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ArchitectureOverview

PULSE DRIVEN LOAD MODULE 

INTRODUCTION 

ThePulseDrivenLoadmoduleisdesignedtomeasurethefrequency,dutycycleandanalogstateof
pulsesfromanexternalsourceortheECU.Thismodulesupports3typesofinputs;standard,bipolar
andflexible.

Theboardexhibitsthefollowingcapabilities:

• 32standardpulsedrivenloadinputs
• 2flexiblepulsedrivenloadinputs
• 5flexiblepulsedrivenloadinputsTheboardprovidesthefollowingbenefits:
• Cableidentification
• Moduleidentificationandlisting
• Onsitefirmwareupdate

ARCHITECTURE OVERVIEW 
“PulseDrivenLoadModuleElectronicBoardDiagram”showstheblockdiagramofthePulseDriven
LoadmodulewiththeFPGAengine.

Figure15:PulseDrivenLoadModuleElectronicBoardDiagram

Thefirmwareismainlycomposedofthefollowingelements:

• StandardPDLUnit
• BipolarPDLUnit
• PowerRailSelectUnit
• CommunicationBusInterface
• SynchronizationUnit
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BOARD FEATURES 
I/O Connections 

Table9liststhesignalsavailableontheexternalconnectorandonthesystem’sbackplane.

Elco Eq. # 
(female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

Refe-
rence

DIN 
96/J7A

1 A OUT_A0  x 2.x.2 A2
2 B REF_L2 x  2.x.3 C1
3 C REF_L0 x  2.x.3 B1 Female
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4 D REF_H0   2.x.1 A1
5 E REF_L4 x  2.x.3 C3
6 F REF_H1 x  2.x.1 B3
7 H OUT_A1  x 2.x.2 A3
8 J PROTO0 x x 2.x.5 C2
9 K PROTO1 x x 2.x.5 B2
10 L OUT_A3  x 2.x.2 A5
11 M REF_L5 x  2.x.3 C4
12 N REF_H2 x  2.x.1 B4
13 P OUT_A2  x 2.x.2 A4
14 R REF_L7 x  2.x.3 C6
15 S REF_H4 x  2.x.1 B6
16 T OUT_A4  x 2.x.2 A6
17 U REF_L6 x  2.x.3 C5
18 V REF_H3 x  2.x.1 B5
19 W OUT_A6  x 2.x.2 A8
20 X REF_L8 x  2.x.3 C7
21 Y REF_H5 x  2.x.1 B7
22 Z OUT_A5  x 2.x.2 A7
23 a REF_H7 x  2.x.1 B9
24 b OUT_A7  x 2.x.2 A9
25 c REF_L9 x  2.x.3 C8
26 d REF_H6 x  2.x.1 B8
27 e OUT_A8  x 2.x.2 A10
28 f REF_L10 x  2.x.3 C9
29 h REF_L11 x  2.x.3 C10
30 j REF_H8 x  2.x.1 B10
31 k OUT_A10  x 2.x.2 A12
32 l REF_L12 x  2.x.3 C11
33 m REF_H9 x  2.x.1 B11
34 n OUT_A9  x 2.x.2 A11
35 p REF_H11 x  2.x.1 B13
36 r OUT_A11  x 2.x.2 A13
37 s REF_L13 x  2.x.3 C12
38 t REF_H10 x  2.x.1 B12
39 u OUT_A13  x 2.x.2 A15
40 v REF_L15 x  2.x.3 C14
41 w REF_H12 x  2.x.1 B14
42 x OUT_A12  x 2.x.2 A14
43 y REF_L14 x  2.x.3 C13
44 z REF_H14 x  2.x.1 B16
45 AA OUT_A14  x 2.x.2 A16
46 BB REF_L1 x  2.x.3 C15
47 CC REF_H13 x  2.x.1 B15
48 DD ID_CBL0 x  2.x.4 A18
49 EE ID_CBL  x 2.x.4 C17



  
5  OP6223 User Guide 
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Elco Eq. # 
(female)

Elco Pin 
name 

(female)

Signal Name in Analog 
Module Schematic 

(2003/10/07)

Input 
Line

Output 
Line

Refe-
rence

DIN 
96/J7A

50 FF REF_H15 x  2.x.1 B17
51 HH OUT_A15  x 2.x.2 A17
52 JJ REF_L3 x  2.x.3 C16
53 KK ID_CBL4 x  2.x.4 C20
54 LL ID_CBL3 x  2.x.4 C19
55 MM ID_CBL2 x  2.x.4 A19
56 NN ID_CBL1 x  2.x.4 C18

Note:ArtworkwasdoneusingElcoMaleandfemaleconnectorwasusedduringassembly

Table 9: Pulse Driven Load Module  DIN I/O 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(seeFigure3).Forexample,ifthefirstandfourthsignals(ID0andID3)areshortedtothe
ground,thesimulatorreturns22(10110)forthecableID.



