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Abstract

AGILE (Light Imagerfor Gamma-rayAstrophysics)s a small scientificsatellitefor the
detectionof cosmicy-ray sourcesn the enegy range30 MeV-50 GeV with a very large
field of view (1/4 of the sky). It is plannedto be operationain the years2003-2006 a
periodin which no othery-ray missionin the sameenepy rangeis foreseen.

The AGILE scientificinstrumentis madeof a silicon-tungsterirracker, a CsI(TI)
Minicalorimeter an Anticoincidencesystemand a X-ray imaging detectorsensitve in
the10-40keV range.

We presenthere a detaileddescriptionof the architecturaldesignof the Silicon
Tracker with its triggerandreadoutiogic, andthe performanceof the detectorprototype
during a testbeanmperiod at the CERN PSin May 2000. The Tracker performanceds
describedn termsof positionresolutionandsignalto noiseratio for on-axisandoff-axis
incidentchaged particles. The measuredtO um resolutionfor a large rangeof incident
angleswill provide anexcellentangularresolutionfor cosmicy-ray imaging.
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1 Intr oduction

Cosmicgammarays are a manifestationof the mostenegetic phenomenan our Uni-
verse. Amongthe y-ray emitting sourceswe canlist relatiistic compactstars,massve
blackholesin active galacticnuclei,y-ray burstsourcesandthe Sunduringintenseflares.
Gammarays reachthe Earth also from remoteregions of the Universeproviding fun-
damentalinformation on the cosmologicalevolution of enegetic sources. Mary y-ray
sourcesaretransienton timescalesangingbetweernsecondsindseveral days,shaving
aUniversein turmoil andsubjectto catastrophi@vents. Theunderstandingf thesephe-
nomenas still preliminaryandatremendousimountof work bothfrom theexperimental
andthetheoreticalpoint of view is necessaryo understandll thedetails.
ASI (AgenziaSpazialdtaliana- Italian SpaceAgencgy) haspromotedn 1997anew pro-
gramof smallscientificmissions.
In Decembel998AGILE (AstrorivelatoreGammaa Immagini LEggero- Light Imager
for Gamma-rayAstrophysicswasselectedasthefirst small missionamong8 proposals
thatASI supportedor the phaseA study
At themomentAGILE is enteringthe phaseC/D, whichis the constructiorandassembly
phaseof the satellite.
The AGILE missionwill provide a powerful Obsenatory for y-ray astrophysicsn the
enepgy range30MeV-50 GeV, duringtheyears2003-2006 No othery-ray missionin this
enegy rangeis plannedn the sameperiod.
Theinstruments light (~80 kg) andeffective in detectingandmonitoringy-ray sources
within alargefield of view (=1/4 of thewholesky). Theinstrumentonsistf asilicon-
tungstenTracker, a 1.5 Xo deepCsl Minicalorimeter an Anticoincidencesystemmade
of sggmentedplasticscintillators,a X-ray detectorin therangel0-40keV with a coded
masksystemfastreadoutelectronicsandprocessinginits.
The AGILE teamcurrentlyincludesscientistdSrom CNR andINFN laboratoriesandthe
Universitiesof Trieste,RomalLa SapienzandRomaTor Vemata.
The working principle of AGILE is shavn in fig. 1: the photoncorvertsin anelectron-
positronpair in the Tracker tungstenlayers,which is detectedoy the silicon strips. The
CsI(TI) Minicalorimetermeasureshe enegy releasedy the electronandthe positron
while the AnticoincidenceAC is usedto rejectchagedparticles.
Fig. 2 is a 3D sketchof theinstrumentthe overall dimensionis 61x61x58 cnm®.
For a detaileddescriptionof the scientificperformancesf AGILE, see(1).

In thefollowing, we presenthe architecturatesignof the Silicon Traclker (section
2) andthetestbeamesultswe have obtainedwith thefinal silicon prototypegsection3).
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Figurel: Working principle of the AGILE instrument.

2 The AGILE Silicon Tracker

The Silicon Tracker is the heartof the AGILE mission.It hasatwofold purpose:

e to providethetriggerto thewholeinstrumentvhenay-ray hascornvertedinsidethe
Tracler itself

e toprovideacompleterepresentationf the eventtopology allowing thereconstruc-
tion of the momentumanddirectionof the electron-positrorpair producedby the
photoncorversionandthustheincomingdirectionof they-ray itself.

Togethemwith the Minicalorimeter the Tracker constitutegshe AGILE GammaRay

ImagingDetector(GRID).
The AGILE Tracker is madeof 14 planesof silicon strip detectors.Eachplaneis

configuredasfollows:

e active part: two views of 16 silicon padseach,whosefeaturesaredescribedn the
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Figure2: 3D sketchof the AGILE instrumentwithoutthetop andtwo of thelateralsides
of theanticoincidencethe overall dimensionis 61x61x58 cm®.

next subsectionthe strip orientationof thefirst view is perpendiculato the oneof
thesecondview resultingin ax-y detector

e passve converter: onetungstenlayer 245 um thick (correspondindo 0.07 radia-
tion lengths)positionedabove the silicon layer; the last 2 planesdo not have this
corverterlayerdueto thetriggerconfiguration

Fig. 3 shavsthestructureof the 14 silicon planes.They areorganizedn trays,each
of themcontaining?2 silicon views, with the exceptionof the first andlasttray. Starting
from thetop of the plane the structureconsistof:

e a410 um silicon detectorview gluedon a 100 um kaptonlayer (exceptthe first
tray);

e a500um thick carbonfibre layer;



a12 mmthick layerof aluminumhone/comb;
a500um thick carbonfibre layer;

a245um thick tungsteriayer (exceptthetraysfrom 12 to 15);

a 410 pm silicon detectorview gluedon a 100 um kaptonlayer (exceptthe last

tray);
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Figure3: Silicon Tracker traysconfiguration(notto scale).



