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1 Intr oduction

ThePK202-24-USBis equippedwith thefollowing features;

� 20columnby 2 line text PLEDdisplay
� Built in font with provisionfor up to 8 userde�ned characters
� USBcommunication,or SerialTTL communication
� Useof up to 100moduleson thesameUSBhost
� Fully bufferedsothatnodelaysin transmissionareevernecessary
� Ability to addacustomizedsplash/ startupscreen
� Useof "Remember"functionsto save settings
� Softwarecontrolledbrightnesswith con�gurabletime-outsettingup to 90minutes
� Useof up to a 24key keypadwith a 10key buffer
� Threelow powergeneralpurposeoutputsfor avarietyof applications
� Threehighpowergeneralpurposeoutputswith RPMsensingandPWM control
� Horizontalor verticalbargraphs
� Mediumdigitscapability
� Poweranddatafrom oneUSBcable
� A perfect�t to Matrix Orbital'sPCBay insertswithout any modi�cations
� Dallas1-wirebusthatis capableof communicatingwith many devicesoverasinglewire plusaground

reference

1.1 What to Expect From the PK202­24­USB

ThePK202-24-USBis designedasthedisplayunit for anassociatedcontroller. Thecontrollermaybe
anything from a singleboard,specialpurposemicro-controllerto a PC,dependingon theapplication.The
controlleris responsiblefor whatis displayedon thescreenof thedisplay.

Thedisplayprovidesa simplecommandstructurewhich allows text andbargraphsto bedisplayedon
the screen.Text fonts arebuilt in andusestandardASCII mapping. Provision is madefor up to 8 user
de�ned characters.

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

Generalpurposeoutputsallow thecontrollerto switchupto six electronicor electro-mechanicaldevices
by issuingcommandsto thedisplayunit. Thesecanbeusedfor controllingLEDs,relays,etc.

1.2 What Not to Expect From the PK202­24­USB

Thedisplaydoesnot includebitmapgraphicscapability, exceptthatpermittedby de�ning specialchar-
acters.

1.3 Keypad Interface

Thekeypadinterfacetakesrow / columninputandconvertsit into ASCII characters,whicharedelivered
out theUSBport to theassociatedcontroller.

Matrix Orbital PK202-24-USB 1
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Figure1: Connectionsfor Testing

NOTE The keypad is not usedto directly control any aspectof the operationof the
display. Thedisplayactssimplyasa matrix to serialconverter.

1.4 Setup for Testing

Beforesettingup theapplication,it is bestto testout thedisplay. This is easilydonewith a PC.
Thefollowing is a list of requirementsfor testing;

� An availablepoweredUSBsource
� USBDriverswhichcanbelocatedonMatrix Orbital'swebsiteandeCD
� TestsoftwaresuchasAlphaDemoor DisplayTuner

Oncetheabovetestrequirementshavebeenmet,theusermayproceedwith thefollowing steps;

1. Referto thediagramabovefor thefollowing steps.
2. Downloador copy theUSBdriversinto adirectory.
3. Uncompressthe�les. They will beaself extractingZIP �le.
4. ConnecttheUSBcableto thedisplayandthecomputer.
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5. Windowswill givea promptfor driversfor aUSB , SerialDevice.
6. Select“Specify location”,andnavigateto thedirectorythe�le wasuncompressedto.
7. Testthedisplay.

1.5 Trying out the PK202­24­USB

Theunit shouldbepluggedinto theUSBandthebacklightandcustomstartupscreenshouldcomeon.

� Runa PCprogramsuchasHypertermto experimentwith typing text. Make certainit' s con�guredto
usethecorrectport. Setthebaudrateto 19,200andturn �o w controloff.

Oncethis is complete,try typingsomecharactersonthekeyboard.Thecharactersshouldnow appearon the
displayscreen.

AlphaDemo,DisplayTuneror MOGD areexcellentfor basicdisplaytests.

1.6 Trying out a Keypad

Sincea numberof differentkeypadtypescanbe connectedto the display, the resultsmay be a little
unpredictable. At this point the usershouldmake certainthe keypad and interfacework, and possibly
generateanASCII mapfor any programmingneeds.

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

The keypadshouldbe a matrix style or momentaryswitches.It is possibleto simulatekey strokesby
shortingouta row andacolumnpin.

1.6.1 Here's what to do:

1. ThePCshouldberunninga terminalprogram,suchasHyperterm.
2. With thedisplayconnectedto thePC,plug in thekeypad.If theconnectorhasfewerpinsthantheone

on thedisplay, centreit aswell aspossible.

NOTES

� Thekeypadconnectormustbewiredwith columnsononesideandrowsontheother
sideof thecenterof theconnector. If thekeypadisn't wired this way theuserwill
needto makeanadapteror rewire theconnectorto meetthis requirement.

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

3. Pressa key on the keypad. An uppercaseASCII character(A-X) shouldappearon the PC screen.
Differentkeysshouldgeneratedifferentcharacters.
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To experiment,reversetheconnectorto seeif it generatesa morelogical setof characters.Ultimately the
programin thecontrollerwill have to 'map' thesecharactersto theonesmarkedon thekeypad,which will
likely bedifferent.

2 Connections

2.1 Connector Pinout

Referto theFigurebelow for this chapter.

Figure2: ElectricalConnections

Table1: Connectors& Functions

Connector Function
14Pin dualheader GeneralPurposeOutputsand+5V Output

Rx / Tx ReceiveandTransmitLED outputs
10Pin header Keypad

USB Communication/ Power
Alt. USB AlternateUSB/ PowerHeader

4 Pin White Header OptionalHigh PowerGPOPower Input
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Table2: Mating Connectors

Connector Part # Mate Part #
3 Pin WhiteHeader AMP 173979 AMP 173977
3 PinRedHeader MOLEX 43009 MOLEX 7879

10PinDualHeader MOLEX 42375 Many, ex. MOLEX 70058
Rx/Tx MOLEX 42375 Many, ex. MOLEX 70058

10PinHeader MOLEX 42375 Many, ex. MOLEX 70058
USB MOLEX 67068 StandardUSB cable

Alt. USB MOLEX 42375 Many, ex. MOLEX 70058
4 Pin WhiteHeader AMP 171825-4 AMP 170205-1

2.1.1 Power

USB High power portscansupply500mA of power. Low power devices,suchasun-poweredhubs,
canonly supply150mA of power. Pleasebe sureto observe the total power usageon the displaywhen
connectedto theUSBport. Thedisplaywill requirebetween125mAto 220mAdependingonthemodeland
thenumberof GPOsbeingused.

