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Abstract

Duringthelastyearsmary investigationdiave beenmadeto cometo anoptimalstrip detectoffor the
CMS outertracker accompaniedh the mainitemsby laboratoryexperimentsn Aachen.Prototype
testingof MSGCsanda silicon strip detectorresultedin a multifacetedVME systemwith respect
to hardwareand software. The systemincludesa DAQ part aswell as softwaretools to checkthe
front endhardware Resultsfrom measurementsill be givenfor the hybridsandthe strip detectors.
Externalchageinjectionanda Sr°° sourceareusedto comparethesilicon andthe MSGC detector



1 Intr oduction

In the CMS centraltracker= 107 silicon stripswill be readout via = 50000 analogueopticallinks [1]. Eachof
the= 80000 APV front endchipscontainsl28 chage amplifiersshapingthe chage signalswith a characteristic
time constantof 50 ns. An integrated2-dimensionalpipeline capacitornetwork storestheseanaloguevalues
every 25 ns in phasewith the LHC clock. This methodof oversamplingthe CR-RC pulseallows an analogue
pulseshapeprocessofAPSP)to takethe linear combinationof the storedchagesfrom threeconsecutie bunch
crossingntervals(decomolution algorithm). Thebestsetof thethreeweights(linearfactor§ dependstronglyon
thedetectorchosen.

For the CMS silicon microstripdetectorghe setof weightshasbeenoptimizedanalyticallyfor the APV6 readout
chip ([2], [3]). Theoptimizationensures securebunchcrossingdentificationandsimultaneouslgliminationof
pile-upeffectsat trackoccupanciesccuringin the high luminosity phaseof the LHC.

The setof weightsfor siliconis unsuitedfor signalsfrom gaseousletectordike theMSGC (or GEM-MSGC)be-
causehereeachparticletrackgenerateseveralavalanchesraversingthe3 mm (or 5 mm) detectorgapandchage
collectionis characterizedby large fluctuationsin sizeandduration(45 ns—100 ns) which leadsto substantial
ballistic deficits. Weightscanbe found thereforeonly asa compromisébetweerconfinemenof the signalinto a
minimum of bunchcrossingintervals (BCI) againstpile-up sensitvity. To uselessthanthreesamplef MSGC
pulseswasstrived for to avoid too mary combinationsn the track reconstructiorprograms.For this the APVM
readoutchip hasbeendesigned[4], [5]). Thesequestionsvere crucially essentiabslong asgaseousletectors
seemedo betheonly affordablesolutionfor the outertracker

2 The VME ReadoutSystem

Laboratorytestsin the constructiorphaseor thefinal CMS-trackerarequiteeducationato geta realisticview of
theconditionsandtasksdemandeaf the hardwareaswell asof the softwarestructuresin our presensystenthe
algorithmsfor the digitizer stages- which synchronizeandprocesgshe analoguelatain the countingroom— can
befreely emulated . Thedigitizer stagesave to interactasa closedsystemtogethemwith theslow controlto form
acompleteDAQ-System.

2.1 Hardware Layout

The DAQ-Systemhasbeendevelopedby the authorsin Aachenin recentyears. Threecrates(VME, CAMAC,
NIM) arecurrentlyplacedin onerackassketchedn figure 17. This guaranteemodularityandscalability

A VME 166 MHz Alpha-CPU(DEC, CompagyunningDigital Unix controlsthe VME-busanddrivesthefollow-
ing modules:a modulamumberof 4-channeB-bit VME-FADC cardg7] allowing longwordVME accesssimple
I2C interfacecardsfor slow control[8] [9] aswell asa synchronizationunit (RAL Sequencef10]) anda portto
the CAMAC world. Theselectionof thetriggersource(local/global)andvetotimesfor synchronizatiopurposes
areundersoftwarecontrolandinterlockedby fastNIM logic. As the APV6/APVM needa minimumtriggerrate
of ~ 100Hz for steadyoperationwe generate continuousbackground'triggerof thisrate.Up to now thedelay
lines for the samplingphasesandthe trigger hold-off have to be setmanually®), alsothe high voltagesfor the
detectorsupplies.

