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Abstract

AGILE (Light Imagerfor Gamma-rayAstrophysics)is thefirst smallscientificmis-
sionof ASI, the Italian SpaceAgency. It is a light (100kg for thescientificinstrument)
satellitefor the detectionof gamma-raysourcesin the energy range30 MeV - 50 GeV
within a large field of view (1/4 of thesky). It is plannedto beoperationalin theyears
2003-2006,a periodin which no othergamma-raymissionin the sameenergy rangeis
foreseen.

AGILE is madeof a silicon tungstentracker, a CsI(Tl) minicalorimeter(1.5 X0),
ananticoincidencesystemof segmentedplasticscintillatorsandaX-ray imagingdetector
sensitivein the10-40keV range.Thetrackerconsistsof 14planes,eachof themmadeof
two layersof 16 single-sided,AC coupled,410 µm thick, 9.5x9.5cm2 silicon detectors
with a readoutpitch of 242µm anda floatingstrip. The readoutASIC is theTAA1, an
analog-digital,low noise,self triggeringASIC usedin a very low power configuration
( � 400µW/channel)with full analogreadout.The triggerof thesatelliteis givenby the
tracker. Thetotal numberof readoutchannelsis around43000.

We presenta detaileddescriptionof the tracker, its trigger and readoutlogic, its
assemblyproceduresand the prototypeperformancein several testbeamperiodsat the
CERNPS.
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1 Introduction

In December1998AGILE (AstrorivelatoreGammaa ImmaginiLEggero- Light Imager

for Gamma-rayAstrophysics)wasselectedasthefirst smallmissionsupportedby ASI.

At presentAGILE is enteringthe phaseC/D, which is the constructionand assembly

phaseof thesatellite.

The AGILE missionwill provide a powerful Observatory for γ-ray astrophysicsin the

energy range30MeV-50GeV, duringtheyears2003-2006.No otherγ-raymissionin this

energy rangeis plannedin thesameperiod.

The instrumentis light ( � 100 kg) andwill be ableto detectandmonitor γ-ray sources

within a largefield of view ( � 1/4of thewholesky). Theinstrumentconsistsof:

� aSilicon-tungstenTracker thatdetectstheelectron-positronpaircreatedin thepho-

tonconversionin orderto providethetriggerto thewholeinstrumentandto provide

a completerepresentationof theevent topologyallowing thereconstructionof the

incomingdirectionof theγ-ray

� a1.5X0 deepCsI(Tl) Minicalorimeterthatmeasurestheenergy releasedby thepair

� an Anticoincidencesystemmadeof segmentedplasticscintillatorsthat is usedto

rejectchargedparticlebackground

� asiliconX-ray detectorin therange10-40keV with acodedmasksystem.

Theoverall instrumentdimensionis 63 � 63 � 58 cm3. For a completedescriptionof the

payload,see(1).

In the following, we describethe AGILE Silicon Tracker and its assemblyprocedures

(section2), its trigger logic (section3) and the prototypeperformanceasmeasuredin

severaltestbeamperiodsat CERN(section4).

2 The AGILE Silicon Tracker

TheSiliconTracker is theheartof theAGILE mission.It is acompact,low power43000

channeldetectorwith self-triggeringcapability, fast timing possibility and full analog

readout.

TheAGILE Tracker is madeof 14 planesof silicon strip detectorsorganizedin 15 trays.

Eachtray is configuredasfollows:

� activepart: two views of 16 silicon padseach(excepttrays1 and15 which have a

singleview) organizedin 4 laddersof 4 detectorseach;thestrip orientationof the

first view is perpendicularto theoneof thesecondview resultingin ax-y detector.

� passive converter: onetungstenlayer 245 µm thick (correspondingto 0.07 radia-

tion lengths)positionedabove the silicon layer; the last 2 planesdo not have this

converterlayerbecauseof thetriggerconfiguration
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Eachtray is madeof a 12 mm coreof aluminumhoneycomb(50563/16”, 0.0007)cov-

eredon bothsidesby a 0.5 mm thick carbonfibre layer (Amoco,K1100/Cyanateester)

obtainedfrom four 0.125mmplies(0-90-90-0);thegluebetweenthehoneycombandthe

fibre is REDUX 312L.

