingthefollowing sequence:cursorleft, space,cursorleft.
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3.4.12 Cursor right (254 77)

Movesthecursoronepositionto theright but doesnot eraseany characterthatmaybein thatposition.
Thiscommandmovesthetext insertionpoint evenif thecursoris turnedoff.

4 Bar Graphs and Special Character s

Thedisplayincludestheability to draw bargraphs,eitherhorizontallyor vertically, largenumbers,and
allows usersto de�ne up to eightspecialcharacters.Eight characters(ASCII values0x00 to 0x07)areset
asidefor usewith bargraphs,userde�ned characters,andlargedigits. Sincethesame8 charactersareused
for eachfunction,thefunctionsmaynotbeusedsimultaneously. Thecharactersmaybede�nedor rede�ned
atany timeby issuingthecommandsshown in thissection.Oncede�ned, they maybeusedeitherby means
of thebargraphcommands,or by simply issuingoneof theASCII values0x00to 0x07whichis notpre�xed
by thecommandbyte,254.

4.1 Command List

4.1.1 Initializ e wide ver tical bar graph (254 118)

This commandde�nes the 8 special/ usercharactersto be blocks suitablefor usein drawing wide
verticalbargraphs,suchas5 pixels. Any previously existing de�nitions will be lost. Oncethis command
hasbeenissued,any numberof vertical bar graphsmay be drawn unlessthe charactersarerede�ned by
anothercommand.

4.1.2 Initializ e narr ow ver tical bar graph (254 115)

This commandde�nes the 8 special/ usercharactersto be blockssuitablefor usein drawing narrow
verticalbargraphs,suchas2 pixels. Any previously existing de�nitions will be lost. Oncethis command
hasbeenissued,any numberof vertical bar graphsmay be drawn unlessthe charactersarere-de�nedby
anothercommand.

4.1.3 Draw ver tical bar graph (254 61 [column] [height])

Draws a verticalbargraphin [column] having a heightof [height] pixels. Theheightmay rangefrom
0 to 20 (0x00to 0x14)pixels. Thenecessarycharactersmust�rst be initialized by eitherof thecommands
shown in section5.1.1or 5.1.2,which will determinethewidth of thegraphdrawn. Graphmaybeerased
by drawing a bargraphof height= 0 in thesamecolumn.
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4.1.4 Initializ e horizontal bar graph (254 104)

This commandde�nesthe8 special/ usercharactersto beblockssuitablefor usein drawing horizontal
bargraphs.Any previouslyexistingde�nitions will belost. Oncethiscommandhasbeenissued,any number
of horizontalbargraphsmaybedrawn unlessthecharactersarerede�nedby anothercommand.

4.1.5 Draw horizontal bar graph (254 124 [column] [row] [dir] [length])

Draws a horizontalbargraphin [row] startingat [column] with a lengthof [length] pixels. [row] may
haveavalueof 0x01or 0x02,columnmayrangefrom 0x01to 0x14andlengthmaybefrom 0x00to 0x64(0
to 100)if thegraphcanextendthefull width of thescreen.Eachcolumnis 5 pixelswide,asspacesbetween
thecolumnsdon't count.

[dir] speci�esthedirection:0x00goesfrom left to right, 0x01goesfrom right to left.

4.1.6 Initializ e large digits (254 110)

Thiscommandde�nesthe8 special/ usercharactersto beblockssuitablefor usein drawing largedigits.
Any previously existing de�nitions will be lost. Oncethis commandhasbeenissued,any numberof large
charactersmaybeplaceduntil thecharactersarerede�nedby anothercommand.

4.1.7 Place large digit 254 35 [col] [digit]

Thiscommandallows thelargedigits to bedrawn on thedisplayscreen.Numbersof almostfull display
heightmay be placedalongsideregular text on four row displays. The columnnumberhasa maximum
valuewhich is lessthanthedisplaywidth becausethedigitsareall threecolumnswide.

Beforeusingthis commandthe “Initialize large digits” commandmustbe issuedto de�ne the blocks
necessaryto make up the digits. If regular text andlarge digits aremixed on onescreen,the usershould
alwayssetthedisplaycursorpositionbeforeplacingregular text becausethecreationof a largedigit will
leave thecursorpositionto thebottomright of thelargedigit andnotat thelastregulartext write position.

[col] canhavevaluesfrom 0x01to 0x12(1 to 18). [digit] hasvaluesfrom 0x00to 0x09(0 to 9).