OnthedetectosideaprototypeCMS standarapticalreadouthain[12] is usedfor theMSGCandsilicondetector
setup. The overall bandwidthis biggerthan 70 MHz for the analoguareadoutchain. Hencesignalsamplingat
20 MHz is feasible. The systemis plug-in expandablégor ary reasonabl@umberof the currentAPV-TRI-Cards
[13]. We verifiedthe advantageof opticaldatalinks underthe noisy electricalconditionsin our laboratorywhere
severalpower suppliesareusedwithin the system.Unfortunatelywe did notmanageo have theHV andLV power
suppliesintegratedinto acommonmodule[14].

) aprogrammabl&/ME variantPDLU is underconstructior{11]



2.2 Software Layout

To avoid unnecessaryork we took theL3-trackeronlinecontrolprogramnamedlTAROT, remaedthel3 specific
code(avoidsrewriting of roughly 15000 linesof code)andimplementedhenecessargodefor theCMS hardware.
The programis fully structuredwritten in Fortran90 andpartiallyin C++. Main ONLINE featuresof TAROT
are[6]:

¢ languageriven o fully interactve

e commandogging e macroprocessoandfile execution

¢ recordhandler ¢ graphicgHIGZ) of dataandresults
o cell-wisecalibration ¢ hardwareconfigurationby files

¢ helpfacility o foreground-backgroungrocessing
¢ errorhandler ¢ slow controlby watchdogs

¢ datacompressor ¢ terminalhardwareaccess

¢ signalfinder ¢ clusteralgorithms

A structuredpool of macrocommandsvoids excessie typing anddefineshigh level commanddor calibration,
datataking etc. Thus TAROT behaeslike anobjectorientedhardwaredriver with high performanceandcanbe
easilyadaptedo multi processomachines.

3 Judgementof the hybrid quality

Whenstartinga readoutsystem,of coursesomework hasto be investedin proceduresike checkingfor ground
loops,commonmodenoise,goodshielding etc. After thatin afirst stepraw dataaretakenwith programgenerated
triggers(localmode)anddisplayedonline. Seseraladjustmentsreperformed:shift the offsetsof the opticallinks
into their linearregion aswell asthe offsetsof the FADC and APV (VADJ) for eachanaloguechannel.All the
delaylineshaveto betuned.At this stageTAROT helpsby judgingtheraw data(figurel). As canbeseerfromthis
figurethedigital zeronoiseis small. The digital oneandthetick markaswell asthedigital headethave the same
height. All tick markshave no adjacensignal(correctphaseo the 40 MHz clock). Furtherdataintegrity checks
concerrthefollowing topics: theencodedolumnaddressnustbevalid. It mustchangeatleastoncewithin afew
triggers. The commonmodeanalogudevels have to stayneartheir meanvalues. For offline treatmentwarning
anderrorflagsarerecordedvithin the datarecordsfor eachtriggerandeachAPYV individually.
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If not statedexplicitly we usethe standardbarametesetgivenby the APV6/APVM manualsexceptfor the cal-
ibration registersand chooseVSHA=50 for the MSGC and VSHA=0 for the silicon detector([5],[3]) to fix the
characteristitime constantorrectly



3.1 APV short list

The amountof prototypehybrids< APVs we have testedso far were1 x 4, 1 x 3 of type APV6 and6 x 4 of
type APVM. Of these31 two of the serzen APV6 andsix of the 24 APVM wereunusablelueto slow controlor
synchronisatioproblems A typicalchecklist concerningheseproblemsanbefoundin table5[15]. 12C register
accesproblems-points2,3,6,7,11n table5 —areexamplesof slow controlfaults. Points8,17,180f thetablecan
causesynchronisatioossesor chip hold-ups.Thesechecksarealsoincludedin the TAROT errordetectiorpart.

3.2 Calibration

Pulseheightor clusterwidthdistributionsrely on aclusterdetectioralgorithm(calledsignalfinderin TAROT). Be-
fore onecanactivatesuchasignalfinderthe APVs mustbe calibrated. TAROT doesthis calibrationautomatically
for thefollowing threematrices:

1. pedestal PEDIi,jl]=N=- SN ADCV [i, j,n]
2. gain GAIN [i,j] = N="- 30, |[ADCV [i, j,n] = PEDi, j]l>5xrusi j)
3. noise RMS[i,j]=N"1. \/Zfil(ADCV [i,7,n] — PEDi, j])?]

