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1 Intr oduction

ThePK162-12comesequippedwith thefollowing features;

• 16columnby 2 line text PLEDdisplay
• Built in font with provisionfor up to 8 userde�ned characters
• Speedsfrom 1200bpsto a lighting fast19.2KbpsoverRS-232
• Communicationover I2C or RS-232(with softwarecontrolledspeed)
• Useof up to 127moduleson thesame2-wire I2C interface
• Fully bufferedsothatnodelaysin transmissionareevernecessary
• Ability to addacustomizedsplash/ start-upscreen
• Useof Matrix Orbital's "Remember"functionsto save settings
• Softwarecontrolledbrightnesswith con�gurabletime-outsettingup to 90minutes
• Useof up to a 12key keypadwith a 10key buffer
• Sevengeneralpurposeoutputsfor a varietyof applications
• Horizontalor verticalbargraphs
• Mediumdigitscapability
• Variablepoweroptions,+5V or +9V to +15V
• Extendedtemperatureoption

1.1 What to Expect From the PK162-12

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

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

Thescreenis luminousfor low light situations.Displaymaybeturnedonor off underprogramcontrol.
Brightnessis adjustableto compensatefor differing lighting conditions.

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

1.2 What Not to Expect From the PK162-12

Thedisplaydoesnot includebitmapgraphicscapability, exceptthatpermittedby de�ning specialchar-
acters.

1.3 Keypad Interface

Thekeypadinterfacetakesrow / columninput andconvertsit to ASCII characters,which aredelivered
out theRS-232or I2C port to theassociatedcontroller. Pleasenotethat thekeypadis not usedto directly
controlany aspectof theoperationof thedisplay, which actssimply asa matrix to serialconverter. To use
thekeypadto controlthedisplaythecontrollermustbeprogrammedaccordingly.
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1.4 Setup for Testing

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

• A 4-pin power connectorof the typeusedto connect3.5" �oppy drive. Take carenot to connectthe
displayto anunmodi�ed sparepowerconnectorin a PC

• A 5 V powersupply
• A PCwith a spareRS-232port (COM1or COM2)
• A 9 or 25pin RS-232serialcable.If usinga25conductorcable,a9 to 25pin adapterwill berequired

Figure1: Connectionsfor Testing

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

BLACK leadto GND.

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

3. Connectthedisplayto thePCusingtheserialcableandadapterif required.

NOTE MakecertaintheRS-232cableincludestherequiredgroundlead.Theremustbe
novoltagedifferentialbetweentheRS-232groundandthepowersupplyground.

4. Connectthepower connector, makingsurethat the+5V goesto V+. Turn on thepower: thedisplay
backlightshouldcomeon.
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1.5 Trying Out the PK162-12

Theunit shouldbeconnectedto powerandthePCandbacklightshouldbeon.
To experimentwith typing text, runa PCterminalprogramsuchasHyperterm.
Makesureit' s con�guredto usethecorrectport. Setthebaudrateto 19,200.
If charactersaretypedon thekeyboard,they shouldnow appearon thedisplayscreen.Text will wrap

aroundto thenext line whentheendof a line hasbeenreached.

1.6 Trying out a Keypad

Sincea numberof differentkeypadtypescanbe connectedto the display, the resultsmay be a little
unpredictable.At this pointall we needto do is make surethatthekeypadandinterfacework, andpossibly
generateanASCII mapfor any programmingneeds.Thekeypadinterfaceon thedisplayconvertsa row /
columnconnectionto anASCII character. By default, a keypressis transmittedasserialdataimmediately.
Keypadbufferingcanbeselectedusingtheappropriatecommands.

1.6.1 Here’s what to do:

1. ThePCshouldberunninga terminalprogram,suchasHyperterm,asin theprevioussection.
2. With thedisplayconnectedto thePC,plug thekeypadin. If theconnectorhasfewerpinsthantheone

on thedisplay, centerit aswell aspossible.

NOTES

• Thekeypadconnectormustbewiredwith columnsononesideandrowsontheother
sideof thecenterof theconnector. If thekeypadisn't wiredthiswayanadaptermust
bemadeor theconnectormustberewired to meetthis requirement.

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

3. Pressa key on the keypad. An uppercaseASCII character(A-Y) shouldappearon the PC screen.
Differentkeysshouldgeneratedifferentcharacters.

To experiment,reversetheconnectorandseeif it generatesa morelogical setof characters.Ultimately, the
programin themicro-controllerwill haveto 'map' thesecharactersto theonesmarkedonthekeypad,which
will likely bedifferent.

1.7 Manual Over-ride

Manualover-rideshouldonly berequiredin oneinstance.If for somereasonthemoduleis setata baud
ratewhichcannotbeproducedby thehostsystemandall communicationto thedisplayis lost, thentheuser
shouldfollow thissimpleprocedure;
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1. Turnoff thedisplay
2. Puta jumperonpins3 and4 of thekeypadconnector(C3 andR1)
3. Powerup thedisplay. Thebaudrateis now setto 19,200
4. RemovethejumperandchangetheRS-232port settingsto thedesiredbaudrate
5. Turnoff thedisplay
6. Powerup thedisplay

Referto the"SetRS-232port speed"commandfor acceptablebaudrates.

