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1 Introduction

ThePK202-24-USBs equippedvith thefollowing features;

20 columnby 2 line text PLED display

Built in font with provisionfor up to 8 userde ned characters

USB communicationpr Serial TTL communication

Useof upto 100moduleson thesameUSB host

Fully bufferedsothatno delaysin transmissiorareever necessary

Ability to adda customizedsplash startup screen

Useof "Remember'functionsto save settings

Softwarecontrolledbrightnesavith con gurabletime-outsettingup to 90 minutes
Useof upto a 24 key keypadwith a 10 key buffer

Threelow power generaburposeoutputsfor avariety of applications

Threehigh power generapurposesutputswith RPM sensingandPWM control
Horizontalor verticalbargraphs

Mediumdigits capability

Poweranddatafrom oneUSB cable

A perfectt to Matrix Orbital's PCBay insertswithoutarny modi cations
Dallas1-wire busthatis capableof communicatingvith mary devicesoverasinglewire plusaground
reference

1.1 What to Expect From the PK202-24-USB

The PK202-24-USBis designedasthe displayunit for anassociate@ontroller The controllermaybe
arnything from a singleboard,specialpurposemicro-controllerto a PC, dependingon the application. The
controlleris responsibldor whatis displayedon the screerof the display

Thedisplayprovidesa simplecommandstructurewhich allows text andbar graphsto be displayedon
the screen. Text fonts are built in and usestandardASCII 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 adjustabléo compensatéor differing lighting conditionsandviewing angles.

Generapurposeoutputsallow thecontrollerto switchupto six electronicor electro-mechanicalevices
by issuingcommandgo thedisplayunit. Thesecanbe usedfor controllingLEDs, relays,etc.

1.2 What Not to Expect From the PK202-24-USB

Thedisplaydoesnotincludebitmapgraphicscapability exceptthat permittedby de ning specialchar
acters.

1.3 Keypad Interface

Thekeypadinterfacetakesrow / columninputandcorvertsit into ASCII charactersyhich aredelivered
outthe USB portto theassociatedontroller

Matrix Orbital PK202-24-USB 1



PK202-24-USB

USB Cable Sl

Figurel: Connectiongor Testing

NOTE The keypadis not usedto directly control ary aspectof the operationof the
display Thedisplayactssimply asa matrix to serialcorverter

1.4 Setup for Testing

Beforesettingup theapplication,it is bestto testoutthedisplay Thisis easilydonewith a PC.
Thefollowing is alist of requirementgor testing;

An availablepoweredUSB source
USB Driverswhich canbelocatedon Matrix Orbital's websiteandeCD

TestsoftwaresuchasAlpha Demoor Display Tuner

Oncethe aboretestrequirementsiave beenmet,theusermay proceedwith thefollowing steps;

1. Referto thediagramabove for thefollowing steps.

2. Downloador copy the USB driversinto adirectory

3. Uncompresshe les. They will beaself extractingZIP le.
4. Connecthe USB cableto thedisplayandthe computer
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5. Windowswill give apromptfor driversforaUSB, SerialDevice.
6. Select'Specifylocation”, andnavigateto thedirectorythe le wasuncompressetb.
7. Testthedisplay

1.5 Trying out the PK202-24-USB

Theunit shouldbe pluggedinto the USB andthe backlightandcustomstartup screershouldcomeon.

RunaPC programsuchasHypertermto experimentwith typing text. Make certainit's con guredto
usethecorrectport. Setthebaudrateto 19,200andturn o w controloff.

Oncethisis completetry typing somecharacterenthekeyboard.The charactershouldnow appeaonthe
displayscreen.
Alpha Demo,Display Tuneror MOGD areexcellentfor basicdisplaytests.

1.6 Trying out a Keypad

Sincea numberof differentkeypadtypescanbe connectedo the display the resultsmay be a little
unpredictable. At this point the usershould make certainthe keypad and interfacework, and possibly
generat@an ASCIl mapfor any programmingneeds.

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

The keypadshouldbe a matrix style or momentaryswitches. It is possibleto simulatekey strolesby
shortingoutarow andacolumnpin.

1.6.1 Here's what to do:

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

NOTES

Thekeypadconnectomustbewiredwith columnsononesideandrows ontheother
side of the centerof the connector If the keypadisn't wired this way the userwill
needto make anadapteior rewire the connectoto meetthis requirement.

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

3. Pressa key on the keypad. An uppercaseASCII charactef(A-X) shouldappearon the PC screen.
Differentkeys shouldgeneratalifferentcharacters.
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To experiment,reversethe connectorito seeif it generates morelogical setof charactersUltimately the
programin the controllerwill haveto 'map' thesecharacterso the onesmarked on the keypad,which will
likely bedifferent.

2 Connections
2.1 Connector Pinout

Referto the Figurebelow for this chapter

RSt e | 2]

High Power Input Keypad Connectors

Figure2: ElectricalConnections

Tablel: Connector& Functions

Connector Function
14Pindualheader | GeneralPurposeDutputsand+5V Output
Rx/ Tx Receve andTransmitLED outputs
10Pinheader Keypad
USB Communicatior Pover
Alt. USB AlternateUSB/ Power Header
4 Pin White Header| OptionalHigh Pover GPOPower Input

Matrix Orbital PK202-24-USB 4



Table2: Mating Connectors

Connector Part # Mate Part #
3 PinWhiteHeader| AMP 173979 AMP 173977
3 PinRedHeader | MOLEX 43009 MOLEX 7879

10 Pin DualHeader

MOLEX 42375

Many, ex. MOLEX 70058

Rx/Tx MOLEX 42375 | Many, ex. MOLEX 70058
10PinHeader MOLEX 42375 | Many, ex. MOLEX 70058
usB MOLEX 67068 StandardJSB cable
Alt. USB MOLEX 42375 | Many, ex. MOLEX 70058
4 PinWhiteHeader| AMP 171825-4 AMP 170205-1

2.1.1 Power

USB High power ports can supply 500mA of power. Low power devices, suchas un-poveredhubs,
canonly supply 150mA of power. Pleasebe sureto obsene the total power usageon the display when
connectedo theUSB port. Thedisplaywill requirebetweerl25mAto 220mAdependingpnthemodeland
thenumberof GPOsbeingused.

Table3: GPOPawver Levels

GPO Maximum Power

+5V Low Power | 20mA, currentlimited

+5V High Powver | 1000mA. Pleasenote; an unmod-
ied USB host can only supply
a maximum of 500mA on a high
power output and only 150mA on
low power.

+12V High Paver | 1000mA

Paweris appliedviathe USB cableor thealternatd JSB headerPaverrequirements +5VDC  0.25V.

O

WARNINGS

Whenusingthe alternatdJSB headeyverify all the cablepin outs
beforeapplyingpower. Incorrectpower applicationmay damage
thedisplayandhost.

