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1 Introduction

TheVFD2041comesequippedwith thefollowing features;

20 columnby 4 line text display

Built in font with provisionfor up to 8 userde ned characters
Speeddrom 1200bpsto a Iighting fast19.2Kbpsover RS-232
Communicatiorover RS-232or 1-C

Useof up to 16 moduleson the same2 wire 12C interface
Softwarecontrolledbrightness

Displaywith con gurabletime out settingup to 180 minutes
Onegenerapurposeoutputfor avariety of applications
Horizontalor verticalbargraphs

Variablepower options,+5V or +7V to +15V
Extendedemperatur@ption

Fits Matrix Orbital's Dual PCBay insertwithout ary modi cations

1.1 What to Expect From the VFD2041

TheVFD2041is designedsthedisplayunit for anassociatedontroller Thecontrollermaybeanything
from asingleboard,specialpurposamicro-controllerto a PC,dependingn theapplication.This controller
is responsibldor whatis displayedon the screerof thedisplay

The display providesa simple commandstructureto allow text andbar graphsto be displayedon the
screen.Text fontsarebuilt in, andusestandardASCII mapping.Provisionis madefor upto 8 userde ned
characters.

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

A generalpurposeoutputallows the controllerto switch an electronicor electro-mechanicalevice by
issuingcommandso the displayunit. This canbe usedfor controllingLEDs, relays,etc.

1.2 What Not to Expect From the VFD2041

Thedisplaydoesnotincludebitmapgraphicscapability exceptthat permittedby de ning specialchar
acters.Thedisplaydoesnotincludeakeypadinterface.

1.3 Setup for Testing

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

A 4-pin power connectorof the type usedto connect3.5" oppy drive. Take carenotto connectthe
displayto anunmodi ed sparepower connectotin aPC.

A 5V powersupply

A PCwith aspareRS-232port (COM1 or COM2).
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A 9 or 25pin RS-232serialcable.If usinga25 conductorcable,a9to 25 pin adaptemill berequired.

Figurel: Connectiongor Testing

1. Referto the Figureabovefor thefollowing steps.
2. Wire the connectorto the power supply On mostconnectorghe RED leadwill goto +5V andthe

BLACK leadto GND.

NOTE TheManufacturersWarrantybecomesoid if theunitis subjectedo over-voltage
or reversedoolarity.

3. Connectthe displayto the PC usingthe serialcableandadapterif required. Make surethe RS-232
cableincludesthe requiredgroundlead. Theremustbe no voltagedifferentialbetweenthe RS-232

groundandthe power supplyground.
4. Connectthe power connector makingsurethatthe +5V goesto V+. Turn on the power: the VFD

backlightshouldcomeon anda blinking cursorshouldappeaiat top left.

1.4 Trying Out the VFD2041

The unit shouldbe connectedo power. The PC anddisplayshouldbe on. To experimentwith typing
text, run a PCterminalprogram,suchasHyperterm.Make sureit's con guredto usethe correctport. Set
the baudrateto 19,200. If charactersaretypedon the keyboard,they shouldnow appearon the display
screenText will wraparoundto thenext line whentheendof aline hasbeenreached.

2 Connections
2.1 Connector Pinout

Referto the Figurebelow for this chapter
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Figure2: ElectricalConnections

Thedisplayhasthreeconnectors;

Tablel: Connector& Functions

Connector Function
2 pin Generapurposeoutput
4pin Power andI>?C communications
DB-9F RS-232/ power

2.1.1 Power Connections

Paweris appliedvia pins1 and4. Paver requiremenfor standardinitsis +5VDC  0.25V Units with
thewide voltagerangeoptionrequire8 - 15VDC.

WARNINGS

Do notapplyary powerwith reversedpolarization.

Do notapplyary voltageotherthanthe speci edvoltage.

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

Do notapplyvoltageto theDB-9 connecto AND powerconnector
Do notapply morethan+5Vdcto pin 9 onthe DB-9 connector

Connectompinoutis asfollows;
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Figure3: Paver Connector

Table2: ConnectoPinout

Pin4 Ground

Pin3 | SDA (I°C data)/ Rx
Pin2 | SCL(I°C clock)/ Tx
Pin1 Vdc

2.1.2 Five Volt Modules

If the displayis usedin a PC it thenbecomedemptingto plug a sparepower connectorinto the unit.
Don't do this! Wiring for the PC power connectorandthatrequiredfor the displayaredifferent,asshovn
in the Figurebelow.