Four silicon detectorsarebondedtogetherto createa “ladder”. Eachview is thusmade
of four ladders.Fig. 4 shows a sketchof the Silicon Tracker tray with all its components.

Silicon Detector

ASIC TAA1

Figure4: Silicon Tracker tray sketch.

As far astheelectronicds concernedthe 28 views aredividedinto 14 logic blocks
(FrontEndBlock, FEB) of 2 views each(2 x or 2 y views).
The Tracker FrontEndElectronics(FEE) is madeof 2 Frontendand Trigger Boards
(FTBs) (1 for the x and 1 for the y views) positionedon 2 of the 4 lateral sidesof the
Tracler itself.

2.1 Silicon Detectors

The silicon detectorsare single-sideAC-coupledstrip detectorspuilt on high resistvity
(>4 kQ-cm) 6” substratdoy HAMAMA TSU PK. Their sizeis 9.5x9.5 cm? while their
thicknesss 410um. Thebiasingof thedetectoiis achiezedthroughpolysiliconresistors.
The detectoris usedwith a “floating strip” configuration(2); the physicalstrip pitch is
121 ym andthereadoubneis 242 um.
This configurationhasbeenchosenn orderto have an excellentspatialresolutionwhile
keepingundercontrolthe numberof readoutchannelsandhencethe detectopower con-
sumption.

Theprototypeproductionconsistof 10 detectorsvith thefollowing electricalchar
acteristics:

e biasresistorvalue:40MQ

e couplingcapacitancealue(measurect 10 kHz): 527 pF



e AC couplingAl resistanceralue:4.5Q/cm

e |leakagecurrentdensity at a biasingvoltage 20% higher than the depletionone
(VED=75V): 1.5nAlcn?

Fig. 5 shawvs one of the AGILE silicon detectorswhile fig. 6 is a picture of the
ladderbuilt for the AGILE May 2000testbeanatthe CERNPSarea.

Figure5: TheHAMAMA TSU final prototypefor the AGILE silicon detector

Figure6: Prototypeladdertestedduringthe May 2000testbeanatthe CERNPSarea.



2.2 FrontendElectronics

The Tracker FrontendElectronicsconsistof:
e 2 FrontendandTriggerBoards(FTBs),onepereachview type

e ahybrid (HDI, High DensityInterconnectionperladderfor atotal of 56 HDIs per
FTB

e 3frontendASICs(TAAL) perHDI for atotal of 168 TAAls perFTB

Thetotal numberof the Tracker readouichannelss 43008.
Thelogic unit of theFTB is the FEB, for atotal of 7 FEBsperFTB.
In thefollowing, we describehe maincharacteristicef eachcomponent.

2.2.1 TheTAAl ASIC

The TAA1 ASIC is a 128 channelJow noise,low power, selftriggering ASIC designed
by IDE AS ! andproducedby AMS 2 with 0.8 um N-well BICMOS, doublepoly, double
metalon epitaxiallayertechnology
The TAAL is theevolution of the TA1 ASIC andit hasbeendesignedn purposefor the
AGILE project.
Theversionwe have usedin thetestbeanis the TA1, madeon 1.2 um technology

Eachchannelis madeof a folded cascodechage sensitve preamplifier a CR-RC
shaper a sample& hold circuit, a level sensitve discriminator(seefig. 7). The dis-
criminatorinput is the shaperoutputfiltered by a high passfilter with a very low cutoff
frequeng (setinternally) to eliminatethe fluctuationsin the DC working point of the
preamplifier+shapdoldedcascoddopology

Thediscriminatorthresholdhasto be setfrom outsidethe ASIC andit is uniquefor
thel128channelsln the TAA1 ASIC, a 3-bit trimming DAC perchannels implemented
in orderto guaranteathresholduniformity betterthan10%. A triggersignalis produced
by the discriminatoreachtime the shapemoutputis above threshold.Thetriggeroutputof
the ASIC is the OR of thetrigger signalsof the 128 channels.In the TAAL version,the
trigger outputwidth canbe chosenin the rangefrom 0.5to 4 ps, while in the TAL this
width is givenby thetime the signalis above thethreshold.
Noisychannelsanbedisabledoy loadingabit-patternin ashift register(“trigger mask”).

Oncethe trigger hasbeenreceved, the logic hasto generatea hold signalwhich
sampleghesignalpulseheightattheshapepoutput. Thetime distancebetweerthetrigger
andthe hold is a function of the peakingtime of the signalitself and of the threshold
setting.

LIDE AS, Oslo,Norway
2AustriaMikro SystementernationalAG, Austria




Thereadoutis a multiplexed analogreadout. The maximumreadoutclock frequeny is
10 MHz. We planto usethe ASIC with a5 MHz clock.

The TA1 ASIC hasa calibrationfeature. Applying a voltage stepto a capacitor
whichis in parallelwith the calibrationinput, it is possibleto checkthe behaiour of the
ASIC itselfin termsof gainandnoise.Whenusingthetestmode,anadditionalnoisehas
to be taken into accountdueto the seriesresistanceand additionalloading capacitance
to the channel. The calibrationsignalcanbe injectedinto onechannelin a given ASIC
at a time, selectingthe channelvia a 128-bit shift register We plan to usethis facility
duringtheladdertestsandthe Assembly IntegrationandVerificationphasgqAlV), while
this type of calibrationis not foreseerduring the satelliteflight. In the TAA1 version,a
calibrationcapacitorof 0.5 pF perchannels integratedin the ASIC itself.