Figure16:CableIdentification

PDL INPUTS 

ThePDLmodulehasthreetypesofinputsformonitoringsignals:Standard,BipolarandFlexible.The
inputs’analoganddigitalstatesarecontinuouslymonitoredtoextractalltransitions.Periodandduty
cycleiscomputedusingthetransitiontimestamps.

A12bitsanalogtodigitalconverterisusedtomeasureanalogstate.Eachinput’soperatingvoltageis0
to16Vandthesenseunitimpedanceissuperiorto100K.Allinputsaretolerantfrom–1Vto27V.
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STANDARD PDL INPUTS 
(STD_An,STD_Bn,STD_Cn,STD_Dn)

The32standardinputlinesaretiedtoeitherIGN1orGNDviaabiasresistor.StandardPDLinputsare
typicallyusedtomonitordigitalsignalswithoneofthefollowingstatecombinations:

GND-IGN1(STDTYPEA,C,D);OPEN-IGN1(STDTYPEB);GND-OPEN(STDTYPEA,C,D)

The“StandardPDLInputElectricalDiagram”showstheelectricalschematicsofastandardPDLinput.
Itillustratesthattheinputisinternallyconnectedtoaspecifiedrailvoltageviabiasresistor.Senseunits
indicatehighwhentheinputvoltageisabove3.5V±10%andlowwhentheinputisbelow1.5V±10%.



Figure17:StandardPDLInputElectricalDiagram

The32standardPDLinputsaredividedintofourtypesdefinedbelow.

1. Standard PDL Input - Type A (STD_A[16:0])  
These17StandardPDLinputshavea330ΩtiedtotheIGN1powerrail. 

2. Standard PDL Input - Type B (STD_B[3:0])  
These4StandardPDLinputshavea330ΩtiedtoGND.

3. Standard PDL Input - Type C (STD_C[3:0])  
These4StandardPDLinputshavea3,3kΩtiedtotheIGN1powerrail.

4. Standard PDL Input - Type D (STD_D[6:0])  
These7StandardPDLinputshavea10,0kΩtiedtotheIGN1powerrail.
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BIPOLAR PDL INPUTS (BIP_[1:0] & B_EXTV[1:0]) 

The2bipolarinputshaveconfigurablerailandafixedbiassetto50%torailvoltage.BipolarPDLinputs
aretypicallyusedtomonitorbipolarsignalswithapositivevoltageoffset.

Figure18showsthattheinputisinternallyconnectedto50%oftherailvoltageviabiasresistors.
Senseunitsindicatehighwhentheinputvoltageisabove80%ofrailvoltageandlowwhentheinputis
below20%ofrailvoltage.



Figure18:BipolarPDLInputElectricalDiagram

FLEXIBLE PDL INPUTS (F_[4:0] & F_EXTV[4:0]) 

The5flexibleinputshaveconfigurablerail.Inputsaretiedtorailviaabiasresistor.FlexiblePDLinputs
aretypicallyusedtomonitordigitalsignalsthatarereferencedtoBATT,ECU5V,IGN1orexternal
voltage.

Figure19illustratesthattheinputisinternallyconnectedtotherailvoltageviabiasresistors.Sense
unitsindicatehighwhentheinputvoltageisabove3.5V±10%andlowwhentheinputisbelow1.5V±
10%.

Figure19:FlexiblePDLInputElectricalDiagram
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SYNCHRONIZATION 

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

FIRMWARE UPDATE 

TestDrivemodulessupportarobustremotefirmwareupdatemechanism.Thismechanismiscapable
torecoverfromafailuretoupdateFPGAconfigurationdataduetouncontrolledcircumstancessuch
asapowerfailure.Inordertorecoverfromsuchanincident,theFPGAengineincludesanFPGASafe
ConfigurationDataFlashmemorydevice.Thismemorydeviceholdsabootstrapapplicationcode
thatiscommontoallOpal-RTmodules.ThesemodulesareminimalcomponentsofanyOpal-RTIO
controllerapplicationallowingamoduletobereprogrammedwhilethemodelapplicationisinpause.
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