Figure4: Wiring for 5V Modules

Matrix Orbital cansupplyanadapteicabledesignedor usewith the displaywhenit'sinstalledin a PC.
The cableis wired asshowvn in the Figurebelow.

NOTE This cabledoesnot provide connectiongor 1°C.
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Figure5: Five Volt Paver Cable

2.1.3 Wide Voltage Range Modules

NOTE Do not usethis cableunlessthe display module hasthe "Wide voltagerange"
option (option V). Use of the 12 volt power cablewith 5 volt moduleswill damagethe
module.

The 12 volt power cableis designedor usewith wide voltagerangedisplay modulesmountedin a PC.
Wiring requiredfor the 12 volt power connectoiis shavn in the Figurebelow.

Figure6: Wiring for 12V Modules

Matrix Orbital cansupplyanadaptercabledesignedo usewith the displaymodulewhenit's installed
inaPC.

Figure7: Twelve Volt Pover Cable
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2.1.4 Applying Power through the DB-9 Connector

Paver may be providedto the moduleby pin 9 of the DB-9 connectoiinsteadof throughthe 4-pin SIP
If poweris to beappliedusingthe DB-9, it mustbea regulated5Vdc supply

NOTE Thisappliesto wide voltageunits (V andVPT extensions)aswell asto standard
5volt units.

Figure8: DB-9 Paver

To usepin 9 asthe power sourcetheusermustsolderthe 5 volt jumperpadbesidethe DB-9 connector

WARNINGS
Do notapplypowerto bothpin 9 AND the4 pin SIPheader

@ WARNING Application of a voltageto pin 9 greaterthan5.25 volts

will causemmediatedestructionof unit andresultin a void Manufac-
turer's Warranty

2.2 RS-232 Communications

The RS-232connectomon the PC cableis wired sothata standardstraightthrough' 9 pin D-subcable
maybeusedto connecthemoduleto a standardaerialport suchasCOM portson PCs.Notethatthisdevice
complieswith the EIA232 standardn thatit usessignallevelsfrom 12Vto 12V andcanbecorverted
to TTL levelsaswell. Thedisplayis setat 19.2Kbpsdefault speed Othersettingsare;

8 bits, no parity, 1 stop bit.
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2.2.1 DB-9 Connections

A standardDB-9F is provided for RS-232communications Pover may alsobe suppliedvia this con-
nectorif desired.

Figure9: RS-232Power Connector

Table3: RS-232Pinout

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

2.2.2 Alternate Serial Connection

An optionalalternateconnectiorheadeis providedto allow onecablefor dataandpower. Two jumpers
will haveto besetinto the RS-232positionabove the DB-9 connector

Matrix Orbital VFD2041 7



Figure10: I2C

Connectopinoutis asfollows;

Figurell: Paver Connector

Table4: ConnectoPinout

Pin4 | Ground
Pin3 Rx
Pin2 Tx
Pin1 Vdc

2.2.3 TTL comm unications

Thedisplaycanbetalkedto at TTL (logic OV to +5V) levels. Threemodi cationshave to bemade.This
will allow TTL communicationshroughthe 4-pin SIP headeior the DB-9 connector
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Figure12: 12C

2.2.4 Conguring RS-232 and I?C

RS-232baudrateand|?C addressrecon gured by meansof jumpers.

Figure13: RS-232Jumpers

Themoduleis suppliedwith jumpersJ1andJ2installed,which givesanRS-232baudrateof 19200and
an|?C addresof 0x5C.

