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Abstract

During thelastyearsmany investigationshave beenmadeto cometo anoptimalstrip detectorfor the
CMS outertracker, accompaniedin themain itemsby laboratoryexperimentsin Aachen.Prototype
testingof MSGCsanda silicon strip detectorresultedin a multifacetedVME systemwith respect
to hardwareandsoftware. The systemincludesa DAQ part aswell assoftwaretools to checkthe
front endhardware.Resultsfrom measurementswill begivenfor thehybridsandthestrip detectors.
Externalchargeinjectionanda

�������
sourceareusedto comparethesiliconandtheMSGCdetector.



1 Intr oduction
In theCMS centraltracker ��
	���
 silicon stripswill be readout via ������������ analogueoptical links [1]. Eachof
the ������������ APV front endchipscontains128chargeamplifiersshapingthechargesignalswith a characteristic
time constantof ������� . An integrated2-dimensionalpipeline capacitornetwork storestheseanaloguevalues
every ������� in phasewith the LHC clock. This methodof oversamplingthe CR-RCpulseallows an analogue
pulseshapeprocessor(APSP)to takethe linearcombinationof thestoredchargesfrom threeconsecutive bunch
crossingintervals(deconvolutionalgorithm). Thebestsetof thethreeweights(linearfactors) dependsstronglyon
thedetectorchosen.

For theCMS siliconmicrostripdetectorsthesetof weightshasbeenoptimizedanalyticallyfor theAPV6 readout
chip ([2], [3]). Theoptimizationensuresa securebunchcrossingidentificationandsimultaneouslyeliminationof
pile-upeffectsat trackoccupanciesoccuringin thehigh luminosityphaseof theLHC.

Thesetof weightsfor silicon is unsuitedfor signalsfrom gaseousdetectorslike theMSGC(or GEM-MSGC)be-
causehereeachparticletrackgeneratesseveralavalanchestraversingthe ����� (or ����� ) detectorgapandcharge
collectionis characterizedby large fluctuationsin sizeandduration( ������� — 	�������� ) which leadsto substantial
ballistic deficits.Weightscanbefoundthereforeonly asa compromisebetweenconfinementof thesignalinto a
minimumof bunchcrossingintervals(BCI) againstpile-upsensitivity. To uselessthanthreesamplesof MSGC
pulseswasstrivedfor to avoid too many combinationsin the trackreconstructionprograms.For this theAPVM
readoutchip hasbeendesigned([4], [5]). Thesequestionswerecrucially essentialaslong asgaseousdetectors
seemedto betheonly affordablesolutionfor theoutertracker.

2 The VME ReadoutSystem
Laboratorytestsin theconstructionphasefor thefinal CMS-trackerarequiteeducationalto geta realisticview of
theconditionsandtasksdemandedof thehardwareaswell asof thesoftwarestructures.In ourpresentsystemthe
algorithmsfor thedigitizerstages– which synchronizeandprocesstheanaloguedatain thecountingroom– can
befreely emulated.Thedigitizer stageshave to interactasa closedsystemtogetherwith theslow controlto form
a completeDAQ-System.

2.1 Hardware Layout

The DAQ-Systemhasbeendevelopedby the authorsin Aachenin recentyears. Threecrates(VME, CAMAC,
NIM) arecurrentlyplacedin onerackassketchedin figure17. Thisguaranteesmodularityandscalability.

A VME 166MHz Alpha-CPU(DEC,Compaq)runningDigital Unix controlstheVME-busanddrivesthefollow-
ing modules:a modularnumberof 4-channel8-bit VME-FADC cards[7] allowing longwordVME access,simple
I � C interfacecardsfor slow control [8] [9] aswell asa synchronizationunit (RAL Sequencer, [10]) anda port to
theCAMAC world. Theselectionof thetriggersource(local/global)andvetotimesfor synchronizationpurposes
areundersoftwarecontrolandinterlockedby fastNIM logic. As theAPV6/APVM needa minimumtriggerrate
of  100Hz for steadyoperation,wegenerateacontinuous‘background’triggerof this rate.Up to now thedelay
lines for the samplingphasesandthe trigger hold-off have to be setmanually !#" , alsothe high voltagesfor the
detectorsupplies.