Tolimit thepowerconsumptiorof the Tracker, we have decidedo operatehe ASIC
in averylow powerconfiguration.Tah 1 shovsthemainfeatureof theTA1 ASIC, while
tah 2 shows the power consumptionrwhenthe nominalvaluesfor theinput biascurrents
areusedandthe one correspondindo the chosenvalues. Fig. 8 plots the outputsignal
shapesorrespondingo the nominalparametesettings(curve a) andto the choserones
(curveb).
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Figure7: Schematioziew of the TAAL ASIC.

2.2.2 TheHDI

The Tracker HDI with thefrontendASICsis positionedon thetray to avoid the presence
of delicatecablesandboardssuchasupilex fanoutsandtheHDIs themselesonthelateral
walls of the structure.

To adaptthe detectormitch (242 um) andthe TAAL input padpitch (100 um, keepingin
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Figure8: Outputsignalshapecorrespondindo the nominalparametesettings(curve a)
andto the AGILE ones(curve b). Thesignalshave beenmeasuredavith the VA-TA DAQ

board(IDE AS).

Dimension(mnr) 4.85x6.9
Thicknesqum) ~600
Channels 128
Gain(mV/fC) 25
Noise(e~ rms) 165+6.1/pFor Tp=2 ps
Peakingtime (ps) 1-3
Nominal power consumptior(mW/channel) 1.3
Rangg(fC) +18
Input padsize 50 umx90 um
Input padpitch 100pm
Controlpadsize 90 umx90 um
Controlpadpitch 140pum

Pawverrails Vdd=+2V, Vss=-2V
(separatdor digital andanalogsections)
Backcontact connecto analogVss

Tablel: Main featuresf the TA1 ASIC.

mindthatthe TAA1 input padsarepositionedon threesidesof the TAAL itself), we have

decidedo usethe HDI itself.
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IVss (mA) | IvVdd (mA) | Powver consumptiomW/channel)
Nominal parameters 70 11.2 1.27
AGILE parameters 17.6 5.2 0.360

Table2: Ponver consumptiorwhenthe TA1 is operatedvith the nominalvaluesandwith
the AGILE parameterdVssandlVdd arethecurrentsdravn onthe-2V and+2V power

supplies.

In thetestbeanHDI, the pitch adaptionis still madethrougha upilex fanout.

Figure9: Pictureof thetestbeanHDI.

Fig. 9is apictureof thetestbeanHDI:

¢ inthelowerpart,thereis a50-pinERNI connectoffor thedigital/analogsignalsand
thelow voltagesandalemoconnectoifor the detectomiasvoltage;all thevoltages
aredecouplectloseto the ASICs;

e in theupperparttherearethethreeTAls: the bondingpadsfor the controlsignals
arepositionedon the lower side of the ASIC andpartly on the left andright sides
while the input padsfor the silicon signalsare positionedon the front of the ASIC
(64 pads)andonthesides(32 perside).

ThetestbeanHDI, whichis atwo layer PCB card,hasbeenmanufcturedoy TecnoMas-
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Figure10: Pictureof the new versionof the HDI, with the pitch adaptetincludedon the
HDI itself.

ter 2 andassembletby Mipot 4.

Thefinal HDI will have adimensiorof 9.5x 3 cn? to becomparedvith thetestbeanone
(10x 6 cn?). Fig. 10 shovsthe4-layerversionof the HDI with the pitch adapteiincluded
ontheHDI itself, manugcturedby the CERNEST Division.

2.2.3 TheFrontendandTriggerBoard- FTB

The FTB is the supervisotboardof the Tracker frontend(seefig. 11); it hasto interface
the silicon detectorsto the readoutsystemand to handleproperly the trigger signals,
the power linesandthe Tracker houseleepinggcurrentsandtemperaturesisedto check
the operationaktatusof the Tracker). EachFTB correspondso a boardof 39x27 cm?

locatedon oneof the Tracker lateralsides.

The Tracker FEE for the x (y) views is organizedinto 7 logic units (FEBs). EachFEB
controls2 views (2 x or 2 y views). EachFTB handles7 FEBs. The two FTBs are
connectedwith aflat cable. The connectiorbetweerthe FTB andthe HDIs is donewith

suitableflexible cables.

A block diagramof the FTB functionsis shovn in fig. 11. Startingfrom thetop,the FTB

goalsare:

3Tecnomasteitaly
4Mipot S.p.A.,Cormong(GO), Italy
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Figurell: Schematigepresentationf the FTB.

to configurethevariouspartsof the Tracker FEE;

to distributethe digital signalsneededor the Tracker readoutphase;

to serializethetriggerbits for the Level 1.5trigger (seenext subsection);

to generatehe Tracker Level 1 triggersignalsandsendthemto thedataacquisition
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box (DataHandlingbox, DH);

¢ to handlethe analogsignalscomingfrom the triggeredTAA1s during the readout
phase;

e to distributeandfilter power;
e to handlethe houseleepings.

The comunicatiorbetweenthe FTBsandthe DH box is implementedhrougha set
of serialbusespower linesandanalogoutputs.

2.3 The trigger and readoutelectronics

The AGILE-GRID triggeris divided into 3 levels, two hardwareones(Level 1 and1.5)

anda softwareone(Level 2) (3).
The Tracker readoutsystemconsistsan a synchronougpartandanasynchronousneto

reducethe deadtime of theinstrument.
A detaileddescriptionof thetriggerandreadoutsystemof the satelliteis givenin (4).