RS-232port: JO,J1,J2- controlbaudrate. RS-232formatis 8N1 (8 bits, no parity, onestopbit)

I2C port: J0,J1,J2,J3- setsslave peripherakddress
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Table5: SerialBaudRates

Baud Rate | Slave Address| J3 | J2 | J1 | JO

1200 50H out | out | out | out
52H out | out | out | in

2400 54H out | out| in | out
56H out | out | in in

9600 58H out | in | out | out
5AH out| in | out| in

19200 5CH out | in in | out
5EH out | in in in

1200 60H in | out | out | out
62H in | out| out| in

2400 64H in | out| in | out
66H in | out| in in

9600 68H in in | out | out
6AH in in | out| in

19200 6CH in in in | out
6EH in in in in

2.3 12C Communications

I2C communicationsunsat 100Kbpsandsupportaup to 16 unitson a singlecommunicationgine. The
I2C dataline operate®n 5 volt CMOS levels.

23.1 ACK

Theideaof ACK is to indicatewhenthe datahasbeenreceied correctly ACK doesnotindicatedata
incorrectlyreceved. ACK simply fails to indicatewhendatais correctlyreceved. Clearly thisis of limited
usefulnesandevenlesssowith Matrix Orbital modules.Matrix orbital modulesarenot capableof failing
to acknavledgeanincorrectlyreceved byte in responseo that bytestransition. They areonly capableof
failing to acknavledgethe bytesfollowing the byte,whichwasnotreceved. To fully understandhereasons
for this oneneedgo understandomethingabouthow a Matrix Orbital moduleprocessedata.Basicallythe
reasonwhy a Matrix Orbital modulemightfail to receive abytecorrectlyis thatit wasunableto procesghe
bytepreviousbeforethefailedbytewastransmitted Becauséhe modulecannotpossiblyknow thatit would
beunableto storethe byte beforethe next bytewasrecevedit cannotknow to not ACK. Thereasorfor this
situationin deferenceo situationsone might be familiar with (i.e., memorychips, etc) is that the Matrix
Orbital moduleemploys a micro-processoto performthesedatastoragefunctions. A memorychip takes
careof thesethingsentirelywith in hardwaresubsystemshatoperateat the samespeedasthetransmission
themseles.

ThedisplayusesastandardPhillips 7bitaddressisde ned by Phillips. However, Matrix Orbital speci es
I2C addressn 8bits. The 8th bit, leastsigni cant bit (LSB or Low OrderBit) of the 8bit addresss read
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/ write bit. If we take a standardPhillips 7bit addresof 45he this would be in binary 1000101. This is
7bits. Matrix Orbital would describethe Phillips 12C addres®f 45hex as8Ahex. The readaddressvould
be 8Bhex.

For moreinformationon Phillips 1°C pleasevisit;

To communicatdy 12C two jumpershave to be setinto the |2C positionabove the DB-9 connector

Figure14: 1°C

Connectopinoutis asfollows;

Figure15: ConnectoPinout

Table6: ConnectoPinout

Pin4 Ground
Pin3 | SDA (I°C data)
Pin2 | SCL (I°C clock)
Pin1 Vdc

2.4 General Purpose Output

Thedisplayhasageneraburposeoutputwhich canbeusedto controlrelaysor otherelectronicdevices.
This allows externaldevicesto beturnedon or off usingyour PCor controllerandsoftwarecommandsThe
+ terminalis connectedo the modulepositive supply the- terminalis connectedhrougha240ohmcurrent
limiting resistorandthe electronicswitchto ground.
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Figure16: GeneralPurposeOutput

Maximum allowablecurrentis 20 mA, which is enforcedby the currentlimiting resistor If the device
beingswitchedhasa resistancef 240 ohmsor morethe correspondingesistormay be shorted.Soldera
smalljumperwire (wirewrapwire is good)betweerthetwo feedthrougholes.

Figure17: Bypassingz40ohmResistor
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NOTE The GPOsdo not have any over currentor over / undervoltage protectionso
caremustbetakenwhenusingthem. For instancef the externaldeviceis arelay, it must
befully clampedusinga diodeandcapacitotto absorbary generatedackelectro-motve
force (EMF).

Figure18: Clampinga Relay
3 Displaying Text

This chapterdescribeghe varioustext displaycommandsn detail. Before issuingcommandsto the
VFD2041pleasereadsections6.2and 6.3.

3.1 General

Text is displayedon the VFD2041 using the built in 5x7 dot matrix font, in additionto up to 8 user
de ned characters.