The matricesof sizei x j = 128 x 160 correspondo the numberof channelsandthe depthof the ring buffer

capacitometwork(160 columns:4 us). ADCV meansanalogueo digital corvertervalue.All matricesarecreated
with randomlocaltriggersaveragingwith sufficientstatisticshe specificquantitieffset,gainandnoise.Figure2

shavs the numberof entriespercolumnafteroneminuteof datataking. They follow a gaussiamistribution.

3.3 The matrices

In this sectiorwe will shav afew examplesof thedifferentmatrices.The exampleswverechoserto revealunusual
behaiour.

Theinternalcalibrationsystemof the APV is usedto pulse8 groupsof 16 stripssequentiallyith aprogrammable
chage. Thesetupof theinternaltestpulsdoy meansf theregistersCDRV, CLVL andCSKW s donewith careful
attentionto thedynamicrangeof the APV analogueutput. Figurel9 shovsanormalizedyainmatrix. To facilitate
the opticalevaluationof this graph,cellsdeviating from 1.0 by morethan25 % aresetto 1.1. Threecolumnsand
onechanneturnoutto beuseless.

During waferproductionimperfectionsoftenresultin high additionalcell noise.Figure20 shavs sucha frequent
case. A wrong synchronizatiorphaseeasily leadsto crosstalkeffects; sucha casecanbe seenin figure 21 —

pairsof channelsalwaysinterfere.Of coursejn our measurementse have checkedandavoidedthis. Figure22

displaysthe RMS-noisematrix of our APV6 hybrid bondedto a silicon wafer[16]. A nearlyflat structurewith

rising noiseat theedgess visible. This canbeinducedby the smallesigroundmovements.

Theindividual APV matricesareso characteristicthatthey canbe usedas’fingerprints’ for the APVs. It would
be niceto have themin a database.After bondingthe channeldefectsof the attachedsensorsaresuperimposed.
An overlapof two to four "dummy” stripsattheedgedo takeaccounif therising noiseis clearlyrecommended
for safeoffline reconstruction.

3.4 The deadcell matrix

By judgingthe pedestalgain andnoisematricesTAROT setsup the deadcell matricesfor eachindividual APV.

Deadcell vetoesareusedin the signalfinder to excludefailure hits in measurementsThe effect on datataking
in the TAROT online analysisand datainspectionsystemwill be discussedext, assuminghat CMS-like data
compressiomlgorithmsandsignalfinding works (p.301[1]).

Applying the correctionfor deadcells, asgivenin thedeadcell matrix, takesusfrom the uncorrectedlistribution
in figure 4 to the distribution in figure 3. In this APVM sampleof ~ 10* randomlocal triggersall fake hits, i.e.
readingsfrom deadcellsweresetto thecommonmodepedestavalue. Thiscorrectionsuppressesainlythenoisy
cellsshovnin figure23.

After evaluatingthe calibrationmatriceswe would definethreeAPV6 and12 APVM asin goodcondition.
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Figure3: Noise,deadcellsexcluded Figure4: Noise,deadcellsincluded

Noisy cells cannotbe completelyavoidedin productionand screeningprocessesadditionalcell failuresmight
well occurwith increasingadiationdoses.

To beonthesafesidethe columnnumbershouldbeoutputto the CMS DAQ system(seefig. 5.26,p.301[1]). This
immediatelyoffersthe possibilityof anonlinecell basectalibration.If in additiononewantsto avoid occupancies
increasingn time, oneshouldimplementa deadcell vetomatrixin the FrontEndDriver (FED, 128 x 192 bits per
APV25).

4 Measurements

In tablel the mostsignificantsensoparameteraregiven.

