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Abstract

AGILE (Light Imagerfor Gamma-rayAstrophysics)s thefirst smallscientificmis-
sion of ASI, the Italian SpaceAgengy. It is alight (100kg for the scientificinstrument)
satellitefor the detectionof gamma-raysourcesn the enegy range30 MeV - 50 GeV
within a large field of view (1/4 of the sky). It is plannedto be operationain the years
2003-2006 a periodin which no othergamma-raymissionin the sameenegy rangeis
foreseen.

AGILE is madeof a silicon tungstentracker, a Csl(Tl) minicalorimeter(1.5 Xo),
ananticoincidenceystenof sggmentedlasticscintillatorsanda X-ray imagingdetector
sensitvein the10-40keV range.Thetracker consistf 14 planes gachof themmadeof
two layersof 16 single-sided AC coupled,410 pm thick, 9.5x9.5cn? silicon detectors
with a readoutpitch of 242 ym anda floating strip. The readoutASIC is the TAAL, an
analog-digital low noise,self triggering ASIC usedin a very low power configuration
(<400 pw/channel)with full analogreadout. Thetrigger of the satelliteis givenby the
tracker. Thetotal numberof readoutchannelss around43000.

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

In Decemberl998AGILE (AstrorivelatoreGammaa Immagini LEggero- Light Imager
for Gamma-rayAstrophysics)wasselectedasthefirst smallmissionsupportedy ASI.
At presentAGILE is enteringthe phaseC/D, which is the constructionand assembly
phaseof the satellite.

The AGILE missionwill provide a powerful Obsenatory for y-ray astrophysicsn the
enegy range30 MeV-50 GeV, duringtheyears2003-2006 No othery-ray missionin this
enepgy rangeis plannedn the sameperiod.

The instrumentis light (=100 kg) andwill be ableto detectand monitor y-ray sources
within alargefield of view (~1/4 of thewholesky). Theinstrumentonsistof:

e aSilicon-tungstermrackerthatdetectsheelectron-positromair createdn the pho-
toncorversionin orderto providethetriggerto thewholeinstrumentandto provide
acompleterepresentationf the eventtopologyallowing the reconstructiorof the
incomingdirectionof they-ray

e al.5XpdeepCsl(Tl) Minicalorimeterthatmeasuretheenepgy releasedy thepair

e anAnticoincidencesystemmadeof segmentedplastic scintillatorsthatis usedto
rejectchagedparticlebackground

e asilicon X-ray detectorin therangel0-40keV with a codedmasksystem.

The overall instrumentdimensionis 63x63x 58 cm®. For a completedescriptionof the
payloadsee(1).

In the following, we describethe AGILE Silicon Tracker andits assemblyprocedures
(section2), its trigger logic (section3) and the prototypeperformanceas measuredn
severaltestbeanperiodsat CERN (section4).

2 TheAGILE Silicon Tracker

The Silicon Tracker is the heartof the AGILE mission.It is acompactjow power 43000
channeldetectorwith self-triggeringcapability fasttiming possibility and full analog
readout.

The AGILE Tracker is madeof 14 planesof silicon strip detectorsorganizedn 15 trays.
Eachtrayis configuredasfollows:

e active part: two views of 16 silicon padseach(excepttraysl and15 which have a
singleview) organizedin 4 laddersof 4 detectorseach;the strip orientationof the
first view is perpendiculato the oneof the secondview resultingin a x-y detector

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



Eachtray is madeof a 12 mm coreof aluminumhong/comb(50563/16”, 0.0007)cov-

eredon both sidesby a 0.5 mm thick carbonfibre layer (Amoco, K1100/Cyanatester)
obtainedrom four 0.125mm plies(0-90-90-0);theglue betweerthe hongszcombandthe
fibreis REDUX 312L.

Thetungstenayeris gluedonthefibre with DC 3145(Dow Corning).