3.2 The Built in Character Font

Thedisplayincludesa built in 5x7 dot matrix font with thefull rangeof ASCII characterplusavariety
of extendedcharacters.
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Figure19: CharacteSet

In additionto the built in charactersusersmay de ne up to 8 specialcharactersvhich, oncede ned,
occupy positions0x00to 0x07 in the above chart. The displaydoesnot have provision to downloadother
fonts.

3.3 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
thatarenot de ned by thebuilt in font print asa space(i.e., the cursoris advancedfor the next character).
The positionwheretext is to beinserteds a charactetocationstoredin the display's volatile memoryand
maintainednternally by the display's rmw are. This positionis manipulatedy the commandshawn in
thefollowing section.

Matrix Orbital VFD2041 14



3.4 Text Commands

In this sectioncommandsreidenti ed by theirnamesanddecimalvalues.Hex andASCII equivalents
aregivenin thesummary

3.4.1 Auto line wrap on (254 67)

Enablesautomaticline wrapping. Note that this is not 'word wrapping' andwrapsmay occurin the
middle of aword. Notethatif autoline wrapandautoscroll arebothoff (default) text will wrapfromline 1
to line 3 then2 then4.

Factorydefaultis OFF

3.4.2 Auto line wrap off (254 68)

Disablesautomatidine wrapping.

3.4.3 Auto scroll on (254 81)

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

3.4.4 Auto scroll off (254 82)

Whenautoscrollingis disabledtext will wrapto thetop left cornerof thedisplayarea.Existingtext in
the displayareais not erasedeforenew text is placed.A seriesof 'spacesfollowed by a “Cursorhome”
commandnaybe usedto erasehetop line of text.

3.4.5 Set cursor position (254 71 [column] [row])

Thiscommandsetsthecursomosition(text insertionpoint)to the[column]and[row] speci ed. Columns
have valuesfrom 1 to 20 (0x01to 0x14)androws have valuesof 1 to 4 (0x01to 0x04).

3.4.6 Send cursor home (254 72)

This commandmovesthe cursorposition(text insertionpoint) to the top left of the displayarea.
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3.4.7 Turn on underline cursor (254 74)

Turnson the underlinecursor The cursorshows the currenttext insertionpoint. Both underlineand
blinking cursorsmay be turnedon or off independentlyThe cursoris off by default.

3.4.8 Turn off underline cursor (254 75)
Turnsoff theunderlinecursor Doesnot affect the blinking block cursor

3.4.9 Turn on block (blinking) cursor (254 83)

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

3.4.10 Turn off block (blinking) cursor (254 84)
Turnsoff theblinking block cursor Doesnot affect the underlinecursor

3.4.11 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.

3.4.12 Cursor right (254 77)

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

4 Bar Graphs and Special Character s

The displayincludesthe ability to draw bar graphs(either horizontalor vertical), large numbersand
allows usersto de ne up to eightspecialcharactersEight charactergASCII values0x00to 0x07) areset
asidefor usewith bar graphs,userde ned charactersandlarge digits. Sincethe same8 charactersare
usedfor eachfunction, the functionsmay not be usedsimultaneously The charactersnay be de ned or
rede nedatary time by issuingthecommandshawn in this section.Oncede ned, they maybeusedeither
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by meanof thebargraphcommandser by simply issuingoneof the ASCII valuesOx00to 0x07 (whichis
not pre xedby thecommandoyte,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,any 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 drawing narrav (2
pixel) vertical bar graphs. Any previously existing de nitions will be lost. Oncethis commandhasbeen
issued,ary nhumberof 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
0 to 20 (0x00to 0x14) pixels. The necessargharactersnust rst beinitialized by eitherof the commands
shavn in section5.1.10or 5.1.2,which will determinethewidth of the graphdravn. Graphmay be erased
by drawing a bargraphof height= 0 in the samecolumn.

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] [row] [dir] [length])

Draws a horizontalbar graphin [row] startingat [column] with a lengthof [length] pixels. [row] may
have a valueof 0x01 or 0x02, columnmay rangefrom 0x01to 0x14 andlengthmaybe from 0x00to 0x64
(Oto 100)if thegraphcanextendthefull width of thescreen Eachcolumnis 5 pixelswide (spacedetween
thecolumnsdon't count).