‘ Parameter ‘ Silicon Wafer MSGC
detectortype FS5KCO0-09 MS-9
detectorength 83 mm 100 mm
detectowidth 109 mm 102 mm
detectotthickness 320 um 3mm
detectomaterial pT stripsin n-bulk gold stripson DESAG 263

Rpuir = 6 kQ unpassiated
crystalorientation< 100 > uncoated
AC-coupledC ¢ = 80pF, Rpoiy ~ 2 MQ Ne/DME =1/2

strip pitch 140 p 200 p
strip-width ~25pu Qul70p
strip-# 768 512
channelgeadout 384by 3 APV6 512by 4 APVM
triggerwindow 1.5bns 5ns
voltages Ugept = 100V [ Upackprane = 120..200 V Ucathode = 600V [ Ugrire = 2.8kV
currents Tyackplane = 200..300nA <1lpA

Tablel: Parameter®f the sensorsestedn thelaboratory



The(simplified)experimentaketupis thefollowing: A Sr°° sourceof ~ 1 pCuand~ 2 mm apertures collimated
with a centeredubeto a divergenceof lessthan8°. Thetriggeris givenby a 10 mm thick scintillator. Thisleads
to atriggerrateof approximatelyl £ H z with 2°/,, cosmicbackground.

Interactionof 3-particlesfrom the S+°° sourcewith the MSGCmaterial(e.g.drift cathodeglass)aresuppressed
by a softwarerejectionof multiple hit events, controlledby the clusteringalgorithmsin TAROT or the TARA
offline analysiq17]. Thisreducesheacceptedriggersfor MSGCshy 30%.

Notethattriggerscomingfrom the scintillatorsareacceptedn windows of 1.5 and5 ns respectiely (aroundthe
lateny phase) Figuress and6 shaw typical eventsseerby the DAQ from thesedetectors.
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Figureb: Typical dataslicefrom aMSGC Figure6: Dataslicefrom a silicon detector

4.1 Testswith injected charges

Well definedchagesare injectedexternally by differenttechniquesnto the MSGC or the silicon detector To
examinethe signal responseof the APV shaperone hasto vary the lateny (trigger delay)within the time of
interest.

Chageinjectioninto a MS9 MSGCis performedvia the coupling capacitancéetweernthe anodesandthe cor
respondingcathodegroup of eleven strips. The resultsof the lateny scandn peakanddecowolution modeare
plottedin figures7 and8 respectiely.

One obtainsthe shapeparameterdau and Alpha ( [2], CR-RC" ~ (t/r)”e_t/T, n = «) by afit to the data
in figure 7. A secondfit to the decowolution datain figure 8 with Tau and Alpha takenfrom the previous fit,

determineghe setof weights. Dampis the scalingfactor for all weightsto setWeightlto —1.0. Fit resultsare
givenby thesolidlines.

In caseof the silicon detectorthe chage is injectedvia a needleprobeput on a silicon p*-strip pad undera
microscopeThefitting procedurés identical(figures9 and10).

The setof weightsfor the APV6 is in good agreementvith the designvalues(deviations are lessthan 3 %).
Weight3of the APVM is 30 % largerthanthe designvalue. The main consequencis a biggerundershooin the
decowolution responséfigure 8) behindthe zero-crossingt 80 ns.

Theshapeof thesignalis parametrizedh thelengthof the pulseAt above or belov giventhresholdsneasuredn
% of the maximumor minimumvaluescomputedn decowolution mode(table2).

Thestrongbipolarity in the MSGCcurvehasan impactthat cannotbecontrolledin caseof high occupancies.
A signalthatis two to six bunch crossingintervalsearlier in timekills thetriggeredsignalto be measued.
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Thresholdn % of maximum ~ minimum

95% | 90% | FWHM | 1/c | 10% | 5% | 20% | 1/¢
AIMSGC[ns] || 143 | 203 | 469 | 542 | 68.2 | 71.9 | 1250 | 96.9
At Silicon [ns 85 | 118 | 302 | 361 | 499 | 535 | 351 | 3038

Table2: Parameterizationf the MSGCandthesilicon decowolution signal

*) Thetime scalesin figures7-8/9-10/13-14/15-1@repairwiseidentical.By"Matrix time” tpatrix We meana sumof terms:
tMatrix = tRegion Of Interest™ tHold Off — tLatency-



4.2 Sr9%%-Measurements

Many CMS paperdave beenpublishedn 1997leadingto thetriple setof weightsimplementedn theAPVM. The
setof weightswasthe outcomeof a Monte Carlo simulationof anidealizedMSGC strip. OneimportantMSGC
problemwithout discussinga specialtype of MSGC hasbeendescribedl998in referencg18]: It is the mutual
inconsisteng of "time precision"and"track efficieng/” for MSGCsof a giventimejitter.