OnthedetectorsideaprototypeCMSstandardopticalreadoutchain[12] is usedfor theMSGCandsilicondetector
setup. The overall bandwidthis biggerthan70 MHz for the analoguereadoutchain. Hencesignalsamplingat
20 MHz is feasible.Thesystemis plug-in expandablefor any reasonablenumberof thecurrentAPV-TRI-Cards
[13]. We verifiedtheadvantageof opticaldatalinks underthenoisyelectricalconditionsin our laboratorywhere
severalpowersuppliesareusedwithin thesystem.Unfortunatelywedid notmanageto havetheHV andLV power
suppliesintegratedinto a commonmodule[14].$&%

aprogrammableVME variantPDLU is underconstruction[11]
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2.2 SoftwareLayout

To avoid unnecessaryworkwetooktheL3-trackeronlinecontrolprogramnamedTAROT, removedtheL3 specific
code(avoidsrewriting of roughly 	'������� linesof code)andimplementedthenecessarycodefor theCMShardware.
Theprogramis fully structured,written in Fortran90 andpartially in C()( . Main ONLINE featuresof TAROT
are[6]: * languagedriven * fully interactive* commandlogging * macroprocessorandfile execution* recordhandler * graphics(HIGZ) of dataandresults* cell-wisecalibration * hardwareconfigurationby files* helpfacility * foreground–backgroundprocessing* errorhandler * slow controlby watchdogs* datacompressor * terminalhardwareaccess* signalfinder * clusteralgorithms

A structuredpool of macrocommandsavoids excessive typing anddefineshigh level commandsfor calibration,
datatakingetc. ThusTAROT behaveslike anobjectorientedhardwaredriver with high performanceandcanbe
easilyadaptedto multi processormachines.

3 Judgementof the hybrid quality
Whenstartinga readoutsystem,of coursesomework hasto beinvestedin procedureslike checkingfor ground
loops,commonmodenoise,goodshielding,etc.After thatin afirst stepraw dataaretakenwith programgenerated
triggers(localmode)anddisplayedonline.Severaladjustmentsareperformed:shift theoffsetsof theopticallinks
into their linear region aswell asthe offsetsof the FADC andAPV (VADJ) for eachanaloguechannel.All the
delaylineshaveto betuned.At thisstageTAROT helpsby judgingtheraw data(figure1). As canbeseenfromthis
figurethedigital zeronoiseis small.Thedigital oneandthetick markaswell asthedigital headerhave thesame
height.All tick markshave noadjacentsignal(correctphaseto the40 MHz clock). Furtherdataintegrity checks
concernthefollowing topics:theencodedcolumnaddressmustbevalid. It mustchangeat leastoncewithin afew
triggers. Thecommonmodeanaloguelevelshave to stayneartheir meanvalues.For offline treatmentwarning
anderrorflagsarerecordedwithin thedatarecordsfor eachtriggerandeachAPV individually.

APV Raw Data

RU    1      EV      100     HI        0   SI        0 APV10 PI 75
+

128 multiplexed channels

digital zero

digital one

tick markdigital header

encoded column address

Sample [50ns]

ADC-bits Triggered ColumnsEntries

Column-No.

Figure1: Raw datasampleof theAPV6 Figure2: All triggeredcolumns

If not statedexplicitly we usethestandardparametersetgivenby theAPV6/APVM manualsexceptfor thecal-
ibration registersandchooseVSHA=50 for the MSGC andVSHA=0 for the silicon detector([5],[3]) to fix the
characteristictimeconstantcorrectly.
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3.1 APV short list

The amountof prototypehybrids, APVs we have testedso far were 	-,.� , 	/,0� of type APV6 and 12,3� of
typeAPVM. Of these31 two of thesevenAPV6 andsix of the24 APVM wereunusabledueto slow controlor
synchronisationproblems.A typicalchecklist concerningtheseproblemscanbefoundin table5 [15]. I2C register
accessproblems– points2,3,6,7,11in table5 – areexamplesof slow controlfaults.Points8,17,18of thetablecan
causesynchronisationlossesor chiphold-ups.Thesechecksarealsoincludedin theTAROT errordetectionpart.

