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Abstract

Thisspecificatiorwill describdechnicabndelectricalcharacteristicef thePre-Processdvulti-Chip Module(PPrMCM)
asrequiredfor its Final DesignReview (FDR). Review Panel:x, X, X, X.
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1 INTRODUCTION 5

1 Intr oduction

Most of thereal-timesignalprocessing@ndpartsof thereadoufunctionality of the Pre-Processaf the ATLAS Level-1
CalorimeterTrigger areintegratedin a Multi-Chip Module (MCM). A MCM packagingechnologyis similar to hybrid
circuits wheremary electroniccomponentsre mountedon a multi-layer substrate.In contrastto hybridsMCMs are
encapsulatedermeticallyandhenceareseenasa singlemodulewith hiddenfunctionalityfrom outside.

The Pre-Processaf the ATLAS Level-1 CalorimeterTriggeris a complex systemwhich consistsof mary chips(dice).
This makesit desirableto assemblamary chipsin a single packageto reducesystemsize and printed circuit board
complity. The advantageof an MCM in the Pre-Processaystemis that one-to-oneconnectiondetweerchips,e.g.
wide digital busescanbekeptinternal. Only signalslik e control, power supplyandmoduleinput andoutputsignalsare
usedaspackagepinsto interfaceto theoutsideboard.

The PPrMCMtechnologycanbe classifiedby its substrataype. It is referredto asan MCM-L (laminated)technology
Thistechniquevaschoserto combinesmallfeaturesizeswith low prices.The substratés basedbn a multi-layerprinted
circuit boardtechnology(PCB).It is anextensionof chip-on-boardechnology(COB), wherethe baredice aremounted
directly on asubstrate The multi-layer structuresareformedby etchingpatternsn copperfoils laminatedon anorganic
insulatorcore of Polyimid. Interconnectiondbetweenlayersare formedby ‘blind’ vias, which only extend from the
surfacepart-way throughthe layers,or ‘buried’ vias, which connectonly adjaceninnerlayersanddo not extendto the
surfacein eitherdirection. The smallestfeasiblelayoutstructurein the designis referredto asfeaturesize. Thefeature
sizeof theMCM-L technologyof the PPrMCMis 100 zm.

Related Documents

Dueto thecompleity of theMCM thefollowing chip specificationsnddocumentsreof importanceor theunderstand-
ing of theelectronicfunctionality.

e Chip Specifications[ADC], [PPrAsic],[LVDS], [Phos4
e Module Specifications[PPM], [ROD]

e Thesis:[Ste0q, [Pfe99/3

e FirstLevel TriggerTDR: [TDR9§]

2 Pre-ProcessoiSystemOverview

TheCalorimeteiTriggergetsanaloginputsignalsfrom theelectro-magnetiandthe hadroniccalorimetersThesesignals
aresummedseparatelyin orderto form trigger tower signalswith a granularityof 0.1 x 0.1in then and¢ directions.
All in all the CalorimeterTriggerhasabout7296analoginput signals which aretransmittecelectricallyvia twisted-pair
cablesfrom the detectorto the Level-1 Triggerelectronics)ocatedin thetriggercavern. The maximumcablelengthfor
triggerinputsignalsis 60 m.

The Pre-Processatthefront-endof the ATLAS Level-1 CalorimeterTriggerlinks the ATLAS calorimeterswvith subse-
guentCalorimeterTrigger processorslt providesthe digital datato identify objectsof interestfor the decisionmaking
on Level-1. The preprocessingcludesdigitization, identificationof the correspondindpunch-crossingn time (BCID),
calibrationof the trans\erseenegy, rate monitoring, readoutof raw trigger data,and high-speediatatransmissiorto
the subsequenprocessorsThe preprocessingf a large numberof analogsignalsrequiresa compactsystemwith fast
hard-wiredalgorithmsmplementedn application-specifimtegratedcircuits (ASICs)andMulti-Chip Modules(MCMs).

The basisof the Pre-ProcessoBystemis a compact64-channePre-Processaviodule (PPM). This modularitywith a
high degreeof componenintegrationis requiredto pre-procesall triggertower signalseconomicallyin eightelectronics
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Figurel: Pre-Processdvloduleblock diagram

crates. Unusedchannelsof the Pre-Processashouldbe groundedon the front-panelor maybeusedto monitor noise
effectsthroughoutheup-streamriggertowerelectronicsUnusedchannelsanbeswitchedoff by loadinganappropriate
look-uptablecontentto the PPrAsic. A Recever Stationin front of the Pre-Processarorvertsthe analoginput signals
to trans\erseenegy within a +5 % band. The outputresultsfrom the Pre-ProcessdBystemare sentvia serial LVDS
links to the down-streanprocessorsncluding duplicationat ¢-boundaries All in all the Pre-Processaonsistsof 128
suchmodules.See[TDR9§] for a detaileddescriptionof the tasks. The taskson its input signalscanbe summarizeds
follows:

e Preprocessing:Provide the trigger processorsiovnstreamwith digital datacontainingthe trans\erseenepy de-
positedjdentifiedwith thecorrespondingunch-crossingkor the ClusterProcessofCP)thegranularityis 0.1x0.1
for |n| < 2.5 andfor the Jet/Enegy-SumProcesso(JEP)thegranularityis 0.2x0.2for |n| < 4.9. In bothcaseghe
inputdataareseparatéor the electro-magnetiandthe hadroniccalorimeters.

¢ Readoutof event data: Raw triggerdatafrom the Pre-Processaireneededo be ableto tell whathascauseda
triggerandto allow monitoringof the performancef thetriggersystem.

A 64-channePre-Processdvlodule hasto carry 16 PPrMCMs. Input connectordor 64 differentialanalogsignalswill
be locatedat the front panel. On the backplaneside of a modulethe readoutbus connectorgPipelineBus)the VMEbus
connectorsandthe connectorgor theserialLVDS links will belocated.

Figurel showvs a block diagramof the Pre-Processdviodule boardspace.The modulewill have 9 units(9U = 36,6cm)
and40 cm in depth. The positionof the PPrMCM on the Pre-Processdviodule was optimizedin termsof good heat
exchangeanda minimum of crosstalk betweenthe high-speedCM outputsignalsandthe analoginputs. This figure
malkesit obviousthatefficient signalroutingandcomponenplacementill be of importanceandthatthe feasibility of
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64 channelger modulerelieson the Pre-ProcessdviCM beingcompactn size. See[PPM] for a specificatiorof the
Pre-Processdviodule.

3 Functional Description of the PPrMCM

The PPrMCM containsthe preprocessingndthe readoutof the ATLAS Level-1 CalorimeterTrigger, for four trigger
tower signals,in a single electronicsmodule. The boundariesof the PPrMCM packagewere chosenat points of the
processinghainwhereonly few signalscomein andout of the MCM packageTheMCM hasanaloganddigital signals
asinputsandoutputs respectiely, andit includesdifferentsemiconductodevicessuchasmixed-signalndpuredigital
chips. Someof themare commerciallyavailable and othersare applicationspecific. The MCM processe$our trigger
tower signalsusinga Pre-ProcessdkSIC developedatthe ASIC laboratoryof the Universityof Heidelbeg [PPrAsic].

A schematidike block diagramof the PPrMCM is shovn in Figure 2. It contains9 dice: four ADCs [ADC], one
four-channelPre-ProcessoASIC [PPrAsic], threeLVDS serializersfor the digital datatransmissiorto the subsequent
processor§LVDS], andatimer chip [Phos4, neededor the phaseadjustmenbf the FADC strobeswith respecto the
analoginputsignals.

Thetasksof thePPrMCMare:
¢ todigitizefour analogtriggertower signalsat40 MHz with 10-bitresolution.Digitizationat 12-bitis usedo extend
the effective numberof bits. This meansthelowesttwo bits arenot connectedo the PPrAsic;
e to pre-procesgachtriggertower datain termsof enepgy calibrationandbunch-crossingdentification;
e to serializepre-processettiggertower datausinghigh-speedBusLVDS chip-sets.

e to provide dead-timefreereadoutf four triggertowers.
In orderto achieve thesethe MCM consistof:

o four ADCsfrom AnalogDevices(AD9042,[ADC]);
o onefour-channePPrAsic,providing readoutandpreprocessing;

e onetimer chip [Phos4, neededfor the phaseadjustmenibf the FADC strobeswith respectto the analoginput
signals;

o threeBusLVDS Serializer([LVDS]) serializing10-bit at 40 MHz (400 Mbps userdatarate,480 MBd including
start-andstopbit).
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Theblock diagramshaws the scopeof the MCM, wherewide paralleldatabusesarekeptinternalandonly analoginput,
control,andthe high-speederialdatasignalcomeout of the MCM package Eachcomponenhasits own clock input,
which will be buffered externally with the sameclock phase. To ensurevalid dataat the following stagethe rising
or falling edgeof the PPrAsicclock canbe programmed.Programmings requiredbecausehe ADC clock phaseis
adjustablechannel-by-channgb the analoginput pulsemaximum.This is requiredto optimizeBCID performanceThe
ADC clockphasds programmablén stepsof 1 nsby the Phos4Asic within 25ns. TheLVDS clock edgecanbeselected
externallyto meetthetiming requirementstits input.