Make surethe hostis capableof supplyingall thenecessarpower.
Add thedisplaypower requiremenandthe GPOpower if usedfor
atotal powerrequirement.

Matrix Orbital
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The displayhasa secondanpower connectorusedfor High Powver GPOs.Only if the useris planningon
usingGPO1, GPO2 andGPO3 as+12V, shouldtheuserplugin aunmodi ed 3.5” oppy powercable.

Figure3: Header

Figure4: ConnectoPinout

Pin Description

Pin4 | +5.0VDC (normallyfrom PCpower supply)
Pin3 Ground

Pin2 Ground

Pinl1 | +12.0VDC (normallyfrom PCpower supply)

Make certainto have sufcient currentcapacityto handlethe desiredoad. EachHigh Pover GPOcan
sourceover 1000maA.

2.1.2 Power by 3.5” opp y cable

Thedisplaycanbe poweredby the USB port or by externalpower. An unmodi ed oppy power cable
may be appliedexternally via the high power input asshavn in Figure 2. The adwvantageto this is, the
displaywill power up right away, allowing fansto start,for example,without waiting for the OSto power
thedisplay In addition,if theadvancedGPOsaresetto the +5V positionpowerwill bedravn from external
power ratherthanthe USB port, thusallowing highercurrentdraw.

2.1.3 USB Communications

A standard type USB headeiis providedon thedisplayfor USB communicationThe USB cablepro-
videspower anddatato thedisplay Therearetwo waysof communicatingo thedisplay UnderWindows,
the userwill have directaccesgo the displaydriversor createa virtual COM Port (VCP). With the VCPR,
anew COM Portis createdin Windows. Underthe control panelthe usercansetall the optionsfor the
USB device, including speed.Windows 98, Windows ME, Windows 2000,andWindows XP drivershave
beentestedandwork. VCP driversarealsoavailablefor Apple OS-X, 0S-8,and0S-9. Linux driversare
availableaswell, but have not beentestedby us, nor will Matrix Orbital be ableto provide any supportfor
them.

For moredriverinformationpleasevisit
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8hit, no parity, onestop bit.
Speed:19.2Kb/s

Table4: USBID
VID 0403

PID Description
FAO0O | USB 2 SerialCommunication
FAO1 MX2 | MX3/MX6
FA02 MX4 [ MX5
FAO03 LK / VK/PK202-24-USB
FA04 LK / VK204-24-USB

2.1.4 Alternate USB Comm unications

Figure5: USB & AlternateUSB

Table5: ConnectoPinout

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

NOTE Pleasererify pinoutwith motherboarananuals.
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2.1.5 Serial TTL Comm unications

+5V

RxD
TxD i
e |}

GND ==

Figure6: Rx/ Tx andLED Headers

——Tx LED

+5V
+5V

(e

The display canbe communicatedo by Serialat TTL levels. Communicationwill bypassthe USB
sectionandrequirespower andgroundto be provided by the header Do not usethis headelin conjunction
with USB communication.

8hit, no parity, onestop bit.

Speed:19.2Kb/s

2.1.6 LED Headers

The LED headergrovide a visual indication of communicationover the Rx and Tx line if a LED is
connected. The LED's blink frequeng will increaseasthe amountof dataincreases.The headersare
currentlimited to 20mA at +5V. This featureonly workswith USB communicatiorandwill notwork with
serialTTL.

2.2 General Purpose Outputs

Thedisplayhasa variety of generaburposeoutputsfor avariety of applications.

Matrix Orbital PK202-24-USB 8



Figure7: Connections

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

Theseoutputsare capableof controlling high currentdraw devices,saving power up state switchingto
PWM modeandrepeatbackRPM via Hall effect sensar

Figure8: FanHeaders
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WARNINGS

RPM Readingshouldnotbeusedat5V.
Thereareno currentlimiting resistors.
Maximumcurrentdraw is 1000mA.
Default voltagesettingis 12V.

As of Firmware Revision 2.1, the default PWM frequengy is
19.1Hz.

2.2.2 Advanced GPO Power Select

12 Volt 5 Volt

Figure9: High / Low Power Select

Whenthejumperis placedin the high power position,the unit supplies+12V to theadvancedGPOs.If
thejumperis placedin thelow power position,+5V is suppliedto the GPOs.For 12V, externalpower by a
3.5” oppy connectomwill berequired.
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2.2.3 GPO 4, GPO5, and GPO 6

Figure10: GeneralPurposeOutputs

GPOs4,5,and6 arelow power ouputsproviding +5V at20mA, enforcedby currentlimiting resistors.
They areidealfor driving LEDs andrelaysdirectly.

2.2.4 Dallas 1-Wire Bridg e

ThedisplayoffersoneDallas1-wire bridge.All threeheader@areconnectedo onecommunicatiorine.
A maximumof 32 1-wire devicescanbe connectedo the displayatatime.

Figure1l: 1-Wire Pinout

2.3 General

Text is displayedonthe LK202-24-USBusingthebuilt in 5x8 dot matrix font, in additionto upto 8 user
de ned characters.
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2.4 The Built In Character Font

Thedisplayincludesa built in 5x8 dot matrix font with thefull rangeof ASCII charactersplusavariety
of extendedcharactersasshawn in the Figurebelow.

Figure1l2: CharacteSet

In additionto the built in charactersusersmay de ne up to 8 specialcharactersOncede ned, these
character®ccupy positionsOx00to 0x07 in the above chart. The displaydoesnot have provisionto down-
loadotherfonts.
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2.5 Writing Text to the Display

Whenthe displayrecevesa characterit displaysthatcharactemt the positioncurrentlyde ned. The
next charactersentto the modulethenadwancesto the following positionon the display Charactersare
drawn usingthe built in font, and only charactergle ned in the font are actually displayed. Characters
which arenotde ned by thebuilt in font print asa space.

The positionwheretext is to be insertedis a charactetocationstoredin the display's volatile memory
andmaintainednternally by the display's rmw are. This positionis manipulatedy the commandshawn
in thefollowing section.

2.6 Text Commands

In this sectioncommandsreidenti ed by theirnamesanddecimalvalues.

Somecommandsnarkedwith an“R”, maybe“Rememberedto setnew defaultsthatwill bein effect
eachtime theunitis poweredon.

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

Enablesautomatidine wrapping. Note thatthis word is not 'w ord wrapping', andwrapsmay occurin
themiddle of aword.

2.6.2 Auto Line Wrap Off (254 68)(R)
Disablesautomatidine wrapping.Characterbeyondthe endof aline maybelost.
2.6.3 Auto Scroll On (254 81)(R)

Whenautoscrollingis on, it causeshedisplayto shift the entiredisplay's contentsup to make roomfor
anew line of text whenthetext reacheshe scroll position,whichis the bottomright characteposition.