The 4 ladderdetectorsare gluededge-onwith a 50 um layer of H70E (Epotek)andthe
ladderitselfis gluedonakaptonfoil 50 um thick with 5 dotsof conductve H20E (Epotek)
and36 dotsof DC 3145. The 4 detectorsarebondedtogetherandto the electronicswith

25 um Al wires.

A sketchof the Silicon Tracker tray with all its componentss shovnin fig. 1.

Silicon Detector

Figurel: Silicon Tracker tray sketch.

2.1 Theslicon detector

The active elementof the AGILE tracker is a single-sided AC-coupled,410 pum thick,
9.5x9.5¢cn? silicon strip detectowith areadoutpitch of 242 um anda floating strip with
polysiliconresistordor thebias. It hasbeenmanufcturedon highresistvity (>4 kQ-cm)
6” substratdoy HAMAMA TSU PK.

The mainfeaturesof thedetectoraresummarizedn tah 1. Thefull supplyof 550detec-
torshasbeencompletedand80.2%o0f the detectordave no defects.The otherdetectors
arewell within theuserproductiontoleranceg1% of badstripsat maximum,0.5%in av-
erage) correspondingo anoverall averagevalueof 0.047%of faulty stripsperdetector

2.2 Thefrontend ASIC

Eachsilicon ladderis readby three128-channelanalog-digital low noise,self trigger
ing ASICsusedin a very low power configuration(<400 pwW/channel)with full analog



Item Value

Dimension(cnv) 9.5x9.5
Thicknesqum) 410
Readoustrips 384
Readoupitch (um) 242
Physicalpitch (um) 121
Biasresistor(MQ) 40
AC couplingAl resistanc€Q/cm) 4.5
CouplingcapacitancépF) 527
Leakagecurrent(nA/cny) 1.5

Tablel: Main featuresof the AGILE silicon detector

readout The ASIC is the TAA1 (4), designedy IDE AS 1 andproducedby AMS 2 with
0.8um N-well BICMOS, doublepoly, doublemetalon epitaxiallayertechnology
Eachchannels madeof afolded cascodehage sensitve preamplifiera CR-RCshaper
a sample& hold circuit, a level sensitve discriminator The discriminatorthresholdis
uniquefor the 128 channelswvith a 3-bit trimming DAC perchannelo obtainathreshold
uniformity betterthan10%. Thereadouis a multiplexedanalogreadoutwith amaximum
readoutlock frequeny of 10 MHz. We planto usethe ASIC with a5 MHz clock.

The behaiour of the ensembleof the AGILE silicon detectorand the ASIC hasbeen
testedbetween40°C and+40°C, which is the maximumtemperatureangeforeseerfor
theworseworking conditionsof the satellite. Theresultsareshavn in fig. 2 for thethree
ASICsconnectedo a singledetector The noiseis the value obtainedoncethe common
modecomponentvassubtracted.

3 TheAGILE trigger

Forthe AGILE orbitalernvironment we expectaratio of cosmicy-raysto totalbackground
(chaged particlesand albedophotons)eventsnear10~# for y-ray enegies larger than
100MeV.

The AGILE triggeris dividedinto 3 levels, two hardwareones(Level 1 and1.5) anda
softwareone (Level 2) (2). The main goal of the two hardwarelevelsis to identify the
y-raysandavoid thereadoufprocedurdor backgroundvents,thusreducingtheseevents
of afactornearl100.

TheLevel 1 triggeris givenby the coincidenceof 3 out of 4 consecutie Silicon Tracker
views. Veto signalsfrom the top AC anda suitablecombinationof the lateral ACs are
foreseen.For enepgetic photons(E >1 GeV), anindipendentirigger can be generated
by a high enegy releasen the minicalorimeter The time available for the decisionis
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Figure2: Noisebehaiour of thethreeASICsconnectedo anAGILE silicondetectoras
afunctionof thetemperaturén thetemperatureangeforeseerfor the satellite.