4.1.8 De�ne custom character (254 78 [c] [8 bytes])

Thedisplayallows up to 8 userde�ned 'custom' characters.Thesecharactersoccupy the�rst 8 (0x00
to 0x07)placesin thecharacterset.

Customcharactersoccupy a 5x8 pixel matrix. Built in charactersare5x7: thebottomrow of pixels is
normally reservedfor theunderlinecursor. Theunderlinecursorshouldbeturnedoff if thebottomrow of
pixelsformspartof a customcharacter.

Thecharactersarede�nedby issuingthecommand25478[c] followedby 8 bytesto de�ne thecharacter.
[c] is thecharacternumber(0x00to 0x07).The8 bytesaremappedasshown below;
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Table5: 8 Byte Map

MSB LSB
* * * 1 2 3 4 5 DataByte1
* * * 6 7 8 9 10 DataByte2
* * * 11 12 13 14 15 DataByte3
* * * 16 17 18 19 20 DataByte4
* * * 21 22 23 24 25 DataByte5
* * * 26 27 28 29 30 DataByte6
* * * 31 32 33 34 35 DataByte7
* * * 36 37 38 39 40 DataByte8

A "1" bit indicatesanon(black)pixel, a "0" bit indicatesanoff (clear)pixel.
Oncede�ned, a characteris displayedsimply by issuinga value(0x00 to 0x07) correspondingto the

characternumber. Thecharacterwill belaid outasfollows;

Table6: CharacterValues

1 2 3 4 5
6 7 8 9 10
11 12 13 14 15
16 17 18 19 20
21 22 23 24 25
26 27 28 29 30
31 32 33 34 35
36 37 38 39 40

Cursor Line

NOTE Customcharacterswill be erasedif any of the "Initialize bar graph"commands
areissued.

Exampleof adegreesymbol;

��'�;�#�-���
2/%�%��&%<�=����8>2�%'�?�@4A5BC����!�,3*�*7#%��&D��-���"��3'

��'�;�#�-���
2/%�%��&%<�=����8>�EGFHEIA0BC����!3.4/���,3*J!��K#�-�#K!3����-L!%,�*�*7#%��&

��'�;�#�-���
2/%�%��&%<�=����8>2�%'����KA5BC����!�.7/���,3*M!3�K#�-�#�!�����-N6�#�+�.K�O��P��

��'�;�#�-���
2/%�%��&%<�=����8>3�� �A0BQ����RS��=����K/T��,U!�-���#����

��'�;�#�-���
2/%�%��&%<�=����8>3��R�A0BQ���%���K�V!3.4/���,3*W!3��#�-�#K!�����-

��'�;�#�-���
2/%�%��&%<�=����8>3��R�A0B

��'�;�#�-���
2/%�%��&%<�=����8>3�� �A0B

��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B

��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B

��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B
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��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B

��'�;�#�-���
2/%�%��&%<�=����8>2�%'����KA5BC����&���/3��+�#%=L!3.7/���,3*W!3�K#�-�#K!�����-N�

5 Miscellaneous Commands

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

5.1 Command List

5.1.1 Clear displa y (254 88)

Thiscommandclearsthedisplayandresetsthetext insertionpoint to thetop left of thescreen.

5.1.2 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 actualvalueused
for optimalviewing. Individual displaymoduleswill alsodiffer slightly from eachotherin appearance.In
addition,valuesfor optimal viewing while the displaybacklight is on may differ from valuesusedwhen
backlightis off.

5.1.3 Backlight on (254 66 [min utes])

This commandturns on the backlight for a time of [minutes] minutes. If [minutes] is zero (0), the
backlightwill remainon inde�nitely. Thefactorydefault for backlightis on.

5.1.4 Backlight off (254 70)

Thiscommandturnsthebacklightof thedisplayoff.

5.1.5 General purpose output off (254 86)

This commandturnsOFF any of thegeneralpurposeoutputs. [gpo #] is 1 to 8. PleasenotethatOFF
meanstheGPOpin �oats (high impedance).
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5.1.6 Set backlight brightness (254 153 [brightness])

This commandsetsthedisplay's brightnessto [brightness],where[brightness]is a valuebetween0x00
and0xFF(between0 and255).Thehigherthenumberis, thebrighterthebacklightwill appear.

5.1.7 General purpose output on (254 87)

ThiscommandturnsON thegeneralpurposeoutput.ON meansthattheoutputis pulledlow or, ground
via 240ohms.