2.6.4 Auto Scroll Off (254 82)(R)

Whenautoscrolling is disabled,text will wrapto the top left cornerof the displayarea. Existing text
in the displayareais not eraseceforethe new text is placed. A seriesof 'spaces'followedby a“Cursor
home”commandmaybe usedto erasethetop line of text.
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2.6.5 Set Cursor Position (254 71 [column][r ow])

Thiscommandsetgthecursomosition(text insertionpoint)to the[column]and[row] speci ed. Columns
have valuesfrom 1 to 20 (0x01to 0x14)androws have valuesof 1 and2 (0x01and0x02).

2.6.6 Send Cursor Home (254 72)
This commandmovesthe cursorposition(text insertionpoint) to the top left of the displayarea.
2.6.7 Turn On Underline Cursor (254 74)(R)

Turnson the underlinecursor The cursorshows the currenttext insertionpoint. Both underlineand
blinking cursorsmay beturnedon or off independentlyThe cursorif off by default.

2.6.8 Turn Off Underline Cursor (254 75)(R)
Turnsoff theunderlinecursor Doesnot affect the blinking block cursor
2.6.9 Turn On Blinking Cursor (254 83)(R)

Turnsontheblinking block cursor The cursorshavs the currenttext insertionpoint. Both blinking and
underlinecursorsmay beturnedon or off independentlyThe cursoris off by default.

2.6.10 Turn Off BlinkingCur sor (254 84)(R)
Turnsoff theblinking block cursor Doesnot affectthe underlinecursor

2.6.11 Cursor Left (254 76)

Movesthe cursorone positionto the left but doesnot eraseary charactethatmay bein that position.
Notethatthis commandmovesthetext insertionpointevenif the cursoris turnedoff.

NOTE A 'destructve backspace'which eraseghe charactetto the left of the original
position,may be doneby issuingthefollowing sequencecursorleft, spacecursorleft.
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2.6.12 Cursor Right (254 77)

Movesthe cursoronepositionto theright but doesnot eraseary charactethatmaybein thatposition.
Notethatthis commandmovesthetext insertionpointevenif the cursoris turnedoff.

3 Keypad Interface

This chapterdescribeshe keypadinterfaceandassociatedommandsn detail.

3.1 General

The displaykeypadinterfaceprocesseshe keypadrow / columnmatrix into a serialdatabyte stream.
Aside from this processingthe keypadhasno effect on the display To sendkeystrokesto the display they
mustberoutedthroughthe controller

3.2 Connections

Figure13: KeypadConnector

The connectoiis not 'k eyed', sothe keypadwill probablyplugin eitherof two ways. The displaywill
not bedamagedy reversingthe connector However, the keypadwill generate differentASCII character
mappingfor eachposition. If the connectothasfewer than10 pinsit shouldbe centerecn pins6 and7 of
theconnector

Pins1 through6 arecolumnsandPins7 through10 arerows. The keypadis scannedvhereserakey is
passedthereis no continuouskey scan.This meanghatkeypressesredealtwith immediatelywithoutarny
appreciabléateng. This alsopreventselectricalnoisewhichis oftencausedy continuouskey scans.

NOTE Pleaseotethatkeypadsmaybelaid outin adifferentpattern.If thisis the case,
theuserwill needto interpretthekey codeddifferently.
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Table6: KeypadLayout

Columns
1(12(3|4|5]|6
1A|B|C|D|E]|F
Rows | 2| G|H| I |J]|K|L
S3IM|N|O|P|Q|R
4| S| T|U|V | W]|X

NOTE Thekeypadconnectomustbe wired with columnson onesideandrows on the
otherside of the centreof the connector If the keypadisn't wired this way the userwill
needto make anadapteior rewire the connectoito meetthis requirement.

3.3 Keypad Commands

Somecommandsinarkedwith an“R”, maybe“Rememberedto setnew defaultsthatwill bein effect
eachtimetheunitis poweredon.

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

[mode]=0x00givesResenKey Codemode
[mode]=0x01givesKey Down / Key Up Codemode
Two modesof autorepeatareavailableandaresetvia the samecommand.

1. ResendKey Mode: This modeis similar to the actionof a keyboardon a PC. In this mode,whena
key is helddown, the key codeis transmittedjmmediatelyfollowedby a 1/2 seconddelay

2. Keydown / Key up codes: This codemay be usedwhenthe typematicparameter®f the “Resend
Key Code” modeareunacceptabler if the unit is beingoperatedn polled mode. The hostsystem
detectghe pressof a key andstimulatesan autorepeatnsidethe hostsystemuntil the key releasds
detected.

In this mode,whenakey is helddown, the key codeis transmittedmmediatelyandno othercodeswill be

sentuntil thekey is releasedOnthereleasef thekey, thekey releaseodetransmittedwill beavalueequal

to the key down codeplus 20 hex. For example,if the key codeassociatedavith 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)
Thiscommandurnsoff theautorepeatmode
3.3.3 Auto Transmit Keypresses On (254 65)(R)

In this mode,all keypressesresentimmediatelyto the hostsystemwithout the useof the poll keypad
commandThisis the defaultmodeon power up.

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

In this mode,up to 10 keypressesre buffered until the unit is polled by the hostsystemvia the poll
keypadcommandIssuingthis commandlacesheunit in polledmode.

3.3.5 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 whateverreason.

3.3.6 Poll Keypad (254 38)

Thehostsystemmustbe setupto receive thekey codes Whenthedisplayrecevesthis commandt will
immediatelyreturnary unbufferedkeypressesvhich may have notbeenreadalready If thereis morethan
onekeypresshufferedthe high orderbit (MSB) of this returnedkeycodewill be set(1). If thisis theonly
bufferedkeypressthe MSB will bereset(0). If thereareno bufferedkeypresseshe returnedcodewill be
0x00. Pleasenote;in orderto make useof this commandthe“Auto transmitkeypress’modeshouldbe off.
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3.3.7 Set Debounce Time (254 85 [time])(R)

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 about52mS which is adequatéor mostmembraneeypads.

4 Bar Graphs and Special Character s

The displayincludesthe ability to draw bar graphs(either horizontalor vertical) and allows usersto
de ne upto eightspecialcharacters.

Eight charactergASCII valuesOx00to 0x07) are setasidefor usewith bargraphs,userde ned char
acters,andbig numbers.Sincethe same8 charactersare usedfor eachfunction, the functions may not
be usedsimultaneously Thecharactersnaybede ned or rede nedat arny time by issuingthe commands
shawn in this section.Oncede ned, they may be usedeitherby meansof the bargraphcommandser by
simply issuingoneof the ASCII valuesOx00to 0x07,which arenot pre x edby the commandoyte,254.

4.1 Command List
4.1.1 |Initializ e Wide Vertical Bar Graph (254 118)

This commandde nes the 8 special/ usercharactergo be blockssuitablefor usein drawving wide (5
pixel) vertical bar graphs. Any previously existing de nitions will be lost. Oncethis commandhasbeen
issued,arny numberof vertical bar graphsmay be dravn unlessthe charactersare rede ned by another
command.