[dir] speci esthedirection:0x00goesfrom left to right, 0x01 goesfrom right to left.
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4.1.6 Initializ e large digits (254 110)

Thiscommandle nesthe8 special usercharacterso beblockssuitablefor usein draving largedigits.
Any previously existing de nitions will belost. Oncethis commanchasbeenissued,ary numberof large
charactersnaybe placeduntil thecharactersrerede nedby anothecommand.

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

Thiscommandallows thelargedigits to bedravn on thedisplayscreenNumbersof almostfull display
heightmay be placedalongside regulartext on four row displays. The columnnumberhasa maximum
valuewhichis lessthanthe displaywidth because¢hedigits areall threecolumnswide.

Beforeusingthis commandthe “Initialize large digits” commandmustbe issuedto de ne the blocks
necessaryo make up the digits. If regulartext andlarge digits are mixed on one screenthe usershould
alwayssetthe display cursorpositionbeforeplacingregular text becausehe creationof a large digit will
leave the cursorpositionto the bottomright of thelarge digit andnot at the lastregulartext write position.

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

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

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

Customcharacter®ccupy a 5x8 pixel matrix. Built in charactersare5x7: the bottomrow of pixelsis
normally resenedfor the underlinecursor The underlinecursorshouldbe turnedoff if the bottomrow of
pixelsformspartof acustomcharacter

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

Table7: 8 Byte Map

MSB LSB
1|12 | 3| 4| 5 | DataBytel
6 | 7| 8| 9 | 10| DataByte2
11| 12 | 13 | 14 | 15 | DataByte 3
16 | 17 | 18 | 19 | 20 | DataByte 4
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[ K[ ¥| *
B[ k| k| k| k[ ¥ ¥| *
SB[ k| k| k| k[ k[ ¥| *

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

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 Note: Customcharacterwill be erasedf ary of the"Initialize bargraph"com-

mandsareissued.

Exampleof adegreesymbol:

5 Miscellaneous Commands

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

thanonecateayory.
5.1 Command List

5.1.1 Clear display (254 88)

Thiscommandlearsthe displayandresetghetext insertionpoint to thetop left of the screen.

Matrix Orbital
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5.1.2 Set brightness (254 89 [brightness])

This commandsetsthe display's brightnesgo [brightness]where[brightnessjs a valuebetweer0x00
and0x03 (betweerD and3) accordingto the tablebelow.

Table9: BrightnessSettings

Hex Values | Brightness
0x00 100%
0x01 75%
0x02 50%
0x03 25%

Lighting conditionswill affectthe actualvalueusedfor optimalviewing. Brightnesss setto 100%by
default.

5.1.3 Display on (254 66 [min utes])

This commandurnson thedisplayfor atime of [minutes]minutes.If [minutes]is zero(0), thedisplay
will remainoninde nitely.

NOTE Thefactorydefaultfor displayis on.

5.1.4 Display off (254 70)
This commandurnsthe displayoff.
5.1.5 General purpose output off (254 86)

ThiscommandurnsOFF ary of thegenerapurposeoutputs.[gpo#] is 1 to 8.

NOTE OFFmeanghatthe GPOpin oats (highimpedance).

5.1.6 General purpose output on (254 86)

This commandturnsON ary of the generalpurposeoutputs. ON meansthat the outputis pulled low
(groundvia 2400hms).
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5.1.7 Read module type

This commandwill return,over the RS-232interfacein TTL levelsonly, the modeltype value of the
module.Thiscommandeturnsa 1-bytehex value.Valuesfor variousmodulesatthetime of this publication
areasfollows;

Table10: Module Values

VFDO0821- 0x01 VFD2021- 0x03 VFD2041- 0x05
VFD4021- 0x06 VFD4041- 0x07 LK202-25- 0x08
LK204-25- 0x09 LK404-55- Ox0A VFD2021- 0x0B
VFD2041- 0x0C VFD4021- 0x0D VK204-25PC- Ox0E

VK204-25- Ox0F GLC12232- 0x10 GLC24064- 0x13
GLK24064-25 0x15 | GLK12232-25- 0x22 | LK404-AT - 0x31
LK402-12- 0x33 LK162-12- 0x34 LK204-25PC- 0x35