Figure2: ManualOver-ride

Placejumperon theabovepins.

1.8 Memory Chip Lock Down

Thedisplayusesa memorychip to storespeed,startup screencontrast,I2C settingandothersettings.
Wheneverythinghasbeenchangedto thedesiredsettingsandtheunit is in a �nished productor in the�eld,
locking down thememorychip sono settingscanbechangedmight be desirable.This is only to be done
by knowledgeablepeople.Any damageto thedisplayby thisprocedureresultingfrom usererrorwill notbe
coveredundertheManufacturer'sWarranty.

Figure3: Unlocked& Locked
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To lock down thememorychip, solderthe jumperasshown in theLOCKED pictureabove. This will
lock down thememorychip,not allowing anything to bechangedinsideit until thejumpersarerestoredto
their originalposition.

2 Connections

2.1 Connector Pinout

Referto theFigurebelow for this chapter.

Figure4: ElectricalConnections

Thedisplayhasfour connectors;

Table1: Connectors& Functions

Connector Function
14PinDual Header Generalpurposeoutputsor Keypad(2x7)

4 Pin Power (Vdc) andI2C communications
DB-9F RS-232/ Power

Table2: Mating Connectors

14PinDual Header Many, ex. MOLEX 70058
4 Pin MOLEX 7880

DB-9F
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2.1.1 Power Connection

Power is appliedvia pins1 and4. Power requirementfor standardunitsis +5 VDC ±0.25V(unitswith
thewidevoltagerangeoptionrequire7 - 15Vdc). Powermayalsobesuppliedvia theRS-232connector.

WARNINGS

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

Orbital,unlessawareof themodi�cationsrequired.
• Do not apply power to theDB-9 connectorAND thepower con-

nector. Do not applymorethan+5Vdc to pin 9 on theDB-9 con-
nector.

2.1.2 Five Volt Modules

If thedisplayis usedin a PCit becomestemptingto plug a sparepower connectorinto theunit. Don't
do this! Wiring for thePCpowerconnectorandthatrequiredfor thedisplayaredifferent.

Figure5: Wiring for 5V Modules

Matrix Orbital cansupplyanadaptercabledesignedfor usewith thedisplaywhenit' s installedin a PC.
Notethatthecablebelow doesnotprovideconnectionsfor I2C.
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Figure6: FiveVolt PowerCable

2.1.3 Wide Voltage Range Modules

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

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

Figure7: Wiring for 12Volt Modules

Matrix Orbital cansupplyanadaptercabledesignedfor usewith thedisplaymodulewhenit' s installed
in a PC.Thecableis wiredasshown in theFigurebelow.

Figure8: TwelveVolt PowerCable
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2.1.4 Power through the DB-9 Connector

Thedisplaycanbepoweredby pin 9 on theDB-9 connector. If power is appliedhere,powercannotbe
appliedto theotherpowerconnector. Theinputvoltagefor pin 9 canonly be+5Vdc,evenif theunit is wide
voltage.

NOTE Failureto follow theseinstructionswill resultin thedestructionof theunit.

Thejumpershown in theFigurebelow will haveto solderedto usetheDB-9 connectorfor power.

Figure9: DB-9 Power

2.1.5 RS-232 Communications

TheRS-232connectoron thePCcableis wired so thata standard'straightthrough' 9 pin D-subcable
maybeusedto connectthemoduleto astandardserialportsuchasCOM portsonPCs.Notethatthisdevice
complieswith theEIA232standardin that it usessignallevelsfrom ± 12V to ± 12V andcanbeconverted
to TTL levelsaswell. Thedisplayis setat 19.2Kbpsdefault speed.Othersettingsare;

8 bits,noparity, 1 stopbit.

2.1.6 DB9 Connection

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

Figure10: RS-232andPowerConnector
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Table3: RS-232Pinout

Pin Number Dir ection Description LCD Host
2 Datafrom LCD Dataout(LCD) Tx Rx
3 Datato LCD Datain (LCD) Rx Tx
5 - Ground gnd gnd

2.1.7 Alternate Serial Connection

An optionalalternateconnectionheaderis providedto allow onecablefor dataandpower. Two jumpers
will have to besolderedandtwo removed.

Figure11: RS-232SIPs

Connectorpinoutis asfollows;

Figure12: PowerConnector

Table4: ConnectorPinout

Pin 4 Ground
Pin 3 Rx
Pin 2 Tx
Pin 1 Vdc
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2.1.8 TTL Communications

Thedisplaycanbetalkedto at TTL (logic 0V to +5V) levels.Two modi�cationsmustbemade.

Figure13: RS-232Selects

Jumpers2 and3 mustbeclosedand1 and4 open.

2.1.9 I2C Communications

I2C communicationsrunsat100Kbpsandsupportsupto 127unitsonasinglecommunicationsline. The
I2C dataline operateson5 volt CMOSlevels.