2.3.1 Thehardwvaretriggers:Level 1 and1.5

LEVEL 1.5

\ PROCESSING BYPASS

AC TOP CONDITION AC VETO T1 YES

AC LATERAL CONDITION
CK

CALORIMETER HIGH THRESHOLD

L

x VIEW TRIGGER
STROBE

TRACKER
@:I—,_TRIGGER STROBE

L

y VIEW TRIGGER
STROBE

Figurel2: Schematigepresentationf thebaselind_evel 1 trigger philosophy

For the AGILE orbital environment, we expect a ratio of cosmicy-rays to total
backgroundchagedparticlesandalbedophotons)eventratesnear10~* for y-ray ener

gieslargerthan100MeV.
The main goal of the two hardwaretrigger levelsis to identify the y-raysandavoid the
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Figurel3: Flow diagramof the Level 1.5triggeroperations.

frontendfreeingprocedurdor backgroundevents,thusreducingtheseeventsof a factor
nearl00. In thefollowing, we summarizehebasicideasof thetwo triggerstages:

e Levell:

— baselinephilosophy(fig. 12): the Level 1 triggeris givenby the coincidence
of 3 outof 4 consecutre Silicon Tracker views (x and/ory view triggerstrobe
in fig. 12), indipendentlyfor the x andthey views. Veto signalsfrom the top
AC anda suitablecombinationof the lateral ACs are foreseen(AC vetoin
fig. 12). For enegetic photons(E >1 GeV), anindipendenttrigger can be

15



generatedy a high enegy releasan the minicalorimeter(calorimeterhigh
thresholdn fig. 12).

— time availablefor thedecision:<1-1.3ys; if thedecisionis positveaT1 YES
signalis generatedptherwisethe detectoris kept blind for <10 ps (T1.NO
status)

— expecteddeadtimeaT1 NO rateof 1 kHz correspond$o a deadtimeof 1%.
e Levell.5:

— baselingphilosophy:oncethe T1_YES hasbeengeneratedall thetriggerbits
arelatchedand,uponreceiptof thehold signal,all theanalogsignals(TAA1S)
aresetto “hold”; aclock (24 cyclesat5 MHz) generatedby the DH box seri-
alizesthetriggerbits ononeline per FEB for the Level 1.5 processing.

The sameclock, while transferringthe bits, if thereis alateral AC condition,
enableghe DH to countthe numberof x (y) triggeredASICsandthe number
of x (y) triggeredviews and, by usinga RAM, to evaluatethe so called“R-
trigger”, thatis theratio of the numberof triggeredASICsandthe numberof
triggeredviews; this ratio hasa valueof theorderof 1 for abackgroundevent
suchasa singlechagedpatrticle (1 ASIC perview) andgreaterfor a cosmic
y-ray (if aphotonhascorverted,two particlesareproducedvhich cantrigger
morethanoneASIC perview).

If the R-valueindicatesthe presencef a chagedparticle,the Level 1.5 pro-
cessordiscardsthe event before starting the distance-algorithnprocessing
(seeflow diagramin fig. 13).

Thedistance-algorithnprocessings doneby comparingtherelative position
of thetriggeredASICswith respecto thehit lateralAC asshownin fig. 14. If
only oneof thelateral ACsgivesasignal,the distanceof thetriggeredASICs
from that AC is computed. This distanceincreasesf the eventis a chaged
particlewhich hasenteredthe AC (right partof fig. 14) anddecreases one
particleof the pair createdoy the photonhitsthe AC (left partof fig. 14).
This algorithmis in practicea vetoof thefrontendfreeingphase.

— requiredtime for the decision: for the R-trigger it is <5 us (essentiallythe
clocking phaseduration);for the Level 1.5 processingt is 20 ps. Thetime
neededo resetthe Silicon Tracker FEEis 10 ps.

— expecteddeadtime from the simulationwe estimateo havea T1_YES rateof
500 Hz andto cut 400 Hz with the R-triggerand30 Hz morewith the Level
1.5 processingthe total deadtimein caseof a negative decision,after Level
1.5processingis then

5ps x 500Hz+ 20us x 100Hz+ 10us x 400H2) x 10 8 = 0.85%
s
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2.3.2 Thefrontendfreeing

To reducethe time neededby the readoutphase a sparsereadoutwill be implemented.
Thus,only the TAA1ls thathave givenatriggersignalwill beread.

EachASIC trigger bit is latcheduponreceiptof a TL_YES signaland storedin a shift

registeron the FTB itself. The frontendfreeingphaseis controlledby a5 MHz clock,

sothateachTAA1l needs25.6 us to be readout. EachADC boardcontrolstwo views

(24 ASICs). The maximumnumberof TAA1s thatcanbe readfor eachADC is 8 for a

maximumdeadtime of 200 ps.

Thetotal numberof 12-bit ADCs is 14, organizedn 4 boards(TAB, Tracker Acquisition

Board). Fig. 15 describeghe working principle of the Tracker readoutboard,which is

controlledby a FPGA: the four signalscomingfrom four FEBsaredigitized by four 12-

bit ADCs with a 5 MHz clock. The four digital ADC outputsare multiplexed with a

20 MHz clock andstoredin a staticRAM.

Thefrontendfreeingis thelastoperatiorof thesynchronouphaseof the Trackerreadout.

2.3.3 Thedatapreprocessingndthe Level 2 trigger

The datapreprocessingndthe Level 2 triggerareasynchronousvith respecto the sys-
temtiming andthusthey do notintroducedeadtime.

The datapreprocessingompresseshe event informationin orderto transferit to the
payloadCPU.It consistsf thefollowing phases:

e pedestabkubtraction:eachchannelpedestais computedbeforeeachobsenation
phaseandstoredin adedicatednemoryregion

17
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e commonmodesubtractionfor eachASIC the meanvalueof the strip ADC counts
is computedcandthensubtractedrom thestrip pulseheight. Thenoisyandthedead

Figurel5: Schematigepresentationf the TAB.

channelsarenot usedin this operationwhichis implementedn hardware.

e zerosuppressionthestripswhich have apulseheightlowerthanachoserthreshold
(expressedasa function of the channelnoiserms; e.g. 2 o) aresuppressedThe

datacompressioffiactoris estimatedo be 96%.