Therealtime signalprocessindlows from theleft to theright. First,the FADC digitizesthe analogtriggertower signals
at40 MHz to 12-bitprecision(10-bitsused)in arangeof 1V peak-to-peakroundtheinternalgenerate®.4V reference
voltage. EachFADC die generatests own referencevoltage. The offsetadjustmentind scalingfrom the 2.5V input
signalrangeto this 1 V rangeis doneby the analoginput boardshavn in Figure4. Next, the four 10-bit databusesare
eachdigitally pre-processenhsidethe PPrAsic. The PPrAsicoutputis interfacedto threeLVDS Serializerchips. Dueto
the useof bunch-crossingnultiplexing (BC-mux)oneLVDS chip cantransmitthe datafrom two ADCs. Dueto coarser
jet-elementshe LVDS usedfor datatransmissiono the Jet/Enegy Processotransmitsghedatafrom four channels.

Dueto the compleity of the PPrAsicit hasits own review. lhe PPrAsicdatapathcontainsa look-up table (LUT) for
datacalibrationanda Bunch-Crossindgdentificationunit (BCID) for unsaturatedndsaturatedriggertower signals.The
unsaturatedCID unit consistsof a finite impulseresponsdilter (FIR filter) with configurablecoeficientsanda peak
finder ThesaturatedCID unit consistof a setof registersandcomparatorsThereadoudatapathcanrecorddatafrom
apipelinememoryupto alevel-1acceptrateof 100kHz for five time-slicesncludingthe BCID result.

3.1 MCM I/O Signals

The MCM 1/O signalscanbe dividedinto threegroups:analoginput signals,digital outputsignals,controlandreadout
signals.Thesesignalswill bedescribedn thefollowing.

Analog Input Signals

The analogtwisted-pairtriggertower signalsare separatdor the electro-magnetiandhadroniccalorimeter They are
reorderedy the Recever Stationin front of the Pre-Processdp the azimuth-oriente@rchitectureof thetriggersystem.
One candistinguishbetweenPPMsexclusively assignedo em-signalsand thoseassignedo had-signals.One PPM
coversatriggerspaceof 0.4x 1.6in then and¢ direction. This corresponds$o 4 x 16 signalseach0.1x 0.1in n and
¢ for the centralregion (n < 2.5). Thesignalmappingto PPMsin the forwarddirectionabove > 2.5 is describedn
[PPM] where'thinnedout’ cablesareusedto allow identicalPPMsto be used.Thedifferentialsignalsarecomingin via
four Sub-D37cconnector®n the front panel. A footprint of the Sub-D37cconnectoron the PPMboardcanbe seenin
Figure3. The pair numbersareorderedalongthe front-panelfrom top to bottom. A groupof four signalspairscovera
0.2x 0.2areaclockwise.In orderto allow BC-multiplexing along¢ insidethe PPrAsic,are-orderingof signaltracesis
requiredontheMCM. Up to the MCM, signaltracesarestraightforvardconnectedhroughtheanaloginputboardsused
for signalconditioningand‘externalBCID’. Onthe MCM, single-endeautputsof the analoginput boardarereordered
in sucha way thatsignall and4 are connectedo the PPrAsicchannelsl and2, andsignal2 and3 are connectedo
PPrAsicchanneB and4.

The voltagerangeV;, . 0f the ADC correspondgo 0 to 250 GeV trans\erseenegy depositedn the detector The
triggertower signalis bipolar shapedn caseof the Liquid-Argon Calorimeter(LAr), with an undershooof Ve
(20%). It is unipolarin caseof the Tile Calorimeter ThevoltagerangeV; . is mappedo thedigitizationrangeVapc
of the ADC. Thisis doneby theanaloginputboardin front of the MCM. Thiscircuitis shavnin Figure4. Theboardhas
alow impedanceutputamplifierin orderto eliminategainvariationsntroducedy variationof the ADC inputresistance
Rin. apc . It is alsousedfor baselineshift andto createan‘externalBCID’ signalconnectedo the PPrAsic.Intrinsic gain
variationsof the ADC will be compensatedigitally by loadingan appropriatdook-up table contentinto the PPrAsic.
Eachinput stageof the PPrMCM hasa low-passfilter to reducehigh frequeng noiseascloseaspossibleto the ADC
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Figure3: Pinningof the PPMfront-panelconnectofrom LAr calorimeters.

input. Default RC valuesare5nsfor manufcturing.If it turnsout, duringthefinal MCM test,thatthe inputimpedance
variation of the ADC (R;,,apc) is effecting the gain, an adaptionof the resistorand capacitorvaluesis requiredto
matchthe gain criteria by keepingthe RC value constant.This procedurewill be partof the final MCM parametetest
after encapsulationThesecomponentsire accessabléor later re-solderingon an ‘RC-balcory’. SeeSection5.1 for a
mechanicatiescription.Theanalogreturncurrentof theinputsignalsstageof the ADC will bekeptseparatef thedigital
by introducingananalogground,connectedo adjacenpinsfor shieldingreasons.

Digital Output Signals

ThePPrMCMdeliversthreeBUS LVDS serialoutputstreamsat a serialdatarateof 480MBd (S DR). Theuserdatarate,
excludinga startanda stopbit, is 400 Mbps (U DR). Eachserialoutputis generatedrom anDS92LV1021BusLVDS

serializerfrom NationalSemiconductorThis device transformsa 10-bitwide parallelCMOS databusfrom the PPrAsic
into a singleBus LVDS serialdatastreamwith anembedded0 MHz clock. Two of the serialdatastreamscontainthe

datato the ClusterProcessqmwhich represenenegy depositson the 0.1 x 0.1 and¢ grid. Thethird streamcontains
enegy depositoonthe0.2x 0.2grid, which areto besentto the Jet/Enegy ProcessorThe ClusterProcessodatacontains
a 8-bit enepgy value,oneBC-muxflag bit, andoneodd parity bit. The Jet/Enegy Processodatacontainsa 9-bit enegy

valueandoneodd parity bit.

TheLVDS outputtracesarematchedo 100 OhmdifferentialimpedanceNo pre-compensatioaircuit is requiredon the
MCM, sincethe LVDS signalsarerefreshedn the PPM motherboardA pre-compensationetwork is only usedat the
outputstageof themotherboard VDS buffer to drivethesignaloverafew metersof cable. Thiscircuit doesnotinfluence
the LVDS outputsectionof the MCM.

Link testsat Birmingham,Heidelbeg, andMainz indicatelow bit-errorratesandacceptabldéink performancever20m

long cables. The DS921V1021 Bus LVDS Serializeris designedo work with the DS921V1210 Deserializer which

requiresa clock-jitter betterthan 150 ps. But, the TTCrx chip on the PPM may have a clock jitter of up to 250 ps,

which makesit necessaryo usethe DS92LV1212A asan upgradeon the recever end. This chip is an upgradeof the

DS92lv1212device whichtoleratesa minimumof 450psijitter thetypical valueis 730ps. It maintainsall of thefeatures
of the DS92LV1212andis designedo be usedwith the DS921\/1021BusLVDS Serializer Hence,alow jitter PLL at

the PPMboardlevel is notrequiredto ensurea clockjitter betterthan150psfor theLVDS Serializerusedonthe MCM.

Control Signalsand ReadoutSignals

The controlandreadoutignalscanbe summarizedsfollows:

e 12C (Phos4)



3 FUNCTIONAL DESCRIPTIONOF THE PPRMCM 11

differential
analog LineRec BaseLine Offset;
Input (Gain=1) (Gain=0.43, 2.5V -> 1.0V)
+ analog N
Signal to RC ~ 5 nsec
FADC - 5cm
1.0 Vpp
Gain=1.43, to digitise
Offset: +1.75 to +2.19V,
2mV step
3.0 Vpp (Inv)
Ref=+2.5 V N —|—10n 1
P 1
FADC
L Qo L
AGnd
Inv Comparator . i
i2c _ [ThiDAC B ’ - e >pprasIC
8-fold
MAX521 MAX901
Anin_PCB PPrMCM

Bit#11 @FIFO latches "rise"

Comparator _/f\—l_
OutPut
<>

Duration of
Cal.Signal
above Threshold

Figure4: Block diagramof theanaloginput signalgeneratiorcircuit

o JTAG (PPrAsic)
o Serialshift register(PPrAsic)

The I2C interfaceis usedfor Phos4programming.The JTAG interfaceis usedfor in-circuit testingandboundary-scan
of the PPrAsic. The JTAG interfaceprovidesboundary-scaiO, to pre-loaddefinedpad statesandto scanthe values
recevedfrom the ADC. Thisis a very usefultestfeaturefor the MCM productiontestto identify connectvity problems
inside. The serial shift registeris the main readoutpath of the MCM. It is connectedo a configurabledevice called
RemFPGAlocatedon the PPM. At the momentit is not intentedto usethe PPrAsicdaisy-chainoption, sincerouting
boardspaceonthe PPMdoesnot seento beaproblem.A temperatureneasuremerdiodeon PPrAsicwill beconnected
to anexternalresistorwhich allows to monitorthe MCM temperatureia the PPM CAN-businterface.