Table3: GPOPowerLevels

GPO Maximum Power
+5V Low Power 20mA,currentlimited
+5V High Power 1000mA. Pleasenote; an unmod-

i�ed USB host can only supply
a maximum of 500mA on a high
power output and only 150mA on
low power.

+12V High Power 1000mA

Power is appliedvia theUSBcableor thealternateUSBheader. Powerrequirementis +5 VDC � 0.25V.

WARNINGS

� WhenusingthealternateUSBheader, verify all thecablepin outs
beforeapplyingpower. Incorrectpower applicationmay damage
thedisplayandhost.

� Makesurethehostis capableof supplyingall thenecessarypower.
Add thedisplaypowerrequirementandtheGPOpowerif usedfor
a totalpower requirement.
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Thedisplayhasa secondarypower connectorusedfor High Power GPOs.Only if theuseris planningon
usingGPO1, GPO2 andGPO3 as+12V, shouldtheuserplug in a unmodi�ed 3.5” �oppy powercable.

Figure3: Header

Figure4: ConnectorPinout

Pin Description
Pin4 +5.0VDC (normallyfrom PCpowersupply)
Pin3 Ground
Pin2 Ground
Pin1 +12.0VDC (normallyfrom PCpowersupply)

Make certainto have suf�cient currentcapacityto handlethedesiredload. EachHigh Power GPOcan
sourceover1000mA.

2.1.2 Power by 3.5” �opp y cable

Thedisplaycanbepoweredby theUSB port or by externalpower. An unmodi�ed �oppy power cable
may be appliedexternally via the high power input asshown in Figure2. The advantageto this is, the
displaywill power up right away, allowing fansto start,for example,without waiting for theOSto power
thedisplay. In addition,if theadvancedGPOsaresetto the+5V positionpowerwill bedrawn from external
power ratherthantheUSB port, thusallowing highercurrentdraw.

2.1.3 USB Comm unications

A standardB typeUSBheaderis providedon thedisplayfor USBcommunication.TheUSBcablepro-
videspoweranddatato thedisplay. Therearetwo waysof communicatingto thedisplay. UnderWindows,
theuserwill have direct accessto thedisplaydriversor createa virtual COM Port (VCP). With theVCP,
a new COM Port is createdin Windows. Underthe control panelthe usercansetall the optionsfor the
USB device, includingspeed.Windows 98, Windows ME, Windows 2000,andWindows XP drivershave
beentestedandwork. VCP driversarealsoavailablefor Apple OS-X, OS-8,andOS-9. Linux driversare
availableaswell, but have not beentestedby us,nor will Matrix Orbital beableto provideany supportfor
them.

For moredriver informationpleasevisit �������������
	��
�
����������� .
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8bit, no parity , onestopbit.

Speed:19.2Kb/s

Table4: USBID

VID 0403

PID Description
FA00 USB2 SerialCommunication
FA01 MX2 / MX3/MX6
FA02 MX4 / MX5
FA03 LK / VK/PK202-24-USB
FA04 LK / VK204-24-USB

2.1.4 Alternate USB Comm unications

Figure5: USB& AlternateUSB

Table5: ConnectorPinout

Pin Number Description
5 Ground
4 Not Used
3 D+
2 D-
1 +5V

NOTE Pleaseverify pinoutwith motherboardmanuals.
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2.1.5 Serial TTL Comm unications

Figure6: Rx / Tx andLED Headers

The displaycanbe communicatedto by Serial at TTL levels. Communicationwill bypassthe USB
sectionandrequirespower andgroundto beprovidedby theheader. Do not usethis headerin conjunction
with USB communication.

8bit, no parity , onestopbit.

Speed:19.2Kb/s

2.1.6 LED Headers

The LED headersprovide a visual indicationof communicationover the Rx andTx line if a LED is
connected.The LED's blink frequency will increaseas the amountof dataincreases.The headersare
currentlimited to 20mA at +5V. This featureonly workswith USB communicationandwill not work with
serialTTL.

2.2 General Purpose Outputs

Thedisplayhasa varietyof generalpurposeoutputsfor avarietyof applications.
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Figure7: Connections

2.2.1 Advanced General Purpose Outputs & GPO's 1 to 3

Theseoutputsarecapableof controllinghigh currentdraw devices,saving powerup state,switchingto
PWM modeandrepeatbackRPMvia Hall effect sensor.

Figure8: FanHeaders
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WARNINGS

� RPMReadingshouldnotbeusedat 5V.
� Therearenocurrentlimiting resistors.
� Maximumcurrentdraw is 1000mA.
� Default voltagesettingis 12V.
� As of Firmware Revision 2.1, the default PWM frequency is

19.1Hz.

2.2.2 Advanced GPO Power Select

12Volt 5 Volt

Figure9: High / Low PowerSelect

Whenthejumperis placedin thehighpowerposition,theunit supplies+12V to theadvancedGPOs.If
thejumperis placedin thelow power position,+5V is suppliedto theGPOs.For 12V, externalpower by a
3.5” �oppy connectorwill berequired.
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2.2.3 GPO 4, GPO 5, and GPO 6

Figure10: GeneralPurposeOutputs

GPO's4, 5, and6 arelow powerouputsproviding +5V at 20mA,enforcedby currentlimiting resistors.
They areidealfor driving LEDs andrelaysdirectly.

2.2.4 Dallas 1­Wire Bridg e

ThedisplayoffersoneDallas1-wirebridge.All threeheadersareconnectedto onecommunicationline.
A maximumof 321-wiredevicescanbeconnectedto thedisplayata time.

Figure11: 1-Wire Pinout

2.3 General

Text is displayedontheLK202-24-USBusingthebuilt in 5x8dotmatrix font, in additionto upto 8 user
de�ned characters.
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2.4 The Built In Character Font

Thedisplayincludesabuilt in 5x8dotmatrix font with thefull rangeof ASCII characters,plusavariety
of extendedcharacters,asshown in theFigurebelow.