TheLevel 2 processings a software-onlyprocesgperformedoy the CPU.For each
Trackerview theclustersareidentifiedandtheir information(position,chage,numberof

strips)is stored.

Thealgorithmsusedfor theLevel 2 arebasedn the samecriteriaof the Level 1.5trigger
with a highermodularity sincethey areperformedat the clusterlevel. Thesealgorithms

arestill understudyandthey will bedescribedn aforthcomingpublication.

The time neededor the Level 2 phaseis of the orderof 5 ms. The input eventrateis
70Hz while theoutputone(correspondingo theeventsthataretransmittedo ground)is

10-20Hz.
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3 The silicon detector performance

The final prototypeof the silicon detectorhasbeentestedwith the TA1 versionof the
frontendASIC duringatestbeanperiodatthe T11 beamlineatthe CERNPS(EastHall,

May 1-11,2000).

The mainfeaturesof the beamare summarizedn tah 3; for a detaileddescription,see
(5).

As farasthebeamparticlecompositions concernedtherelative fractionof thedifferents
typesis shavnin fig. 16.

Maximumdesignmomentum 3.5GeV/c
Theoreticaimomentunresolution 1.9%
Calculatedbeamcross-section 18(h)x10(v) mn?
Productionangle 149.2mrad
Angularacceptance +6.2(h)mrad,+19.2(v)mrad

Table3: Main featuresof the T11 beam(h = horizontal,v = vertical).
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Figurel16: Particle compositionof the T11 beamasa functionof theenenpy.

Themaingoalof thetestwasto confirmand/orsuggesthangeso thedesignof the
detectorin orderto startthe final production. In the following subsectionswe describe
thetestbeanandthe detectorsetupandthe mainresultswe have obtained.
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3.1 Testbeamsetup

Fig. 17 shavsthetestbeansetup which consistof:

e aCherenlkv counterfor particleidentification,which is partof the T11 beamin-
strumentationfollowedby thelastmagnetof the T11 beamline;

¢ asystemof two plasticscintillators(S1andS2)of 3x5 cn? and1 cmthick, for the
trigger;

e acoupleof delaywire chamberg6) for thebeamcharacterizatiomndmonitoring;

e asystemof 3 x-y silicontelescope$7) for thetracking. Eachtelescopas madeof
two single-sideAC-coupledsilicon detectorsof 3.2x3.2 cm? with a readoutpitch
of 50 um anda floating strip configuration;the detectors readoutby VA2 ASICs

(8);

e the detectorundertestwhich is shavn in fig. 6; it is an AGILE laddermadeof
four HAMAMTSU prototypesconnectedogetherwith 17 pm wire bondingsand
readoutoy TAls;

e the AGILE top anticoincidencescintillator and two of the bars of the Csl (TI)
minicalorimeter;the testresultsof theseitemswill be the subjectof otherpubli-

cations.
Silicon
Telescopes

1,2,3-xy coordinates

50 um readout pitch
DELAY DELAY
Csl WIRE S2 WIRE

BARS CHAMBER CHAMBER | MAGNET

CHERENKoV |BEAM

-H—

AC TEST BEAM BEAM
SCINTIL-  POS. AGILE POS.
LATOR MONITOR | adder  MONITOR

S$1

MAGNET

Figurel7: Testbeansetuponthe T11 beamlineatthe CERNPSfor theMay AGILE run.

Fig. 18 shavsthetestbeandataacquisitionsystemwhich canbedividedinto three
blocks:
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e triggerlogic: the signalsfrom the scintillatorsandthe Cherenkv counteraredis-
criminatedandsentto thetriggerlogic for thegeneratiorof the DAQ triggerneeded
by themainacquisitionboard theViking Sequencet; thesamdogic treatsthe TA1
triggersignalswhendigitized;

e beammonitoring:the signalsfrom the DWCsandthe Cherenkv counterareread-
outby asetof TDCs(LeCroy 1176and2228A)andusedin the offline analysis;

e detectottest:thesiliconstrip signals(the 1280stripsof eachof thethreetelescopes
andthe 384ladderstrips)arereadoutby four 10 bit VME ADCs (Sirocco®) while
theinformationof the Csl barsis readby a 10 bit ADC CAEN V550.

> MUX
A
C | Y * l v
S ol lo] [o] o] o
pwcl_| < H VME BUS
s1[ F--
— T 0| o o] |10
Tele3[l< i 2l 8 E E
Ladder -;_'_;;'—i'—'—'—i X A
: : A N D VME/PCI
Tele2 3 | | BRIDGE
! ) > DISC i
Telet [+t ! PCI BUS
. ! 1
}._. ! I i
52 ! i TA1 Trigger i
Dl i |
DWC : E
! ————— [ S
R S L.IiIio ZI3|TRIGG | _ || AC
[ Ittt « DISC ---—-—-—--[ > LOGIC DAQ
Cherenkov

Figure18: Testbeandataacquisitionsystem.

Theanticoincidencéadanindipendentataacquisitionsystemwhichis notshovn
in fig. 18.
As far asthehardwareis concernedye adoptedhe VME standardvhile the CAMAC is
accessetly meansof a CESCBD8210branchdriver.