Thetungstenlayeris gluedon thefibrewith DC 3145(Dow Corning).

The4 ladderdetectorsaregluededge-onwith a 50 µm layer of H70E(Epotek)andthe

ladderitself is gluedonakaptonfoil 50µm thick with 5dotsof conductiveH20E(Epotek)

and36 dotsof DC 3145.The4 detectorsarebondedtogetherandto theelectronicswith

25µm Al wires.

A sketchof theSiliconTracker tray with all its componentsis shown in fig. 1.

Figure1: SiliconTracker traysketch.

2.1 The silicon detector

The active elementof the AGILE tracker is a single-sided,AC-coupled,410 µm thick,

9.5x9.5cm2 siliconstripdetectorwith a readoutpitchof 242µm andafloatingstripwith

polysiliconresistorsfor thebias.It hasbeenmanufacturedonhighresistivity ( � 4 kΩ � cm)

6” substrateby HAMAMA TSUPK.

Themainfeaturesof thedetectoraresummarizedin tab. 1. Thefull supplyof 550detec-

torshasbeencompletedand80.2%of thedetectorshave no defects.Theotherdetectors

arewell within theuserproductiontolerances(1%of badstripsatmaximum,0.5%in av-

erage),correspondingto anoverallaveragevalueof 0.047%of faulty stripsperdetector.

2.2 The frontend ASIC

Eachsilicon ladderis readby three128-channel,analog-digital,low noise,self trigger-

ing ASICsusedin a very low power configuration( � 400µW/channel)with full analog
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Item Value
Dimension(cm2) 9.5� 9.5
Thickness(µm) 410
Readoutstrips 384

Readoutpitch (µm) 242
Physicalpitch (µm) 121
Biasresistor(MΩ) 40

AC couplingAl resistance(Ω/cm) 4.5
Couplingcapacitance(pF) 527
Leakagecurrent(nA/cm2) 1.5

Table1: Main featuresof theAGILE silicondetector.

readout.TheASIC is theTAA1 (4), designedby IDE AS 1 andproducedby AMS 2 with

0.8µm N-well BiCMOS,doublepoly, doublemetalon epitaxiallayertechnology.

Eachchannelis madeof a foldedcascodechargesensitivepreamplifier, aCR-RCshaper,

a sample& hold circuit, a level sensitive discriminator. The discriminatorthresholdis

uniquefor the128channelswith a3-bit trimming DAC perchannelto obtaina threshold

uniformity betterthan10%.Thereadoutis amultiplexedanalogreadoutwith amaximum

readoutclock frequency of 10MHz. Weplanto usetheASIC with a5 MHz clock.

The behaviour of the ensembleof the AGILE silicon detectorand the ASIC hasbeen

testedbetween-40� C and+40� C, which is themaximumtemperaturerangeforeseenfor

theworseworkingconditionsof thesatellite.Theresultsareshown in fig. 2 for thethree

ASICsconnectedto a singledetector. Thenoiseis thevalueobtainedoncethecommon

modecomponentwassubtracted.

3 The AGILE trigger

For theAGILE orbitalenvironment,weexpectaratioof cosmicγ-raysto totalbackground

(chargedparticlesandalbedophotons)eventsnear10� 4 for γ-ray energies larger than

100MeV.

The AGILE trigger is divided into 3 levels, two hardwareones(Level 1 and1.5) anda

softwareone(Level 2) (2). The main goal of the two hardwarelevels is to identify the

γ-raysandavoid thereadoutprocedurefor backgroundevents,thusreducingtheseevents

of a factornear100.