3.2 Calibration

Pulseheightor clusterwidthdistributionsrely onaclusterdetectionalgorithm(calledsignalfinderin TAROT). Be-
foreonecanactivatesuchasignalfindertheAPVsmustbecalibrated.TAROT doesthiscalibrationautomatically
for thefollowing threematrices:

1. pedestal 4656798;:=<?>'@ �BA3C !ED�FHGI�J ! K 7/LNMO8;:=<?>�<��P@
2. gain Q K)R A 8;:#<S>'@ �BATC !EDUF GI�J ! V K 7/LNM08;:#<S>�<W�P@YXZ4656798;:#<S>'@ V\[�]_^a`�bdcfe gih j�k
3. noise l)m � 8 :=<S>�@ �9A C ! D n F GpoIqJ !�r K 7/LNMO8;:=<?>�<��P@YXT4656798;:=<?>'@ts � ]

The matricesof size :p,2> � 	'����,0	'1�� correspondto the numberof channelsandthe depthof thering buffer
capacitornetwork( 	�1�� columns:��uv� ). ADCV meansanalogueto digital convertervalue.All matricesarecreated
with randomlocal triggersaveragingwith sufficientstatisticsthespecificquantitiesoffset,gainandnoise.Figure2
showsthenumberof entriespercolumnafteroneminuteof datataking.They follow a gaussiandistribution.

3.3 The matrices

In thissectionwewill show afew examplesof thedifferentmatrices.Theexampleswerechosento revealunusual
behaviour.

Theinternalcalibrationsystemof theAPV is usedto pulse8 groupsof 16stripssequentiallywith aprogrammable
charge.Thesetupof theinternaltestpulseby meansof theregistersCDRV, CLVL andCSKWis donewith careful
attentionto thedynamicrangeof theAPV analogueoutput.Figure19showsanormalizedgainmatrix. To facilitate
theopticalevaluationof this graph,cellsdeviating from 	�w;� by morethan25% aresetto 	�wx	 . Threecolumnsand
onechannelturnout to beuseless.

During waferproductionimperfectionsoftenresultin highadditionalcell noise.Figure20shows sucha frequent
case. A wrong synchronizationphaseeasily leadsto crosstalkeffects; sucha casecanbe seenin figure 21 —
pairsof channelsalwaysinterfere.Of course,in our measurementswe have checkedandavoidedthis. Figure22
displaysthe RMS-noisematrix of our APV6 hybrid bondedto a silicon wafer [16]. A nearlyflat structurewith
risingnoiseat theedgesis visible. Thiscanbeinducedby thesmallestgroundmovements.

The individualAPV matricesaresocharacteristic,that they canbeusedas’fingerprints’ for theAPVs. It would
beniceto have themin a database.After bondingthechanneldefectsof theattachedsensorsaresuperimposed.
An overlapof two to four ”dummy” stripsat theedgesto takeaccountof therisingnoiseis clearlyrecommended
for safeoffline reconstruction.

3.4 The deadcell matrix

By judgingthepedestal,gainandnoisematricesTAROT setsup thedeadcell matricesfor eachindividualAPV.
Deadcell vetoesareusedin thesignalfinder to excludefailure hits in measurements.Theeffect on datataking
in the TAROT online analysisanddatainspectionsystemwill be discussednext, assumingthat CMS-like data
compressionalgorithmsandsignalfindingworks(p.301[1]).

Applying thecorrectionfor deadcells,asgivenin thedeadcell matrix, takesusfrom theuncorrecteddistribution
in figure4 to thedistribution in figure3. In this APVM sampleof � 	'��y randomlocal triggersall fakehits, i.e.
readingsfrom deadcellsweresetto thecommonmodepedestalvalue.Thiscorrectionsuppressesmainlythenoisy
cellsshown in figure23.

After evaluatingthecalibrationmatriceswewoulddefinethreeAPV6 and12APVM asin goodcondition.

4



Noise Distribution
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Figure3: Noise,deadcellsexcluded Figure4: Noise,deadcellsincluded

Noisy cells cannotbe completelyavoided in productionandscreeningprocesses,additionalcell failuresmight
well occurwith increasingradiationdoses.