To studythe situationin moredetailwe will comparehe MSGC andthesilicon detectorshawing corresponding
figuresandtables.

Figure11 and12 shaow typical MSGC andsilicon pulseheightdistributionsrespectrely. Both distributionsare
obtainedatalateny givingthemaximumsignalover noisein alateny scanin peakmode(’best’ Landau).Landau
fits aresuperimposedith the scalingparametersorm NORM, positionof maximumMAXP andwidth SIGMA
denotedn theboxes[22].

Entries Entries

Entries 27210 [ Entries 78448
250 Mean 98,66 [ Mean 48,51
RMS 60.85 [ RMS 21.64
Z/ndf 4206 /] 332 3000 [ \Z/ndf 3680. / 269
NORM 0.2765E+05 NORM 0.7479E4+05
MAXP 60.01 MAXP 38.40
SIGMA 28.77 L SIGMA 6.758
200 2500
Ne/l:_)ME:l/Z i v, 7120V
Uca 600V 2000 Viep~100V
150 Ugrin=2-8kV [ 0=3.89
025 7 SIN=12.8
SIN=17.8 1500 &1
100
1000 [
50 L
r 500
ol T o L ! el L L
a 50 100 150 200 250 300 350 a 50 100 150 200 250 300 350
ADC-bits ADC-bits
Cluster Charge Cluster Charge
Figure11l: MSGCpeakmodeSr°® distribution Figure12: Silicon peakmodeSr°° distribution

Thoughthe dynamicsof the analogueaeadouts identical,the MSGC pulseheightdistribution covers4 timesthe
dynamicrangeSIGMA of our silicon detectowhile the maximumpositionMAXP is scalingwith afactorof 1.6.

Theratio MAXP/SIGMAis ~2.5 timesgreaterfor thesilicon detectorthanfor the MSGC.

This is a mereconsequencef the differentprimary ionizationsand their collection or amplificationin these
detectors. Physicalconstraintsand optimizationsfor CMS MSGCsand silicon detectorshave led to ratios of
MAXP/SIGMA not differing muchfrom the onesgivenhere. Ballistic deficitsin the MSGC casegenerate dis-

adwantageousatio of MAXP/SIGMA. Theareain figure 11 taggedwith anexclamationmark cannotbe resohed
from thenoise.

Now we compareheresultsof thelateny scandor bothdetectorsTo do this we definethe expression

Acceptability = #of hitsin run .<Szgnal

_ _ = ¢-S/N. 1
# of triggersin run Noise )mmmn ¢S/ @

In figures13/14 the peakand decorolution acceptabilityscanfor the MSGC is shawn, in figures15/16those
for the silicon detector The error barsarisemainly from the RMS valuesof the correspondingsignalto noise
distributions. For a betterunderstandingf theseplots the testpulsefits gainedin section4.1 aresuperimposed
assolid lines (the time offsetsarefitted individually by eye). To accountfor ballistic deficitsin the MSGC case
a scalefactor of 2/3 mustbeintroducedto describeroughly the decowolution amplitude(fig. 14) which is not
necessaryn thesiliconcase

A furtherlook atfigure 14 confirmsa matchin polarity andsizeof the datacomparedo thedecowolution curve,
but the rangeof acceptabilityseemsvery big. Referingto figure 5 clustersare (always)accompaniethy induced
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chageson neighbouringstrips of the cathodegroup/shit. Omitting the groundplaneson the back side of the
substrateand remaving someblocking capacitoramproves noise performancebut at the expenseof crosstalk
effects(p.197[1)).

Crosstalkeffectsof the collectedchargeshavebeenconfirmedn our MSGC.Asa result
fakehits occurfar apartfromthe plateau,for evenmore thanfour bunch crossingintervals.