2.1.10 ACK

Theideaof ACK is to indicatewhenthedatahasbeenreceivedcorrectly. ACK doesnot indicatedata
incorrectlyreceived.ACK simply fails to indicatewhendatais correctlyreceived.Clearly, this is of limited
usefulnessandevenlesssowith Matrix Orbital modules.Matrix orbital modulesarenot capableof failing
to acknowledgeanincorrectlyreceivedbyte in responseto thatbyte's transition.They areonly capableof
failing to acknowledgethebytesfollowing thebyte,whichwasnot received.To fully understandthereasons
for this, oneneedsto understandhow a Matrix Orbital moduleprocessesdata.Basically, thereasonwhy a
Matrix Orbitalmodulemight fail to receiveabytecorrectlyis thatit wasunableto processthebyteprevious
beforethefailedbytewastransmitted.Becausethemodulecannotpossiblyknow thatit wouldbeunableto
storethebytebeforethenext bytewasreceivedit cannotknow to not ACK. Thereasonfor this situationin
deferenceto situationsonemightbefamiliarwith (i.e.,memorychips,etc)is thattheMatrix Orbitalmodule
employs a micro-processorto performthesedatastoragefunctions. A memorychip takescareof these
thingsentirelywithin hardwaresubsystemswhichoperateat thesamespeedasthetransmissionthemselves.

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

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

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

To communicateby I2C two jumpershaveto besetinto theI2C positionleft of thepowerSIPconnector.
TheI2C settingis defaulton thedisplay.

Figure14: RS-232SIPs

Connectorpinoutis asfollows;

Figure15: PowerConnector

Table5: ConnectorPinout

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

2.2 General Purpose Outputs

Thedisplayhassevengeneralpurposeoutputs.Theseareprovidedto control relaysor otherelectronic
devices. This allows externaldevicesto be turnedon or off usingthePC or controllerandsoftwarecom-
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mands. The + terminal is connecteddirectly to the modulepositive supply, the - terminal is connected
througha 240ohmcurrentlimiting resistorandtheelectronicswitchto ground.

Figure16: GeneralPurposeOutputs

Maximumallowablecurrentis 20mA, which is enforcedby thecurrentlimiting resistor. If thedevice
beingswitchedhasaresistanceof 240ohmsor morethecorrespondingresistormaybeshorted.

NOTE The GPOsdo not have any over currentor over / undervoltageprotectionso
caremustbetakenwhenusingthem. For instanceif theexternaldevice is a relay it must
befully clampedusinga diodeandcapacitorto absorbany generatedbackelectro-motive
force(EMF).

Figure17: ClampingaRelay

3 Displa ying Text

This chapterdescribesthevarioustext displaycommandsin detail. Before issuingcommandsto the
PK162-12pleasereadsections7.2and 7.3.
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3.1 General

Text is displayedon the PK162-12usingthe built in 5x8 dot matrix font, in addition to up to 8 user
de�ned characters.

3.2 The built in Character Font

Thedisplayincludesa built in 5x8dotmatrix font with thefull rangeof ASCII charactersplusa variety
of extendedcharacters.

Figure18: CharacterSet

In additionto thebuilt in characters,usersmayde�ne up to 8 specialcharacters(which, oncede�ned,
occupy positions0x00to 0x07 in theabove chart).Thedisplaydoesnot have provision to downloadother
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fonts.

3.3 Writing Text to the Display

Whenthedisplayreceivesa character, it displaysthat characterat thepositioncurrentlyde�ned. The
next charactersentto the modulethenadvancesto the following positionon the display. Charactersare
drawn usingthebuilt in font, andonly charactersde�ned in thefont areactuallydisplayed.Charactersthat
arenotde�ned by thebuilt in font print asa space.An exampleof thiswould bethatthecursoris advanced
for thenext character.

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

3.4 Text Commands

In this sectioncommandsareidenti�ed by their namesanddecimalvalues.
Somecommands,markedwith an“R”, maybe 'remembered'to setnew defaultsthatwill be in effect

eachtime theunit is poweredon.

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

Enablesautomaticline wrapping. Note that this is not 'word wrapping' andwrapsmay occur in the
middleof a word.

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

Disablesautomaticline wrapping.Charactersbeyondtheendof a line will belost.

3.4.3 Auto Scroll On (254 81) (R)

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

3.4.4 Auto Scroll Off (254 82) (R)

Whenautoscrollingis disabled,text will wrapto thetop left cornerof thedisplayarea.Existingtext in
thedisplayareais not erasedbeforenew text is placed.A seriesof 'spaces'followedby a “Cursorhome”
commandmaybeusedto erasethetop line of text.

Matrix Orbital PK162-12 14



3.4.5 Set Cursor Position (254 71 [column] [row]) (R)

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

3.4.6 Send Cursor Home (254 72)

Thiscommandmovesthecursorposition(text insertionpoint) to thetop left of thedisplayarea.

3.4.7 Turn on Underline Cursor (254 74) (R)

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

3.4.8 Turn off Underline Cursor (254 75) (R)

Turnsoff theunderlinecursor. Doesnotaffect theblinking block cursor.

3.4.9 Turn on Blinking Cursor (254 83) (R)

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

3.4.10 Turn Off Blinking Cursor (254 84) (R)

Turnsoff theblinking block cursor. Doesnotaffect theunderlinecursor.

3.4.11 Cursor Left (254 76)

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

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

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

4 Keypad Interface

Thischapterdescribesthekeypadinterfaceandassociatedcommandsin detail.