To beonthesafesidethecolumnnumbershouldbeoutputto theCMSDAQ system(seefig. 5.26,p.301[1]). This
immediatelyoffersthepossibilityof anonlinecell basedcalibration.If in additiononewantsto avoid occupancies
increasingin time,oneshouldimplementadeadcell vetomatrix in theFrontEndDriver(FED, 	����},2	�~�� bitsper
APV25).

4 Measurements
In table1 themostsignificantsensorparametersaregiven.

Parameter SiliconWafer MSGC

detectortype FS5KC0-09 MS-9

detectorlength ������� 	��������
detectorwidth 	'��~���� 	��������
detectorthickness ������uv� �����
detectormaterial ��� stripsin n-bulk goldstripsonDESAG 263l��?���;� � 1��P� unpassivated

crystalorientation��	����6� uncoated

AC-coupledL��v� �� ������� , l��_�S�;� � ��m�� A���� 7/m�5 � 	 � �
strippitch 	U�q��u ������u
strip-width � ����u ~�u / ����u
strip-# 768 512

channelsreadout 384by 3 APV6 512by 4 APVM

triggerwindow 	�w;����� �����
voltages ���W���'� � 	�����M / �v�#���?���'��� I � � 	'���Pw�w;������M �f�#�� t¡'�#��� � 1�����M / ���#¢ gx£   � �Yw;����M
currents

R �#���?���'��� I � � �����Pwxw ������� K �¤	�u K
Table1: Parametersof thesensorstestedin thelaboratory
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The(simplified)experimentalsetupis thefollowing: A
�������

sourceof � 	�u Cuand � ����� apertureis collimated
with a centeredtubeto a divergenceof lessthan ��¥ . Thetriggeris givenby a 	������ thick scintillator. This leads
to a triggerrateof approximately	f�Y¦�§ with � ¥ � ¥�¥ cosmicbackground.

Interactionsof ¨ -particlesfrom the
�������

sourcewith theMSGCmaterial(e.g.drift cathode,glass)aresuppressed
by a softwarerejectionof multiple hit events,controlledby the clusteringalgorithmsin TAROT or the TARA
offline analysis[17]. This reducestheacceptedtriggersfor MSGCsby 30%.

Notethat triggerscomingfrom thescintillatorsareacceptedin windowsof 	�w;� and ����� respectively (aroundthe
latency phase).Figures5 and6 show typicaleventsseenby theDAQ from thesedetectors.
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Figure5: Typicaldataslicefrom a MSGC Figure6: Dataslicefrom a silicondetector

4.1 Testswith injected charges

Well definedchargesare injectedexternally by different techniquesinto the MSGC or the silicon detector. To
examinethe signal responseof the APV shaperonehasto vary the latency (trigger delay)within the time of
interest.

Charge injection into a MS9 MSGCis performedvia the couplingcapacitancebetweenthe anodesandthe cor-
respondingcathodegroupof elevenstrips. Theresultsof the latency scansin peakanddeconvolution modeare
plottedin figures7 and8 respectively.

Oneobtainsthe shapeparametersTau andAlpha ( [2], CR-RC
I � r t ��« s I �¬C t ­�® , �9¯±° ) by a fit to the data

in figure 7. A secondfit to the deconvolution datain figure 8 with Tau andAlpha takenfrom the previous fit,
determinesthe setof weights. Dampis the scalingfactor for all weightsto setWeight1to X6	�w;� . Fit resultsare
givenby thesolid lines.

In caseof the silicon detectorthe charge is injectedvia a needleprobeput on a silicon � � -strip padundera
microscope.Thefitting procedureis identical(figures9 and10).

The set of weightsfor the APV6 is in goodagreementwith the designvalues(deviationsare lessthan 3 %).
Weight3of theAPVM is 30 % largerthanthedesignvalue.Themainconsequenceis a biggerundershootin the
deconvolution response(figure8) behindthezero-crossingat80ns.

Theshapeof thesignalis parametrizedin thelengthof thepulse²´³ above or below giventhresholdsmeasuredin
% of themaximumor minimumvaluescomputedin deconvolutionmode(table2).

