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PULSED OUTPUT MODULE 

INTRODUCTION 

ThePulseOutputmodule(POM)isdesignedtogeneratebipolarsignalwithvariablefrequencyand
dutycycle.ThePulsedOutputmodulehasthreetypesofoutputs:Opendrain,AnalogandDigital.

Theboardexhibitsthefollowingcapabilities:

• 24outputchannels
• Cableandharnessidentification
• Moduleidentificationandlisting
• Onsitefirmwareupdate

ARCHITECTURE OVERVIEW 
Figure20showsthelockdiagramofthePulsedOutputmodulewiththeFPGAengine.

Figure20:PulsedOutputModuleElectronicBoardDiagram
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Figure21showstheblockdiagramofthePulsedOutputmodule’sembeddedfirmware.Thefirmware
ismainlycomposedofthefollowingelements:

• PulsedOutputUnit
• CommunicationBusInterface
• SynchronizationUnit

Figure21:PulsedOutputModuleFirmwareDiagram
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BOARD FEATURES 
I/O Connections 

The“PulsedOutputModuleDINIOSignalDescription”tableliststhesignalsavailableontheexternal
connector(ELCO-56)andonthesystem’sbackplane(DIN96/J7A).

DIN 
96/J7A

Signal Name in Pulsed Output 
Module Schematic (2003/12/06)

Input 
Line

Output 
Line

A1 PO1 x
A2 BIASV1 x
A3 EXTV2 x
A4 PO6 x Female
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A5 PO7 x
A6 BIASV4 x
A7 EXTV5 x
A8 PO12 x
A9 PO13 x
A10 BIASV7 x
A11 EXTV8 x
A12 PO18 x
A13 PO19 x
A14 BIASV10 x
A15 EXTV11 x
A16 PO24 x
A17 IO_PROTO1 x x
A18 ID_CBL0 x
A19 ID_CBL2 x
B1 PO2 x
B2 PO3 x
B3 BIASV2 x
B4 EXTV3 x
B5 PO8 x
B6 PO9 x
B7 BIASV5 x
B8 EXTV6 x
B9 PO14 x
B10 PO15 x
B11 BIASV8 x
B12 EXTV9 x
B13 PO20 x
B14 PO21 x
B15 BIASV11 x
B16 EXTV12 x
B17 IO_PROTO2 x x
C1 EXTV1 x
C2 PO4 x
C3 PO5 x
C4 BIASV3 x
C5 EXTV4 x
C6 PO10 x
C7 PO11 x
C8 BIASV6 x
C9 EXTV7 x
C10 PO16 x
C11 PO17 x
C12 BIASV9 x
C13 EXTV10 x
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DIN 
96/J7A

Signal Name in Pulsed Output 
Module Schematic (2003/12/06)

Input 
Line

Output 
Line

C14 PO22 x
C15 PO23 x
C16 BIASV12 x
C17 ID_CBL x
C18 ID_CBL1 x
C19 ID_CBL3 x

Table 10:  Pulsed Output Module  DIN IO Signal Description 

MODULE LEDS 
Eachmodule’sstateisdisplayedusing3LEDs:

LED Indicator Description

Green Power Indicatesthatthedigitalpowersupplyfor5Vor3.3Varewithinthevalidityrange.ThisLEDis
notsoftwarecontrolled

Yellow Activity DrivenbytheFPGA.IndicatesthattheFPGAhasbeenconfiguredandthecommunicationhas
beenresetbythereal-timeunit(RTU).ThisLEDshowsthattheFPGAengineofthemoduleis
abletocommunicatewiththeRTU

TheyellowLEDindicateserrorcodeswhentheREDledisON:

• Noblink:generalerror
• 2blinks:theFPGAmoduleisnotprogrammed,youmustperformflashupdateoperation.
• 3blinks:theFPGAfirmwaredoesnotcorrespondtocurrentmodule.(e.g.TheFPGAis

programmedforaPulseDrivenLoadModulebutisinsertedonSwitchModule.)
Red Fault DrivenbytheFPGA,theLEDindicatesthatafaulthasbeendetectedinthesystem.These

faultsare,butnotlimitedto:overtension,overcurrentandsoftwarefault.Othersoftwarefaults
areraisedunderthefollowingconditions:

• Invalidconfiguration,e.g.Enablingseveralpowerrailsforanoutputsignal
• Invalidoutputdriverselection
• Invalidmodelconditions

TheFPGApreventsinvalidconfiguration,however,itletsthefaultLEDsinformtheoperatorofan
abnormalcondition.Inaddition,theerrorisreportedtothemodel.
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SYSTEM IDENTIFICATION 
Cable Identification (ID_CBL5-0) 

Thesefiveinputsignalsareusedbythereal-timeunittoidentifywhichharnessconnectorisattached
tothemodule.Eachofthesesignalsispulledupto5Vthrougha100kΩresistor.Whentheharness
connectorispluggedintothesimulatoritgroundstheselectedsignalstoprovidethesimulatorwiththe
cableID(seeFigure20).Forexample,ifthefirstandfourthsignals(ID0andID3)areshortedtothe
ground,thesimulatorreturns22(10110)forthecableID.