Figure12: CharacterSet

In additionto thebuilt in characters,usersmay de�ne up to 8 specialcharacters.Oncede�ned, these
charactersoccupy positions0x00to 0x07in theabovechart.Thedisplaydoesnot have provision to down-
loadotherfonts.
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2.5 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 using the built in font, andonly charactersde�ned in the font are actuallydisplayed. Characters
whicharenotde�ned by thebuilt in font print asaspace.

Thepositionwheretext is to be insertedis a characterlocationstoredin thedisplay's volatile memory
andmaintainedinternallyby thedisplay's �rmw are.This positionis manipulatedby thecommandsshown
in thefollowing section.

2.6 Text Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.

Somecommandsmarkedwith an“R”, maybe“Remembered”to setnew defaultsthatwill bein effect
eachtime theunit is poweredon.

2.6.1 Auto Line Wrap On (254 67)(R)

Enablesautomaticline wrapping.Notethat this word is not 'word wrapping',andwrapsmayoccurin
themiddleof aword.

2.6.2 Auto Line Wrap Off (254 68)(R)

Disablesautomaticline wrapping.Charactersbeyondtheendof a line maybelost.

2.6.3 Auto Scroll On (254 81)(R)

Whenautoscrollingis on, it causesthedisplayto shift theentiredisplay'scontentsup to makeroomfor
a new line of text whenthetext reachesthescroll position,which is thebottomright characterposition.

2.6.4 Auto Scroll Off (254 82)(R)

Whenautoscrolling is disabled,text will wrap to the top left cornerof thedisplayarea.Existing text
in thedisplayareais not erasedbeforethenew text is placed.A seriesof 'spaces',followedby a “Cursor
home”command,maybeusedto erasethetop line of text.
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2.6.5 Set Cursor Position (254 71 [column][r ow])

Thiscommandsetsthecursorposition(text insertionpoint)to the[column]and[row] speci�ed.Columns
havevaluesfrom 1 to 20 (0x01to 0x14)androwshavevaluesof 1 and2 (0x01and0x02).

2.6.6 Send Cursor Home (254 72)

Thiscommandmovesthecursorposition(text insertionpoint) to thetop left of thedisplayarea.

2.6.7 Turn On Underline Cursor (254 74)(R)

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

2.6.8 Turn Off Underline Cursor (254 75)(R)

Turnsoff theunderlinecursor. Doesnotaffect theblinking block cursor.

2.6.9 Turn On Blinking Cursor (254 83)(R)

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

2.6.10 Turn Off BlinkingCur sor (254 84)(R)

Turnsoff theblinking block cursor. Doesnotaffect theunderlinecursor.

2.6.11 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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2.6.12 Cursor Right (254 77)

Movesthecursoronepositionto theright but doesnot eraseany characterthatmaybein thatposition.
Notethatthis commandmovesthetext insertionpointevenif thecursoris turnedoff.

3 Keypad Interface

Thischapterdescribesthekeypadinterfaceandassociatedcommandsin detail.

3.1 General

Thedisplaykeypadinterfaceprocessesthekeypadrow / columnmatrix into a serialdatabytestream.
Asidefrom this processing,thekeypadhasno effect on thedisplay. To sendkeystrokesto thedisplay, they
mustberoutedthroughthecontroller.

3.2 Connections

Figure13: KeypadConnector

Theconnectoris not 'keyed', so thekeypadwill probablyplug in eitherof two ways. Thedisplaywill
not bedamagedby reversingtheconnector. However, thekeypadwill generatea differentASCII character
mappingfor eachposition. If theconnectorhasfewer than10 pinsit shouldbecenteredon pins6 and7 of
theconnector.

Pins1 through6 arecolumnsandPins7 through10 arerows. Thekeypadis scannedwherevera key is
passed;thereis nocontinuouskey scan.Thismeansthatkeypressesaredealtwith immediatelywithoutany
appreciablelatency. Thisalsopreventselectricalnoisewhich is oftencausedby continuouskey scans.

NOTE Pleasenotethatkeypadsmaybelaid out in a differentpattern.If this is thecase,
theuserwill needto interpretthekey codesdifferently.
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Table6: KeypadLayout

Columns
1 2 3 4 5 6

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

3 M N O P Q R
4 S T U V W X

NOTE Thekeypadconnectormustbewired with columnson onesideandrows on the
othersideof thecentreof theconnector. If thekeypadisn't wired this way theuserwill
needto makeanadapteror rewire theconnectorto meetthis requirement.

3.3 Keypad Commands

Somecommands,markedwith an“R”, maybe“Remembered”to setnew defaultsthatwill bein effect
eachtime theunit is poweredon.

3.3.1 Auto Repeat Mode On (254 126[mode])(R)

[mode]=0x00givesResendKey Codemode

[mode]=0x01givesKey Down / Key Up Codemode

Two modesof autorepeatareavailableandaresetvia thesamecommand.

1. ResendKey Mode: This modeis similar to theactionof a keyboardon a PC.In this mode,whena
key is helddown, thekey codeis transmitted,immediatelyfollowedby a1/2seconddelay.

2. Key down / Key up codes: This codemaybe usedwhenthe typematicparametersof the “Resend
Key Code”modeareunacceptableor if theunit is beingoperatedin polledmode. The hostsystem
detectsthepressof a key andstimulatesanautorepeatinsidethehostsystemuntil thekey releaseis
detected.

In this mode,whena key is helddown, thekey codeis transmittedimmediatelyandno othercodeswill be
sentuntil thekey is released.Onthereleaseof thekey, thekey releasecodetransmittedwill beavalueequal
to thekey down codeplus20 hex. For example,if thekey codeassociatedwith key “P”(0x50) is pressed,
thereleasecodeis “p”(0x70).
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Figure14: Poll Timing

3.3.2 Auto Repeat Mode Off (254 96)(R)

Thiscommandturnsoff theautorepeatmode

3.3.3 Auto Transmit Keypresses On (254 65)(R)

In this mode,all keypressesaresentimmediatelyto thehostsystemwithout theuseof thepoll keypad
command.This is thedefaultmodeonpowerup.