Thestrongbipolarity in theMSGCcurvehasan impactthatcannotbecontrolled in caseof highoccupancies.
A signalthat is two to six bunch crossingintervalsearlier in timekills thetriggeredsignalto bemeasured.
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APVM via a MSGCcathodegroup Å " Figure8: Deconvolution response
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Figure 9: Pulseshapecapacitively injectedinto an
APV6 via a probeon � � -strippad

Figure10: Deconvolution response

Thresholdin % of maximum � minimum
95% 90% FWHM 	 ��� 10% 5% 20% 	 ���²´³ MSGC 8;����@ 14.3 20.3 46.9 54.2 68.2 71.9 125.0 96.9²´³ Silicon 8;����@ 8.5 11.8 30.2 36.1 49.9 53.5 35.1 30.8

Table2: Parameterizationof theMSGCandthesilicondeconvolutionsignalÇ %
Thetime scalesin figures7-8/9-10/13-14/15-16arepairwiseidentical.By”Matrix time” È Matrix we meana sumof terms:È Matrix É È RegionOf InterestÊ È Hold Off Ë È Latency.
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4.2 ÌdÍqÎUÏ -Measurements

Many CMSpapershavebeenpublishedin 1997leadingto thetriple setof weightsimplementedin theAPVM. The
setof weightswastheoutcomeof a MonteCarlosimulationof an idealizedMSGCstrip. OneimportantMSGC
problemwithout discussinga specialtypeof MSGChasbeendescribed1998in reference[18]: It is the mutual
inconsistency of ”time precision”and”track efficiency” for MSGCsof a giventime jitter.

To studythesituationin moredetailwewill comparetheMSGCandthesilicon detectorsshowing corresponding
figuresandtables.

Figure11 and12 show typical MSGC andsilicon pulseheightdistributionsrespectively. Both distributionsare
obtainedata latency giving themaximumsignalovernoisein alatency scanin peakmode(’best’ Landau).Landau
fits aresuperimposedwith thescalingparametersnormNORM, positionof maximumMAXP andwidth SIGMA
denotedin theboxes[22].

Ne/DME=1/2
Ð
Ucath=600V

Udrift=2.8kV

σÑ =2.5

!

Entries
Ò

S/N=17.8
Ó

Cluster Charge
Ô ADC-bits

Cluster Charge
Ô

V
Õ

det=120V
V
Õ

depl
Ö =100V

σÑ =3.89
S/N=12.8
Ó

Entries

ADC-bits
{

ε× ≈1
Ø

Figure11: MSGCpeakmode
�������

distribution Figure12: Siliconpeakmode
�Ù�����

distribution

Thoughthedynamicsof theanaloguereadoutis identical,theMSGCpulseheightdistributioncovers � timesthe
dynamicrangeSIGMA of oursilicondetectorwhile themaximumpositionMAXP is scalingwith a factorof 	�w;1 .

Theratio MAXP/SIGMAis � �Pw;� timesgreaterfor thesilicondetectorthanfor theMSGC.

This is a mereconsequenceof the differentprimary ionizationsand their collection or amplificationin these
detectors. Physicalconstraintsand optimizationsfor CMS MSGCsandsilicon detectorshave led to ratiosof
MAXP/SIGMA not differingmuchfrom theonesgivenhere.Ballistic deficitsin theMSGCcasegeneratea dis-
advantageousratio of MAXP/SIGMA. Theareain figure11 taggedwith anexclamationmarkcannotberesolved
from thenoise.

Now wecomparetheresultsof thelatency scansfor bothdetectors.To do this wedefinetheexpression

Acceptability � # of hits in run
# of triggersin run

D/Ú � :xÛY��Ü�ÝAßÞ :t� �pà
meanof run

�âá D � ��A w (1)

In figures13/14the peakanddeconvolution acceptabilityscanfor the MSGC is shown, in figures15/16those
for the silicon detector. The error barsarisemainly from the RMS valuesof the correspondingsignal to noise
distributions. For a betterunderstandingof theseplots the testpulsefits gainedin section4.1 aresuperimposed
assolid lines (the time offsetsarefitted individually by eye). To accountfor ballistic deficitsin theMSGC case
a scalefactor of � � � mustbe introducedto describeroughly the deconvolution amplitude(fig. 14) which is not
necessaryin thesiliconcase.