5.1.8 Read module type

This commandwill return,over the RS-232interfacein TTL levels only, the model type valueof the
module.Thiscommandreturnsa1-bytehex value.Valuesfor variousmodulesatthetimeof thispublication
areasfollows;

Table7: ModuleValues

LCD0821- 0x01 LCD2021- 0x03 LCD2041- 0x05
LCD4041- 0x07 LK202-25- 0x08 LK204-25- 0x09
LK404-55- 0x0A VFD2021- 0x0B VFD2041- 0x0C

VK204-25PC- 0x0E VK204-25- 0x0F GLC12232- 0x10
GLC24064- 0x13 GLK24064-25- 0x15 GLK12232-25- 0x22
LK404-AT - 0x31 LK402-12- 0x33 LK162-12- 0x34

LK204-25PC- 0x35

6 Appendix; Command Summar y

6.1 General

Theoperationof thedisplayis controlledby asimpleandconsistentcommandset.Commandscontrol;

� Text

� Displaygraphics

� Displaykeypadinterface

� Miscellaneousoperatingparameters
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6.2 Issuing Commands

Commandsare issuedto the display by the controller. In a test setup,commandscan be issuedto
the displayby meansof a BASIC program,usingthe chr$( ) function. In the tablesbelow, we've shown
commandsin hex, ASCII and decimalform. All commandsbegin with the pre�x character0xFE (254
decimal). Thesecommandsareissuedon theserialcommunicationslink (I2C or RS-232)at thecurrently
de�ned baudrate.

For example(usingBASIC in a testsetup),theusercouldissuethecommandto clearthescreenon the
displayby includingtheline:

X�Y7Z3F�[�\7��]I!3��-�^1>2 ���_7A0BI!���-K^5>2R�R�A

in theBASIC program.

`�a�,3*�*b�%P%c�d�-7������a�,�*�*�<�=����b>	��'�"��KA0B

`�a�,3*�*b�%P%c�d�-7������a�,�*�*�<�=����b>�EfegEhA0B

6.3 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 bytemayhave any valuefrom 0 to 255. Bytesareusuallyspeci�ed in eitherdecimalor hexadecimal
(base16) form for convenience,sincebinary numbersareconfusingto dealwith directly. Hexadecimal
(hex) numbersareparticularlyconvenientbecauseexactly two hexadecimaldigits make up onebyte,each
hex digit representing4 binarydigits (4 bits)asshown here;

Table8: 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.
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6.3.1 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;

Table9: Exampleof anASCII Table

Letter/ Number DecimalValue Hex Value
A 65 41
a 97 61
0 48 30
9 57 39

Thisgivesriseto thepossibilityof confusionwhenparametersarebeingsetonthedisplay. For example,
theGPOON andOFFcommandsusea numberto indicatewhich GPOis beingcontrolled.We're told that
acceptablevaluesare0 to 8. All suchparametersmustusenumericvalues(i.e., theactualbytevalues).If
wesendtheASCII number0 by mistake it will actuallygivethevalue48decimal(30hex) to theparameter,
which is wrong.

In thetablesgivenin thefollowing sectionsASCII charactersareshown as'A', with singlequotes.

6.4 Text Commands

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

Table10: Text Commands

Command Syntax Default Notes
Auto line wrapon FE43

25467
254'C'

off Enables line
wrapping (not
word wrap).

Auto line wrapoff FE44
25468
254'D'

off Disables line
wrapping.

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.
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Command Syntax Default Notes
Auto scroll off FE52

25482
254'R'

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

Setcursorposition FE47 [col][row]
25471 [col][row]
254'G' [col][row]

n/a Moves cursor
to the speci�ed
column and row.
The cursormarks
the text insertion
point in this and
all commands.

Sendcursorhome FE48
25472
254'H'

n/a This command
moves the cursor
to the top left of
thedisplayarea.

Underlinecursoron FE4A
25474
254'J'

off Turns on the un-
derlinecursor.

Underlinecursoroff FE4B
25475
254'K'

Turns off the un-
derlinecursor.

Block cursoron FE53
25483
254'S'

off Turns on the
blinking block
cursor.

Block cursoroff FE54
25484
254'T'

Turns off the
blinking block
cursor.

Cursorleft FE4C
25476
254'L '

n/a Moves the cur-
sor one position
to the left. If the
cursor is already
at the beginning
of a line it will
move to the end
of theotherline.