3.3.4 Auto Transmit Keypresses Off (254 79)(R)

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

3.3.5 Clear Key Buff er (254 69)

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

3.3.6 Poll Keypad (254 38)

Thehostsystemmustbesetupto receivethekey codes.Whenthedisplayreceivesthiscommandit will
immediatelyreturnany unbufferedkeypresseswhich mayhave not beenreadalready. If thereis morethan
onekeypressbufferedthehigh orderbit (MSB) of this returnedkeycodewill beset(1). If this is theonly
bufferedkeypresstheMSB will be reset(0). If thereareno bufferedkeypressesthereturnedcodewill be
0x00.Pleasenote;in orderto makeuseof this command,the“Auto transmitkeypress”modeshouldbeoff.
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3.3.7 Set Debounce Time (254 85 [time])(R)

Thiscommandsetsthetimebetweenkey pressandkey read.All key typeswith theexceptionof latched
piezoswitcheswill 'bounce' for a varying time dependingon their physicalcharacteristics.The default
debouncetime for themoduleis about52mS,which is adequatefor mostmembranekeypads.

4 Bar Graphs and Special Character s

The display includesthe ability to draw bar graphs(eitherhorizontalor vertical) andallows usersto
de�ne up to eightspecialcharacters.

Eight characters(ASCII values0x00 to 0x07)aresetasidefor usewith bargraphs,userde�ned char-
acters,andbig numbers.Sincethe same8 charactersareusedfor eachfunction, the functions may not
be usedsimultaneously. Thecharactersmaybede�ned or rede�nedat any time by issuingthecommands
shown in this section.Oncede�ned, they maybeusedeitherby meansof thebargraphcommands,or by
simply issuingoneof theASCII values0x00to 0x07,whicharenotpre�xedby thecommandbyte,254.

4.1 Command List

4.1.1 Initializ e Wide Vertical Bar Graph (254 118)

This commandde�nes the8 special/ usercharactersto be blockssuitablefor usein drawing wide (5
pixel) vertical bar graphs.Any previously existing de�nitions will be lost. Oncethis commandhasbeen
issued,any numberof vertical bar graphsmay be drawn unlessthe charactersare rede�ned by another
command.

4.1.2 Initializ e Narrow Vertical Bar Graph (254 115)

This commandde�nes the8 special/ usercharactersto beblockssuitablefor usein drawing narrow (2
pixel) vertical bar graphs.Any previously existing de�nitions will be lost. Oncethis commandhasbeen
issued,any numberof vertical bar graphsmay be drawn unlessthe charactersare rede�ned by another
command.

4.1.3 Draw Vertical 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 section4.1.1or 4.1.2,which will determinethewidth of thebargraph.Thegraphmaybeerased
by drawing a bargraphof height=0in 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][r ow][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 thegraphcanextendto thefull width of thescreen.Eachcolumnis 5 pixelswide(spacesbetween
thecolumnsdon't count).

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

4.1.6 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 charactersare5x8; 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;

Table7: 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 indicatesan“on” (black)pixel, while a “0” indicatesan“off ” (clear)pixel.

Oncede�ned, a characteris displayedsimply by issuinga value(0x00 to 0x07) correspondingto the
characternumber. Thecharacterwill belaid outasfollows;
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Table8: 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;
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4.1.7 Remember Custom Character (254 194 [c][8 bytes])

This commandwill storea customcharacterto be usedwith the “Customstartupscreen”. It doesnot
affector alterthecurrentcustomcharactersthatarestoredin theunit. Thesyntaxis identicalto theprevious
command.

4.1.8 Initializ e Medium Digits (254 109)

This commandde�nes the8 specialcharactersto beblockssuitablefor usein drawing mediumdigits.
Any previousde�nitions will belost.

Oncethis commandhasbeenissued,any numberof mediumcharactersmaybeplaceduntil thecharac-
tersarerede�nedby anothercommand.
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4.1.9 Draw Medium Digits (254 111 [row][column][digit])

Draws a mediumdigit in [row] and [column] using the speci�ed [digit]. Medium digits occupy two
rows. Whenthe[row] is speci�ed to be“1”, themediumdigit will bedisplayedcorrectly. Whenthe[row]
is speci�edto be“2”, only thetoppartof themediumdigit will bedisplayed.When[row] is speci�edto be
“0”, only thebottompartof themediumdigit will bedisplayed.

5 Fan and GPO Commands

5.1 Displa y Return Protocol

To facilitatethe reportingof informationotherthankeypresses,the “Display returnprotocol”, (DRP)
wasdeveloped.This protocolallows thedisplayto returnarbitraryinformationbackto thecontroller. This
protocol is usedfor readingfan speedsandretrieving 1-wire bus information. The basicstructureof the
protocolis describedin theTablebelow.

Table9: DisplayReturnProtocol

Offset
(Bytes)

Length
(Bytes)

Value Description

0 2 0x230x2A Preamble
2 1 Continued/ Size
3 1 PacketType
4 1–127 PacketData

The�rst two bytesis thestandardpreambleto separatetheprotocolfrom returnedkeypresses.Thenext
byte is describedin the Tablebelow. The CONT �ag speci�es that the datawill be continuedin the next
DRPpacket. Thelower sevenbits containsthesizeof thedatasectionexcludingthefour byteheader. The
typespeci�eswhattypeof informationis containedin thepacket. Finally, thedatareturnedis speci�c to the
packet type.
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Table10: Continued/ SizeByte

Bit Description
7 Continued
6
5
4
3 PacketSize
2
1
0

Table11: DisplayReturnProtocolTypes

Decimal Hex ASCII Description
49 0x31 '1' 1-Wire data
82 0x52 'R' FanRPMdata

5.2 Fan and GPO Commands

5.2.1 General Purpose Output Off (254 86 [gpo #])

ThiscommandturnsOFFany of thegeneralpurposeoutputs.[gpo#] is 1 to 6.

5.2.2 General Purpose Output On (254 87 [gpo #])

ThiscommandturnsON any of thegeneralpurposeoutputs.[gpo#] is 1 to 6.

5.2.3 PWM Value (254 192 [fan #] [PWM value])

This commandsetsone of the high power GPOs(GPOs1-3) into PWM mode. This permitsspeed
controlof a fan.A PWM valueof 0 is off, 128is 50%power, and255is full power. Thefan# canbe1 to 3.