TheLevel 1 triggeris givenby thecoincidenceof 3 out of 4 consecutiveSilicon Tracker

views. Veto signalsfrom the top AC anda suitablecombinationof the lateralACs are

foreseen.For energetic photons(E 	 1 GeV), an indipendenttrigger canbe generated

by a high energy releasein the minicalorimeter. The time availablefor the decisionis
1IDE AS, Oslo,Norway
2AustriaMikro SystemeInternationalAG, Austria
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Figure2: Noisebehaviour of thethreeASICsconnectedto anAGILE silicon detectoras
a functionof thetemperaturein thetemperaturerangeforeseenfor thesatellite.

� 1-1.3µs.

The Level 1.5 trigger usesthe information on the triggeredASICs to obtain a partial

reconstructionof the track basedon the ASIC positioninsidethe tracker itself. We use

two algorithms:

� R-trigger: theratio of thenumberof triggeredASICsandthenumberof triggered

views is computed;this ratio hasa valueof theorderof 1 for a backgroundevent

suchasa singlechargedparticle(1 ASIC perview) andgreaterfor a cosmicγ-ray

(if a photonhasconverted,two particlesareproducedwhich cantriggermorethan

oneASIC perview).

� DIS-algorithm:therelative positionof thetriggeredASICswith respectto thelat-

eralAC thatwashit is comparedasshown in fig. 3. If only oneof thelateralACs

givesa signal,thedistanceof thetriggeredASICsfrom thatAC is computed.This

distanceincreasesif theeventis achargedparticlewhichhasenteredtheAC (right

partof fig. 3) anddecreasesif oneparticleof thepair createdby thephotonhits the

AC (left partof fig. 3).

Theresponsetime is around10-20µs andtheeventrateis reducedto 70 Hz.

A positive responsefrom theLevel 1.5 startsthereadoutphasewhich is still partof the

synchronouspart of the readout.The typical frontendfreeingdurationis 100 µs, three

ordersof magnitudebetterthat the one of the previous γ-ray astrophysicsexperiment,

EGRET. Only the triggeredASICs aregoing to be read(sparsereadout).Pedestalsub-
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traction,commonmodesubtractionandzerosuppressionareimplementedin hardware

andprovideadatareductiongreaterthan90%.

TheLevel 2 trigger reconstructsthetrack in a 3D spaceusingalsothe informationfrom

the minicalorimeter. The rateof the eventstransmittedto the groundsegmentis of the

orderof 30Hz.
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Figure3: DIS-algorithmprocessingin theLevel 1.5phase.

4 Testbeam prototype results

All thetrackercomponentshavebeentestedin severaltestbeamperiodsat theT11beam-

line at theCERNPS(EastHall) (5). Two differentkindsof beamshavebeenused:

� chargedparticles(pionsandelectrons)in the momentumrange0.3-3.6GeV/c to

studytheperformanceof thesilicondetectorandof thehardwaretriggerlevels

� photonsproducedby bremsstrahlungof electronsin the momentumrange0.3-

1 GeV/c to preparetheoffline analysis(groundsegment),improve thesimulation

andstartthepreparationof thesatellitecalibrationfacility.

Fig. 4 shows two of theensembleswe have tested:on theleft, theAGILE silicon ladder

(assembledby Mipot (3)) for thestudyof thedetectorperformanceandon theright, the

four single layer structuremadeof four AGILE detectorsat 1.8 cm onefrom the other

for the triggerandphotonbeamstudies.Thereis the possibility to positiona converter

behindeachdetectorto simulatetheAGILE tracker.

TheAGILE silicondetectoris characterizedby onefloatingstrip,whichmeansthat

thetotal chargecollectedby thereadoutstripsdependson thehit positionof theparticle.

The choiceof a floating strip configurationhasbeenmadein order to obtain a good

positionresolutiontogetherwith powerconsumptionsaving.
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(a) (b)

Figure4: Photoof oneAGILE silicon ladder(a) andof the structureusedto studythe
photonbeamandthetrigger(b).

Themainfeaturesof thesilicondetectorsuchasimplantwidth andinterstripcapacitance

have beenchosenin orderto have morethanonestrip perclusterwhile at thesametime

maintainingthesignalhigh enoughon thereadoutstripsto generatea triggerevenwhen

theparticlecrossesthefloatingones.