4.1.2 Initializ e Narrow Vertical Bar Graph (254 115)

Thiscommandde nesthe8 special/ usercharacterso be blockssuitablefor usein drawving narrav (2
pixel) vertical bar graphs. Any previously existing de nitions will be lost. Oncethis commandhasbeen
issued,ary numberof vertical bar graphsmay be dravn unlessthe charactersare rede ned by another
command.

4.1.3 Draw Vertical Bar Graph (254 61 [column][height])

Draws a vertical bar graphin [column] having a heightof [height] pixels. The heightmay rangefrom
0to 20 (0x00to 0x14) pixels. The necessargharactersnust rst beinitialized by eitherof the commands
shavnin section4.1.10r 4.1.2,which will determinghewidth of the bargraph. Thegraphmaybe erased
by drawing a bargraphof height=0in the samecolumn.
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4.1.4 Initializ e Horizontal Bar Graph (254 104)

Thiscommandie nesthe 8 special/ usercharacter$o be blockssuitablefor usein drawing horizontal
bargraphs.Any previouslyexistingde nitions will belost. Oncethiscommancdasbeenissuedany number
of horizontalbargraphsmaybedravn unlesshe charactersirerede nedby anothercommand.

4.1.5 Draw Horizontal Bar Graph (254 124 [column][r ow][dir][length])

Draws a horizontalbar graphin [row] startingat [column] with a lengthof [length] pixels. [row] may
have avalueof 0x01or 0x02,columnmayrangefrom 0x01to 0x14andlengthmaybefrom 0x00to 0x64 (0
to 100)if the graphcanextendto thefull width of thescreen Eachcolumnis 5 pixelswide (spacebetween
thecolumnsdon't count).

[dir] speci esthedirection:0x00goesfrom left to right, 0x01goesfrom right to left.
4.1.6 Dene Custom Character (254 78 [c][8 bytes])

Thedisplayallows up to 8 userde ned (custom)charactersThesecharacteroccupy the rst 8 (0x00
to 0x07)placesin the characteset.

Customcharacter®ccupy a 5x8 pixel matrix. Built in charactersare 5x8; the bottomrow of pixelsis
normally resenedfor the underlinecursor The underlinecursorshouldbe turnedoff if the bottomrow of
pixelsformspartof acustomcharacter

Thecharacterarede ned by issuingthecommand5478]c] followedby 8 bytesto de ne thecharacter
[c] is thecharactenumber(0x00to 0x07). The8 bytesaremappedasshavn below;

Table7: 8 Byte Map

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

K| k| k| k[ K| X k[ *
B k| k[ k[ k| ¥ k[ *
H| k| k[ k[ k| ¥ k[ *

A “1” bit indicatesan“on” (black) pixel, while a“0” indicatesan“off” (clear)pixel.

Oncede ned, a characteiis displayedsimply by issuinga value (0x00 to 0x07) correspondingo the
charactenumber The charactewill belaid outasfollows;
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Table8: Characteivalues

11 2| 3|4]5

6 | 7] 81| 9|10
11| 12| 13| 14| 15
16| 17| 18| 19| 20
21| 22| 23|24 25
26| 27| 28| 29| 30
31| 3233|3435
36| 37| 38| 39| 40

Cursor Line

NOTE Customcharacterwill be erasedf ary of the “Initialize bargraph”commands
areissued.

Exampleof a degreesymbol,

4.1.7 Remember Custom Character (254 194 [c][8 bytes])

This commandwill storea customcharactetto be usedwith the “Customstartupscreen”. It doesnot
affector alterthe currentcustomcharactershatarestoredin theunit. Thesyntaxis identicalto the previous
command.

4.1.8 Initializ e Medium Digits (254 109)

This commandde nesthe 8 specialcharacterso be blockssuitablefor usein draving mediumdigits.

Any previousde nitions will belost.
Oncethis commanchasbeenissued any numberof mediumcharactersnay be placeduntil the charac-
tersarerede nedby anotherrommand.
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4.1.9 Draw Medium Digits (254 111 [row][column][digit])

Draws a mediumdigit in [row] and[column] usingthe speci ed [digit]. Medium digits occupy two
rows. Whenthe [row] is speci edto be“1”, the mediumdigit will be displayedcorrectly Whenthe [row]
is speci edto be“2”, only thetop partof the mediumdigit will bedisplayed.When[row] is speci edto be
“0", only thebottompartof themediumdigit will bedisplayed.

5 Fan and GPO Commands

5.1 Display Return Protocol

To facilitate the reportingof information otherthan keypressesthe “Display returnprotocol”, (DRP)
wasdeveloped.This protocolallows the displayto returnarbitraryinformationbackto the controller This
protocolis usedfor readingfan speedsandretrieving 1-wire bus information. The basicstructureof the
protocolis describedn the Tablebelow.

Table9: Display ReturnProtocol

Offset Length Value Description
(Bytes) (Bytes)

0 2 0x230x2A Preamble

2 1 Continued Size
3 1 Paclet Type

4 1-127 Packet Data

The rst two bytesis the standargreambleto separateéhe protocolfrom returnedkeypressesThe next
byteis describedn the Tablebelon. The CONT ag speci esthatthe datawill be continuedin the next
DRP paclet. Thelower serenbits containsthe size of the datasectionexcludingthe four byte header The
typespeci eswhattypeof informationis containedn the paclet. Finally, thedatareturneds speci c to the
paclettype.
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Table10: Continued SizeByte

Bit | Description
7 Continued

Paclket Size

OFRLNWhMOUUTO

Table11: Display ReturnProtocolTypes

Decimal | Hex | ASCII Description
49 0x31 T 1-Wire data
82 0x52 'R' FanRPM data

5.2 Fan and GPO Commands

5.2.1 General Purpose Output Off (254 86 [gpo #])
ThiscommandurnsOFF ary of thegenerapurposeoutputs.[gpo#] is 1 to 6.

5.2.2 General Purpose Output On (254 87 [gpo #])
ThiscommandurnsON ary of thegeneralpurposeoutputs.[gpo#] is 1to 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 afan. A PWM valueof 0 is off, 128is 50% power, and255is full power. Thefan# canbelto 3.

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

Thiscommandwill returna pacletto thehhostwith thefanRPM containedn it. Thestructureof thefan
is describedn the Tablebelow.
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Table12: ReturnRPM Structure

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

To corvertthefanperiodinto anRPM value,follow thefollowing formula;

RPM= 18)7(50000

WhereX is thefanperiod,andn is the numberof ticks thatthefanproducegerperiod. The numberof
ticksis usuallyl, 2 or 4. For unknovn fanssomeexperimentatioris required.

NOTE ItisnotrecommendethattheRPMis checledmorethanonceeverytwo seconds.
If theRPMis checledmorefrequently theactualRPM readingscanbecomevery erratic.