A furtherlook at figure14confirmsa matchin polarityandsizeof thedatacomparedto thedeconvolution curve,
but therangeof acceptabilityseemsvery big. Referingto figure5 clustersare(always)accompaniedby induced
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chargeson neighbouringstripsof the cathodegroup/shit. Omitting the groundplaneson the backsideof the
substrateand removing someblocking capacitorsimproves noiseperformancebut at the expenseof crosstalk
effects(p.197[1]).

Crosstalkeffectsof thecollectedchargeshavebeenconfirmedin our MSGC.Asa result
fakehitsoccurfar apart fromtheplateau,for evenmore thanfour bunch crossingintervals.

In the silicon detectora massive externalcharge injection(sect.4.1) of �}��� mipsdoesnot leadto any crosstalk
effects. As expected,the analysisof a large statisticsof

�������
signals( � 1 mip) showedno signalsof opposite

polarity. Thecorrespondingacceptabilityis presentedby starmarkersin figure16.

As expectedin a jitter freesilicon detectortheacceptabilityvaluefalls fasterthanthe shapingitself - dueto the
drop of both factorsin the product(1) (figs. 15/16). In the maximaof thesescansit reachesa valuesimilar to
a Landausignal to noise( á ��ã	 ). So the acceptabilityactsasansuitabletime andamplitudequalifier for track
reconstructionpurposes.

Original CR-RC

Product: S/N•
ä ε

Matrix time [ns]
å

Acceptability MSGC Deconvolution Acceptability MSGC

Product: S/N •  ε

Matrix time [ ns ]
å

+

- 2/3 •  Original Deconv. Shape
(guessed ballistic deficit)

Neighbour Crosstalk Effects
æ

(lagged cluster)

Figure 13: Peakmodeacceptabilitylatency scanof
theMSGC( ç2èBéPê;ë , energy-cutè�ì�í counts)î " Figure14: Deconvolution acceptabilitylatency scan

of theMSGC( ç2è9éYê;ë , energy-cutè�ì'í counts)
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ï Matrix time [ns]

ð

acceptability of opposite sign

Product: S/N•ε
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Figure 15: Peakmodeacceptabilitylatency scanof
thesilicondetector( ç2èòñ�ê ó ) Figure16: Deconvolution acceptabilitylatency scan

of thesilicondetector( ç2èòñ�ê;ó )
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detectorand peakingtime source
APV type distanceô õ�öø÷

Calibration
APVM + MS-9 ùBë�ú fig. 7-8

APV6 + FS5KC0-09 ùBó�û fig. 9-10
Strontium90

APVM + MS-9 ùBë�é fig. 13-14
APV6 + FS5KC0-09 ùBó�ü fig. 15-16

Table 3: Compilation of time intervals betweenthe
peakingtimes

time sigma acceptability
window ô õ�öø÷ , BCI cut loss ô%÷

85 , 3.4 53.0 ù 77
90 , 3.6 38.0 ù 61
102, 4.1 35.0 ù 47
117, 4.7 29.0 ù 32
150, 6.0 9.0 ù 6
300, 12.0 3.5 ù 0

Table4: Sigmacutsandacceptabilitylossesfor given
time windows( ý�þ�ì % outside)

Table3 summarizesthetimeintervalsbetweenthepeakingtimesof thedeconvolutionandtheCR-RCamplitudes.
Thesetimesarein goodagreementwith thedeconvolutionalgorithm.Thesmalldeviationsfrom a latency shifted
by ë�í or ÿ�ë�õ�ö respectively will betakencareof in thefinal trackerlayoutby softwareadjustabledelaysin steps
of onenanosecond(includingtheshiftsof thesamplingpointsin thedigitizerstages).

We now determinethesignaldegradationin deconvolution modedueto ballisticdeficits.