4.1 General

The displaykeypadinterfaceprocessesthe keypadrow / columnmatrix into a serial (RS-232or I2C)
databytestream.Aside from this processing,thekeypadhasno effect on thedisplay. To sendkeystrokes
to thedisplay, they mustberoutedthroughthecontroller. Whenever a columnsanda row pin areshorted
together, a keystroke will begeneratedandeitherheld in thebuffer (I2C) or sendover theserialline to the
host(RS-232).ThekeypadsharesthesamepinsasthesevenGPOson thedisplayandonly oneor theother
canbeusedat onetime.

4.2 Connections

Figure19: KeypadConnector

Theconnectoris not 'keyed' sothekeypadwill probablyplugin eitherof two ways.Thedisplaywill not
bedamagedby reversingtheconnector, but thekeypadwill generatea differentASCII charactermapping
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for eachposition. If the connectorhasfewer than7 pins it shouldbe centeredon the displayconnector,
startingwith Row 3 andColumn1 andgoingout. Any matrix stylekeypadwill work with thedisplay, as
well asmomentaryswitches.

Thediagramshowsthelogical layout(row 1, column1 in upperleft). Theconnectorfor thekeypadis a
10pin 0.1" spacingmaleheader. Pins1 through5 arecolumnsandpins6 through10 arerows. Thekeypad
is scannedwheneverakey is pressed:thereis nocontinuouskey scan.Thismeansthatkey pressesaredealt
with immediatelywithout any appreciablelatency. This alsopreventselectricalnoisewhich is oftencaused
by continuouskey scans.

NOTE Thekeypadsmaybelaid out in adifferentpattern.If this is thecase,theuserwill
needto interpretthekey codesdifferently.

Table6: KeypadLayout

Columns

Rows

1 2 3 4
1 'A' 41Hex 'F' 46Hex 'K' 4A Hex 'P' 50Hex
2 'B' 42Hex 'G' 47Hex 'L ' 4B Hex 'Q' 51Hex
3 'C' 43Hex 'H' 48Hex 'M' 4C Hex 'R' 52Hex

NOTE Thekeypadconnectormustbewired with columnson onesideandrows on the
othersideof the centerof the connector. In situationswherethe keypadisn't wired this
way anadapterwill needto bemade,or theusershouldrewire theconnectorto meetthis
requirement.

4.3 I2C Interface

Thekeypadis readby I2C masterread.In short,this meansthata readof themodulewill alwaysreturn
the �rst unreadkey press. A readis initiated by writing to the modulewith its baseaddressplus 1, then
clocking themodule's returnbyteafter themodulereleasestheSDA line. Much moredetailon this basic
I2C functioncanbefoundin theI2C speci�cationby Phillips. A goodreferenceis alsoavailableat;

���������	����
�
�
�
���������
����������������������������� �!�"�#%$����� �!�����&��%'(
)����*

Themodulecontainsa tenkey pressbuffer sothat it canbepolledfor key pressesat aninfrequentrate
(every 500 to 1000mSis typical). All returnedkey pressesindicatethepresenceor absenceof additional
loggedkey pressesby themostsigni�cant bit (MSB - bit 7). If theuserhaspressedtwo keys sincethelast
poll of thekeypadinterface,the �rst readwill returnthe key codewith bit 7 setandthe secondreadwill
returnthekey codewith bit 7 clear. Theapplicationmusttake into accountthis bit to keepupwith userkey
presses.If therearenokeypressesdetected,themodulewill returnzero(0x00).
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4.4 RS-232 Interface

By defaultonany pressof akey, themodulewill immediatelysendout thekey codeat theselectedbaud
rate.Thisbehavior canbemodi�ed usingcommandsfoundin thenext section.

4.5 Keypad Commands

Somecommands,markedwith an“R”, maybe 'remembered'to setnew defaultsthatwill be in effect
eachtime theunit is poweredon.

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

[mode]= 0x00gives“ResendKey Code”mode[mode]= 0x01gives“K ey down / key up” codemode.
Two modesof autorepeatareavailableandaresetvia thesamecommand.

1. ResendKey Code: This modeis similar to theactionof a keyboardon a PC.In this mode,whena
key is helddown, thekey codeis transmittedimmediatelyfollowedby a 1/2 seconddelay. After this
delay, key codeswill besentvia theRS-232interfaceatarateof about5 codespersecond.Thismode
hasnoeffect if polling or if usingtheI2C interface.

2. Key Down / Key Up codes:This modemaybeusedwhenthetypematicparametersof the“Resend
key code” modeareunacceptableor if the unit is beingoperatedin polled mode. The hostsystem
detectsthepressof a key andsimulatesanautorepeatinsidethehostsystemuntil 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,thekey codeassociatedwith key 'P' (0x50)is pressed,the
releasecodeis 'p' (0x70).

In RS-232polledmodeor via theI2C interface,the“K ey down / key up” codesareused.However, the
usershouldbecarefulof timing details.If thepoll rateis slowerthanthesimulatedauto- repeatit is possible
thatpolling for a key upcodewill bedelayedlong enoughfor anunwantedkey repeatto begenerated.

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

Thiscommandturnsautorepeatmodeoff.
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Figure20: Poll Timing

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

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

4.5.4 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.