Readoubperation®f the PPrAsicaretriggeredby a Level-1 Acceptsignal,generatedhy the CTP anddistributedby the
TTC system.TheTTC systemdistributesall timing informationsynchronouslyo all destinationsThisincludesthe LHC

clock, thebunch-crossingrumben(BCID-number) aswell asthe event-numbe(L11D) andbroadcassignals.Also reset
signalsfor internalcountergo maintainsynchronizatiorfor thebunch-crossingumberandLevel-1numberis distributed
via TTC. The MCM will useTTC broadcassignalsto triggerthe LVDS SYNC pattern,aswell to trigger the PPrAsic
resetandto startsynchronouseadoutand playback. The following tableis a summaryof TTC signalsconnectedo

the PPrMCM.Pleaseaeferto the PPrAsicspecificatiofPPrAsic]andto the ROD specificatiorfROD] for furtherdetails
aboutthereadout.
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Tablel:

| Symbol Parameter Default |
ResetandBroadcasSignalsfrom TDC
EVCNTRES PPrAsicevent-numbereset
RESET PPrAsicresetsignal
BCCNTRES PPrAsicbunch-crossingiumberreset
L1ACCEPT Level-1acceptsignal

SYNCPLAYBACK startsynchronougplayback
SYNCREADOUT  synchronizeeadout
LVDS_SYNC SYNC patternfor LVDS

Inter nal Signals

ThePhos4DetectignalontheMCM is connectedrom thePhos4Phi2 outputto the PPrAsicFreqlninput. Thefrequeny
detectioncircuit in the PPrAsicis ableto discriminatea frequeng appliedat the Freglninput. This frequeny detection
is foreseerto be usedfor monitoringof the Phos4phasedetectioroutput,which sendsa signalwith afrequeng between
2 MHz and6 MHz, whenthe Phos4chipis operatingcorrectly The Phos4chip losesall its programmediming settings,
if amomentanfossof its clock signalClk_Phos4appearsin normaloperatiorthis shouldnot bethe casesincethe MCM
Clk_Phos4pin is connectedo a stableandfree runningquarzoscillatoron the PPMmotherboard.

The PPrAsicfrequeng detectorchecks,if the signalappliedat Freqin hasa frequeng higherthan0.3 MHz. If the

frequeng is lower or the signalhasa constantvalue,the MCM Phos4Eror outputis setto 1. The frequeny detection
worksreliably for frequenciesipto 20 MHz. Higherfrequenciesnaynot be detectedorrectly dependingon how phase
andfrequeng arerelatedto the40 MHz systenclock of the PPrAsic. TheFregLostsignalis alsoincludedin aread-back
statusword.

Power-up Sequenceand Initialization

The Serializerhasa synchronizatiormodethat shouldbe activatedupon power-up of the MCM. The Deserializemill
establishock to this signalwithin 1024 cycles,andwill flag lock status.Beforedatacanbetransmittedthe MCM must
be initialized. Initialization refersto synchronizatiorof the LVDS SerializerPLLs to the local 40 MHz clock. After
MCM power-up andPPrAsicresetthe MCM is in ‘transparentmode’. This modewill bypasslO-bitdatafromthe ADCs
to the LVDS Serializers.The LVDS Deserializerswhich arelocatedin the ClusterProcessoandJet/Enegy Processqr
have to synchronizeo the MCM outputs. The MCM Serializeroutputsare heldin tri-state,while the LVDS PLL locks
to the 40 MHz clock (LVDS TCLK pin). The Serializeris thenreadyto senddataor SYNC patternsdependingon the
levels of the SYNC1andSYNC2inputs. The SYNC patternis composedf six ‘ones’ andsix ‘zeros’ switchingat the
40 MHz input clock rate. Pleaserefer to the Serializerspecification[LVDS]. The transmissiorof SYNC patternsto
the Deserializeenableghe Deserializetto lock to the Serializer Oneor both of the SerializerSYNC inputshave to be
assertedor atleast1024clock cyclesto initiate transmissiorof SYNC patterns.The MCM Serializerwill continueto
sendSYNC patternsafterthe minimumof 1024cyclesif eitherof the SYNC inputsremainshigh.

If the Deserializedoseslock, its LOCK pin will go high. This mustbe monitoredby the Processorto detecta lossof
synchronizatiomndthesystemmustarrangdo asserthe SerializersSYNC1andSYNC2pin to re-synchronizéhelinks.
This takesat least1024clock cycles. The SYNC1linputpin is programmableia the serialinterfaceof the PPrAsicand
canbe assertedy software,wherethe SYNC2 pin is anexternalMCM pin which will be setvia a Trigger Timing and
Control (TDC) broad-cast.

Theedgeof TCLK usedto strobein datais selectablevia the TCLK_R/F pin. TCLK_R/F high selectghetherising edge
for clocking dataandlow selectghefalling edge. The MCM outputs(DO+) transmitdatawhenthe enablepin (DEN)

is high, PWRDN=highandSYNClandSYNC2arelow. The DEN pin maybe usedto tri-statethe outputswhendriven
low. The PWRDN signalshutsdown the SerializerPLL andtri-statesoutputsputtingthe LVDS into alow power sleep
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Table2:

| Symbol Parameter Default ]
Default Conditions
GenOutk4..0> genericoutputsof PPrAsicchannetl.  0b’00011
GenOutzx4..0> genericoutputsof PPrAsicchannel 0b’00011
GenOutk2> LVDS1SYNC2to CP 0b’0
GenOutk 3> LVDS2SYNC2to CP 0b’0
GenOutk4> LVDS3SYNC2to JP 0b’0
GenOutk 0> LVDS1PWRDN 0ob’1
GenOutk 1> LVDS2PWRDN Ob’1
GenOutz 0> LVDS3PWRDN 0ob’1
LVDS1DEN externalMCM pin 0b'1
LVDS1TCLK_R/F externalMCM pin 0b'1
LVDS2 DEN externalMCM pin Ob’1
LVDS2 TCLK_R/F externalMCM pin Ob’1
LVDS3.DEN externalMCM pin 0b'1
LVDS3.TCLK_R/F externalMCM pin 0b'1

mode. After a pawer-up of the MCM anda resetof the PPrAsicthe defaultsin Table2 ensurethatall LVDS Serializers
areenabledo transmitvalid data.

ThethreeBUS LVDS serialoutputstreamswill be bufferedonthe PPMto berefreshedeforetransmissiorvia twisted-
pair cableson the PPM backplaneconnectorsCurrentlytwo optionsexist for that purpose First anin-housedeveloped
ASIC called’LFAN’, whichis an8-fold differentialLVDS buffer chip providing sufficient outputcurrentto drive LVDS

signalsacrossthe cable connectionbetweenprocessorcrates. Fan-outof LVDS signalsto different processorst n

boundariess doneby distributing the serialsignalto two LFAN inputs. The secondoptionis to usean XILINX Virtex

FPGAwith LVDS in- andoutputpins. Fan-outin this cases doneby programminghedevice. All LVDS signalswill be
terminatedvith a 100 Ohmdifferentialimpedancet theinput of the buffer chip.

4 DesignExperience

Thedesignof the PPrMCMwill benefitfrom the designexperienceestablishedby variousdemonstratoprojects.First,a
demonstratoMulti-Chip Module (PPrD-MCM)wassuccessfullypuilt andtestedsee[Pfe99/7 for details). Thedemon-
stratorMulti-Chip Module hada size of 15.9cn? andit consistedof 9 dies. The MCM was designedwith the same
featuresize (100 pm) asthe PPrMCM andit wasfabricatedn the samelaminatedMCM-L processofferedby Wiirth
Elektronik. A Flip-Chip mounttechniquevasinvestigatecandcoolingwasimproved by cutoutareasn the layer struc-
tureto dealwith 12.25W power dissipation.The PPrD-MCMwastestedaspartof a modularPre-Processdestsystem,
wheretransmissiortestswith 800 MBd andreadouttestshave beenperformed. Comparedo this MCM the PPrMCM
will belessdemandingn termsof power, temperatureandlink speedandhencet canachierze animprovedreliability.

Furtherdevelopmentdowardthe final PPrMCMwhereinvestigated.This ‘intermediate’stepbetweerthe demonstrator
andthe final PPrMCM was set-upto testthe interplay of new componentsandto evaluatelayout properties. The die
versionsof ADC, LVDS andPhos4weremountedon a CMC cardcalledECMC (se€[Ste0( for details).

Link testsat Birmingham,Heidelbeg, andMainz indicatelow bit-errorratesandacceptabléink performancever20m
long cablesIf theremightbeaproblemusingLVDS chip setsin the Triggeronecouldof causehave the G-link optionas
afallbacksolutionimplementednthe MCM. Thiswasprovedto befeasibleonthe PPrD-MCM.Theimplicationwould
beto re-desigrthe PPrMCM layoutandto usecutoutareago dealwith anincreasegower dissipationfor the G-links.
But seriouslyfolks, why shoulda device, lower in power, lower in speedandlower in temperaturde lessreliablethan
G-links?
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5 Characteristics

This sectiondescribesPrMCM characteristictike mechanical-timing-, andelectricalcharacteristics.

5.1 Mechanical Characteristics

The physicaldimensionof the PPrMCM areshowvn in Figure5. It will be 20 mm wide and 70 mm long with clamps
on eachendto arrestit andallow a quick replacemenif required.On eachenda 60 pin SMD connectofrom SAMTEC
(BSH-030-01-F-D-A)Sani connectst to the PPMmotherboard The chipsareencapsulatedith alid in betweerthe
two SMD connectorsThelid will be gluedwith electricallyconductingepoxyto the layercompound.It will actasan
EMI-shieldingdevice andit will befilled with a siliconegelto remove atmospherandto protectthe dice from moisture.
The four layer compoundwill be gluedelectricallyisolatedto a 800 um thick coppersubstrate.The substratetself is
not groundedpecauseét doesnot actasa shieldingdevice. The fourth layer ‘ground plane’is exclusively usedfor this
purposewhichallows awell definedthicknesgo ensuresteadyimpedancédor thedesignof 1000hmLVDS micro strip-
lines. On the backsideof the substratean 8 mm heat-sinkis gluedto it. Thetotal heightD, rrc s of the MCM will be
15mm. SeeTable3 for MCM dimensionsDueto the heightof the connectolheadeion the motherboardherewill bea
clearancef 2 mm betweerthe motherboardndthelid. Thisallows smallSMD componentso be placedbetweenglose
to theconnectopins,e.g. bypass-capacitofer power supplylines.

| 70 |

O0000000000000000000000
000000000000 00000000000
g 0000000000 000000O000
¢t | 000000000000 00000O00 & o
... 0000000000000 000000 \
0D0000000000000000000000/  clamp
0D0000000000000000000000
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Figure5: MCM physicaldimensions

5.2 Timing Characteristics

Theinternaltiming characteristiof thePPrMCMhasto follow therequirementgivenby eachchip specification Figure6
shavs aninternalPPrMCM timing diagramto illustrateset-updelay outputdelay andhold delayfor eachchip. Please
referto theindividual chip specifications.