If theseareabsentasin thesilicon case, theappropriatenoisecut ç separatesclearly the ’best’ Landaufrom the
noiseGaussian(e.g. çZè éPê;û�ü in figure12). In this caseany greaternoisecut suppressesthehit to trigger ratioý in formula(1) by morethan é�í ��� outsideof a centeredtime window of ë�ó�õ�ö , andby morethan ú�í ��� for a
smallertimewindow of ë�í�õ�ö (fig. 16).

Next we draw attentionto the MSGC in deconvolution mode. Looking at figure 14 oneseesthat the positive
acceptabilityextendsover more than twelve BCIs. The relationsaregiven more preciselyby the numbersin
table4. Its impossibleto definea é�í ��� point for theMSGC.This leadsto thefollowing result:

Requestinglessthan1%of thesignalsoutsidean intervalof just four bunch crossings
resultsin a severe lossin acceptability.

Themainreasonsfor thisbehaviour is thenonnegligible numberof veryhighpulseamplitudes,thecrosstalkeffect
andthedrift timefluctuationstypical in MSGCs.

Finally wewantto estimatethewidth of thedrift timedistributionfrom theFWHM of themeasureddeconvolution
curve (fig. 14), thecalibrationfit (fig. 8, tab. 2) andthetriggerjitter: ù � ÿ�í��	�Zñ�ÿ
���0ë
�pù�ë�ë�õ�ö . Thedeviation
from theusual ë�í�õ�ö arisesfrom thechangein thegasmixturefrom Ne/DME=1/1to Ne/DME=1/2. A drift time
of ùòñqë�õ�ö shouldbeachievablewith an ��
������ � mixture.Thiswill notsignificantlychangetheproblemsarising
from theeffectsencounteredabove.

4.3 Comments

A reliablebunchcrossingidentificationis oneof themajorrequirementsfor a CMStrackingdevice,amongother
importantfeatureslike high ratecapabilityandrobustnessin a harshHIP environment.Thelatterproblemsseem
to bepartiallysolvedby theGEM-MSGCsusedin HERA-B experiment[20]. An additionalGEM amplifierstage
[19] allows lower electricfield strengthsin the transfergap. The timing propertymustdegradefor the GEM-
MSGCs,dueto chargedepositionsin thetransfergap(parallaxeffect [21]).

Thusabunchcrossingidentificationwithin two to threeintervalscannotbeachievedwith a
TDR typeMSGCor GEM-MSGCandtheproposeddeconvolutionweights.

Smallerdrift time fluctuationsarereportedfrom the multi-GEM technology[24]. A specialproblemfor these
detectorsin combinationwith aCMOSreadoutelectronicsis thewidespreadof clusterenergies.Saturationeffects
from high charge depositionsmay reducethe rangeof applications.The impactof standardreadoutalgorithms
(e.g.discrimination,peaksensing,deconvolution,etc.) remainsafield of investigationfor thesedetectors.
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5 Conclusions
A prototypeMSGCdetectoranda silicon detectorof theCMS outertrackerhave beentestedwith theAPV6 and
APVM readoutchipsundercomparableconditions.Theexperiencegainedby runningtheseCMS pipelinechips
in a fully controllableDAQ systemhave beendescribedin detail. A full cell basedcalibrationshows faulty cells.
Their numbermight grow during the lifetime of the CMS microstriptracker. Correctionalgorithmsbasedon a
deadcell bit matrix for eachAPV have beenemulatedanddemonstratedto work successfully.

Measurementswith MSGCsof theTDR typeshow asignaldevelopmentin excellentagreementwith morerecent
predictions(p.54[23]) alsodealingwith triple weightdeconvolutionalgorithms.

The resultsconcerningtime development,efficiency andsignal to noiseratio for an unirradiatedsilicon wafer
testedin our laboratoryareveryencouragingfor 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 I2C register

7. I2C readwrite compare

8. Badcurrents

9. Failedsomeaddresses

10. Failedall addresses

11. Can’t setVADJ

12. Somebadpedestals

13. Excessbadpedestals

14. Noisyanalogueoutput

15. Somebadcells

16. Channelslow calibratepulse

17. Somebadpipelineaddresses

18. Failedall pipelineaddresses

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

���
MINUIT FunctionMinimization: EPS0.1E-08,ERR0.5,SEEK � SIMPLEX � MIGRAD � HESSE� MINOS
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