4.5.5 Clear Key Buffer (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.

4.5.6 Poll Keypad (254 38)

This commandreturnsany unbufferedkeypressesvia the RS-232interface. The hostsystemmustbe
setup to receive the key codes. Whenthe displayreceivesthis commandit will immediatelyreturnany
unbufferedkeypresseswhich mayhave not beenreadalready. If thereis morethanonekeypressbuffered,
thenthehigh orderbit (MSB) of this returnedkeycodewill beset(1). If this is theonly bufferedkeypress,
thenthe MSB will be reset(0). If thereareno bufferedkeypresses,thenthe returnedcodewill be 0x00.
Pleasenoteto makeuseof this command,the"Auto transmitkeypress"modeshouldbeoff.

4.5.7 Set Debounce Time (254 85 [time]) (R)

[time] is in incrementsof 6.554milliseconds.
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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.

4.5.8 GPO or Keypad Mode (254 37 [mode])

ThedisplaysharesGPOandkeypadpins,you canuseoneof the otherbut not bothat thesametime.
To selecteither generalpurposeoutputsor the keypad interfaceon the generalpurposeoutput / keypad
connector, senda commandpre�x followedby thecharacter'%' followedby , whereis either0 or 1 (8 bit
binary).

0 = KeypadInterfaceMode
1 = GeneralPurposeOutputMode.

5 Bar Graphs and Special Character s

The display includesthe ability to draw bar graphs(eitherhorizontalor vertical) andallows usersto
de�ne up to eight specialcharacters.Eight characters(ASCII values0x00 to 0x07) aresetasidefor use
with bar graphs,userde�ned characters,andbig numbers.Sincethe same8 charactersareusedfor each
function,thefunctionsmaynot beusedsimultaneously. Thecharactersmaybede�ned or rede�nedat any
timeby issuingthecommandsshown in thissection.Oncede�ned, they maybeusedeitherby meansof the
bargraphcommands,or by simply issuingoneof theASCII values0x00to 0x07,which is not pre�xedby
thecommandbyte,254.

5.1 Command List

Thischapterdescribesvariousgraphiccommands.

5.1.1 Initialize 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.

5.1.2 Initialize 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.
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5.1.3 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 section5.1.1or 5.1.2,which will determinethewidth of thegraphdrawn. Graphmaybeerased
by drawing a bargraphof height= 0 in thesamecolumn.

5.1.4 Initialize 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.

5.1.5 Draw Horizontal Bar Graph (254 124 [column] [row] [dir] [length])

Draws a horizontalbargraphin [row] startingat [column] with a lengthof [length] pixels. [row] may
have a valueof 0x01or 0x02,columnmayrangefrom 0x01to 0x14andlengthmaybefrom 0x00to 0x64
(0 to 100)if thegraphcanextendthefull width of thescreen.Eachcolumnis 5 pixelswide(spacesbetween
thecolumnsdon't count).[dir] speci�esthedirection:0x00goesfrom left to right, 0x01goesfrom right to
left.

5.1.6 Define Custom Character (254 78 [c] [8 bytes])

Thedislayallows up to 8 userde�ned (custom)characters.Thesecharactersoccupy the�rst 8 (0x00to
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;

A "1" bit indicatesanon(black)pixel, a "0" bit indicatesanoff (clear)pixel.

Oncede�ned, a characteris displayedsimply by issuinga value(0x00 to 0x07) correspondingto the
characternumber. Thecharacterwill belaid outasfollows;
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Table7: 8 Byte Map

MSB LSB
* * * 1 2 3 4 5 DataByte0
* * * 6 7 8 9 10 DataByte1
* * * 11 12 13 14 15 DataByte2
* * * 16 17 18 19 20 DataByte3
* * * 21 22 23 24 25 DataByte4
* * * 26 27 28 29 30 DataByte5
* * * 31 32 33 34 35 DataByte6
* * * 36 37 38 39 40 DataByte7

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:

��'�;�#�-���
2/%�%��&%<�=����8>2�%'�?�@4A5BC����!�,3*�*7#%��&D��-���"��3'
��'�;�#�-���
2/%�%��&%<�=����8>�EGFHEIA0BC����!3.4/���,3*J!��K#�-�#K!3����-L!%,�*�*7#%��&
��'�;�#�-���
2/%�%��&%<�=����8>2�%'����KA5BC����!�.7/���,3*M!3�K#�-�#�!�����-N6�#�+�.K�O��P��
��'�;�#�-���
2/%�%��&%<�=����8>3�� �A0BQ����RS��=����K/T��,U!�-���#����
��'�;�#�-���
2/%�%��&%<�=����8>3��R�A0BQ���%���K�V!3.4/���,3*W!3��#�-�#K!�����-
��'�;�#�-���
2/%�%��&%<�=����8>3��R�A0B
��'�;�#�-���
2/%�%��&%<�=����8>3�� �A0B
��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B
��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B
��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B
��'�;�#�-���
2/%�%��&%<�=����8>2�KA5B
��'�;�#�-���
2/%�%��&%<�=����8>2�%'����KA5BC����&���/3��+�#%=L!3.7/���,3*W!3�K#�-�#K!�����-N�
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5.1.7 Initialize 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.

5.1.8 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.

6 Miscellaneous Commands

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

Somecommands,markedwith an“R”, maybe 'remembered'to setnew defaultsthatwill be in effect
eachtime theunit is poweredon.