6 Appendix: Command Summary

6.1 General

Theoperationof thedisplayis controlledby a simpleandconsistentommandset.
Commandgontrol;

Text display

Graphics

Display keypadinterface
Miscellaneousperatingparameters

This chapterincludessummarytablesof all commands.
6.2 Issuing Commands

Commandsare issuedto the display by the controller In a test setup,commandscan be issuedto
the display by meansof a BASIC program,usingthe chr$() function. In the tablesbelow, we've shavn
commandsn hex, ASCIl and decimalform. All commandsbegin with the pre x characterOxFE (254
decimal). Thesecommandsareissuedon the serialcommunicationdink (12C or RS-232)at the currently
de ned baudrate.

For example(usingBASIC in a testsetup).the usercouldissuethe commando clearthe screeron the
displayby includingtheline;

in the BASIC program.
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6.3 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 a byte may have ary valuefrom 0 to 255. Bytesareusuallyspeci ed in eitherdecimalor hexadecimal
(basel6) form for corvenience sincebinary numbersare confusingto dealwith directly. Hexadecimal
(hex) numbersare particularly corvenientbecausexactly two hexadecimaldigits make up onebyte, each
hex digit representingt binarydigits (4 bits) asshavn here;

Tablel11: 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. Thenumberscanalsobe expressedn decimalform if preferred.

6.3.1 ASCII Character s

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

Table12: Exampleof anASCII Table

Letter / Number | DecimalValue | Hex Value
A 65 41
a 97 61
0 48 30
9 57 39
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This givesriseto the possibilityof confusionwhenparameterarebeingsetonthedisplay For example,
the GPOON andOFFcommandsisea numberto indicatewhich GPOis beingcontrolled.We're told that
acceptablevaluesare0 to 8. All suchparametersnustusenumericvalues(i.e., the actualbyte values).If
we sendthe ASCII number0 by mistale it will actuallygive thevalue48 decimal(30 hex) to the parameter
whichis wrong.

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

6.4 Text Commands

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

Table13: Text Commands

Command Syntax Default Notes
Auto line wrapon FE43 off Enables line
25467 wrapping  (not
254'C' wordwrap).
Auto line wrap off FE44 off Disables line
25468 wrapping.
254'D'
Auto scrollon FE51 off Enablesscroll at
25481 bottom of screen.
254'Q Text will push
display up one
line to make room
for new line.
Auto scroll off FE52 off Disables  auto
25482 scroll. Text will
254'R’ wrap to top left
and overwrite
existing text.
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 n/a 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 derlinecursor
254')

Underlinecursoroff FE4B Turns off the un-
25475 derlinecursor
254'K'

Block cursoron FE53 off Turns on the
25483 blinking  block
254'S' cursor

Block cursoroff FE54 Turns off the
25484 blinking  block
254'T cursor

Cursorleft FE4C n/a 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 theotherline.

Cursorright FEA4D n/a 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.

6.5 Bar Graphs and Special Character s

Thecommandsn this sectionareusedto de ne anddisplaybargraphsandspecialcharacters.

Table15: Bar GraphsandSpecialCharacters

Command Syntax Notes

Initialize thick verticalbar | FE76 Initializes the user characterset to

graph 254118 make wide verticalbargraphs.
254y
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Command Syntax Notes

Initialize thin vertical bar | FE73 Initializes the user characterset to

graph 254115 make narrav verticalbargraphs.
254's'

Initialize horizontal bar | FE68 Initializes the user characterset to

graph 254104 malke horizontalbargraphs.
254'h’

Draw verticalbargraph FE 3D [col][length] Drawsaverticalbargraphatcolumn
25461 [col][length] [col] of length [length]. Lengthis

254'=" [col][length]

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

Draw horizontalbargraph

FE 7C[c][r][d][length]
254124 c][r][d][length]
254" [c]ir][d][length]

Draws a horizontalbar graphstart-
ing atcolumn[c] onrow [r] with di-
rection[d] (O is right, 1 is left) of
length[length]. Lengthis measured
in pixels(0x00to 0x64if startingin
columnl). Usermust rst usethe
'h' commando initialize characters,

Initialize largedigits

FE6E
254110
254’

Initializes the user characterset to
malke largedigits.