5.2.4 Return Fan RPM (254 193 [fan #])

Thiscommandwill returnapacket to thehostwith thefanRPMcontainedin it. Thestructureof thefan
is describedin theTablebelow.
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Table12: ReturnRPMStructure

Offset Size Description
0 2 0x232A
2 1 0x03
3 1 0x52
4 1 Fan#
5 2 FanPeriod(MSB �rst)

To convert thefanperiodinto anRPMvalue,follow thefollowing formula;

RPM=
18750000

X � n

WhereX is thefanperiod,andn is thenumberof ticks thatthefanproducesperperiod.Thenumberof
ticks is usually1, 2 or 4. For unknown fanssomeexperimentationis required.

NOTE It isnotrecommendedthattheRPMis checkedmorethanonceeverytwo seconds.
If theRPMis checkedmorefrequently, theactualRPMreadingscanbecomeveryerratic.

5.2.5 Remember GPO / PWM State (254 195 [fan #] [PWM value])

This commandwill setthestartupstatefor all theGPOs.Whenthedevice is poweredup thenext time,
theGPOswill besetto thevaluesfrom thiscommand.For GPOs1 to 3 it behavesexactlyasthePWM Value
command.For GPOs4 to 6, a non-zerovaluefor thePWM valuemake theGPOon for futurestartups.A
PWM valueof 0 will resultin theGPObeingoff.

Thiscommanddoesnotaffect thecurrentstateof theGPOsor fans,justpowerup.

5.2.6 Set PWM Base Frequenc y (254 196 [inde x])

NOTE This commandwasaddedin FirmwareVersion2.1. It is not presentin previous
versions.

This commandsetsthebasefrequency for thePWM modulation.The index selectsa presentfrequency as
shown in thefollowing Table.
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Table13: PWM BaseFrequencies

Index Frequency Steps
0 0.3Hz 256
1 0.6Hz 256
2 1.2Hz 256
3 2.4Hz 256
4 4.8Hz 256
5 9.6Hz 256
6 19.1Hz 256
7 38.2Hz 256
8 76.3Hz 256
9 152.6Hz 129
10 305.2Hz 65
11 610.4Hz 33
12 1220.7Hz 17
13 2441.4Hz 9
14 4882.9Hz 5
15 9765.8Hz 3

As thefrequency increases,thenumberof valid PWM stateswill decrease.For example,with an index
of 14,thereareonly 5 PWM states.

Table14: ExamplePWM Valuesfor Index =14

Input PWM Actual PWM
0 0

1- 63 25%
64-127 50%
128-191 75%
192-255 100%

Frequenciesin therangeof 9.6Hzto 38.2Hzaredesirablefor fancontrolasthey minimizethenoisedue
to PWM modulation.For visualapplicationssuchascontrollingcold cathodelights, PWM frequenciesof
76.3Hzto 305.2Hzaredesirableto minimize�ick er.

5.2.7 Remember PWM Base Frequenc y (254 197 [inde x])

NOTE This commandwasaddedin FirmwareVersion2.1. It is not presentin previous
versions.
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This commandwill setthePWM frequency for startup.It doesnot alter thecurrentPWM basefrequency.
Referto the“SetPWM basefrequency” commandfor valid valuesof index.

6 1­Wire Commands

The1-wire busis capableof communicatingwith many devicesover a singlewire plusa groundrefer-
ence.This chapterdealswith thecapabilitiesof thedisplayanda brief introductionto the1-Wire standard.
For moredetailconsult�������L�

���

�5�%?����M���.�
�

6.1 Device Identi�cation

Each1-wire device containsa unique64-bit addressin which to identify themwith. The addressis
guaranteedto be uniquefrom any otherdevice, allowing a virtually unlimitednumberof deviceson to be
attachedto the bus. The addressitself containsa family codeanda cyclic redundancy check(CRC).The
family codeis uniqueto a particulardevice model.For example,thefamily codefor theDS18S20temper-
atureprobesis 10H. TheCRCbyte is includedasa veri�cation that thecorrectaddresswastransmittedor
received.

6.2 Protocol

Thetransactionsequencefor accessinga 1-wiredevice is asfollows;

1. Resetanddetectpresence.

2. ROM command,followedby any requireddataexchange.

3. Devicespeci�c functioncommand,followedby any requireddataexchange.

Beforecommunicationcanbegin, the bus mustbe resetto force all devicesto begin listening. After the
reset,all thedeviceswill transmita presencepulsewhich indicatesthat thereis at leastonedevice on the
bus. Oncethe presenceof at leastonedevice hasbeencon�rmed, themastermustselectwhich groupof
deviceswill beinvolvedin therestof thetransaction.A devicewill useaROM commandto determineif the
following transactionis intendedfor it. If not, thedevicewill ignoreall communicationon thebusuntil the
next busreset.Otherwise,thedevice will readandprocesstherestof thetransaction.The�nal partof the
transactionis thedevice speci�c functioncommand.To determinewhat functionsthedevice will respond
to, consultthedevices' datasheet.

It is very importantto follow this sequencefor every transaction.If any of thesestepsareomittedor
performedin thewrongorder, thedeviceswill not respond.

Noneof the device addressesareknown aheadof time, andassuch,eachof their addressesmustbe
searchedout anddetermined.The1-wire busprovidesa meansof searchingthebusfor devicesanddeter-
mining their address.
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6.3 ROM Commands

TheROM commandsallow a device to besingledout for communicationor all devicesto beincluded.
Thismanualonly presentsthethreemostusedROM commands.For amoredetailedlisting anddescription
of all theROM commands,consultthedatasheetfor the1-wiredevicebeingused.

� Match ROM [55h]: To singleout a device, theMatchROM commandis used.After this com-
mandhasbeenissuedthe64-bit targetaddressis transmittedin LSB to MSB order. Any devicewith
anaddressthatdoesn't matchwill ignoreall furthercommunicationuntil thenext busreset.

� Skip ROM [CCh]: After this command,all deviceswill continueto listenandprocessthetrans-
action. This is equivalentto broadcastingto all devices. This commandis usefulwhenprobesneed
to be informedto get their measurementready. With this commandall theprobescanbe instructed
simultaneously.

� Read ROM [33h]: All deviceswill begin transmittingtheir addressafter this command. This
commandwill only succeedwhenthereis onedeviceon thebus. Whenmultiple devicesarepresent,
all deviceswill begin transmittingtheiraddresses,overlappingeachother. Thiscommandcanbeused
to determineif thereis morethanonedevice on thebus. After theaddresshasbeenreadback,if the
CRCis valid, thereis only onedeviceonthebus.Otherwise,therearemultipledevicesonthebusand
eachaddressmustbesearchedout.