Dueto the programmabilityof the ADC digitizationstrobeto theanaloginputsignal,the ADC outputdatawill beshifted
accordingly Hence the PPrAsicmustbe programmediependingpn theactualdelayvalueusedby the Phos4chip to shift
eachADC clock individually. The PPrAsicclock edgeusedto latchthe ADC input datacanbe programmedhannel-
by-channelbswell asthe databit from the externalBCID. This synchronizations requiredto clock valid datainto the
LVDS Serializers.The LVDS Serializerclock will be selectedo latchthe PPrAsicdatawith thefalling edge. This may
be changedafter detailedtiming measurementat the PPrAsichave provenits hold delaytq, pprasic (5 ns)andoutput
delayt,q, pprasic (7 NS). SeealsoTable3 for the switchingcharacteristics.
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Figure6: MCM timing diagrams

5.3 Electrical Characteristics

The PPrMCMrequires3.3V and5 V supplyvoltages.Only the ADCs require5 V. The ADC outputstagewill have a
3.3V supplyto matchtheoutputlogic levelsto be CMOScompatible The PPrAsicandthe LVDS Serializerdhave CMOS
compatibld/O logic levelsexceptof thehigh-speederialdataoutputsof theLVDS chips.Pleaseeferto Sectiord, where
testsof the ADC andLVDS chipshave beenmade.Oneof the majoroutcomesf thesetestsare,thatno currentlimiting
resistorsaarerequiredontheMCM dueto thereduceccapacitve load of shortchip connections.

6 Production Technique

The designprocessof the laminatedmulti-layer structureis basedon anindustrially-available productiontechniquefor
high-densityprintedcircuit boards. The processwhich is offeredby Wirth Elektronik [Wu€ is called TwinFlex. It is
characterizedy its useof plasmaetchedmicro-vias,whereplasmais usedfor ‘dry’ etchingof the organicinsulating
Polyimide. Radicalsandionsfrom a plasmareactchemicallywith organicmoleculesaccessibléhroughopenareasn a
layer mask. Reactionproductsareremovedinstantaneouslyguring the etchingprocessbecausef the reducedoressure
anddensityof the plasmaphase Plasmeetchingenablegprecisevia contactshetweerlayerswith a diameterof 100 um.
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Table3:

| Symbol Parameter Conditions Typ Units
ElectricalCharacteristics
DvCC digital power supply 3.3 \%
DGND digital ground 0 \%
AVDD analogpower supply 5 Vv
AVCC analogpower supply 3.3 \%
AGND analogground 0 \Y
Papc power dissipation DC 595 mw
Ppprasic power dissipation (to bedefined) 1200 mw
Ppposa power dissipation @40MHz 200 mw
Prvbps power dissipation @40MHz 106 mw
Pyom power dissipation (to bedefined) 4100 mw
Rin.apC inputimpedance 250+ 50 Ohm
Rin,mcm inputimpedance 300+ 1% Ohm
Rout outputimpedance differential(DO- to DO+) 100 Ohm
Rsquare traceresistanceersquare p=1.724x1075Qm 0.069 Ohm
AnalogInput
Vapc analoginputvoltagerangeADC 0-1 \%
Viower triggertowervoltagerange 0-2.5 \%
Vunder bipolarLAr undershoot 20 %
Visat analogtriggertower saturatiorvoltage 3.0 \%
DNLyom differentialnon-linearity10-bits 10.15MHz sine,@40MHz  +0.2 LSB
INLycowm integral non-linearity10-bits 10.15MHz sine,@40MHz  +2 LSB
ENOBycoyv  effective numberof bits 1.8MHz sine,@40MHz 8.9 ENOBs
ENOBy ey effective numberof bits 9.9MHz sine,@40MHz 7.8 ENOBs
SerialLVDS Output
Vor high level outputvoltage Tog=-9mA 2.93 Vv
Vor low level outputvoltage Ior=-9mA 2.0-5.0 V
SDR serialdatarate @40MHz 480 MBd
UDR userdatarate @40MHz 400 Mbps
SwitchingCharacteristics
tod,Phosa outputdelayPhos4 programmablelelay 0-24 ns
tod,ADC outputdelayAD9042 +2ticks 9 ns
tod,PPrAsic outputdelayPPrAsic (+10CR +11JP)ticks 7 ns
tod, LV DS outputdelayDS921VvV1021 +2 ticks 3 ns
tod,mCM MCM outputdelay3+10(11)+1 (+14CR +15JP)ticks 3 ns
tsa,LvDS set-updelayDS921v1021 1 ns
thd,LVDS hold delayD892LV1021 6.5 ns
tsd,PPrAsic set-updelayPPrAsic 0 ns
thd,PPrAsic hold delayPPrAsic 5 ns
MechanicalCharacteristics
Dy moMm MCM substratelimension heat-sink 70x 20 mm?
D,y pcB MCM substratelimension incl. connectohead 70x 22 mn?
D, mcm total MCM height inc. heat-sink 15 mm
Niond numberof wire bonds incl. testbonds 416
Npin numberof connectompins 120
Ngie numberof dice 9
Niayer numberof routinglayers inc. groundplane 4
ThermalCharacteristics
Tyvom max. MCM temperature forcedcorvection2m/s 55 °C
MTBFycy  MeanTime BetweenFailures agie =1 ppm 111.111  h
Ryom reliability 92.4 %
Rjcmom junction-to-caseesistance 7.3 °/W

16
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The numberof vias, which may be etchedat onceis not limited anddoesnot effect the compleity of a designandits
price.

6.1 Layer Structure

The body of the PPrMCM is a combinationof threeflexible Polyimid foils laminatedonto a rigid coppersubstratdo
form four routing layers. Here a descriptionof the layer cross-sectiotis givenin the way they are manufctured:an
innerfoil of 50 um thicknessalsoreferredto ascore foil, carries18 um copperplateson eitherside. Plasmaetchingis
usedfor ‘buried’ via connectionso adjacentayersandroutingstructuresreformedin copperusingcorventionaletching
techniquesThecorefoil is surroundedby outerfoils of 25 um Polyimid,whicharecopperplatedonly ononeside.Figure
7 shaws a sideview of eachflexible foil prior to laminating. The actualcontactthroughthe corefoil is accomplished
with electroplatedtopperandafterthat, the routing structureareformed. The electroplatingorocessncreaseshe track
thicknesdrom 18 umto 25 um. Thesurfacemetallugy of layer1 will begold platedwith 100nmto allow wire-bonding
universallywith 25 um Al wires.

Plasma etched
‘buried’ via
. Copper
Outer—foil .
Polyimid

Copper
Core foil Polyimid
Copper

. Polyimid
Outer—foil
Copper

Figure7: MCM layerdefinition

The applicationof adhesre accomplishesaminating. TheninsulatingPolyimid is removed by plasmaetchingabove
a ‘target’ padto form a surface‘blind’ micro-via contactfor the ‘outer’ foils. After electroplatingof copper routing
structuredfor the top and bottom layer are etchedto form final connections.Figure 8 shows the final laminatedand
flexible partof the MCM afteretchingof outerroutingstructures.

Routing
structures

Staggered
via

Figure8: Cross-sectiowith staggeredia connectiorthroughall layers.

As shavn in Figure 8, a combinationof threeviasis neededo accomplisha contactfrom the top to the bottomlayer.
A ‘blind’ surfacemicro-viaconnectdayer1 to layer 2, a ‘buried’ via connectdayer 2 to layer 3, andfinally a surface
micro-viaconnectdayer 3 to its destinatioron layer 4. Drilled vias areavoided,becauseahey would needa morerigid
andthereforethicker corefoil, whichwould unnecessarilincreasehetotal thermalresistancef thedesign.

Theflexible multi-layeris finally gluedontoanelectricalisolatedcoppersubstratélayer4 actsasgroundplane).Dice are
connectedo bondpadsonthetoplayerof thecross-sectionsinga standardiltrasoniowire-bondtechnique Components
suchascapacitorandresistorsareconnectedo the multi-layerstructureusingsurface-mountechnology Advanced-lip-
Chip mountingwasinvestigatedout is omittedfor the final PPrMCMto reduceproductioncompleity. Staggeredias
are groupedas closeas possibleto form thermalvias, which improve heatconductionto the substrataunderneathhe
ADCs. Dueto the large numberof semiconductodevicesand MCMs at the Pre-Processdroardlevel, a high-density
SMD connectoiis usedto permita quick replacemensdf abrokenMCM. If built-in testshave identifieda brokenMCM,

it canbe replacedwithout ary soldering. The MCM is encapsulatedith alid andfilled with a silicon gel asan elastic
encapsulatiomaterialto absorbstressandto hermeticallyprotectall component$rom atmosphere.
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Figure9: MCM designrules

6.2 Feature Sizeand DesignConstraints

TheTwinFlex MCM-L technologyis offeredby its manufcturemith norelationto any specificphysicallayouttool. The
compaly doesnot supporta softwareproductwith librariescontaininginformationon materialscross-sectiomr design
constraints.The designertis free to choosea suitablelayouttool, and he hasto ensurethat all processparametersnd
constraintgyiven by the manuficturerare setup properly Thelayouttool is thenableto checkthe layoutagainstgiven
constraintautomaticallywhichis referredto asDesignRule Check(DRC).