<1-1.3ps.

The Level 1.5 trigger usesthe information on the triggeredASICs to obtain a partial
reconstructiorof the track basedon the ASIC positioninsidethe tracker itself. We use
two algorithms:

e R-trigger: theratio of the numberof triggeredASICs andthe numberof triggered
views is computedihis ratio hasa valueof the orderof 1 for a backgroundevent
suchasasinglechagedparticle (1 ASIC perview) andgreaterfor a cosmicy-ray
(if aphotonhascorverted,two particlesareproducedwvhich cantriggermorethan
oneASIC perview).

e DIS-algorithm:therelative positionof the triggeredASICswith respecto the lat-
eral AC thatwashit is comparedasshawn in fig. 3. If only oneof thelateralACs
givesasignal,thedistanceof thetriggeredASICsfrom thatAC is computed.This
distancencreased theeventis achagedparticlewhich hasenteredhe AC (right
partof fig. 3) anddecreases oneparticleof the pair createdby the photonhitsthe
AC (left partof fig. 3).

Theresponséimeis around10-20us andtheeventrateis reducedo 70 Hz.

A positive responsdrom the Level 1.5 startsthe readoutphasewhich is still partof the
synchronougart of the readout. The typical frontendfreeing durationis 100 s, three
ordersof magnitudebetterthat the one of the previous y-ray astrophysicsexperiment,
EGRET Only the triggeredASICs aregoing to be read(sparsereadout). Pedestakub-



traction,commonmodesubtractionand zero suppressiorare implementedn hardware
andprovide a datareductiongreaterthan90%.

The Level 2 triggerreconstructshetrackin a 3D spaceusingalsotheinformationfrom
the minicalorimeter The rate of the eventstransmittedto the groundsegmentis of the
orderof 30 Hz.

Lateral Lateral
AC Panels Y AC Panels
Alsin - I G q]
Silicon Tracker " Silicon Tracker p

Figure3: DIS-algorithmprocessingn the Level 1.5 phase.

4 Testbeam prototype results

All thetracker componentfiave beentestedn severaltestbeanperiodsatthe T11 beam-
line atthe CERNPS(EastHall) (5). Two differentkinds of beamshave beenused:

e chaged patrticles(pionsandelectrons)in the momentumrange0.3-3.6GeV/cto
studythe performancef the silicon detectorandof the hardwaretriggerlevels

e photonsproducedby bremsstrahlungf electronsin the momentumrange0.3-
1 GeV/cto preparethe offline analysis(groundsegment),improve the simulation
andstartthe preparatiorof the satellitecalibrationfacility.

Fig. 4 shovs two of theensemblesve have tested:on theleft, the AGILE silicon ladder
(assembledby Mipot (3)) for the studyof the detectomperformanceandon theright, the
four singlelayer structuremadeof four AGILE detectorsat 1.8 cm onefrom the other
for the trigger and photonbeamstudies. Thereis the possibility to positiona corverter
behindeachdetectorto simulatethe AGILE tracker.

The AGILE silicondetectoiis characterizethy onefloatingstrip, which meanghat
thetotal chage collectedby thereadoutstripsdependon the hit positionof the particle.
The choice of a floating strip configurationhasbeenmadein orderto obtaina good
positionresolutiontogethemwith power consumptiorsaving.



Figure4: Photoof one AGILE silicon ladder(a) and of the structureusedto studythe
photonbeamandthetrigger(b).