Figure22:CableIdentification

PULSED OUTPUT 

ThePulsedOutputModulefeatures24channelsthatcanbeindividuallyconfiguredfordigitaloranalog
mode.Indigitalmode,youcanselectareferencevoltagethenmodifyfrequencyanddutycycle.In
Analogmode,youcanspecifyamplitudeandoffset.Thesignalwillbeeitherabipolarsignal(switching
forlowtohighvalue)orasinewave.Thefollowingtableliststheoptionsforeachmode.

Output Type Duty Cycle Freq. Adj. Offset Adj. Ampl. Reference Voltage

[0-100%] [0-10KHz] [±12V] [±12V] IGN1 ECU5V External

Digital X X X X X

Analog X X X X

AnalogSine X X X X

Table 11: Digital and Analog mode summary 
Overcurrentandovervoltageconditionsaremonitoredforeachchannel.Faultychannelswillbe
disableduntilyouacknowledgetheerrorfromtheuserinterface.
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Figure23showstheblockdiagramofapulseoutputchannel.Anoutputswitchallowsyoutoeitherthe
analogorthedigitalmode.

Figure23:PulsedOutputChannelDiagram
Frequency and Duty cycle precision 

ThefollowingtablesshowtheMarginalFrequencyresolutionandthefrequencyaccuracyduetothe
frequencydivider.However,theusershouldkeepinmindthatcurrenthardwareconfigurationfeaturesa
ModuleClockfrequencyofeither100MHzwith100ppm(0,01%)or62,5MHzwith30ppm(0,003%).
Thecrystalaccuracyfactorisnotincludedinthetablesbelow.Tableswerecalculatedwithaclock
of62.5MHzandhighlightednumbersinboldindicatecharacteristicsoverspecification.However,
accuracyismetinallcases,atalltimes.

Frequency 
(Hz)

Min Resolution 
(Hz)

Marginal 
Frequency

Marginal 
Resolution (Hz)

Actual Freq. 
Accuracy

Duty Cycle 
Minimum Resolution

10.000 0.1526 9,996.8 3,199 0.03% 0.03%

5,000 0.1526 4,999.2 0.800 0.02% 0.02%

2,200 0.1526 2,199.8 0.155 0.01% 0.01%

1,000 0.1526 1,000.0 0.032 0.00% 0.00%

500 0.0100 499,992 0.008 0.00% 0.00%

100 0.0100 100,000 0.000 0.00% 0.00%

Table 12: Channel Characteristics in digital mode 
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Frequency 
(Hz)

Min Resolution 
(Hz)

Marginal 
Frequency

Marginal 
Resolution (Hz)

Actual Freq. 
Accuracy

Nb Coefficient

10.000 0.1526 9,949.1 50,939 0.51% 32

5,000 0.1526 4,987.2 12,767 0.26% 32

2,200 0.1526 2,197.5 2,475 0.11% 32

1,000 0.1526 999.5 0.512 0.05% 32

500 0.0100 499,872 0.128 0.03% 32

100 0.0100 99,995 0,.005 0.01% 32

Table 13: Channel Characteristics in analog mode 
Digital mode (PO1-24, EXTV1-12) 

Whileusingthedigitalmode,selectarailvoltagethatiseitherIGN1,ECU5Voranexternalvoltage.
TheEXTV1-12inputlinesareusedwhenexternalvoltageisselected.Sinceonly12linesareavailable,
eachlineisusedfor2consecutivechannels,e.g.EXTV1isusedforPO1andPO2,EXTV2isusedfor
PO3andPO3.

Analog mode (PO1-24, BIASV1-12) 

TheanalogmodeisnotavailableincurrentPOMboards.

Inanalogmode,theoutputisgeneratedbyaDigitaltoAnalogConverterwheretheoutputiscentered
aroundtheoffsetvoltage±1%.Youcanselectfromanexternaloffsetvoltage(BIASVX)ortheone
providedinternally.Theoutputhasamaximumpeaktopeakvoltageof24Vwitharesolutionof0.0234
V±1%andanaccuracyof1%overtherange.Theoutputisabletodrive60mA.

SYNCHRONIZATION 

Asynchronizationpulsethatcorrespondstothestartofacalculationstepisgeneratedtoenable
synchronizationbetweenthedifferentmodulesofthechassis.Becausemanyoperationsaretime
related,thispulseisusedtolatchdata(preservethecontentsofthepreviouscalculationstep)andto
resetregistersand/orcountersforthenexttimeinterval.

FIRMWARE UPDATE 

TestDrivemodulessupportarobustremotefirmwareupdatemechanism.Thismechanismiscapable
ofrecoveringfromafailuretoupdateFPGAconfigurationdataduetouncontrolledcircumstances
suchasapowerfailure.Inordertorecoverfromsuchanincident,theFPGAengineincludesanFPGA
SafeConfigurationDataFlashmemorydevice.Thismemorydeviceholdsabootstrapapplicationcode
thatiscommontoallOpal-RTmodules.ThesemodulesareminimalcomponentsofanyOpal-RTIO
controllerapplicationallowingamoduletobereprogrammedwhilethemodelapplicationispaused.
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