For thePPrMCMthephysicallayouttool APD (AdvancedPackageDesigner[Apd97]) wasused.lt is alayoutsystenfor
creatingandoptimizing micro-electronigpackagessuchasMCMs or Single-ChipModules(SCM). APD is partof the
integratedsoftware,whichthe Cadenceompaiy [Cad sellsfor accomplishinghemajorphysicallayouttasks.APD can
alsobe usedtogetherwith otherCadenceroducts hamely: ConcepfCon94 for schematicapture,Thermax[The97
for thermalanalysis,SigNoise[Sig97] for signal noiseanalysis,and EMC [Emc97 for checkingof electro-magnetic
interferencerules. Following this productdivision, one can defineconstraintsn eachof theseproducts,e.g. for the
geometricalayout, for the maximumallowed moduleandcomponentemperaturefor the electricalsignalintegrity, and
theelectro-magnetimterference.

Table 4 describeghe appliedlayout constraintsas they were arrangedin conjunctionwith Warth Elektronik for the
PPrMCM. The layout constraintsare illustratedin Figure9. A characteristimumberof 100 um was chosenas the
minimum allowed featuresize. No line or shapeof the layoutis allowed to be smallerthanthis number The etching
techniquecan producesmallerrouting structuresof 80 um, but 100 pm wasusedto lower the MCM price andto stay
within a more conserative rangefor which the TwinFlex processhasshonn bestresults. The minimum featuresize
appliesto the line spaceandwidth of coppertracksaswell asto the soldermaskspaceandwidth. For the distanceof
linesandshapego cutoutregionsandfor themilling tool radius,a sizeof 500 um wasdefined.

Via constraintsaredefinedby a holediameterto form the contactto anadjacentayer, andthediameterf a surrounding
contactandtargetpad. Table4 lists their valuesfor ‘buried’ micro-vias,and‘blind’ micro-vias. Thesevia typescanbe
combinedto form a staggereatontactthroughall four signallayers. Apart from the definition of alternatingmaterials,
their thicknesss importantfor both thermaland electricalcharacteristicsSeeTable 4 for the thicknessof eachcross-
sectionlayer,

7 Schematic

The PPrMCM schematiovascreatedn Conceptasfront-endtool for the physicaldesignentry Conceptis partof the
Cadencadesignwork frame. It canbe usedin combinationwith the simulationtool Analog Workbench(AWB) that
Cadenceprovidesfor accomplishingnixed-signakimulations.All schematigagesareincludedin this document.The
TOPpage(Figure10) wasusedasatop-level symbolin a mixed-signakimulationasdescribedn Section8.1. Pageone
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Table4:
| Symbol Parameter Conditions Typ Units |
GeometricaLayoutCharacteristics
Wiine line width min featuresize 100 ©m
Doy pad bondpaddimension singlewidth 300x 150 pm?
D gie2pad distancesilicon die edgeto bondpadedge 750 pm
Dy2pad copperto bondpadedge 550 pm
D gieocu silicon die edgeto copperoverlap 200 pm
Dygicomask  Silicon die edgeto soldermaskcut-out 200 pm
D womin copperto mcmboundaryspacgmilling tool space) 500 pm
Via Characteristics
‘buried’ micro-viaholediameter 100 pm
‘buried’ micro-viapaddiameter 300 pm
‘blind’” micro-viaholediameter 100 pm
‘blind’ micro-viapaddiameter 350 pm
LayerCharacteristics
Surfacemetallugy (Au) thickness 100 nm
Surfacemetallugy (Ni) thickness 5 pm
Coppertracks thickness 25 pm
OuterPolyimid insulator thickness 25 pm
Epoxygluebetweerayers thickness 10 nm
CorePolyimidinsulator thickness 50 pm
Epoxyglueto substrate thickness 50 pm
Coppersubstrate thickness 800 pm
Aluminium heatsink thickness 8000 pm

(Figurell)is the ADC partof theMCM, Pagetwo (Figure12)the PPrAsicandPhos4schematicpagethree(Figure13)
is theLVDS Serializerschemati@andfinally pagefour (Figure14) shavs the connectompin to signalallocation.
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PPRMCM PPRMCM
ADCL_IN o ADCI_IN ADSB42 x
ADC2_IN o] ADC2_IN
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ADC_CLK o ADC_CLK
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BCCNTRES o BCCNTRES
L1ACCERPT o L1ACCERT PHOS4BRROR | o PHOS4BERROR
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PPRASICCLK s PPRASICCLK GENOUT<¢4. . 1> | o GENOUT<4. . 1>
JTAGTRST o4 JTAGTRST
JTAGTDI o JTAGTDI
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JTAGTCK od JTAGTCK JTAGTDO | o JTAGTDO
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Figure10: MCM schematicTOP
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8 Simulations

Electricalandthermalsimulationswereof useduringthe designof the MCM. A circuit simulationwasset-upandused
to checkfor connectvity errorsduringthe design.This simulationwill alsobeusedfor thefinal MCM productiontestto
generataligital andanalog'test vectors’aswell as‘expectedvectors’(seeSection12). The thermalsimulationwas of
usefor thetemperaturéudgetof the PPM.

8.1 Circuit Simulations

Figurel5shovsthescopeof themixed-signakimulation.Analogcalorimeteinputdatato the Simulationweregenerated
by a Pspicesimulationof the LAr triggertower electronic.Otheranalogstimulusdatacanbe generatedvithin the AWB
simulation;like clock pulsesnoise-,or time-jitter effects. This simulationwasusedto checkset-upandhold times,ADC
clock phase-adjustmenisingthe Phos4. It canalsobe usedto simulatethe effect of e.g. variationsof the ADC input
resistance:Basic’ simulationmodelsfor the ADC, Phos4,andLVDS werewritten in VerilogA. For the Pre-Processor
Asic the actualVerilog codewasused.This simulationis of importancelo generatexpectedresultvectorsto be usedin
anautomategbroductiontestrequiredfor suchacomplex mixed-signaldevice.

Analog Workbench .
_ Verilog
PSpice . Spice  VerilogA VerilogA |
porT T
[ |
Tower T ' rec. —| ADC ™| PPrAsic "I LVDS [~
- 1 3
} clk 3
Phos4
VerilogA

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figurel5: Mix ed-signakimulationandtestvectorgeneration

8.2 Thermal Simulations

For analyzingthethermalcharacteristicef thedemonstratoPPrMCM,theanalysigool ThermaxqThe97 wasused.It is
partof the Cadenceproductdistribution [Cad andit is integratedin the APD (AdvancedPackagingDesignef{Apd97)).
After a Thermaxsimulationis complete pnecanview two- andthree-dimensionahapsthatcanbeoverlaidonthe APD
design.

For eachdie, material,size,andthermalresistancérom the junctionto the die attachmentveredefinedandprovidedin
a componentibrary for simulation. Becausef equaltreatmenif eachcomponentthe simulationcannottake special
coolingapproachesuchasthermalviasof thecross-sectiomto accountHence thesimulationresultsfor theMCM must
be seenasaworstcasesystemsimulationto estimatemaximumratings,andto obsene thethermalbehaiour dependent
on variationof boundaryconditions. From thermalspread-sheatalculationghe individual die cooling is improved by
about87 % by usingthermalvias[Pfe99/3. But, becaus®f thelossof all routingareaunderneatla chip, suchacooling
mechanisnwasonly appliedto the ADCs.
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Figure16: Temperatursimulationfor chevron-like MCM placment

Figure 16 shaws the heatedareaof the Pre-Processamotherboardequipedwith 16 PPrMCMs. The PCB s heatedup
from theinitial temperaturef 25 °C to the maximumof 49.3°C. A fanis blowing vertically from the bottomto the top
andthetemperaturenapis overlaidon the PPM layoutto identify the MCM positions. The temperaturesimulationhas
shavn goodresultsfor a‘chevron-like’ MCM placementin addition,this placemenseparateanalogsignalsfrom digital
signals.