The DAQ systemhasto fulfil thefollowing tasks:

e generatehetiming sequencéor thereadoutwhenatriggersignalis present;
6EPSI, Strasboug, France
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e gettheinformationfrom the detectorgthe DWCs, the telescopesthe ladderand
the Csl bars)andwrite it on disk;

e checktherun conditionsandtheworking parametersf the TALs;
e displaythemonitorhistograms.

The DAQ systemhasbeendevelopedso that eachtaskis controlledby a separate
processTheinter-procescommunications performedvia TCP/IPusingthe RPCproto-
col (9).

This approachwould allow the distribution of the availableresourcesn atrasparentvay
acrosghedifferentmachinesonnectedo a network.

In thepresensetupall theprocessesuinona PCwith anAthlon 500MHz processowith
theLinux operatingsystem.Theaccess$o theVME is donethroughaBit3 Mod. 617 con-
troller (10).

The dataacquisitionframerelieson the Tcl/Tk packagg11), which providesa flexible
structureto implementthedifferentfunctionsandto controlthemvia a GUI. Theaddition
of theTcl-DP packagg12) hasgiventhepossibilityto easilydistributethefunctionalities
acrosghe network. Eachelementaryactionof eachtaskhasbeenimplementecasa Tcl
commandhatcanbeexecutedocally or remotelyvia Tcl-DP.

Fig. 19 shawvstherelationshipamongthe differentprocessefor whatconcernghe
dataandcommandlow, while fig. 20 presentshe graphicalinterfaceof the processes:

e DAQ CONTROL.: it is the mainclient-only processandit is the supervisorof the
actwvity of thedifferenttasks.lt sendcommandso theVME SER/ER to configure
the systemandto startthe acquisitionrun. It recevesinformationon therun itself
(runnumber numberof events,run status)rom the DAQ MONITOR.

e DAQ MONITOR:it isaseneronly processlt storegherun statusandthenumber
of thelastprocesse@ventandit fills the histogramswith the datacomingfrom the
VME SER/ER. TheDAQ CONTROL hasaccesgo the statusdatato start/stopghe
run.

e VME SERVER: it isaclientprocessith respecto the DAQ MONITOR,to which
it sendsthe datafor the monitoring, and a sener one with respectto the DAQ
CONTROL, from which it recevescommands Sinceit is the only processvhich
hasphysicalaccesdo the VME bus, it is responsibleboth of the readoutsystem
configurationandof the readouttself. It is alsothe processwvhich writesthe data
ondisk (DATA LOGGER).

The DAQ codeis writtenin C andC++ while the histogrammingpartis built using
HPLOT (13).
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Figurel19: Schematiof thetestbeandataacquisitionsystem.

3.2 Testbeamresults

More than2.3million eventshave beencollectedin orderto study:

¢ theladderbehaiour accordingto theregion hit by the beam(differentsilicon tile
or differentregioninsidethetile);

theladderbehaiour asafunctionof theangleof incidenceof thebeamwith respect
to thesilicon strips,in termsof clusterpulseheight,signalto noiseratio, numberof
stripspercluster Theincidenceangleis theanglebetweernthe beamandthe plane
of thesiliconstriptile. TherangebetweerB0° and9(° (thatis theinterestingregion
for AGILE) hasbeenscannedn stepsof 15°. Fig. 21 definestheincidenceangle
of thebeam:thetrackshave beenchoserusingthey telescopenformationin order
to guaranteg¢hatthe beamis containedn a horizontalplaneandthe x information
to selecttrackswith thesameangle.

thetriggerefficiency of theladderasafunctionof theincidenceangleof thebeam.

Pedestadatafor all the strips are collectedin dedicatedruns and then analized

offline to computethe pedestalaluefor eachstrip (meanvalue of the distribution of all
theevents)andthe noisermsbeforeandafterthe subtractiorof the commonmode.

All theresultspresentedh thefollowing sectiondhave beenobtainedwith apositive

chagedparticlebeam(mostly pions)characterizedy a momentunof 2 GeVLc.
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Figure20: Graphicalinterfaceof thetestbeanDAQ systemyepresentinghe 3 processes
describedn fig. 19.

3.2.1 Noise

Giventhecharacteristicef the detectorsindertest,it is possibleto computethe expected
noisefor the AGILE ladder
From(14), thedifferentnoisecontributionsare:

e fromtheleakagecurrent:

e /
ENCIeak=a qlleakTp/4

with e naturallogarithmbase g electronchage, || ok total strip leakagecurrentand
Tp shapepeakingtime (in our caseb ps);

e fromthepolarizationresistors:



Silicon Strip
Ladder

Figure21: Definition of theincidenceangleof thebeamwith respecto thedetectoplane.

e [KTT,
ENCres= —/ 55
Cres q 2Rp
with KT=0.025eV at T=300K andR;, biasingresistor;

o from theresistancef the metalstrip:

_ G [KTRms
ENCns= q 6T,

with Rystotal resistancef the metalstrip endto endandC; total strip capacitance;

e fromthereadoutASIC:

ENCra1 = 165+6.1-CG
asgivenby IDE AS.

Thetotal noiseis computedasthe sumin quadraturef the differentcomponents:

ENGCiot = ENCra1 @ ENCis® ENCres® ENCieak
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Tah 4 shows the different noise contributions expressedn rms electronsfor an
AGILE Silicon Trackerladder

NoiseContrikution | Value(rmse-)
ENCeak 227
ENCres 508
ENCis 45.5
ENCra1 490
ENGiot 743

Table4: AGILE Silicon Tracker noisecontribtutionsfor a ladderexpressedn rmselec-
trons.

Fig. 22 shaws the distribution of the rms noiseof all the ladderchannelsbefore
(13 ADC) andafterthe commonmode(CM) subtraction5.9 ADC). Thecommonmode
components givenby the fluctuationof all the channelsat the sametime andis mainly
dueto pickup on the detectorbiasvoltage. A too high CM could preventthe possibility
of settingthetriggerthresholdat 1/4 of a MIP.