Placelargedigits

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

Placelarge digit number[digit] in

column|col] of thedisplay Cursor
movesto bottomright of largedigit.

[digit] is 0x00to 0x09,[col] is 0x01
to 0x12(i.e.,1to 18 decimal).

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.

6.6 Miscellaneous Commands

Tablel17: MiscellaneousCommands

Command Syntax Default Notes
Cleardisplay FE58 n/a Clears screen of
25488 text and graphics,
254'X' placestext cursor
attopleft.
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Command Syntax Default Notes
Displayon FE 42 [minutes] on Display will stay
25466 [minutes] on for [minutes].
254'B' [minutes] If [minutes] = 0
display will stay
on permanently
Maximum value
for [minutes] is
100.
Display off FE46 on Turnsoff display
25470
254'F'
SetBrightness FE 99 [brightness] 0xFF255 Sets display
254153 [brightness] brightness.
Brightness is a
value between0
and 255 (hex 0
to FF). Larger =
brighter
Generabpurposeoutputon | FE57 [gpo#] off Turns  general
25487 [gpo#] purpose output
254'W' [gpo#] ON.
Readmoduletype FE 37 seetable Thiscommande-
25455 turnsa 1-bytehex
254'7" value.

7 Appendix: Speci cations

7.1 Speci cations

Table19: EnvironmentalSpeci cations

Standardremperature Extendedlemperature
OperatingTemperature 0Cto+50 C -20Cto+70C
StorageTemperature -20Cto+70C -40 Cto+85C
OperatingRelatve Humidity | 90% maxnon-condensing 90% maxnon-condensing
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Table20: ElectricalSpeci cations

SupplyVoltage

4.75- 5.25Vdc (optional8 - 15VDC)

SupplyCurrent

11 mA typical

Table21: Optical Characteristics

Numberof Characters 80 (20 characterdy 4 lines)
Matrix format 5 x 7 with underline
DisplayArea 76.3x 25.20mm XxY
CharacteSSize 2.95x 4.75mm (XxY), notincludingunderline
CharactePitch 3.55mm
Line pitch 5.35mm
Dot Size 0.55x 0.55mm (XxY)
Dot Pitch 0.60x 0.60mm (XxY)
Color of lllumination Yellow Green

O

WARNINGS

Heary shockof morethen100G,thermalshockgreaterthen10 C
/ minute,directhit with a hardmaterialto the glasssurface(espe-
cially to theexhaustpipe) may CRACK theglass.
Steadyrepeatingof a static messagelisplaying, longer than 5

hoursin aday may causea phosphotburnoutproblem.
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Figure20: PhysicalLayout
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7.2 Options

Table22: OptionsAvailableon VFD2041

InverseBlue VFD WB
InverseYellow VFD Y
White backlightwith Grayglass(lce Blue) GW
ExtendedTemperature E
Wide Voltage \%
Wide Voltagewith Ef cient SwitchingPower | -VPT
Supply

8 Appendix: Glossary

Table23: 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. Thesesupersetareof-

tencalledextendedASCII charactesets.

Baud Rate

The(dataandsignaling)bit transmissiomateof anRS-
232device.

Binary Number

A numberwritten using binary notationwhich 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

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.
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Controller

Themicro-controlleror PC usedto controlthe Matrix
Orbital displayunit

DB-9

Thedesignatiorof aconnectousedin 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.

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 numbers) to 9 andthe let-

ters A to F. For example,the decimalnumber15 is

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

adecimaldigits. It is easierfor humansto readhex-

adecimahumberghanbinarynumbers.

1°C

Shortfor Inter-IC, a type of bus designedby Phillips
Semiconductorén the early 1980s,which is usedto
connecintegratedcircuits(ICs). 12C is amulti-master
bus,whichmeanghatmultiple chipscanbeconnected
to the samebus and eachone canact asa masterby
initiating a datatransfer

Interface

A meansby whichtwo systemsnteract.

VFD

VacuumFluorescenDisplay

Module Type Value

This refersto themodelnumberof the module.

Pixel

The smallestindividually controllable elementof a
display

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.
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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.

Volatile Memory

Temporarymemory Oncethe power supplyis turned
off volatile memoryis thenerased.
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