9 Layout

Figure17 shavs anoverview pictureof all MCM routinglayers. Onecanseethe coppershapedor the die attachment,
SMD padspondingpadsandthetopgroundshielding.Thechiplocationis, from left to theright: Phos4 ADCs, PPrAsic,
andLVDS. Eachconnectohas60 pins. Theleft onecarriesonly analogpower, andslow controlsignalswhereagheright
onecarriesdigital, clock,andhigh-speederialoutputsignals.As a guideline, thefollowing pointshave beenconsidered
duringthelayout:

e Analog and digital parts: Analog chipswere separatedrom digital chips,andpower and groundsignalswere
keptseparateThis appliesalsoto the signalrouting.

e Componentplacement: Optimumdistanceto othercomponentsto achieve uniform heatdistribution were con-
sidered Extraspaceneededor componentnountingtechnologiese.g.wire-bondingandsolderingwereforeseen.

e Signalrouting: Becausef thehigh signaldensity no autoroutingtool wasused.Thelayoutis fully handcrafted,
with two signallayerssurroundedby the bottom groundplaneand a top layer, consistingof shieldingshapes,
bondingpads,and SMD pads. Onesignallayerwasmainly usedfor routingin x-directionandthe otheronefor
routingin y-direction.
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Figure18: MCM layer1

e Track width: Wider power trackswereusedto limit the voltagedropon power rails. For aMCM copperrouting
layer a resistvity of 1.72410~% Qm anda thicknessof 25 um wastaken to calculatethe resistanceper square
Rsquare Whichis 0.0699Q/square. Theresistancef ary trackwith constanwidth w is equalto the numberof
rectangulasquareswith sizew x w multiplied by Rs,.qr.. FOr example,atypical power trackis 350 um wide,
1 cmlong, anda currentof 133mA hasatrackresistancef 1.97( anda voltagedropof 0.26V.

e Chip power supply: Separatg@ower tracksfor eachchip typewereused.Thosetrackswereseparatelgonnected
to the external power pins of the MCM package.The power pinswill be connectedogetherby externalpower
connectionsSeeAppendixB for the namesf thedecoupleower nethamef eachdie.

e Chip power blocking: Thepowersupplylinesareblockedfor eachdie usingabypassapacitoiof 100nF separate
for the analoganddigital supplylines. Onefor the Phos4 two for eachADC, four for the PPrAsic,two for each
LVDS. Seethe MCM schematidn Section7 shaving the capacitorsandtheir size propertyattachedo indicate
their multiplicity. Youmayalsofind theirlocationon thelayoutview in Figure18.

e Clock distribution: The clock distribution wasdonefor eachchip individually usingshorttracks. This ensures
uniform propagatiordelayfor all clock signals.

¢ Via placement: A via cancarrythe samecurrentasa coppertrack of 100 um width. Hence,in wider powerrails
thenumberof viaswasincreased.

¢ Via count: Thenumberof viasfor thehigh-speederialLVDS signalsvasreducedA via, whichconnectsadjacent
layersof differentimpedancecancauseeflectionsaffectinghigh-speedignals.

e Bond-pad size: The MCM hasuseda bond-padsize of 150 um x 300 um. This sizeis large enoughfor wire-
bonding,evenif oneneedgo probeatbondingpadsduringthe MCM testor to placea secondhondingwire.
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Figure20: MCM layer3

e Testpads: Testpadsareplacedonthetop layer. Duringthe MCM pre-testat Heidelbeg, needleprobescanthen
spy onsignalswhich areotherwiseburiedin thelayercross-sectionThisis importantduringthe MCM test,where
eachchip needdo betested.SeeSection12.

e Thermal vias: A thermalvia is akind of staggeredia, which connectghroughthe cross-sectiomo provide good
thermalconduction. Attention mustbe paid to chip mountingon thermalvias, becausehe silver glue needsto
fill up all micro-via holesto remove air betweenchip and coppershape. Whenthe MCM is heatedup with air
underneaththe attachmenwill popup,whichis oftenreferredto as‘popcorn’ effect. Thiswill be avoided.

e EMI shielding: Layerfour of thelayercompoundFigurel7)is usedasgroundplaneandelectro-magnetishield-
ing layer Onthetoplayer, across-hatchedroundshapesurroundingyondingandSMD padsis usedto improvethe
shieldingfurther. This reduceghe electro-magnetiinfluenceof signalsto eachotherandit stabilizesthe ground
potential.A cross-hatcheshapds neededecauselrying moisturecomingout of thecross-sectiogandestry the
MCM.

e Chip attachment: Coppershapedeneatlieachdie arerequiredto connecthedie substratavith its voltagepoten-
tial.

e Soldermask: A soldermaskis usedto preventshortcircuitsduringsolderingof SMD componentsandto protect
bondingpadsfrom thedie attachmenglue.

Individual routing layersare shavn in Figure 18 for layer 1, in Figure 19 for layer 2, in Figure 20 for layer 3, andthe
commonDGND groundplaneonlayer4 is shovn in Figure21. On eachplot thefootprintsof dice, SMD capacitorsand
SMD connectorsreincluded.
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Figure21: MCM layer4
Table5:
Parts Production# Running# Spares Spares Testing Yield Defect
(inc. yield) (pluggedon) (presered)

Yield andsparepolicy
PPMs 143 128 0 13(10%) 2 100% O
PPrMCMs 2870 2048 240 572(25%) 10 75% 957
MCM substrates 3866 3827 99% 39
PPrASIC 6378 3827 60% 2551
AD9042 17009 1530 90% 1701
Phos4 4037 3827 95% 210
LVDS 12757 1148 90% 1276
Soclet 7732 7654 99% 78
Header 4623 4576 9% 47
Lid 3866 3827 99% 39
HASEC 3827

10 Yield and Spare Policy

ThePre-Processas of importancdor therunningof the ATLAS experimentpecausall theLevel-1 CalorimetefTrigger
input datahave to go throughit. In casethatthe Pre-Processareeddo berepaireda quick exchangeof brokenmodules
is required.Thereforeijt is notdesirabldo have differenttypesof modulesmplying alargesetof differentsparemodules.
Henceall the Pre-ProcessdviodulesandMulti-Chip Moduleswill beidentical,having the samefunctionality.

Systenfailuresareoftencausedy acombinatiorof temperaturandvibration. Therefore|ow temperatureperationvas
oneof themajorobjectveswhendesigninghe PPrMCMto improve the systenreliability. The PPrMCMconsistingof 9
dice,eachhaving anassumedailureratea of 1.0 partpermillion hours.TheMeanTime BetweenFailures(MTBFycom)
is 111.111hours. The probability of zerofailuresover oneyearis 92.4% (seeEquationl). This makesit obviousthat
connectorgor the Pre-ProcessdviCM areessentialbecauseanexchangeof a Pre-Processdvloduleasawholein case
of anMCM failureis of coursenot affordablein termsof sparesandcosts.

The PPrMCMreliability R is definedas:

ot 1
R := e MTBFmcMm with MTBFuycM = =————. Q)
> i(T)
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11 Manufacturing

The developmentand designof the PPrMCM was doneby the University of Heidelbeg, whereaghe final production
of 2780MCMs needsto be donein conjunctionwith externalcompanies.The four layer MCM substratencluding the
800 m coppercarrierwill bedoneby Wirth Elektronik[Wu€. Theassemblyf dice, SMD componentswire bonding,
andencapsulatiowill bedoneby HasedHas]. Alternative manufcturerhave beenlookedat, but the mentionecabove
satisfiesour needsfor cooperationguality andprices. Thelid andheat-sinkincludingclips at eachendwill be provided
by us.

The productionstartswith a pre-productiorof 64 MCMs to fully equip4 PPMs.ThesePPMswill be partof the ATLAS
Level-1 CalorimeterTrigger slice testandto actasa datasource.Usingthe ATLAS terminologythesemoduleswill be
namedmodule-Odevices.Beforethis productioncanactuallybe startedhe MCM have to have a pre-testwhereerrorsin
the designcanbe identified. As partof this pre-testa movableMCM testset-upwill be developed which is requiredto
testthe MCM at the manufcturesite. The smallvolumepre-testwill include10 MCM. Thesemoduleswill be build at
the ASIC laboratoryof the University of Heidelbeg. This assemblyprocedurevasalreadyappliedto the demonstrator
MCM includingultrasonicwire bonding,chip attachmentandsoldering.Encapsulatiomt this pointwill notberequired.

The productionsequencés linkedwith testsat variouspoints,becausét is not affordablein termsof yield andpricesto
justidentify known goodMCMs andto sortout defectdevicesafterawhole batchwasmanufctured.The following list
providesthe sequencén which the PPrMCMwill bemanufcturedandtested.

1 Production: Substratéayercompound

2 Test: Electricaltest

3 Test: Bondtest

4 Assembly: Silk-screermrinting of solderpaste

5 Assembly: Placemenbf SMD components

6 Assembly: SMD reflow soldering

7 Assembly: Chipattachment

8 Assembly: Ultrasonicwire-bonding

9 Test: Electricalconnectiortest

10Test: MCM testandrepairprocedure

11 Assembly: Encapsulationjd andsilicongel

12Test:  Performancdest(notpartof theproduction)

Point1 and2 will take placeatWurth Elektronik[Wu€g. Point3to 11will bedoneat HasedHas]. Thefinal performance
testandchangedo the input RC-filter onthe MCM will be doneat Heidelbeg. SeeSection3.1 for the useof the ‘RC-
balcory’. Thefirst electricaltestat Wirth checksfor manufcturingerrorsof the MCM substrateagainstthe ‘netlist’
provided. This testwill rejectbrokenvia connectionsandshort-cuts. The secondestlocatedat Haseccanbe seenas
a quality inspectionof the deliveredsubstrateso ensurebondability on its surfacemetallugy. After assemblyof all
componentan electricalconnectiortestchecksfor wire bondconnectiondy measuringhe inputresistancef the chip
I/O stagesBadwire-bondconnectionganbedoublebondedhecaus®f anextraspacedhatis foreseerontheMCM bond
padlayout. Point10in the productionsequencés probablythe mostimportanttest,becauseheyield of the commercial

ADC andLVDS dicewill notbe 100%. We expectto have failureson chipsandhencewe needto replacethemonthe
MCM. Thistestneeddo besuficientcomple to find theerrorandto identify the defectchip. Seethefollowing Section
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12 for a descriptionof the planedtestset-up. For the repair procedurewo optionsexist. The first preferedoption is
to remove the dice by heatingthe coppershapeon which they aregluedto. This worksfine for chip footprintswithout
thermalvias. It is lesssuitablefor the ADC chipswherethermalviasprovide agoodthermalcontacto thecoppercarrier
Essentiaheatingthe ADC meansheatingthe MCM andthisis not desirableln this case pptiontwo hasbeenlookedat,

which justmountsa secondlie ontop of abrokenone. Thisis quitea commonandeasyway to exchangedice but maybe
notvery ‘esthetic’.