6.1 Command List

Thischapterdealswith commandfunctions.

6.1.1 Remember

This commandallows a numberof settings,suchascursorstate,brightness,etc. to automaticallybe
storedto non-volatile memoryso they becomenew defaults. The commandshouldonly be usedwhen
requiredfor two reasons;

1. Writing to non-volatilememoryis timeconsumingandslowsdown theoperationof thedisplay.

2. Non-volatilememoryhasa 'write limit' andmayonly bechangedapproximately100,000times.

Commandswhichmaybeusedwith the'remember'functionaremarkedwith an"R" in the"Default" column
in thecommandtables.Theexampleshows theprocedureto set“Auto scroll ON” asthedefault condition.
Commandsareshown in bothdecimalandhex in this example;
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Table9: CommandExample

Decimal Hex Function
2541471 FE9301 Turn on"remember"function

25481 FE51 Turn on autoscroll. Since"remem-
ber" is ON, thissettingwill besaved
in non-volatilememory

2541470 FE9300 Turn off "remember"function

Any numberof commandsmaybeenteredbetweenthe'rememberON' and'rememberOFF' commands,
andall settingswill bememorized.

6.1.2 Clear Display (254 88)

Thiscommandclearsthedisplayandresetsthetext insertionpoint to thetop left of thescreen.

6.1.3 Display On (254 66 [minutes]) (R)

This commandturnson the displayon for a time of [minutes]minutes. If [minutes] is zero (0), the
displaywill remainon inde�nitely.

NOTE Thefactorydefault for displayis on.

6.1.4 Display Off (254 70)

Thiscommandturnsthedisplayoff.

6.1.5 Load Startup Screen (254 64 [32 characters])

This commandsetsandmemorizesthestartupscreenwhich will appeareachtime thedisplayis turned
on. By default thescreenshows;
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Table10: DefaultScreen

Matrix Orbital

PK162-12

The32charactersde�ne thetwo 16characterrowsof thescreen.

Table11: DefaultScreen

Character1 Character16
Character21 Character32

If sendingmorethan10 charactersto bestored,addin a ~10mspercharacterdelay. Prede�nedcustom
characterscanbeusedin the“StartupScreen”aswell, by using0x00through0x07characters.

6.1.6 Set brightness (254 153 [brightness]) (R)

This commandsetsthe displaybrightnessto [brightness],where[brightness]is a valuebetween0x00
and0xFF(between0 and255).Thehigherthenumberis, thebrighterthedisplaywill appear.

6.1.7 Set brightness and save (254 152 [brightness]) (R)

This commandworksin exactly thesameway asthe“Set brightness”command.Theonly differenceis
thatit savesthebrightnessvaluein thenon-volatilememoryof themodule,whereasthepreviouscommand
only changesthevalueuntil thenext powerdown.

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

ThiscommandturnsOFFany of thegeneralpurposeoutputs.[gpo#] is 1 to 7.

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

ThiscommandturnsON any of thegeneralpurposeoutputs.[gpo#] is 1 to 7. ON meansthattheoutput
is pulledlow (groundvia 240ohms).

Matrix Orbital PK162-12 25



6.1.10 Set I2C Address 254 51 [address]) (R)

This commandsetsthe I2C write addressof the module. This valuemustbe an even numberandthe
readaddressis onehigher. For exampleif theI2C write addressis setto 0x50,thenthereadaddressis 0x51.
Thechangein addressis immediate.This addressis 0x50by default, andis resettemporarilybackto that
valuewhenthe'manualover-ride' jumperis usedonpowerup.

6.1.11 Read Module Type (254 55)

This commandwill return,over theRS-232interface,themodeltypevalueof themodule. Valuesfor
variousmodulesat thetimeof this publicationareasfollows;

Table12: 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 PK162-12- 0x3A
VK162-12- 0x32 LK402-12- 0x33 LK162-12- 0x34

6.1.12 Set RS-232 port speed (254 57 [speed])

This commandsetsthe RS-232port to the speci�ed [speed]. The changetakes place immediately.
[speed]is a singlebytespecifyingthedesiredport speed.Valid speedsareshown in the tablebelow. The
speedcanbemanuallyresetto 19,200baudin theeventof anerrorduringtransmission(includingtransmit-
ting a valuenot listedbelow) by settingthe 'manualover-ride' jumperon themoduleduringpower. This
commandis ignoreduntil this jumperis removedagain.

Table13: SpeedSettings

SpeedValue Speed
81Hex 2400Baud
20Hex 9600Baud
0F Hex 19200Baud
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6.1.13 Set Serial Number (254 52 [byte1] [byte2]) (R)

Modulesmaybedeliveredwith theserialnumberblank. In this casetheusermaysetthedesired2 byte
serialnumberusingthis one time only command.Upon the executionof this command,the modulewill
echothesetwo bytesbackover theRS-232interface.Theserialnumbermaybesetonly once.Any future
attemptto executethis commandwill result in no changeandthe modulewill returnto the originally set
serialnumber.

6.1.14 Read Serial Number (254 53)

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

6.1.15 Read Version Number (254 54)

This commandwill returnthe�rmw areversionnumberof thedisplay. The�rmw areversionnumberis
a 1-bytehex value.