160 -

140 -
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100 [ Noise
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40 [
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Figure22: Laddernoisermsbeforeandafterthe CM subtraction.
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3.2.2 Ladderbehaiour

Someof the mainfeaturesof the silicon detector(implant width, interstripcapacitance)
have beenchosenn orderto have morethanonestrip per cluster thusobtaininga better
positionresolution,while at the sametime maintainingthe signal high enoughon the
readoutstripsto generata triggerevenwhenthe particlecrosseshefloatingones.

Fig. 23 shavs thebeamprofile measuredby theladder(upperplot) andthecorrela-
tion betweertheladderandoneof the x telescopgosition(lower plot).
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Figure23: Ladderbeamprofile (upperplot) andcorrelationbetweernthe ladderandone
of the x telescopgosition(lower plot); two of theladderstripshave beenexcludedin the
offline analysishecause®f their high noise.
Thefollowing methodhasbeenusedto definea clusterin eachevent:
e thepulseheightof eachstrip PH; is definedas:
PH; = raw; — ped —CM

whereraw is the raw contentof the readoutchannelin ADC counts, ped the
channelpedestabs computedusing the pedestakun and CM the commonmode
contribution for theevent;
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¢ for eacheventa proceduresearchesor the strip with the maximumsignal,which
hasto be greaterthan5 timesthe noisermsof the stripitself (o;);

o for eacheventthe sameprocedureconsiderghe stripscontiguousto the onewith
the maximumsignalwhich are characterizedby aratio PH; /o; >3. The groupof
stripsobtaineds calleda cluster

Thechoiceof thecutsfor thestripwith themaximumsignal(5 o) andfor thenearby
ones(3 o) is explainedby fig. 24, wherethe “pull” (definedasthe ratio of the strip PH
andits noise)for the strip with the maximumsignal(upperplot) andfor the noise(lower
plot) is represented.

0: ol b b b e b ey |
0 5 10 15 20 25 30 35 40

Pull - strip max

A I B R R
4 5 6 7
Pull - noise

Figure24: Upperplot: pull distribution for the strip with the maximumsignal; the peak
ontheleft is theonedueto the noisewhile the othertwo correspondo the casen which
the particlecrosses readoutstrip (highersignal)or a floating one (lower signal). Lower
plot: pull distribution for thenoise.

Fig. 25 shaws the clusterpulseheightas a function of the incidenceangleof the
beam.Thefit with a 1/co® functionis superimposed.
Fig. 26 shavsthe clusterpulseheightin ADC counts(upperplot) andthe signalto
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Figure 25: Clusterpulseheightasa function of the incidenceangle of the beamwith
respecto thestrip plane.Thefit hasbeenperformedwith a 1/co® function.

noiseratio (SNR,lower plot) definedas:
SNR= —2iP0
< noise>
wherethe sumis madeover the stripsof the cluster PH; is the pulseheightof thei-th
stripand< noise> is themeanvalueof theclusternoise.
Both histogramshave beenobtainedwith a beamperpendiculato the detectorandthey
have beenfitted with a simplified Landaufunction (15):

FO\) = \/%[exp—O.S(M-exp"‘)
whereA = 85282 andg = FWHM /4.02.

Fig. 27 shavs the numberof stripsper clusterasa function of theincidenceangle
of the beam. Evenfor large angleswith respecto the pointing directionof AGILE, the
meanvalueis belov 5, which is the maximumnumberof strips per clusterthat canbe
transmittedo grounddueto telemetrybandwidthlimitations.

3.2.3 Positionresolution

To evaluatethe positionresolutionof the AGILE silicon detectoy the track wasrecon-
structedusingtheinformationof the silicon telescopesearesto the ladderandthe dis-
tribution of the residuals,that is the distribution of the differenceof the extrapolated
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Figure 26: Clusterpulseheight(upperplot) and SNR (lower plot) for anincidentbeam
perpendiculato the detectomplane.Thefit hasbeendonewith a simplified Landaufunc-
tion describedn thetext.

positionontheladderandthe onemeasuredy the ladderitself, wasplotted.
Theladdermeasuregbositionis computedvith a centerof gravity method weightingthe
positionof eachclusterstrip with the pulseheightof the strip itself.

Sincethe beammomentumis low (2 GeV/c), the multiple scatteringdueto the material
betweenthe two telescope$iasto be takeninto account. The multiple scatteringcontri-
bution to the telescopepositionresolutionhasbeenmeasuredeplacingthe ladderwith
thethird telescopeTheresulthasbeencomparedvith thetheoreticakcalculationandthe
simulation.

Fig. 28 shavstheresidualdistributionobtainedwith anormalincidencebeamof 2 GeV/c.
Thepositionresolutioncanbe evaluatedrom the sigmaof the gaussiariit o¢j; as:

Ores= G%it — 0%

whereadgy is the uncertaintyintroducedby the track reconstructiorof the silicon tele-
scopeswhichis dueto the multiple scattering.
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Figure27: Numberof stripsper clusterasa functionof theincidenceangleof thebeam.

Tah 5 presentshepositionresolutionof the AGILE detectorasafunctionof theincidence
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Fig. 29 shows the advantage,in termsof spatialresolution,resultingfrom using
the analoginformationon the chage collectedby the silicon strips. As far asthe digital
evaluationis concernedthe clusteris identifiedby applyinga 3o cutto the stripsandthe
hit positionis the centerof gravity of the cluster(in this case all the stripsin the cluster

have the sameweight).