6.4 Displa y 1­Wire functions

Thetransactioncommandallows datato beput ontothebusandreadoff thebusfor transactions.And
thesearchcommandidenti�es all thedeviceson thebusfor furthercommunication.

6.4.1 Transaction command (254 C8 1 [�a gs] [Send Bits] [Recie ve bits]
[Send data])

Thetransactioncommandwill performasingletransactionon the1-wire busin thisorder;

1. BusReset.

2. Transmitdataontothebus.

3. Receivedatafrom thebus.
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Table15: 1-Wire Transaction

Offset
(Bytes)

Length
(Bytes)

Name Description

0 1 Flags The �ags byte controlsthe optional
componentsof thetransaction.

1 1 SendBits The number of bits that will be
transmittedontothebus. Theactual
bits to betransmittedareheldin the
SendDatasection.

2 1 RecieveBits The numberof bits to readoff the
bus after the datato be put on the
bushasbeensent.

3 Variable SendData The datato be transmittedonto the
bus. The data is transmittedMSB
to LSB in theorderthat they arere-
ceived.

Table16: 1-Wire Flags

Bit Description
7
6 Unused
5 (0 for futurecompatibility)
4
3 Add a CRC8to theendof thetransmitteddata
2 (0 for futurecompatibility)
1 Assumelastreceivedbyteis aCRC8andvalidateit
0 Resetbusbeforetransaction

Thereceiveddatais sentbackusingthe“Display returnprotocol”.

Table17: 1-Wire ErrorCodes

Code Description
0x00 Success
0x01 Unknown 1-Wire Command
0x02 No deviceson thebus
0x03 Fatalsearcherror
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6.4.2 Search command (254 C8 2)

This is usedto �nd theaddressesof all 1-Wire deviceson thebus. After this commandthedisplaywill
returnoneor more“Display returnprotocol” packetscontainingeitheranerrorcodeor addressesof 1-wire
packets.

Table18: SearchReturnPacket

Offset
(Bytes)

Offset
(Bytes)

Description

0 2 0x232A- Preamble
2 1 0x8A - Packet is 10 byteslong, an-

other addresswill follow 0x0A -
Packet is 10 byteslong, this is the
lastaddress

3 1 0x31- 1-Wire PacketType
4 1 ErrorCode(0x00for success)
5 8 1-Wire Address
13 1 CRC8- 0x00meansthelastaddress

wasvalid

7 Miscellaneous Commands

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

7.1 Command List

Somecommands,markedwith an“R”, maybe"Remembered"to setnew defaultsthatwill bein effect
eachtime theunit is poweredon.

7.1.1 Remember (254 147 [0|1])

This commandallows a numberof settings,suchascursorstate,backlight,etc., to automaticallybe
storedin non-volatile memory, so they becomenew defaults. The commandshouldonly be usedwhen
requiredfor two reasons;

1. Writing to non-volatilememoryis timeconsumingandslowsdown theoperationof thedisplay.
2. Non-volatilememoryhasa 'write limit', andmayonly bechangedapproximately100,00times.

Commandswhich maybeusedwith therememberfunctionaremarkedwith an“R” in thedefault column
in thecommandtables.
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Theexampleshowstheprocedureto set“Auto scrollon” asthedefaultcondition.Commandsareshown
in bothdecimalandhex in theexamplebelow;

Table19: CommandExample

Decimal Hex Function
2541471 FE9301 Turn on“Remember”function

25481 FE51 Turnonautoscroll. Since“Remem-
ber” is ON, thissettingwill besaved
in non-volatilememory

2541470 FE9300 Turn off “Remember”function

Any numberof commandsmaybeenteredbetweenthe“RememberON”, and“RememberOFF” com-
mands,andall settingswill bememorized.

7.1.2 Clear displa y (254 88)

Thiscommandclearsthedisplayandresetsthetext insertionpoint to thetop left of thescreen.

7.1.3 Set brightness (254 89 [brightness]) (R)

Brightnessis setto 100%by default. his commandssetsthedisplay's backlightbrightnessto [bright-
ness],where[brightness]is a valuebetween0x00and0xFF(between0 and255). Lighting conditionswill
affecttheactualvalueusedfor optimalviewing. Lowervalueswill causetheintensityto “dim”, while higher
valuescausetheintensityto “brighten”.

7.1.4 Set brightness and Save (254 145 [brightness]) (R)

This commandssetsthedisplay's brightnessto [brightness]andsavesit, where[brightness]is a value
between0x00and0xFF(between0 and255). Lowervalueswill causetheintensityto “dim”, while higher
valuescausetheintensityto “brighten”. Oncethis commandhasbeensent,[brightness]will besetaccord-
ingly onadditionalpowerups.

7.1.5 Displa y on (254 66 [min utes]) (R)

Thiscommandturnson thedisplayfor a timeof [minutes]minutes.Themaximumvalueof [minutes]is
100. If [minutes]is zero(0), thedisplaywill remainon inde�nitely.
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7.1.6 Displa y off (254 70) (R)

Thiscommandturnsthedisplayoff.

7.1.7 Load Star tup Screen (254 64 [40 character s])

This commandsetsandmemorizesthestartupscreenwhich will appeareachtime thedisplayis turned
on. By default thescreenshows;

Table20: DefaultScreen

Matrix Orbital
PK202-24-USB

The40charactersde�ne thetwo 20characterrowsof thescreen.

Table21: DefaultScreen

Character1 Character20
Character21 Character40

If sendingmorethen10 charactersto be stored,addin ~10mspercharacterdelay. Prede�nedcustom
characterscanbeusedin the“Startupscreen”aswell, by using0x00through0x07characters.

7.1.8 Read Module Type (254 55)

This commandwill returnthemodeltypevalueof themoduleasa 1 bytehex value.Valuesfor various
modulesat thetimeof this publicationareasfollows;

Table22: ModuleValues

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

GLK24064-25- 0x15 GLK12232-25- 0x22 LK404-AT - 0x31
LK402-12- 0x33 LK162-12- 0x34 LK204-25PC- 0x35

LK202-24-USB-0x36 VK202-24-USB- 0x37 LK204-24-USB- 0x38
VK204-24-USB- 0x39 PK202-24-USB-0x42
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7.1.9 Set Serial Number (254 52 [byte1][b yte2])

Modulesmaybedeliveredwith theserialnumberblank. In this casetheusermaysetthedesired2 byte
serialnumberusingthisonetimeonly command.