6.2 Flow Control

Thedisplayhasbuilt in �o w controlwhich maybeusefulwhenlong stringsof text aredownloadedto
thedisplay. Flow control is enabledor disabledby two commands.If �o w control is enabled,thedisplay
will returnan"almostfull" message(0xFE)to thecontrollerwhenits internalbuffer �lls to a de�ned level,
andan"almostempty"message(0xFF)whenthebuffer contentsdropto ade�ned level.

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

NOTE Flow controlappliesonly to theRS-232interface.It is notavailablefor I2C.

This commandenables�o w control. Whenthebuffer �lls sothatonly [full] bytesareavailablethedisplay
will returnan"almostfull" message(0xFE)to thecontroller. Whenthebuffer emptiessothatonly [empty]
bytesremainthedislaywill returnan"almostempty"message(0xFF)to thecontroller.

Thedisplaywill returnthe"almostfull" messagefor everybytesentto thedisplayuntil theusedbuffer
spaceoncemoredropsbelow the[full] level.

Whetherthe useris in '�o w control mode' or not, the modulewill ignoredisplayor commandbytes
which would over-run the buffer. While in '�o w control mode' the unit will return0xFE whenbuffer is
almostfull eventhoughit mayhavealreadythrown rejecteddataaway. Thebuffer sizefor thedisplayis 80
bytes.

Whenusingthis commandin anapplication,selectionof thevaluefor thebuffer almostfull shouldbe
consideredverycarefully. This is acritical aspectof usingthiscommandto it' s full potential.Whenusinga
hostsystemor PCwhichcontainsa FIFO, theusershouldsetthevalueof [full] equalto or greaterthanthe
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sizeof theFIFO. Thereasonfor this is that theFIFO maybe full whenthehostsystemreceives0xFE.In
thecaseof 16550UART thesizeat its maximumis 16, thereforethevalueof shouldbesetto 16or greater.

6.2.2 Exit Flow Control Mode (254 59)

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

7 Appendix: Command Summar y

7.1 General

Theoperationof thedisplayis controlledby asimpleandconsistentcommandset.
Commandscontrol;

• Text display
• Graphicsdisplay
• Keypadinterface
• Miscellaneousoperatingparameters

Thischapterincludessummarytablesof all commands.

7.2 Issuing Commands

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

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

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

in theBASIC program.
Or, with C theusercould(usingZcommseriallibrary)
`�a�,3*�*b�%P%c�d�-7������a�,�*�*�<�=����b>	��'�"��KA0B
`�a�,3*�*b�%P%c�d�-7������a�,�*�*�<�=����b>�EfegEhA0B

7.3 On Numbers

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.
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Bytesareusuallyspeci�edin eitherdecimalor hexadecimal(base16)form for conveniencesincebinary
numbersareconfusingto dealwith directly. Hexadecimal(hex) numbersareparticularlyconvenientbecause
exactlytwo hexadecimaldigitsmakeuponebyte,eachhex digit representing4binarydigits(4bits)asshown
here;

Table14: Hex ValueTable

Binary Hex Decimal Binary Hex Decimal
0000 0 0 1000 8 8
0001 1 1 1001 9 9
0010 2 2 1010 A 10
0011 3 3 1011 B 11
0100 4 4 1100 C 12
0101 5 5 1101 D 13
0110 6 6 1110 E 14
0111 7 7 1111 F 15

Basedon thetable,thebyte01001011canberepresentedin hex as4B, which is usuallywritten asany
of 4Bh,4BH, 4B hex or 0x4B.

Thenumberscanalsobeexpressedin decimalform if preferred.

7.3.1 ASCII Characters

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;

Table15: 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 confusionwhenparametersarebeingseton thedisplayFor example,
theGPOON andOFFcommandsusea numberto indicatewhich GPOis beingcontrolled.We're told that
acceptablevaluesare0 to 6. All suchparametersmustusenumericvalues(i.e., theactualbytevalues).If
wesendtheASCII number0 by mistake it will actuallygivethevalue48decimal(30hex) to theparameter,
which is wrong.

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

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

NOTE The letter "R" in the “Default” columnindicatesthat this statecanbe saved to
nonvolatilememorywith the“Remember”command.

Table16: 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'

Off R Disables line
wrapping.

Auto scroll on FE51
25481
254'Q'

On 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 FE 47 [col] [row] 254 71
[col] [row]
254'G' [col] [row]

Off R 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.

Underlinecursoron FE4A
25474
254'J'

Off R Turns on the un-
derlinecursor.
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Command Syntax Default Notes
Underlinecursoroff FE4B

25475
254'K'

R Turns off the un-
derlinecursor.

Blinking cursoron FE53
25483
254'S'

On R Turns on the
blinking block
cursor.

Blinking cursoroff FE54
25484
254'T'

R Turns off the
blinking block
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.

7.5 Keypad Interface Commands

Table18: KeypadInterfaceCommands

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

254126[0|1]
254'~' [0|1]

Off R Applies to key-
pad only.0x00
= 200 ms type-
matic,0x01 =
key down/key up
codessent.

Auto repeatmodeoff FE60
25496
254'`'

Off R Appliesto keypad
only.
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Command Syntax Default Notes
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 FE452
5469
254'E'

N/A Clear unreadkey
presses.