12 Testing

This sectiondescribea testset-upwhichwill beusedaspartof arepairprocedureat Hasecandit will alsobeusedfor a
final performanceaestat Heidelbeg. A fastandautomatedestto say‘yes’ or ‘no’ is requiredto identify chipandMCM
failures. Hence,a mixed-signalsimulationof the full MCM including the chip logic is requiredto generateexpected
resultsone cancheckfor. Sucha simulationwas describedn Section8.1. Analog stimulussignalswill be generate
by anarbitraryfunctiongeneratoor by a moresuitablevideo RAM, modifiedfor thatpurpose.This device will thanbe
programmedy digital datawhichwasusedduringsimulation.The‘real’ outputof theMCM canthenbechecledagainst
whatwassimulated.Thecomparisorcanbe executedn software(HDMC) or in programmabld&ardware. Becausef its
analognature the MCM testwill have boundarycriteriawithin theresultshouldstay For example,aparameterejection
canbedoneby ignoringthe LSB endof a dataword, seeFigure22.

digital stimulus vectors o
digital results vektors

config / set-up

Video
— i =N -

1) assembly: all MCMs at Hasec

LVDSrx
PPrMCM
I I ™| cmc

2) functional test: apply analog & digital stimulus for functional test
e.g. power, bonding; using Jtag and "transparent” PPrAsic mode (10bit)
—> first test of ADCs at 40 MHz & LVDS at 480 Mbit/s

3) repair: exchange defect components at Hasec
4) encapsulation: final encapsulation at Hasec
5) "full" test: performance measurements, parameter rejections

Figure22: MCM testsequence

The testhardwarewill be built from a modularVME basedtestsystemusedto build a small-scaleversionof the Pre-
Processobasedon the existing prototypecomponentsThe basisof the modularPre-Processdestsystemis a general-
purposemotherboaranwhich severaldaughtercardsprovidethespeciafunctionality Thetestset-upmayconsisiof two

suchmotherboardsvhereCMC cardscanbe pluggedinto cardslots. OneCMC cardcarriesthe PPrMCManda second
CMC cardcarriesan LVDS recever. SeeFigure23. Thetestwill be set-upandanalyzedby the Hardware Diagnostic
Monitor andControlsoftware(HDMC) [Sch99.
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Figure23: MCM testset-upat MCM assembler

A Chip Footprints

This appendixprovidesthe chip footprints as usedfor the MCM layout. Thesefootprintswill also sere as bondig
diagramdor theMCM assembly
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Figure24: BTHO30footprint
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B MCM Pin and Net NameListings

This appendixprovidespin andnetnamdistingsfor eachdie in the MCM layoutandthe pin andnetnamesssignedo
the SMD connectors.



B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD NetName

1 1A
2 1B
3 2A
4 2B
5 3A
6 3B
7 4A
8 4B
9 5A
10 5B
11 6A
12 6B
13 TA
14 7B
15 8A
16 8B
17 9A
18 9B
19 10A
20 10B
21 11A
22 11B
23 12A
24 12B
25 13A
26 13B
27 14A
28 14B
29 15A
30 15B
31 16A
32 16B
33 17A
34 17B
35 18A
36 18B
37 19A
38 19B
39 20A
40 20B

DvCC

DvCC

DvCC

DvCC

AVDD

AVDD

AVDD

AVDD

AGND

AGND

AGND

AGND
EXTBCID<0>
ADCL1.IN

DGND

AGND

SCL

PHOS4ADD < 2>
JTAGTDI
PHOS4ADD <3>
JTAGTDO
PHOS4ADD <4>
DGND

AGND
EXTBCID<2>
ADC3.IN

DGND

AGND
ADC_CLK
JTAGTRST
CLK_PHOS4
SDA

DGND

AGND
EXTBCID<3>
ADCA.IN

DGND

AGND
PHOS4ADD <5>
JTAGTMS

Table6: Pinassignmenof partJ1(BTHO3001FDV)
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Pin Number

Pin Name APD NetName

41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

21A
21B
22A
22B
23A
23B
24A
24B
25A
25B
26A
26B
27A
27B
28A
28B
29A
29B
30A
30B

GENOUT<1>
PHOS4ER®R
TEMPMEASURE
JTAGTCK
DGND

AGND
EXTBCID<1>
ADC2_IN
AGND

AGND

AGND

AGND

AVDD

AVDD

AVDD

AVDD

DvCC

DvCC

DvCC

DvCC

Table7: Pinassignmenof partJ1(BTHO3001FDV)
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B MCM PINAND NET NAME LISTINGS

Pin Number

Pin Name APD Net Name

O©CoO~NOOOTPA,WNPEP

1A
1B
2A
2B
3A
3B
4A
4B
5A
5B
6A
6B
TA
7B
8A
8B
9A
9B
10A
10B
11A
11B
12A
12B
13A
13B
14A
14B
15A
15B
16A
16B
17A
17B
18A
18B
19A
19B
20A
20B

DvCC

DvCC

DvCC

DvCC

DGND
LVDS1SYNC1
LvDS1DO
DGND
LVDS1DOBAR
DGND

DGND
LVDS1TCK_R_F
GENOUT<3>
L1ACCEPT
AGND

AGND
LVDS1DEN
LVDSL1TCLK
SEROUT1
SEROUT2
SERIN2
LVDS2.SYNC1
SERFRAME
PPRASICCLK
SERCLK
SYNCPLAYBACK
DGND
SYNCREADOUT
LvDS2 DO
DGND

LVDS2 DOBAR
DGND

DGND

LVDS2 DEN
LVDS3.SYNC1
LVDS2 DEN
EVCNTRES
SERIN1
BCCNTRES
LVDS2 TCK_R_F

Table8: Pinassignmenof partJ2(BTHO3001FDY)
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B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD Net Name
41 21A GENOUT<2>
42 21B LVDS2.TCLK
43 22A GENOUT<4>
44 22B LVDS3.SYNC1
45 23A RESETBAR

46 23B LVDS3.DEN
47 24A AGND

48 24B AGND

49 25A DGND

50 25B LVDS3.TCK_R_F
51 26A LVDS3.DO

52 26B GENOUT<3>
53 27A LVDS3.DOBAR
54 27B DGND

55 28A DGND

56 28B LVDS3.TCLK
57 29A DVCC

58 29B DVCC

59 30A DvCC

60 30B DvCC

Table9: Pinassignmenof partJ2(BTHO3001FDY)

Pin Number Pin Name APD Net Name
3 ENCODE CLK_ADC1
4 ENCODEBAR DummyNet
7 AIN Dummy Net
8 VOFFSET DummyNet
9 VREF DummyNet
10 C1 DummyNet
25 DO NC

26 D1 NC

27 D2 ADC1<0>
28 D3 ADC1<1>
29 D4 ADC1l<2>
30 D5 ADC1<3>
31 D6 ADC1<4>
32 D7 ADC1<5>
33 D8 ADC1<6>
42 D9 ADC1<7>
43 D10 ADC1<8>
44 D11BAR ADC1<9>
11,12,15,16,120 AVDD
1,2,36,37,40,41 DvCC
5,6,13,14,17,121,22 AGND
24,34,35,38,39 DGND

Table10: Pinassignmenof partUl (AD9042)



B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD Net Name
3 ENCODE CLK_ADC2
4 ENCODEBAR DummyNet
7 AIN DummyNet
8 VOFFSET DummyNet
9 VREF DummyNet
10 C1 DummyNet
25 DO NC

26 D1 NC

27 D2 ADC2<0>
28 D3 ADC2<1>
29 D4 ADC2<2>
30 D5 ADC2<3>
31 D6 ADC2<4>
32 D7 ADC2<5>
33 D8 ADC2<6>
42 D9 ADC2<7>
43 D10 ADC2<8>
44 D11BAR ADC2<9>
11,12,15,16,120 AVDD
1,2,36,37,40,41 DvCC
5,6,13,14,17,121,22 AGND
24,34,35,38,39 DGND

Table11: Pinassignmenof partU2 (AD9042)

Pin Number Pin Name APD Net Name
3 ENCODE CLK_ADC3
4 ENCODEBAR DummyNet
7 AIN Dummy Net
8 VOFFSET DummyNet
9 VREF DummyNet
10 C1 DummyNet
25 DO NC

26 D1 NC

27 D2 ADC3<0>
28 D3 ADC3<1>
29 D4 ADC3<2>
30 D5 ADC3<3>
31 D6 ADC3<4>
32 D7 ADC3<5>
33 D8 ADC3<6>
42 D9 ADC3<7>
43 D10 ADC3<8>
44 D11BAR ADC3<9>
11,12,15,16,120 AVDD
1,2,36,37,40,41 DvCC
5,6,13,14,17,121,22 AGND
24,34,35,38,39 DGND

Table12: Pinassignmenof partU3 (AD9042)




B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD Net Name
3 ENCODE CLK_ADC4
4 ENCODEBAR DummyNet
7 AIN DummyNet
8 VOFFSET DummyNet
9 VREF DummyNet
10 C1 DummyNet
25 DO NC

26 D1 NC

27 D2 ADC4<0>
28 D3 ADC4< 1>
29 D4 ADC4<2>
30 D5 ADC4<3>
31 D6 ADC4<4>
32 D7 ADC4<5>
33 D8 ADC4<6>
42 D9 ADCA4<7>
43 D10 ADC4<8>
44 D11BAR ADC4<9>
11,12,15,16,120 AVDD
1,2,36,37,40,41 DvCC
5,6,13,14,17,121,22 AGND
24,34,35,38,39 DGND