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

Thiscommandwill setthe startupstatefor all the GPOs.Whenthedeviceis poweredup the next time,
theGPOswill besetto thevaluesfrom thiscommandFor GPOs1 to 3it behaesexactly asthe PWM Value
command.For GPOs4 to 6, a non-zerovaluefor the PWM valuemake the GPOon for future startups.A
PWM valueof O will resultin the GPObeingoff.

Thiscommandloesnot affect the currentstateof the GPOsor fans,just power up.

5.2.6 Set PWM Base Frequency (254 196 [inde X])

NOTE This commandwvasaddedin FirmwareVersion2.1. It is not presentn previous
versions.

This commandsetsthe basefrequeng for the PWM modulation. The index selectsa presenfrequeny as
shavn 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 thefrequeng increases,thaumberof valid PWM stateswill decreaseFor example,with anindex
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%

Frequencief therangeof 9.6Hzto 38.2Hzaredesirableor fancontrolasthey minimizethenoisedue
to PWM modulation. For visual applicationssuchas controlling cold cathoddights, PWM frequencieof
76.3Hzto 305.2Hzaredesirableo minimize ick er.

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

NOTE This commandwvasaddedin FirmwareVersion2.1. It is not presentn previous
versions.
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This commandwill setthe PWM frequeng for startup.It doesnot alterthe currentPWM basefrequeng.
Referto the“Set PWM basefrequeng” commandor valid valuesof index.

6 1-Wire Commands

The 1-wire busis capableof communicatingvith mary devicesover a singlewire plusa groundrefer
ence.This chapterdealswith the capabilitiesof the displayanda brief introductionto the 1-Wire standard.
For moredetailconsult

6.1 Device ldenti cation

Each1-wire device containsa unique 64-bit addressn which to identify themwith. The addresds
guaranteedo be uniquefrom ary otherdevice, allowing a virtually unlimited numberof deviceson to be
attachedo the bus. The addresstself containsa family codeanda cyclic redundang check(CRC). The
family codeis uniqueto a particulardevice model. For example,the family codefor the DS18S20emper
atureprobesis 10H. The CRC byteis includedasa veri cation thatthe correctaddressvastransmittedor
receved.

6.2 Protocol
Thetransactiorsequencéor accessin@ 1-wire deviceis asfollows;

1. Resetanddetectpresence.
2. ROM commandfollowedby ary requireddataexchange.
3. Device speci ¢ functioncommandfollowedby ary requireddataexchange.

Before communicationcanbegin, the bus mustbe resetto force all devicesto begin listening. After the
reset,all the deviceswill transmita presencepulsewhich indicatesthatthereis at leastonedevice on the
bus. Oncethe presencef at leastonedevice hasbeencon rmed, the mastermustselectwhich group of
deviceswill beinvolvedin therestof thetransactionA device will useaROM commando determinégf the
following transactioris intendedfor it. If not, thedevice will ignoreall communicatioron the busuntil the
next busreset.Otherwise the device will readandprocesgherestof thetransaction.The nal partof the
transactionis the device speci ¢ functioncommand.To determinewhatfunctionsthe device will respond
to, consultthe devices' datasheet.

It is very importantto follow this sequencdor every transaction.If ary of thesestepsare omitted or
performedn thewrongorder, the deviceswill notrespond.

None of the device addressesre known aheadof time, andassuch,eachof their addressesnustbe
searcheaut anddetermined.The 1-wire bus providesa meansof searchinghe busfor devicesanddeter
mining their address.
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6.3 ROM Commands

The ROM commandsllow a device to be singledout for communicatioror all devicesto beincluded.
This manualonly presentshethreemostusedROM commandsFor a moredetailedlisting anddescription
of all the ROM commandsgonsultthe datasheefor the 1-wire device beingused.

Match ROM [55h]: To singleout a device, the MatchROM commands used. After this com-
mandhasbeenissuecdthe 64-bittargetaddresss transmittedn LSB to MSB order Any device with
anaddresshatdoesnt matchwill ignoreall furthercommunicatioruntil the next busreset.

Skip ROM [CCh]: After thiscommandall deviceswill continueto listenandprocesghetrans-
action. This is equivalentto broadcastingo all devices. This commands usefulwhenprobesneed
to be informedto gettheir measurementeady With this commandall the probescanbeinstructed
simultaneously

Read ROM [33h]: All deviceswill begin transmittingtheir addressafter this command. This
commandwill only succeedvhenthereis onedevice on the bus. Whenmultiple devicesarepresent,
all deviceswill begin transmittingtheir addressegverlappingeachother Thiscommandanbeused
to determinef thereis morethanonedevice onthebus. After the addres$iasbeenreadback,if the

CRCisvalid, thereis only onedevice onthebus. Otherwisetherearemultiple devicesonthebusand
eachaddressnustbe searcheaut.

6.4 Display 1-Wire functions

Thetransactiorcommandallows datato be put ontothe busandreadoff the busfor transactionsAnd
thesearchcommanddenti es all the deviceson the busfor furthercommunication.

6.4.1 Transaction command (254 C8 1[a gs] [Send Bits] [Recieve bhits]
[Send data])

Thetransactiorcommandwill performasingletransactioron the 1-wire busin this order;
1. BusReset.

2. Transmitdataontothebus.

3. Receve datafrom thebus.
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Tablel15: 1-Wire Transaction

Offset Length Name Description

(Bytes) (Bytes)

0 1 Flags The ags byte controlsthe optional
component®f thetransaction.

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

2 1 Recieve Bits | 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 datais transmittedMSB
to LSB in the orderthatthey arere-
ceived.

Table16: 1-Wire Flags

Bit Description

7

6 Unused

5 (O for future compatibility)

4

3 Add a CRC8to theendof thetransmitteddata
2 (O for future compatibility)

1 | Assumdastrecevedbyteis a CRC8andvalidateit
0 Resethusbeforetransaction

Thereceveddatais sentbackusingthe“Display returnprotocol”.

Tablel7: 1-Wire Error Codes

Code Description

0x00 Success

0x01 | Unknown 1-Wire Command
0x02 No devicesonthebus
0x03 Fatalsearcherror
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6.4.2 Search command (254 C8 2)

Thisis usedto nd theaddressesf all 1-Wire deviceson the bus. After this commandhe displaywill
returnoneor more“Display returnprotocol” packetscontainingeitheranerrorcodeor addressesf 1-wire
paclets.

Table18: SearchReturnPacket

Offset Offset Description

(Bytes) (Bytes)

0 2 0x232A- Preamble

2 1 0x8A - Packetis 10 byteslong, an-

other addresswill follow OxOA -
Paclet is 10 byteslong, this is the
lastaddress

3 1 0x31- 1-Wire Packet Type

4 1 Error Code(0x00for success)

5 8 1-Wire Address

13 1 CRCS8- 0x00meanghelastaddress

wasvalid

7 Miscellaneous Commands

The commanddistedin this chapterdon't readily t in ary of the othercategories,or areusedin more
thanonecateayory.