Cursorright FE4D
25477
254'M'

n/a Moves the cur-
sor one position
to theright. If the
cursor is already
at theendof aline
it will moveto the
beginning of the
otherline.
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6.5 Bar Graphs and Special Character s

Thecommandsin this sectionareusedto de�ne anddisplaybargraphsandspecialcharacters.

Table12: Bar GraphandSpecialCharacterCommands

Command Syntax Notes
Initialize thick vertical bar
graph

FE 76
254118
254'v'

Initializes the usercharacterset to
makewideverticalbargraphs.

Initialize thin vertical bar
graph

FE 73
254115
254's'

Initializes the usercharacterset to
makenarrow verticalbargraphs.

Initialize horizontal bar
graph

FE 68
254104
254'h'

Initializes the usercharacterset to
makehorizontalbargraphs.

Draw verticalbargraph FE 3D [col][length]
25461 [col][length]
254'=' [col][length]

Drawsaverticalbargraphatcolumn
[col] of length [length]. Length is
measuredin pixels (0x00 to 0x14).
User must �rst use the 'v' or 's'
commandto initialize characters.

Draw horizontalbargraph FE 7C[c][r][d][length]
254124[c][r][d][length]
254'|' [c][r][d][length]

Draws a horizontalbar graphstart-
ing atcolumn[c] on row [r] with di-
rection [d] (0 is right, 1 is left) of
length[length]. Lengthis measured
in pixels(0x00to 0x64if startingin
column1). User must �rst usethe
'h' commandto initializecharacters.

Initialize largedigits FE 6E
254110
254'n'

Initializes the usercharacterset to
make largedigits.

Placelargedigits FE 23 [col] [digit]
25423 [col] [digit]
254'#' [col] [digit]

Placelarge digit number[digit] in
column[col] of thedisplay. Cursor
movesto bottomright of largedigit.
[digit] is 0x00to 0x09,[col] is 0x01
to 0x12(i.e. 1 to 18decimal).

De�ne customcharacter FE 4E [c][8 bytes]
25478 [c][8 bytes]
254'N' [c][8 bytes]

De�nesoneof 8 custom"user"char-
acters.Characternumberis [c] be-
tween0x00and0x07.
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6.6 Miscellaneous Commands

Table14: MiscellaneousCommands

Command Syntax Default Notes
Cleardisplay FE58

25488
254'X'

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

Setcontrast FE50 [contrast]
25480 [contrast]
254'P' [contrast]

0x80128 Setsdisplay con-
trast. Compen-
satesfor viewing
angle. Contrast
is avaluebetween
0 and 255 (hex 0
to FF). Larger =
darker.

Backlighton FE42 [minutes]
25466 [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.

Generalpurposeoutputoff FE56 [gpo#]
25486 [gpo#]
254'V' [gpo#]

off Turns general
purpose output
OFF.

Generalpurposeoutputon FE57 [gpo#]
25487 [gpo#]
254'W' [gpo#]

off Turns general
purpose output
ON.

Readmoduletype FE37
25455
254'7'

seetable Thiscommandre-
turnsa 1-bytehex
value.
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7 Appendix: Speci�cations

7.1 Speci�cations

Table16: EnvironmentalSpeci�cations

StandardTemperature ExtendedTemperature
OperatingTemperature 0� C to +50� C -20� C to +70� C
StorageTemperature -20� C to +70� C -40� C to +85� C

OperatingRelativeHumidity 90%maxnon-condensing 90%maxnon-condensing

Table17: ElectricalSpeci�cations

SupplyVoltage 4.75- 5.25Vdc (optional8 - 15VDC)
SupplyCurrent 11mA typical

SupplyBacklightCurrent 90mA typical

Table18: OpticalCharacteristics

Numberof Characters 80 (20charactersby 4 lines)
Matrix format 5 x 7 with underline
DisplayArea 76.3x 25.20mmXxY
CharacterSize 2.95x 4.75mm(XxY), not includingunderline
CharacterPitch 3.55mm

Line pitch 5.35mm
Dot Size 0.55x 0.55mm(XxY)
Dot Pitch 0.60x 0.60mm(XxY)

LED BacklightLife 100,000hourstypical
Colorof Illumination Yellow Green
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Figure20: PhysicalLayout
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7.2 Options

Table19: OptionsAvailableonLCD2041

InverseBlue LCD WB WB
InverseYellow LCD IY

Whitebacklightwith Grayglass(IceBlue) GW
ExtendedTemperature E

WideVoltage V
WideVoltagewith Ef�cient SwitchingPowerSupply -VPT

8 Appendix: Glossar y

Table20: Appendix:Glossary

ASCII AmericanStandardCodefor InformationInterchange.
A 7 bit binary coderepresentingthe English alpha-
bet,decimalnumbersandcommonpunctuationmarks.
Also includescontrol characterssuchascarriagere-
turn or endof text. An 8 bit supersetof the standard
ASCII codesis often usedtoday to include foreign
charactersandothersymbols.Thesesupersetsareof-
tencalledextendedASCII charactersets.