3.2.4 Triggerefficiengy

Oneof themostinnovative featuresof the AGILE Traclker is representetdy the autotrig-

gercapability

Dedicatedruns have beenperformedin orderto studythe trigger efficiency of the sili-
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Figure28: Positionresolutionat normalincidenceof the beam.The valueobtainedwith
the fit is the cornvolution of the real position resolutionof the ladderand of the error

introducedby reconstructinghetrackwith thetelescopes.

Angle (degrees)| it (UM) | Ores (M)
90 55 47
75 47 37
60 51 41.3
45 67 59
30 116 110

Table5: Positionresolutionof the AGILE detectorasa functionof theincidenceangleof
thebeam.

con stripsas a function of the incidentangle of the beam. The efficiengy is evaluated
consideringor eachthresholdthe numberof eventswith a high pulseheightin the strip
with the maximumand no trigger signal. The presencef a trigger signalis measured
with a multihit TDC thatfollows the time developmentof thetrigger signalitself sinceit
samplesupto 16 transitions.

Fig. 30 shavsthetime interval (y axis)in us betweerthe particlecrossingandthetrigger
signalgeneratiorasa function of the signalamplitude(x axis)in the strip with the max-
imum. The plot hasbeenobtainedwith a 2 GeV/c beamimpinging orthogonallyon the
silicondetector The TA1 thresholdhasbeensetto 50 keV (0.5 MIP).
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Figure 29: Comparisonbetweenthe digital and the analogposition resolutionfor the
AGILE silicon detector

Thelower is the pulseheight,the higheris thetime neededo generatehetrigger.

From the trigger efficiency point of view, the worst conditionis representedby a

particle crossinga floating strip, which correspondso the minimum signalseenby the
nearbyreadoutones.Fig. 31 shavs the signalamplitudeof the strip with the maximum
asa functionof theincidenceangleof the beamfor thetwo extremecasesf the particle
crossingthe centerof areadoutstrip or of afloatingstrip. Theline represents threshold
of 1/4 of a MIP. The signal amplitudecorrespondgo the most probablevalue of the
Landaufunction (upperplot in fig. 26).
For all the anglesthe signalis higherthanthe threshold,ensuringthe maximumtrigger
efficiengy. If the detectornoiseincreasesthus requiring an increasein the threshold
value,the efficiency will decreasdor tracksimpinging orthogonally Fig. 32 shows the
efficiengy asa function of the thresholdvaluefor two incidentanglesof the beam. The
measureefficiengy valuesarewrittenin tah 6.

3.3 Comparison betweendata and simulation

Fromthe testbeandata,it is possibleto evaluatea setof detectorparametersvhich are
fundamentafor the simulationof the behaiour of theentiresatellite.
ThetestbeansetuphasbeensimulatedusingGEANT 3.21(16).

The silicon stripsareimplementedoy dividing the silicon itself in slicesof 121 um and
theenegy informationof eachof thesesub-wlumesis savedfor eachevent.
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Figure 30: Time interval betweenthe particlecrossingandthe trigger signalgeneration
asafunctionof thesignalamplitudein the strip with the maximum.

ThresholdkeV) | € (%) at9®° | € (%) at60°
25 99.46
38 99.4
51 99.13 99.25
64 98 99.57
76 85.1 99.55
89 68 98
102 58 91.4

Table6: Trigger efficiency asa function of the thresholdvaluefor anincidentangleof
thebeamof 60° and90°.

The capacitve coupling betweenthe stripsis implementedas describedn fig. 33: the
enepgy realeaseth eachstrip is multiplied by afactorandassignedo the nearbyreadout
strips. This procedureis appliedfor eachevent and for all the strips, and the signal
obtainedhasto be comparedvith themeasureane.

Fig. 34 shaws the comparisorof the positionresolutionasa function of the inci-
denceanglefor dataandsimulation.

Fig. 35 shavs the comparisordata-simulatiorfor the functionn which represents
theway the signalis divided betweeradjacenstrips:
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Figure31: Signalamplitudeof the strip with the maximumasa functionof theincidence
angleof the beamfor thetwo extremecasef a particlecrossingthe centerof areadout
strip or of afloatingone.

PHmax— PH .
max max-1 if  PHmax-1 > PHmax+1

PHmax+ PHmax+1

PH —PH .
maxi-1 maxif PHmax+1 > PHmax-1

P Hmax—|—1 +P Hmax

wherePHpmaxis the signalof the strip with the maximumandPHmaxt-1 is thesignal
of thenearbystrip with the highersignal.
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Figure33: Schematiagepresentationf theimplementatiorof the capacitve couplingin
thesimulation.The simmetriccouplingson theright arenotrepresented.
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4 Conclusions

AGILE is arealsteptowardsthefuture of y astrophysicshothfor theinnovative technol-
ogy it usesandfor the performacat will reachbeingsuchanup-to-datanstrument.

The AGILE heartis the Silicon Tracker. Around43000silicon channelswill belaunched
in 2003for atotal of 4 m? of silicon detectorswhichis thelargestnumberof silicon strips
asfarassatellitesareconcernedip to now.

Thesilicondetectordescribedn this paperis thelargestever built. Thetestbeananalysis
hasdemonstratethevalidity of theanalogreadoutandof thefloatingstrip principleeven

with alarge pitch detectorasthis one.In thisway, it hasbeenpossibleto maintainunder
controlthe numberof channelsaandthusthe power neededy the instrumentwhile atthe

sametime obtaininga goodspatialresolution.

No stability problemshave arisenin the useof the ensemblaletectorelectronicswhich

is afundamentabhspecfor a satelliteexperiment.

Thefinal productionof the AGILE silicon detectorss underway andwill be completed
beforethe middle of theyear2001.
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