7.1 Command List

Somecommandsinarkedwith an“R”, maybe"Rememberedto setnew defaultsthatwill bein effect
eachtime theunitis poweredon.

7.1.1 Remember (254 147 [0]|1])

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

1. Writing to non-wlatile memoryis time consumingandslows down the operationof the display
2. Non-wlatile memoryhasa'write limit', andmayonly bechangedapproximatelyl00,00times.

Commandsvhich may be usedwith the remembeifunctionaremarkedwith an“R” in the default column
in thecommandables.
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Theexampleshavsthe procedurdo set“Auto scroll on” asthedefault condition. Commandsreshavn
in bothdecimalandhex in the examplebelow;

Table19: Commandexample

Decimal Hex Function
2541471 | FE9301 | Turnon“Remember’function
25481 FE51 Turnonautoscroll. Since“Remem-

ber”is ON, this settingwill besaved
in non-\wolatile memory
2541470 | FE9300 | Turnoff “Rememberfunction

Any numberof commandsnay be enterechetweerthe “RemembelON”, and“RemembelOFF” com-
mandsandall settingswill bememorized.

7.1.2 Clear display (254 88)
Thiscommandlearsthe displayandresetghetext insertionpoint to thetop left of the screen.
7.1.3 Set brightness (254 89 [brightness]) (R)

Brightnessis setto 100%by default. his commandssetsthe display's backlightbrightnesso [bright-
ness]where[brightnessjs a valuebetweerOx00 andOxFF (betweerD and255). Lighting conditionswill
affecttheactualvalueusedfor optimalviewing. Lowervalueswill causeheintensityto “dim”, while higher
valuescauseheintensityto “brighten”.

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

This commandssetsthe display's brightnesgo [brightnessland saresit, where[brightnessiis a value
betweer0x00andOxFF (betweerD and255). Lower valueswill causeheintensityto “dim”, while higher
valuescauseheintensityto “brighten”. Oncethis commanchasbeensent,[brightnesswill be setaccord-
ingly on additionalpower ups.

7.1.5 Display on (254 66 [min utes]) (R)

Thiscommandurnsonthedisplayfor atime of [minutes]minutes.The maximumvalueof [minutes]is
100. If [minutes]is zero(0), thedisplaywill remainoninde nitely.
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7.1.6 Display off (254 70) (R)
Thiscommandurnsthe displayoff.
7.1.7 Load Startup Screen (254 64 [40 character s])

This commandsetsandmemorizeghe startupscreenwhich will appeateachtime thedisplayis turned
on. By defaultthescreershaws;

Table20: Default Screen

Matrix Orbital
PK202-24-USB

The40 charactersle ne thetwo 20 characterows of the screen.

Table21: Default Screen

Charactet
Charactep1

CharacteR0
Characted0

If sendingmorethen10 characterdo be stored,addin ~10msper charactedelay Prede nedcustom
characterganbeusedin the“Startupscreen”aswell, by using0x00throughOx07 characters.

7.1.8 Read Module Type (254 55)

Thiscommandwill returnthe modeltype valueof themoduleasa 1 byte hex value. Valuesfor various
modulesatthetime of 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- Ox0E

VK204-25- 0xOF

GLC12232- 0x10

GLC24064- 0x13

GLK24064-25- 0x15
LK402-12- 0x33
LK202-24-USB-0x36
VK204-24-USB- 0x39

GLK12232-25- 0x22
LK162-12- 0x34
VK202-24-USB- 0x37
PK202-24-USB-0x42

LK404-AT - 0x31
LK204-25PC- 0x35
LK204-24-USB- 0x38
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7.1.9 Set Serial Number (254 52 [bytel][b yte2])

Modulesmay be deliveredwith the serialnumberblank. In this casethe usermay setthe desired2 byte
serialnumberusingthis onetime only command.

The serialnumbermay be setonly once. Any future attemptto 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 Summary

8.1 General

Theoperationof thedisplayis controlledby a simpleandconsistentommandset. Commandgontrol;

Text display

Graphicdisplay

Keypadinterface
Miscellaneousperatingparameters

This chaptelincludessummarytablesof all commands.
8.2 Issuing Commands

Commandsareissuedto the displayby the controller In atestsetup,commandsanbe issuedto the
displayby meansof a BASIC program usingthechr$() function. In the tablesbelor, commandsreshovn
in hex, ASCII anddecimalform. All commanddegin with the pre x characte©OxFE (254decimal).These
commandsreissuedon theserialcommunicationsink USB, atthe currentlyde ned baudrate.

For example(usinga BASIC setup) theusercouldissuethecommando clearthe screeronthedisplay
by includingtheline;

Or, with C theusercould (usingZcommseriallibrary);
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8.3 On Numbers

Like all computerizeddevices, the display operatesvith commandsand valuesin the form of binary
numbers.Thesebinary numbersarearrangedn 8 digit (i.e., 8 bit) groupscalledbytes. The decimalvalue
of abytemayhave ary valuefrom 0 to 255.

Bytesareusuallyspeci edin eitherdecimalor hexadecimalbasel6) form for corveniencesincebinary
numbersareconfusingto dealwith directly. Hexadecimalhex) numbersareparticularlycorvenientbecause
exactlytwo hexadecimatigits make up onebyte,eachhex digit representing binarydigits (4 bits)asshaovn
in the Tablebelow.

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,the byte 0100101 1canberepresenteth hex as4B, which is usuallywritten asary
of 4Bh,4BH, 4B hex or 0x4B.
Thenumberscanbe expressedn decimalform if preferred.

8.3.1 ASCII Character s

Sincecomputergiealinternallywith numbersonly, but externallywith bothlettersandnumbersseveral
schemeswere developedto 'map’ written characterdo numericvalues. One suchschemehasbecome
universal; the AmericanStandardCodefor Information Interchangepr ASCII. ASCII tablesare readily
availablefrom anumberof sourcesA few exampleswill do here;

Table24: Exampleof anASCII Table

Theletter | A | hasavalueof | 65decimalor | 41 hex
Theletter | a | hasavalueof | 97 decimalor | 61 hex
Thenumber| 0 | hasavalueof | 48decimalor | 30hex
Thenumber| 9 | hasavalueof | 57decimalor | 39 hex

This givesriseto the possibilityof confusionwhenparameterarebeingsetonthedisplay For example,
the GPOON andOFF commandsisea numberto indicatewhich GPOis beingcontrolled.We're told that

Matrix Orbital PK202-24-USB 32



acceptablevaluesare0 to 6. All suchparametersnustusenumericvalues(i.e., actualbyte values).If we
sendthe ASCII numberby mistale it will actuallygive the value of 48 decimal(30 hex) to the parameter
whichis wrong.

In thetablesgivenin thefollowing sectionsASCII charactersireshovn as'A’, with singlequotes.