Backlight A backlitdisplayis illuminatedfrom behindto provide
nighttimeandimproveddaytimereadability.

Baud Rate The(dataandsignaling)bit transmissionrateof anRS-
232device.

Binary Number A numberwritten usingbinary notation,which only
useszerosandones

Bit Thesmallestunit of informationa computercanwork
with. Eachbit is either0 or 1. Binarydigit.

Bitmap A representation,consistingof rows andcolumnsof
dots,of a graphicsimagein computermemory. The
valueof eachdot,whetherit is �lled in or not,is stored
in oneor morebitsof data.

Byte A groupingof eightbinarybits
CCFL Cold CathodeFluorescentLamp. A high brightness

backlightingsourceconsistsof a�uorescenttubepow-
eredby a highvoltageA.C. source.
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Con�guration Theway a systemis setup,or theassortmentof com-
ponentsthat make up the system. Con�guration can
refer to eitherhardwareor software,or the combina-
tion of both.

Contrast The ratio of luminancebetweenthe light stateof the
displayto thedarkstateof thedisplay.

Controller Themicro-controlleror PCusedto controltheMatrix
Orbital displayunit

DB-9 Thedesignationof a connectorusedin theRS-232in-
terface:9 pin connector

Firmwar e Software(programsor data)thathasbeenwrittenonto
read-onlymemory (ROM). Firmware is a combina-
tion of software and hardware. ROMs, PROMs and
EPROMs and�ash EEPROMs that have dataor pro-
gramsrecordedon themare�rmw are.

Font A designfor asetof characters.A font is thecombina-
tion of typefaceandotherqualities,suchassize,pitch,
andspacing.

Font Metric A de�nition of wherefont is to beplaced,suchasmar-
ginsandspacingbetweencharactersandlines.

Hexadecimal Refersto the base-16numbersystem,which consists
of 16 uniquesymbols:thenumbers0 to 9 andthelet-
ters A to F. For example, the decimalnumber15 is
representedas F in the hexadecimalnumberingsys-
tem. Thehexadecimalsystemis usefulbecauseit can
representevery byte (8 bits) astwo consecutive hex-
adecimaldigits. It is easierfor humansto readhex-
adecimalnumbersthanbinarynumbers.

I2C Shortfor Inter-IC, a typeof busdesignedby Phillip's
Semiconductorsin the early 1980s,which is usedto
connect integratedcircuits (I2Cs). I2C is a multi-
masterbus, which meansthat multiple chips can be
connectedto the samebus andeachonecanact asa
masterby initiating a datatransfer.

Interface A meansby which two systemsinteract.
LCD Liquid CrystalDisplay
Module Type Value This refersto themodelnumberof themodule.
Pixel The smallestindividually controllableelementof a

display.
Pre-GeneratedFonts Pre-determinedfonts which can be downloadedinto

graphicliquid crystaldisplays.
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Primiti ve A low-level object or operationfrom which higher-
level, more complex objectsand operationscan be
constructed.In graphics,primitivesarebasicelements,
suchas lines, curves, and polygons,which you can
combineto createmorecomplex graphicalimages

RS-232 Shortfor recommendedstandard-232C,a standardin-
terfaceapprovedby theElectronicIndustriesAssocia-
tion (EIA) for connectingserialdevices.

Scroll To view consecutivelinesof dataonthedisplayscreen.
Thetermscrollmeansthatoncethescreenis full, each
new line appearsat thebottomedgeof thescreenand
all otherlinesmoveuponeposition.

Serial Number A numberthatis oneof a seriesandis usedfor identi-
�cation of themodule

Serial Port A port,or interface,thatcanbeusedfor serialcommu-
nication,in whichonly 1 bit is transmittedat a time.

VersionNumber This refers to the �rmw are revision numberof the
module.

Volatile Memory Temporarymemory. Oncethepower supplyis turned
off volatilememoryis thenerased.
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