In the silicon detectora massie externalchage injection (sect.4.1) of >20 mipsdoesnot leadto ary crosstalk
effects. As expected the analysisof a large statisticsof Sr°° signals(~ 1 mip) shaved no signalsof opposite
polarity. The correspondingcceptabilityis presentedby starmarkersn figure 16.

As expectedin ajitter free silicon detectorthe acceptabilityvaluefalls fasterthanthe shapingitself - dueto the
drop of both factorsin the product(1) (figs. 15/16). In the maximaof thesescanst reaches value similar to
a Landausignalto noise(¢ = 1). Sothe acceptabilityactsasan suitabletime andamplitudequalifier for track
reconstructiorpurposes.
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detectorand peakingtime | source time sigma| acceptability
APV type distancgns] window [ns], BCI | cut loss[%]

Calibration 85,34 53.0 ~T7
APVM + MS-9 ~ 52 fig. 7-8 90, 3.6 38.0 ~ 61
APV6 + FS5KCO0-09 ~ 68 fig. 9-10 102,4.1 35.0 ~ 47
Strontium90 117,4.7 29.0 ~ 32
APVM +MS-9 ~ 53 fig. 13-14 150, 6.0 9.0 ~6
APV6 + FS5KCO0-09 ~ 69 fig. 15-16 300, 12.0 35 ~0

Table 3: Compilation of time intervals betweenthe  Table4: Sigmacutsandacceptabilityossedor given
peakingtimes time windows (¢ < 1% outside)

Table3 summarizethetime intervalsbetweerthe peakingtimesof thedecowolutionandthe CR-RCamplitudes.
Thesedtiimesarein goodagreemenwith the decowolution algorithm. The smalldeviationsfrom alateny shifted
by 50 or 75 ns respectrely will be takencareof in thefinal trackerlayoutby softwareadjustablelelaysin steps
of onenanosecondncludingtheshiftsof the samplingpointsin thedigitizer stages).

We now determinghe signaldegradationin decomwolution modedueto ballistic deficits.

If theseareabsenfsin the silicon casethe appropriatenoisecut o separateslearly the 'best’ Landaufrom the
noiseGaussian(e.g. ¢ = 3.89 in figure 12). In this caseary greatemoisecut suppressethe hit to triggerratio
¢ in formula (1) by morethan30 d B outsideof a centeredime window of 56 ns, andby morethan20 dB for a
smallertime window of 50 ns (fig. 16).

Next we drav attentionto the MSGCin decowolution mode. Looking at figure 14 one seesthat the positive
acceptabilityextendsover more than twelve BCIs. The relationsare given more preciselyby the numbersin
table4. Its impossibleto definea 30 d B pointfor the MSGC. This leadsto thefollowing result:

Requestindessthan 1% of the signalsoutsidean interval of just four bundc crossings
resultsin a severe lossin acceptability

Themainreasondor thisbehaiour is thenonnegligible numberof very high pulseamplitudesthecrosstalkeffect
andthedrift time fluctuationgypicalin MSGCs.

Finally we wantto estimatehewidth of thedrift time distributionfrom the FWHM of themeasurediecowolution
cune (fig. 14), the calibrationfit (fig. 8, tah 2) andthetriggerjitter: ~ /702 — 472 — 52 ~ 55 ns. Thedeviation
from the usual50 ns arisesfrom the changen the gasmixture from Ne/DME=1/1to Ne/DME=1/2 A drift time
of ~ 45 ns shouldbeachievablewith an Ar /C'O, mixture. Thiswill notsignificantlychangethe problemsarising
from the effectsencountere@bove.

4.3 Comments

A reliablebunchcrossingdentificationis oneof the majorrequirement$or a CMS trackingdevice, amongother
importantfeaturedike high ratecapabilityandrobustnessn a harshHIP ernvironment. The latter problemsseem
to be partially solved by the GEM-MSGCsusedin HERA-B experiment20]. An additionalGEM amplifierstage
[19] allows lower electricfield strengthsin the transfergap. The timing propertymustdegradefor the GEM-

MSGCs,dueto chage depositionsn thetransfergap(parallaxeffect[21]).