8.4 Text Commands

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

NOTE Theletter“R” in the default columnindicatesthatthis statecanbe savzedto non-
volatile memorywith the“Remember’command.

Table25: Text Commands

Command Syntax Default Notes
Auto line wrapon FE43 on Enables line
25467 R wrapping  (not
254+C” word wrap).
Auto line wrap off FE44 on Disables line
25468 R wrapping.
254“D”
Auto scrollon FE51 off Enablesscroll at
25481 R 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 R scroll.  Text will
254"R” wrap to top left
and  overwrite
existing text.
Setcursorposition FE 47 [col][row] n/a Moves  cursor
25471 [col][row] to the specied
254“G” [col][row] column and row.
The cursormarks
the text insertion
point in this and
all commands.
Sendcursorhome FE48 This command
25472 moves the cursor
254"H” to the top left of
thedisplayarea.
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Command Syntax Default Notes
Underlinecursoron FE4A off Turns on the un-
25474 R derlinecursor
254“J"
Underlinecursoroff FE4B R Turns off the un-
25475 derlinecursor
254“K”
Blinking cursoron FE53 on Turns on the
25483 R blinking cursor
254“S”
Blinking cursoroff FE54 R Turns off the
25484 blinking cursor
254“T"
Cursorleft FEA4C Moves the cur
25476 sor one position
254“L” to the left. If the
cursor is already
at the beginning
of a line it will
move to the end
of the otherline.
Cursorright FEA4D Moves the cur
25477 sor one position
254“M” to theright. If the

cursor is already
attheendof aline
it will movetothe
beginning of the
otherline.

8.5 Keypad Interface Commands

NOTE Theletter“R” in thedefault columnindicatesthatthis statecanbe savzedto non-

volatile memorywith the“Remember’command.

Table27: KeypadinterfaceCommands

| Command

| Syntax

| Default

| Notes
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Command Syntax Default Notes
Auto repeatmodeon FE 7E[0x00 | 0x01] off Appliesto keypad
254126[0|1] R only.
254“~"[0[1] 0x00 = 200 ms
typematic,0x01=
key down/ key up
codessent.
Auto repeatmodeoff FE 60 off Appliesto keypad
25496 R only.
254"
Auto transmitkey presses| FE41 on Setsautotransmit
on 25465 R modefor keypad.
254°A" Key pressesare
transmitted  to
host without
polling.
Auto transmitkey presses| FE4F off Up to 10 key-
off 25479 R 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. Returns
0x00 if no key
presses.High or-
der bit setunless
this is the last /
only key press.
Setdebouncgime FES55[time] 52ms Resolution: 1 =
25485 [time] R 0.6554 ms [time]
254"U" [time] is a numericmul-
tiplier.

8.6 Bar Graphs and Special Character s

Thecommandsn this sectionareusedto de ne anddisplaybargraphsandspecialcharacters.

Table29: Bar GraphsandSpecialCharacters

| Command | Syntax | Notes
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Command Syntax Notes

Initialize wide verticalbar | FE76 Initialize the user characterset to

graph 254118 make wide verticalbargraphs.
254"\

Initialize narrov vertical | FE73 Initialize the user characterset to

bargraph 254115 make narrav verticalbargraphs.
254"s”

Draw verticalbargraph "FE 3D [col][height] Drawsaverticalbargraphatcolumn
25461 [col][height] [col] of height[ height]. Heightis

254"="[col][height]

measuredn pixels (0x00 to 0x14).
User must rst usethe “v” or “s”
commando initialize characters.

Initialize horizontal bar | FE68 Initialize the user characterset to

graph 254104 make horizontalbargraphs.
254“h"

Draw horizontalbargraph | FE 7C [col- | Draws a horizontalbar graphstart-

umn][row][dir][length]
254 124 [col-
umn][row][dir][length]
254 [col-
umn][row][dir][length]

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 Ox64 if starting
in column1). Usermust 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. Charactemumberis [c] be-
tween0x00and0x07.

Initialize mediumdigits

FE6D

Initializes the charactersetto make

254109 mediumdigits.
254'm'

Draw mediumdigits FE 6F [r][c][digit] Draws a mediumdigit in [row] and
254111 ]r][c][digit] [column] usingthe speci ed [digit].

254'0" [r][c][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 bottom part of the
mediumdigit will bedisplayed.
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8.7 Fan and GPO Commands

Table31: FanandGPOCommands

Command Syntax Default Notes
Generapurposeoutputoff | FE56 Off This command
25486 turns OFF ary
254"\V” of the General
Purpose Outputs.
[gpot]is 1 to 6.
Generabpurposeoutputon | FE57 Off This command
25487 tumns ON ary
254“W” of the General
Purpose Outputs.
[gpo#]is 1 to 6.
PWM value FECO 0 This command
254192 sets one of the
high power GPOs
(GPOs 1-3) into
PWM mode.
ReturnfanRPM FEC1 n/a This command
254193 will  return a
paclet to the host

with thefanRPM
containedn it.

RememberGPO / PWM | FEC3 n/a This command
state 254195 will setthestartup
state for all the
GPOs.
SetPWM basefrequeny FE C4[index] 6 This command
(New in Firmware Revi- | 254196[index] sets the base
sion2.1) frequeng for the
PWM  modula-
tion.
RemembePWM basefre- | FE C5[index] 6 This command
queng 254197 [index] will setthe PWM
(New in Firmware Revi- frequeny for
sion2.1) startup.
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8.8 Miscellaneous Commands

NOTE Theletter“R” in thedefault columnindicatesthatthis statecanbe savredto non-
volatile memorywith the“Remember’command.

Table33: MiscellaneousCommands

Command Syntax Default Notes
Remember FE93[0|1] off Turns the ‘“re-
254147 member” func-
tion on [1] or off
[O].
Cleardisplay FE58 n/a Clears screen of
25488 text andgraphics,
254“X” placestext cursor
attopleft.
Setbrightness FE 59 [brightness] 254 | 0x00 Sets display
89 [brightness] 254 'Y' | R brightness.
[brightness] Brightness is a
value  between
0x00 and OxFFE
Where 0x00 is
“dim” and OxFF
is “bright”.
Setbrightnessandsave FE 91 [brightness] OxFF Sets display
245145[brightness] R brightness and
sa’/es on sub-
suquent power
ups. Brightnesds
a value between
0x00 and OxFE
Where 0x00 is
"dim" and OxFF
is "bright".
Displayon FE 42 [minutes] on Display will stay
25466 [minutes] R on for [minutes].
254“B” [minutes] If [minutes]
= 0 backlight
will  stay on
permanently
Display off FE46 on Turns the display
25470 R off.
254“F”
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Command Syntax Default Notes