Poll keypad FE26
25438
254'&'

N/A Returns buffered
key presses to
application. Re-
turns 0x00 if
no key presses.
High order bit
set unlessthis is
the last/only key
press.

Setdebouncetime FE55 [time]
25485 [time]
254'U' [time]

52msR Resolution: 1 =
0.6554ms [time]
is a numericmul-
tiplier.

7.6 Bar Graphs and Special Characters

Thecommandsin this sectionareusedto de�ne anddisplaybargraphsandspecialcharacters.

Table20: BarGraphsandSpecialCharacters

Command Syntax Notes
Initialize mediumDigits FE 6D

254109
254'm'

Initializes the usercharacterset to
makemediumdigits.

Initialize thick vertical bar
graph

FE 76
254118
254'v'

Initializes the usercharacterset to
makewideverticalbargraphs.

Initialize thin vertical bar
graph

FE 73
254115
254's'

Initializes the usercharacterset to
makenarrow verticalbargraphs.
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Command Syntax Notes
Initialize mediumDigits FE 6D

254109
254'm'

Initializes the usercharacterset to
makemediumdigits.

Initialize horizontal bar
graph

FE 68
254104
254'h'

Initializes the usercharacterset to
makehorizontalbargraphs.

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.

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

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

Draw horizontalbargraph FE 7C [c][r][d][length]
254 124 [c][r][d][length]
254'|' [c][r][d][length]

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

Draw mediumdigits FE 6F
[row][column][digit]
254 111
[row][column][digit]
254 'o'
[row][column][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.

Table:BarGraphsandSpecialCharacters

7.7 Miscellaneous Commands

Table22: MiscellaneousCommands

Command Syntax Default Notes
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Command Syntax Default Notes
Remember FE93 [0|1]

254147
off Turns the "re-

member"function
on [1] or off [0].

ClearDisplay FE58
25488
254'X'

N/A Clears screen of
text andgraphics,
placestext cursor
at top left.

LoadStartupScreen FE40 [32 char]
25464 [32 char]
254'@' [32 char]

Matrix Orbital
PK162-12

Loadsnew startup
screen (32 char-
acters). Screen
is rememberedfor
subsequentpower
ups.

GPO or Keypad Interface
Mode

FE25 [mode]
25437 [mode]
254% [mode]

0 To select either
GPO or Keypad
mode.0= Keypad
Interface Mode1
= GPOmode.

General Purpose Output
Off

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

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

General Purpose Output
On

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

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

SetI2C Address FE33 [address]
25451 [address]
254'3' [address]

0x50 Valueis write ad-
dressandmustbe
even,readaddress
is 1 higher.

ReadModuleType FE37
25455
254'7'

SeeTable Readsthemodule
type.

SetRS-232PortSpeed FE39 [speed]
25457 [speed]
254'9' [speed]

19,200Baud Sets RS-232
speed.

SetSerialNumber FE34 [byte1][byte2]
25452 [byte1][byte2]
254'4' [byte1][byte2]

N/A This is a one-
time-use com-
mand which
works only on
units without
factory set serial
numbers.
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Command Syntax Default Notes
ReadSerialNumber FE35

25453
254'5'

Reads the two
byte serial num-
berof themodule.

ReadVersionNumber FE36
25454
254'6'

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

EnterFlow ControlMode 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.

Exit Flow ControlMode FE3B
25459
254';'

Turns off �o w
control.

8 Appendix: Speci�cations and Options

8.1 Specifications

Table24: EnvironmentalSpeci�cations

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

OperatingRelativeHumidity 90%maxnon-condensing 90%maxnon-condensing
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Table25: ElectricalSpeci�cations

SupplyVoltage 4.75- 5.25Vdc (optional7 - 15Vdc)
SupplyCurrent(all pixelsoff) 16mA typical
SupplyCurrent(all pixelson) 24mA typical

Table26: OpticalCharacteristics

Numberof Characters 32 (16charactersby 2 lines)
Matrix format 5 x 8 with underline
DisplayArea 56.0x 13.8mmXxY
CharacterSize 2.67x 5.01mm(XxY)
CharacterPitch 3.2mm

Line pitch 5.35mm
Dot Size 0.51x 0.6mm(XxY)
Dot Pitch 0.54x 0.63mm(XxY)

Luminance 350cd/m2 min.
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Figure21: PhysicalLayout

8.2 Options

Table27: OptionsAvailableonPK162-12

ExtendedTemperature -E
WideVoltage -V

9 Appendix: Glossar y

Table28: Appendix:Glossary
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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
night-timeandimproveddaytimereadability.

Binary Number The(dataandsignaling)bit transmissionrateof anRS-
232device.

Bit A numberwritten using binary notationwhich only
useszerosandones.

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.

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

I2C Short for Inter-IC, a type of bus designedby Phillips
Semiconductorsin the early 1980s,which is usedto
connect integratedcircuits (I2Cs). I2C is a multi-
masterbus, which meansthat multiple chips can be
connectedto the samebus andeachonecanact asa
masterby initiating a datatransfer.

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

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

Volatile Memory Temporarymemory. Oncethepower supplyis turned
off volatilememoryis thenerased.

Matrix Orbital PK162-12 40