Theserialnumbermaybesetonly once.Any futureattemptto executethis commandwill resultin no
changeandthemodulewill returnto theoriginally setserialnumber.

7.1.10 Read Serial Number (254 53)

Thiscommandwill returna 2 bytehex value.

7.1.11 Read Version Number (254 54)

Thiscommandwill returna 1 bytehex value.

8 Appendix: Command Summar y

8.1 General

Theoperationof thedisplayis controlledby asimpleandconsistentcommandset.Commandscontrol;

� Text display
� Graphicdisplay
� Keypadinterface
� Miscellaneousoperatingparameters

Thischapterincludessummarytablesof all commands.

8.2 Issuing Commands

Commandsareissuedto the displayby thecontroller. In a testsetup,commandscanbe issuedto the
displayby meansof aBASIC program,usingthechr$()function. In thetablesbelow, commandsareshown
in hex, ASCII anddecimalform. All commandsbegin with thepre�x character0xFE(254decimal).These
commandsareissuedon theserialcommunicationslink USB,at thecurrentlyde�ned baudrate.

For example(usingaBASIC setup),theusercouldissuethecommandto clearthescreenon thedisplay
by includingtheline;

N�O

	
2��#P
BRQ5�
�

� S

$�C�T.U
(6*5���

�9S

$�E�E�(

Or, with C theusercould(usingZcommseriallibrary);
V�W

�
���MB�?�X.Y

�

�

�

�

W

�Z��� !#"

�

�:$�&

�

0���(J*

V�W

�
���MB�?�X.Y

�

�

�

�

W

�Z��� !#"

�

�:$#1\[415(]*
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8.3 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
in theTablebelow.

Table23: 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.

Thenumberscanbeexpressedin decimalform if preferred.

8.3.1 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;

Table24: 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,
theGPOON andOFFcommandsusea numberto indicatewhich GPOis beingcontrolled.We're told that
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acceptablevaluesare0 to 6. All suchparametersmustusenumericvalues(i.e., actualbytevalues).If we
sendtheASCII numberby mistake it will actuallygive thevalueof 48 decimal(30 hex) to theparameter,
which is wrong.

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

8.4 Text Commands

Syntaxin thetablesbelow aregivenin hex, decimalanddecimalwith ASCII, in thatorder, oneperline.

NOTE Theletter“R” in thedefault columnindicatesthat this statecanbesavedto non-
volatilememorywith the“Remember”command.

Table25: Text Commands

Command Syntax Default Notes
Auto line wrapon FE43

25467
254“C”

on
R

Enables line
wrapping (not
word wrap).

Auto line wrapoff FE44
25468
254“D”

on
R

Disables line
wrapping.

Auto scroll on FE51
25481
254“Q”

off
R

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
R

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”

This command
moves the cursor
to the top left of
thedisplayarea.
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Command Syntax Default Notes
Underlinecursoron FE4A

25474
254“J”

off
R

Turns on the un-
derlinecursor.

Underlinecursoroff FE4B
25475
254“K”

R Turns off the un-
derlinecursor.

Blinking cursoron FE53
25483
254“S”

on
R

Turns on the
blinking cursor.

Blinking cursoroff FE54
25484
254“T”

R Turns off the
blinking cursor.

Cursorleft FE4C
25476
254“L”

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”

Moves the cur-
sor one position
to theright. If the
cursor is already
at theendof aline
it will moveto the
beginning of the
otherline.

8.5 Keypad Interface Commands

NOTE Theletter“R” in thedefault columnindicatesthat this statecanbesavedto non-
volatilememorywith the“Remember”command.

Table27: KeypadInterfaceCommands

Command Syntax Default Notes
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Command Syntax Default Notes
Auto repeatmodeon FE7E [0x00 | 0x01]

254126[0|1]
254“~”[0|1]

off
R

Appliesto keypad
only.
0x00 = 200 ms
typematic,0x01=
key down / key up
codessent.

Auto repeatmodeoff FE60
25496
254“`”

off
R

Appliesto keypad
only.

Auto transmit key presses
on

FE41
25465
254“A”

on
R

Setsautotransmit
modefor keypad.
Key pressesare
transmitted to
host without
polling.

Auto transmit key presses
off

FE4F
25479
254“O”

off
R

Up to 10 key-
presses buffered
until polled.

Clearkey buffer FE45
25469
254“E”

n/a Clearunreadkey-
presses.

Poll keypad FE26
25438
254“&”

n/a Returns buffered
keypressesto ap-
plication. Returns
0x00 if no key
presses.High or-
der bit set unless
this is the last /
only key press.

Setdebouncetime FE55 [time]
25485 [time]
254“U” [time]

52ms
R

Resolution: 1 =
0.6554ms [time]
is a numericmul-
tiplier.

8.6 Bar Graphs and Special Character s

Thecommandsin this sectionareusedto de�ne anddisplaybargraphsandspecialcharacters.

Table29: BarGraphsandSpecialCharacters

Command Syntax Notes
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Command Syntax Notes
Initialize wide vertical bar
graph

FE 76
254118
254“V”

Initialize the user characterset to
makewideverticalbargraphs.

Initialize narrow vertical
bargraph

FE 73
254115
254“s”

Initialize the user characterset to
makenarrow verticalbargraphs.

Draw verticalbargraph ”FE 3D [col][height]
25461 [col][height]
254"="[col][height]

Drawsaverticalbargraphatcolumn
[col] of height [ height]. Height is
measuredin pixels (0x00 to 0x14).
User must �rst use the “v” or “s”
commandto initialize characters.

Initialize horizontal bar
graph

FE 68
254104
254“h”

Initialize the user characterset to
makehorizontalbargraphs.

Draw horizontalbargraph FE 7C [col-
umn][row][dir][length]
254 124 [col-
umn][row][dir][length]
254 [col-
umn][row][dir][length]

Draws a horizontalbar graphstart-
ing at column [c] on row [r] with
direction [d](0 is right, 1 is left) of
length[length]. Lengthis measured
in pixels (0x00 to 0x64 if starting
in column 1). User must �rst use
the “h” commandto initialize char-
acters.