Loadstartupscreen FE 40[40 char] Matrix Orbital Loadsnew startup
2546440 char] LK202-24-USB | screen (40 char
254*@" [40 char] acters). Screen
isrememberedbr
subsequenpower
ups.
Generabpurposeoutputoff | FE56 [gpo#] off Turns a general
25486 [gpo#] purpose output
254“V" [gpo#] OFF. [gpo #] may
befrom1to 6.
Generabpurposeoutputon | FE57 [gpo#] off Turns a general
25487 [gpo#] purpose output
254“W" [gpo#] ON. [gpo #] may
befrom1to 6.
Readmoduletype FE 37 seetable Readghe module
25455 type.
2547
Setserialnumber FE 34 [bytel][byte2] This is a one-
25452 time-use com-
[bytel][byte2] mand which
254“4" [bytel][byte2] works only on

units without
factory set serial

numbers.
Readserialnumber FE35 Reads the two
25453 byte serial num-
254"5" bers of the
module.
Readversionnumber FE 36 Reads the
25454 rmw are ver-
254"6" sion number of
themodule.
Enter o w control FE 3A [full][empty] Off Sets “full” and
25458 [full][empty] “empty”  marks
254" [full][empty] for the 80 byte

display buffer.
When buffer
reaches  [full]

display will
return OXFE to
host. When

buffer reaches

[empty] display
will returnOxFE
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Command Syntax Default Notes

Exit o w control FE 3B Turns off ow
25459 control.
254"

9 Appendix: Specications and Options

9.1 Speci cations

Table35: EnvironmentalSpeci cations

Standardlemperature
OperatingTemperature 0Cto+50 C
StorageTemperature -30 Cto+70C
OperatingRrelatve Humidity | 20to 80%noncondensing
Vibration (non-operating) 19.6M/s? (Max)
Vibration (operating) 4.9M/s? (Max)

30 minutes(Duration)

X, Y, Z eachdirection

Shock(Non-operating)

490 M/s?

Shock(operating)

29.4M/s?

Table36: Electrical Speci cations

SupplyVoltage 4.75-5.25Vdc
SupplyCurrent(all dotson) | 18 mA typical
SupplyCurrent(power off) 9 mA typical
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Table37: Optical Characteristics

Numberof Characters

40 (20 characterdy 2 lines)

Matrix format 5 x 8 Matrix
Active Area 73.45x 11.4mm (X x Y)
View Area 79.0x 17.0mm (X x Y)
CharacteSize 3.15x 5.55mm (L x W)
CharactePitch 3.7x5.55mm (L x W)
Dot Size 0.4x0.5mm (X xY)
Dot Pitch 0.5x0.7mm (X xY)

Figure15: PhysicalLayout

0,65

0,55
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10 Appendix: Glossary

Table38: Appendix: Glossary

ASCII

AmericanStandardCodefor Informationinterchange.
A 7 bit binary code representinghe English alpha-
bet,decimalnumbersaandcommonpunctuatiomrmarks.
Also includescontrol charactersuchas carriagere-
turn or endof text. An 8 bit supersebf the standard
ASCII codesis often usedtoday to include foreign
characterandothersymbols. Thesesupersetsare of-
tencalledextendedASCII charactesets.

Backlight

A backlitdisplayis illuminatedfrom behindto provide
nighttimeandimproveddaytimereadability

Baudrate

The(dataandsignaling)bit transmissiomateof anRS-
232device.

Binary Number

A numberwritten using binary notation,which only
useszerosandones.

Bit The smallestunit of informationa computercanwork
with. Eachbit is eitherO or 1. Binary digit.

Bitmap A representationgonsistingof rows and columnsof
dots, of a graphicsimagein computermemory The
valueof eachdot(whetheiit is lled in ornot)is stored
in oneor morebits of data.

Byte A groupingof eightbinarybits.

CCFL Cold CathodeFluorescent.amp. A high brightness

backlightingsourceconsist®f a uorescenttubepow-
eredby a highvoltageA.C. source.

Con guration

Theway a systemis setup, or the assortmenof com-
ponentsthat make up the system. Con guration can
refer to eitherhardware or software, or the combina-
tion of both.

Contrast The ratio of luminancebetweenthe light stateof the
displayto the dark stateof the display

Controller Themicro-controlleror PC usedto controlthe Matrix
Orbital displayunit.

DB-9 The designatiorof a connectowusedin theRS-232in-
terface:9 pin connector

Firmwar e Software(programsr data)thathasbeenwritten onto

read-only memory (ROM). Firmware is a combina-
tion of software and hardware. ROMs, PROMs and
EPROMs and ash EEPROMSs that have dataor pro-
gramsrecordecon themare rmw are.
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Font

A designfor asetof charactersA fontis thecombina-
tion of typefaceandotherqualities,suchassize,pitch,
andspacing.

Font Metric

A de nition of wherefontis to beplaced suchasmar
ginsandspacingbetweercharacterandlines.

Hexadecimal

Refersto the base-1Gumbersystem,which consists
of 16 uniquesymbols:the numberd) to 9 andthelet-

ters A to F. For example,the decimalnumber15 is

representeds F in the hexadecimalnumberingsys-
tem. The hexadecimalkystemis usefulbecausét can
represenevery byte (8 bits) astwo consecutie hex-

adecimaldigits. It is easierfor humansto readhex-

adecimahumberghanbinarynumbers.

Interface

A meangy whichtwo systemsnteract.

LCD

Liquid CrystalDisplay.

Module Type Value

This refersto the modelnumberof themodule.

Pixel

The smallestindividually controllable elementof a
display

PLED

Polymer Light Emitting Diode. Polymersare sub-
stancesormed by a chemicalreactionin which two

or moremoleculescombineto form larger molecules.
PLEDsarethin Im displaysthatarecreatedy sand-
wiching anundopedconjugatecolymerbetweentwo

proper electrodesat a short distance. The polymer
emitslight whenexposedo electricity.

Pre-GeneratedFonts

Pre-determinedonts which can be downloadedinto
graphicliquid crystaldisplays.

Primiti ve

A low-level object or operationfrom which higher
level, more complex objectsand operationscan be
constructedIn graphicsprimitivesarebasicelements,
suchaslines, curves, and polygons,which you can
combineto createmorecomplex graphicalimages.

RS-232

Shortfor recommendedtandard-232Ca standardn-
terfaceapproredby the ElectroniclndustriesAssocia-
tion (EIA) for connectingserialdevices.

Scroll

Toview consecutrelinesof dataonthedisplayscreen.
Thetermscrollmeanghatoncethescreeris full, each
new line appearsat the bottomedgeof the screerand
all otherlinesmove up oneposition.

Serial Number

A numberthatis oneof a seriesandis usedfor identi-
cation of themodule.

Serial Port

A port, orinterface thatcanbeusedfor serialcommu-
nication,in which only 1 bit is transmittecat atime.

Version Number

This refersto the rmw are revision number of the
module.
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Volatile Memory

Temporarymemory Oncethe power supplyis turned
off, volatile memoryis thenerased.
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