Themainfeaturesof thesilicon detectorsuchasimplantwidth andinterstripcapacitance
have beenchosenn orderto have morethanonestrip per clusterwhile atthe sametime
maintainingthe signalhigh enoughon the readoutstripsto generatea triggerevenwhen
the particlecrosseghefloatingones.
Fig. 5(a) shaws the signal pulseheightin ADC countsfor the AGILE ladderandfor a
2 GeV/cbeamasa function of the hit positionin the strip itself asmeasuredy a high
resolutionsilicon telescopg6): 0 um is the centerof onereadoutstrip and 242 pm is
the centerof the nearbyone; the positioncorrespondindo 121 um is the centerof the
floating strip. When the particle crosseshe centerof the floating strip, the resulting
collectedchage (given by the sumof the chagescollectedby the readoutstripson the
sideof thefloatingone)is 76% of thetotal chage.
Fig. 5(b) shavs the analogsignal of the readoutstrip obtainedwith a simulationof the
AGILE silicondetectomwith SPICE(7) for thetwo case®f a particlecrossinghereadout
strip and the floating strip. From the simulation, we were expectinga total collected
chagein theworstcaseof 70%whichis very similar to the experimentakesult.
Thetriggerefficiengy of thesiliconladderasafunctionof thethresholds shovnin
fig. 6 for two differentincidenceanglesof the beamwith respecto thestrips(90° means
orthogonalincidence). Even with a floating strip configuration,a thresholdof 1/4 of a
MIP ensured 00%efficiency.
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Figure5: (a) Signalpulseheightin ADC countsfor the AGILE ladderasa function of
thehit positionin thestrip: 0 um and242pm arethe centerof two nearbyreadousstrips.
(b) Analog signal of the readoutstrip obtainedwith a SPICEsimulationof the AGILE
detectoffor a particlecrossingthereadoutandthefloating strip.
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Figure6: Trigger efficiengy of the AGILE ladderasa function of the thresholdfor two

differentincidenceanglesof thebeam.

For acompletedescriptionof the AGILE ladderperformancesee(8).

The four layer detectorhasgiventhe possibility to implementthe majority trigger
andthefirst methodof the Level 1.5 (the R-trigger). Theboardshave beendesignedvith
thesamesolutionsthatwill beusedin theflight model.Fig. 7 shovs two typical events:



e (@) abackgroundevent(onesinglechagedparticle): this eventwill berejectedon
board(andthusthe readoutphasewill be inhibited) becauseof a R-triggervalue
equalto 1

¢ (b)aphotonevent,with thetwo trackscorrespondingo theelectronandthepositron:
this eventis accepted.

For eachof the plots, the x-axis s the strip numberof one of the four modulesandthe
y-axisthe pulseheightof thesignal.Mod. 4 is thefirst modulecrossedy the beam.
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Figure7: (a) A backgroundaventthatwill berejectedon boarddueto a R-triggervalue
of 1 andwill inhibit thereadoutphaseb) a photonevent.

The four layer structurehasbeenusedwith a taggedphotonbeamin the enegy
rangel0-450MeV. Fig. 8 shavs two photonevents,respectrely with enegy 30 MeV
(a) and410MeV (b) asmeasuredy a silicon spectrometemwhich have corvertedin an
electron-positromair in the corverterpositionedoeforethefirst detector{mod.4).

5 Conclusions

The AGILE silicontrackerwill belaunchedn 2003andwith its 4 m? of siliconit will be
thelargestsilicon detectorusedon a satelliteup to now.

The prototypestudieson both the detectorand the electronicshave demonstratedhe
validity of the analogreadoutand of the floating strip principle. The measuredrigger
efficiengy is theresultof alow noiselevel evenwith a 38 cm long silicon ladder
Theimplementatiorof hardwarealgorithmssuchasthe R-triggermethodwill give AG-
ILE the possibility of reducingthe backgroundate while maintaininga good detection
efficiency andalow deadtime.
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Figure8: Electron-positrorpair asdetectedy thesilicon 4 layer structurefor a 30 MeV
photon(a) anda410MeV one(b).

Thedevelopmenbof the calibrationfacility hasalreadybeenstartedandthe statisticscol-
lectedin termsof photoneventsin threedifferenttestbeamss beingusedto developthe
Level 2 algorithmsandthe offline analysis.
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