Table13: Pinassignmenof partU4 (AD9042)
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B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD Net Name
3 ADCIN1<3> ADC1<3>
4 ADCIN1<2> ADC1<2>
5 ADCIN1<1> ADC1l<1>
6 ADCIN1<0> ADC1<0>
7 ADCIN2<9> ADC2<9>
8 ADCIN2<8> ADC2<8>
9 ADCIN2<7> ADC2<7>
10 ADCIN2<6> ADC2<6>
11 ADCIN2<5> ADC2<5>
12 ADCIN2<4> ADC2<4>
13 ADCIN2<3> ADC2<3>
14 ADCIN2<2> ADC2<2>
15 ADCIN2<1> ADC2<1>
16 ADCIN2<0> ADC2<0>
17 ADCIN3<9> ADC3<9>
18 ADCIN3<8> ADC3<8>
19 ADCIN3<7> ADC3<7>
20 ADCIN3<6> ADC3<6>
21 ADCIN3<5> ADC3<5>
22 ADCIN3<4> ADC3<4>
23 ADCIN3<3> ADC3<3>
24 ADCIN3<2> ADC3<2>
25 ADCIN3<1> ADC3<1>
26 ADCIN3<0> ADC3<0>
27 ADCIN4<9> ADC4<9>
28 ADCIN4<8> ADC4<8>
29 ADCIN4<7> ADC4<7>
30 ADCIN4<6> ADC4<6>
35 ADCIN4<5> ADC4<5>
36 ADCIN4<4> ADC4<4>
37 ADCIN4<3> ADC4<3>
38 ADCIN4<2> ADC4<2>
39 ADCIN4<1> ADC4<1>
40 ADCIN4<0> ADC4<0>
41 GENOUT1<0> GENOUT1<0>
42 GENOUTI1> GENOUTI1>
43 GENOUT1<2> GENOUT1<2>
44 GENOUT13> GENOUT1<3>
45 GENOUT14> GENOUT1<4>
46 PHOS4ERRR PHOS4ERRR

1,32,33,47,63,681,82,97,98114129 DVCC
2,31,34,48,62,659,80,96,99,113,128 DGND

Table14: Pinassignmentf partU5 (PPRASIC)

44



B MCM PINAND NET NAME LISTINGS

Pin Number Pin Name APD Net Name
49 PHOS4DETECT PHOS4DETECT
50 GENOUTX0> GENOUTX0>
51 GENOUTX 1> GENOUT<1>
52 GENOUTZ 2> GENOUT<2>
53 GENOUTX3> GENOUT<3>
54 GENOUTX4> GENOUT<4>
55 TOJR8> TOJR8>

56 TOIR7> TOIR7>

57 TOJR<6> TOJR<6>

58 TOJR<5> TOJR<5>

59 TOJR<4> TOJR<4>

60 TOJR<3> TOJR<3>

61 TOJR<2> TOJR<2>

66 TOIR<1> TOIR<1>

67 TOJR<0> TOJR<0>

68 TOJPRRITY TOJPRRITY
69 TOCPX7> TOCPX7>

70 TOCP2X6> TOCP2X6>

71 TOCPX5> TOCPX5>

72 TOCPX4> TOCPX4>

73 TOCPX3> TOCPX3>

74 TOCP2X2> TOCP2X2>

75 TOCPX 1> TOCPX 1>

76 TOCPX0> TOCPX 0>

77 TOCPBCMUXFLAG2 TOCPBCMUXFLAG?2
78 TOCPRARITY2 TOCPRARITY2
83 TOCPK7> TOCPK7>

84 TOCPXk6> TOCPXk 6>

85 TOCPXk5> TOCPXk5>

86 TOCPXk4> TOCPXk4>

87 TOCPXk 3> TOCPXk 3>

88 TOCPXk2> TOCPXk 2>

89 TOCPKk 1> TOCPXk 1>

90 TOCPXk 0> TOCPXk 0>

91 TOCPBCMUXFLAG1 TOCPBCMUXFLAG1
92 TOCPRRITY1 TOCPRRITY1
93 CLK PPRASICCLK
94 RESETBRAR RESETBRAR

95 L1ACCEPT L1ACCEPT
100 SEROUT2 SEROUT2
1,32,33,47,63,681,8297,98114129 DVCC
2,31,34,48,62,659,80,96,99,113,128  DGND

Table15: Pinassignmentf partU5 (PPRASIC)
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Pin Number Pin Name APD Net Name
101 SEROUT1 SEROUT1

102 SERIN2 SERIN2

103 SERIN1 SERIN1

104 SERFRAME SERFRAME

105 SERCLK SERCLK

106 BCCNTRES BCCNTRES

107 EVCNTRES EVCNTRES

108 SYNCPLAYBACK SYNCPLAYBACK
109 SYNCREADOUT SYNCREADOUT
110 JTAGTDO JTAGTDO

111 JTAGTCK JTAGTCK

112 JTAGTRST JTAGTRST

115 JTAGTMS JTAGTMS

116 JTAGTDI JTAGTDI

117 TEMPMEASURE TEMPMEASURE
118 EXTBCID<3> EXTBCID<3>
119 EXTBCID<2> EXTBCID<2>
120 EXTBCID<1> EXTBCID<1>
121 EXTBCID<0> EXTBCID<0>
122 ADCIN1<9> ADC1<9>

123 ADCIN1<8> ADC1<8>

124 ADCIN1<7> ADC1<7>

125 ADCIN1<6> ADC1<6>

126 ADCIN1<5> ADC1<5>

127 ADCIN1<4> ADC1<4>
1,32,33,47,634,81,8297,98114,129 DVCC
2,31,34,48,62,6,79,80,96,99,113,128 DGND

Table16: Pinassignmentf partU5 (PPRASIC)

Pin Number Pin Name APD Net Name

1 DO2 CLK_ADC3

3 SDA SDA

5 SCL SCL

6 A5 PHOS4ADD <5>
7 A4 PHOS4ADD <4>
8 A3 PHOS4ADD<3>
9 A2 PHOS4ADD<2>
13 PHI2 PHOS4DETECT
15 DO1 CLK_ADC2

17 DOO0 CLK_ADC1

19 DIO ADC_CLK

20 DI1 ADC_CLK

22 PHI1 CLK_PHOS4

24 DI2 ADC_CLK

25 DI3 ADC_CLK

27 DO3 CLK_ADC4
4,16,21,28 DvCC
2,12,14,18,23,26 DGND

Tablel7: Pinassignmentf partU6 (PHOS4)
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Pin Number Pin Name APD Net Name
1 SYNC1 LVDS1SYNC1
2 SYNC2 GENOUT1<2>
3 DINO TOCPRARITY1
4 DIN1 TOCPBCMUXFLAG1
5 DIN2 TOCPXk 0>

6 DIN3 TOCPXk1>

7 DIN4 TOCPKk 2>

8 DIN5S TOCPKk3>

9 DIN6 TOCPKk 4>

10 DIN7 TOCPKk5>

11 DINS TOCPk 6>

12 DIN9 TOCPK 7>

13 TCLK_R_F LVDS1TCK_R_F
14 TCLK LVDS1TCLK
19 DEN LVDS1DEN
21 DOBAR LVDS1 DOBAR
22 DO LVDS1.DO

24 PWRDNBAR GENOUTI1<0>
18,20,23,25 AGND

15,16 DGND

17,26 AVCC

27,28 DvCC

Table18: Pinassignmenof partU7 (DS92LV1021)

Pin Number Pin Name APD Net Name
1 SYNC1 LVDS2 SYNC1
2 SYNC2 GENOUT 13>
3 DINO TOCPRARITY?2
4 DIN1 TOCPBCMUXFLAG?2
5 DIN2 TOCPx 0>

6 DIN3 TOCPx 1>

7 DIN4 TOCPx 2>

8 DINS TOCPX 3>

9 DING TOCPX 4>

10 DIN7 TOCPX5>

11 DIN8 TOCPX 6>

12 DIN9 TOCPX 7>

13 TCLK_R.F LVDS2TCK_R_F
14 TCLK LVDS2. TCLK
19 DEN LVDS2 DEN
21 DOBAR LVDS2 DOBAR
22 DO LVDS2 DO

24 PWRDNBAR GENOUTI1>
18,20,23,25 AGND

15,16 DGND

17,26 AVCC

27,28 DvCC

Table19: Pinassignmenof partU8 (DS92LV1021)
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Pin Number Pin Name APD Net Name
1 SYNC1 LVDS3.SYNC1
2 SYNC2 GENOUT 14>
3 DINO TOJPRRITY

4 DIN1 TOJR<0>

5 DIN2 TOIR1>

6 DIN3 TOJR<2>

7 DIN4 TOJR<3>

8 DIN5S TOJR<4>

9 DING6 TOJR<5>

10 DIN7 TOJR<6>

11 DIN8 TOJR<7>

12 DIN9 TOJR8>

13 TCLK_R.F LVDS3.TCK_R_F
14 TCLK LVDS3.TCLK
19 DEN LVDS3.DEN
21 DOBAR LVDS3.DOBAR
22 DO LVDS3.DO

24 PWRDNBAR GENOUTX0>
18,20,23,25 AGND

15,16 DGND

17,26 AVCC

27,28 DvCC

Table20: Pin assignmenof partU9 (DS92LV1021)
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