Thusa bunchcrossingdentificationwithin two to threeintervals cannotbe achieved with a
TDR type MSGC or GEM-MSGCandthe proposediecomwolution weights.

Smallerdrift time fluctuationsare reportedfrom the multi-GEM technology[24]. A specialproblemfor these
detectorsn combinatiorwith aCMOSreadoutlectronicgs thewide spreadf clusterenegies. Saturatioreffects
from high chage depositionamay reducethe rangeof applications.The impactof standardeadoutalgorithms
(e.g.discrimination peaksensingdecorolution, etc.) remainsafield of investigatiorfor thesedetectors.
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5 Conclusions

A prototypeMSGC detectoranda silicon detectorof the CMS outertrackerhave beentestedwith the APV6 and
APVM readoutchipsundercomparableonditions. The experiencegainedby runningtheseCMS pipelinechips
in afully controllableDAQ systemhave beendescribedn detail. A full cell basedcalibrationshaws faulty cells.
Their numbermight grow during the lifetime of the CMS microstriptracker Correctionalgorithmsbasedon a
deadcell bit matrix for eachAPV have beenemulatecanddemonstratetb work successfully

Measurementwith MSGCsof the TDR type shawv asignaldevelopmentin excellentagreemenivith morerecent
predictiong(p.54[23]) alsodealingwith triple weightdecowolution algorithms.

The resultsconcerningtime development,efficieng/ and signalto noiseratio for an unirradiatedsilicon wafer
testedn our laboratoryarevery encouragindor thefunctionalityof CMS.
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IC's 1. No probecontact
TESTCODES 2. I2C write error
3. I2C readerror
4. No outputenable
5. No analogueoutput
6. Stuckbit in I12C register
7. I2C readwrite compare
8. Badcurrents
9. Failed someaddresses
10. Failedall addresses
11. Cant setVADJ
12. Somebadpedestals
13. Excesdadpedestals
14. Noisy analogueutput
15. Somebadcells
16. Channeldow calibratepulse
17. Somebadpipelineaddresses
18. Failedall pipelineaddresses

Table5: A typical checklist for APV6/APVM from ref. [15]

2 MINUIT FunctionMinimization: EPS0.1E-08 ERR0.5, SEEK — SIMPLEX — MIGRAD — HESSE— MINOS
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MULTI - MODULE VME-TESTSTATION
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S TS
= n g
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CAMAC PROGRAMMABLE NIM - FIXED LOGIC
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TRIGGER COINCIDENCES

systems estimated value 60 kCHF
ANALOGUE TESTPULSING SYNCHRONIZATION

TO DAQ-RUNCONTROL
DETECTORSCANNING FACILITY

Figurel7: APV DAQ-systemstatus:11-may—2000

Draft Proposal Lab Petal DAQ, M. Petertill, Aachen May-2000

Full Petal VME DMA DAQ Full Petal DAQ Slow Control

9 x 8,

MULTIPLEXED
10 bit FADCs
50MHz DAC

20MHz longword
VME block burst

10 x 4 DC Units

Double Width CAMAC

Common HV Rail Use / Common Grounding

HV/CAMAC INTERFACE
HV/CAMAC INTERFACE

Full 160 APV Readout Potential 40 HV/LV Petal Supplies

80 MByte/s Online DAQ System Software TAROT/TARA/GUITAR
Estimated costs ca. 250 KCHF for two systems
Petal Recalibration in 20 Minutes

System / Data Memory

VME-SCSI 30 GByte
100 GByte
100 GByte

Any kind of Slow Control, e.g.

HV/CAMAC INTERFACE

TO DAQ-CONTROL AND ANALYSIS
LINK TO CERN-DATABASE

Figure18: Feasibilitystudyof a DAQ upgradefig. 17
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Figurel9: Gainsof anAPV6 receved by theinternalcalibrationtestpulsesystem

14



hybrid edge

RMS-Noise /
[ADC-bits]  /

N 8~ 0 N o O O

60
40

) 20 0
APV Noise 0
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Figure21: Crosstalkof two noisycells(APVM) causedy awrongsamplingphase
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Figure23: Noisematrix of an APVM with circa30 deadcells
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