Fig. 5(a) shows the signalpulseheight in ADC countsfor the AGILE ladderandfor a

2 GeV/c beamasa function of the hit positionin the strip itself asmeasuredby a high

resolutionsilicon telescope(6): 0 µm is the centerof onereadoutstrip and242 µm is

the centerof the nearbyone; the positioncorrespondingto 121 µm is the centerof the

floating strip. When the particle crossesthe centerof the floating strip, the resulting

collectedcharge (givenby the sumof thechargescollectedby the readoutstripson the

sideof thefloatingone)is 76%of thetotal charge.

Fig. 5(b) shows the analogsignalof the readoutstrip obtainedwith a simulationof the

AGILE silicondetectorwith SPICE(7) for thetwo casesof aparticlecrossingthereadout

strip and the floating strip. From the simulation,we were expectinga total collected

chargein theworstcaseof 70%which is verysimilar to theexperimentalresult.

Thetriggerefficiency of thesilicon ladderasafunctionof thethresholdis shown in

fig. 6 for two differentincidenceanglesof thebeamwith respectto thestrips(900 means

orthogonalincidence).Even with a floating strip configuration,a thresholdof 1/4 of a

MIP ensures100%efficiency.
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Figure5: (a) Signalpulseheightin ADC countsfor the AGILE ladderasa function of
thehit positionin thestrip: 0 µm and242µm arethecentersof two nearbyreadoutstrips.
(b) Analog signalof the readoutstrip obtainedwith a SPICEsimulationof the AGILE
detectorfor aparticlecrossingthereadoutandthefloatingstrip.
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Figure6: Triggerefficiency of the AGILE ladderasa function of the thresholdfor two
differentincidenceanglesof thebeam.

For acompletedescriptionof theAGILE ladderperformance,see(8).

The four layerdetectorhasgiventhepossibility to implementthemajority trigger

andthefirst methodof theLevel 1.5(theR-trigger).Theboardshavebeendesignedwith

thesamesolutionsthatwill beusedin theflight model.Fig. 7 shows two typicalevents:
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� (a) a backgroundevent(onesinglechargedparticle): this eventwill berejectedon

board(andthusthe readoutphasewill be inhibited) becauseof a R-triggervalue

equalto 1

� (b)aphotonevent,with thetwo trackscorrespondingto theelectronandthepositron:

thiseventis accepted.

For eachof the plots, the x-axis is the strip numberof oneof the four modulesandthe

y-axisthepulseheightof thesignal.Mod. 4 is thefirst modulecrossedby thebeam.
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Figure7: (a) A backgroundevent thatwill berejectedon boarddueto a R-triggervalue
of 1 andwill inhibit thereadoutphase;(b) aphotonevent.

The four layer structurehasbeenusedwith a taggedphotonbeamin the energy

range10-450MeV. Fig. 8 shows two photonevents,respectively with energy 30 MeV

(a) and410MeV (b) asmeasuredby a silicon spectrometer, which have convertedin an

electron-positronpair in theconverterpositionedbeforethefirst detector(mod.4).

5 Conclusions

TheAGILE silicon trackerwill belaunchedin 2003andwith its 4 m2 of silicon it will be

thelargestsilicon detectorusedona satelliteup to now.

The prototypestudieson both the detectorand the electronicshave demonstratedthe

validity of the analogreadoutandof the floating strip principle. The measuredtrigger

efficiency is theresultof a low noiselevel evenwith a 38cm longsilicon ladder.

Theimplementationof hardwarealgorithmssuchastheR-triggermethodwill give AG-

ILE thepossibility of reducingthe backgroundratewhile maintaininga gooddetection

efficiency anda low deadtime.
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Figure8: Electron-positronpair asdetectedby thesilicon 4 layerstructurefor a 30 MeV
photon(a) anda410MeV one(b).

Thedevelopmentof thecalibrationfacility hasalreadybeenstartedandthestatisticscol-

lectedin termsof photoneventsin threedifferenttestbeamsis beingusedto developthe

Level 2 algorithmsandtheoffline analysis.
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