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.

Initialize mediumdigits FE 6D
254109
254'm'

Initializes thecharactersetto make
mediumdigits.

Draw mediumdigits FE 6F [r][c][digit]
254111[r][c][digit]
254'o' [r][c][digit]

Draws a mediumdigit in [row] and
[column] usingthespeci�ed [digit].
Medium digits occupy two rows.
When the [row] is speci�ed to be
“1”, the mediumdigit will be dis-
played correctly. When the [row]
is speci�ed to be “2”, only the top
partof themediumdigit will bedis-
played. When[row] is speci�ed to
be “0”, only the bottompart of the
mediumdigit will bedisplayed.
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8.7 Fan and GPO Commands

Table31: FanandGPOCommands

Command Syntax Default Notes
Generalpurposeoutputoff FE56

25486
254“V”

Off This command
turns OFF any
of the General
PurposeOutputs.
[gpo#] is 1 to 6.

Generalpurposeoutputon FE57
25487
254“W”

Off This command
turns ON any
of the General
PurposeOutputs.
[gpo#] is 1 to 6.

PWM value FEC0
254192

0 This command
sets one of the
high power GPOs
(GPOs 1-3) into
PWM mode.

ReturnfanRPM FEC1
254193

n/a This command
will return a
packet to the host
with thefanRPM
containedin it.

RememberGPO / PWM
state

FEC3
254195

n/a This command
will setthestartup
state for all the
GPOs.

SetPWM basefrequency
(New in Firmware Revi-
sion2.1)

FEC4 [index]
254196[index]

6 This command
sets the base
frequency for the
PWM modula-
tion.

RememberPWM basefre-
quency
(New in Firmware Revi-
sion2.1)

FEC5 [index]
254197[index]

6 This command
will setthe PWM
frequency for
startup.
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8.8 Miscellaneous Commands

NOTE Theletter“R” in thedefault columnindicatesthat this statecanbesavedto non-
volatilememorywith the“Remember”command.

Table33: MiscellaneousCommands

Command Syntax Default Notes
Remember FE93 [0|1]

254147
off Turns the “re-

member” func-
tion on [1] or off
[0].

Cleardisplay FE58
25488
254“X”

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

Setbrightness FE 59 [brightness] 254
89 [brightness] 254 'Y'
[brightness]

0x00
R

Sets display
brightness.
Brightness is a
value between
0x00 and 0xFF.
Where 0x00 is
“dim” and 0xFF
is “bright”.

Setbrightnessandsave FE91 [brightness]
245145[brightness]

0xFF
R

Sets display
brightness and
saves on sub-
suquent power
ups.Brightnessis
a value between
0x00 and 0xFF.
Where 0x00 is
"dim" and 0xFF
is "bright".

Displayon FE42 [minutes]
25466 [minutes]
254“B” [minutes]

on
R

Display will stay
on for [minutes].
If [minutes]
= 0 backlight
will stay on
permanently.

Displayoff FE46
25470
254“F”

on
R

Turns the display
off.
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Command Syntax Default Notes
Loadstartupscreen FE40 [40 char]

25464 [40 char]
254“@” [40 char]

Matrix Orbital
LK202-24-USB

Loadsnew startup
screen (40 char-
acters). Screen
is rememberedfor
subsequentpower
ups.

Generalpurposeoutputoff FE56 [gpo#]
25486 [gpo#]
254“V” [gpo#]

off Turns a general
purpose output
OFF. [gpo #] may
befrom 1 to 6.

Generalpurposeoutputon FE57 [gpo#]
25487 [gpo#]
254“W” [gpo#]

off Turns a general
purpose output
ON. [gpo #] may
befrom 1 to 6.

Readmoduletype FE37
25455
254“7”

seetable Readsthemodule
type.

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-
bers of the
module.

Readversionnumber FE36
25454
254"6"

Reads the
�rmw are ver-
sion number of
themodule.

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

Off Sets “full” and
“empty” marks
for the 80 byte
display buffer.
When buffer
reaches [full]
display will
return 0xFE to
host. When
buffer reaches
[empty] display
will return0xFF.
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Command Syntax Default Notes
Exit �o w control FE3B

25459
254';'

Turns off �o w
control.

9 Appendix: Speci�cations and Options

9.1 Speci�cations

Table35: EnvironmentalSpeci�cations

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

OperatingRelativeHumidity 20 to 80%noncondensing
Vibration(non-operating) 19.6M/s2 (Max)

Vibration(operating) 4.9M/s2 (Max)
30minutes(Duration)
X, Y, Z eachdirection

Shock(Non-operating) 490M/s2

Shock(operating) 29.4M/s2

Table36: ElectricalSpeci�cations

SupplyVoltage 4.75- 5.25Vdc
SupplyCurrent(all dotson) 18mA typical
SupplyCurrent(poweroff) 9 mA typical
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Table37: OpticalCharacteristics

Numberof Characters 40 (20charactersby 2 lines)
Matrix format 5 x 8 Matrix
ActiveArea 73.45x 11.4mm(X x Y)
View Area 79.0x 17.0mm(X x Y)

CharacterSize 3.15x 5.55mm(L x W)
CharacterPitch 3.7x 5.55mm(L x W)

Dot Size 0.4x 0.5mm(X x Y)
Dot Pitch 0.5x 0.7mm(X x Y)

Colorof Illumination Yellow Green

Figure15: PhysicalLayout
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10 Appendix: Glossar y

Table38: 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.

Baudrate 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.

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.
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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.

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

display.
PLED Polymer Light Emitting Diode. Polymersare sub-

stancesformedby a chemicalreactionin which two
or moremoleculescombineto form largermolecules.
PLEDsarethin �lm displaysthatarecreatedby sand-
wiching anundopedconjugatedpolymerbetweentwo
proper electrodesat a short distance. The polymer
emitslight whenexposedto electricity.

Pre-GeneratedFonts Pre-determinedfonts which can be downloadedinto
graphicliquid crystaldisplays.

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.
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Volatile Memory Temporarymemory. Oncethepower supplyis turned
off, volatilememoryis thenerased.
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