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Abstract
The Medium Energy Gamma-ray Astronomy (MEGA)

telescopeis a new instrument under development by the
gamma-astronomygroup at MPE. In MEGA, the primary
photoninteractionis recordedin astackof double-sidedsilicon
strip detectors(thetracker). A smallprototypeof thetracker is
currentlybeingassembledat MPE with 11 detectorlayerseach
consistingof 3x3 silicon wafersconnectedto low noiseVLSI
amplifiers.We reporton thedesign,statusandresultsof these
prototypedetectors.For photonsof 122keV, energy resolution
of 15 keV FWHM and trigger thresholdof 30 keV hasbeen
achieved.

I . INTRODUCTION

Several new gamma-raytelescopesplan to use large-area
semiconductordetectorsandarecurrentlyunderdevelopment
in various researchlaboratories. The Max-Planck Institut
für extraterrestrischePhysik plans the Medium Energy
Gamma Astronomy telescope(MEGA). MEGA will be the
first astronomicalinstrumentable to form imagesfrom both
Compton-and pair creationevents. The goal of MEGA is to
improve sensitivity in the 0.5-50 MeV energy range by an
orderof magnitudeover thatof COMPTEL.

MEGA, sketchedin Figure1, consistsof a silicon tracker
anda calorimeter. The calorimeteris madeof pixelatedCsI-
crystalswith photodiodereadout[1]. In this paperwe describe
in detail thethesiliconstrip detectorsusedin thetracker.

In a Comptoninteraction,the incident photonscattersoff
anelectronof thetrackermaterialto which partof its energy is
transferred.The recoil electronis tracked on its way through
several layers of the silicon stack. The track information is
usedto suppressbackgroundby restricting the measurement
uncertaintyof individual photon detectionsto the “reduced
event circle” (seeFigure1) [2]. The scatteredphotonis then
stoppedin the calorimeterand the scatterangle � can be
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determinedfrom the energies of the recoil electronand the
secondaryphoton. The angularresolutionof the instrument
dependsamongotherparametersheavily on the measurement
of theenergy of therecoil electron[3].

In paircreationeventsthedirectionof theincidentphotonis
determineddirectlyfrom thetrackinformationof thesecondary
particles[4]. Theenergy measurementis usedasasecondorder
correctionif theenergiesarenotequallydistributedbetweenthe
electronandthepositron.
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Figure 1: Overview of the MEGA instrumentas planned to be
mountedon a satellite. The tracker is a stackof 32 detectolayers,
eachlayerconsistingof 4 smallermodulesasdescribedin this paper.
The calorimetersurroundthe tracker to absorbthe scatteredphotons
or secondaryparticles.Theanticoincidenceshieldmadefrom plastic
scintillator is usedto veto againstchargedparticlesfrom the cosmic
radiation.

I I . REQUIREMENTS FOR SIL ICON DETECTORS

USED IN A COMPTON/PAIRCREATION

TELESCOPE

For Compton-as well as pair creationtelescopes,silicon
strip detectorsturned out to be the technology of choice,
becausethey can cover large areas and volumes with a
manageablenumberof readoutchannels.Comptontelescopes
poseseveral requirementsfor their detectorsnot commonly
foundin therequirementsfor silicondetectorsusedin HEP:

� Comparedto the usualrequirementsfor strip detectors,
only moderateposition resolution is necessary. The



angular resolution of low energy electron tracks is
limited by smallanglescatteringwithin thefirst detector
layer ratherthanby positionresolutionin the detectors.
Therefore0.5mmpositionresolutionwith thepossibility
of improvementby centroidingfor high energy tracksis
sufficient.

� X andy position informationmustbe available in each
detector volume, so doublesidedstrip detectors are
mandatory.

� Good energy resolution needs to be achieved as it
translatesdirectly into the angular resolution of the
Comptontelescope.A valueof 15 keV FWHM energy
resolutionin thetracker introducesanangularerrorof 1�
FWHM at an energy of the incident photonof 1 MeV.
This is sufficient becausethe energy resolutionof the
calorimeter[1] is limited to � 30 keV FWHM, which
introducesa similar angular uncertainty. The energy
measurementin each layer is also used to determine
the direction of motion of the tracks [2]. Becausethe
energy loss is subjectto Landaufluctuations,an energy
resolutionof 15 keV is sufficient in this respectalso.

� A trigger signal for eachdetectedhit must be created
which is usedin time-coincidencewith the calorimeter
to form a first-level trigger. The trigger signalscanalso
beusedto form a second-level triggerwhich determines
thetrack-lengthandthusrejectslesssignificanteventsin
thecaseof high eventrates.

� The power consumptionof the front endelectronicshas
to be lessthan 10W/(kg Si). This makes it feasibleto
build an astronomicalinstrumentwith an effective area
of about100cm� @ 1MeV (correspondingto 5 kg Si).

I I I . DETECTOR DEFINITION AND DESIGN

Following therequirementsmentionedabove, doublesided
siliconstripdetectorsweredesignedin theMPI Semiconductor
Laboratory. The boundaryconditionsfor the designwere the
following: An active areaof 60x60mm� with 128orthogonal
stripsoneachsidewith astrip-pitchof 470 � m. Thefabrication
wasto bedoneon 4” wafersof 500 � m thick material.As will
beexplainedlaterin moredetail,therequirementfor anenergy
resolutionof 15 keV FWHM (resp.1763e� ENC) restrictsthe
acceptableleakagecurrentto 81 nA/channelor 3.4 � A/waferif
3 wafersareconcatenated.

A. Device Simulation
To evaluatethe influenceof the strip width on the strip

capacitanceand the depletionvoltage, numericalsimulations
using the 2D device simulatorTOSCA were performed. The
simulationgeometryusedis shown in Figure 2. The n-strips
are separatedby a non-masked p-implantation (“p-spray”).
The effective implanteddosecan be varied locally by either
keepingor removing a layer of silicon nitride on the wafer
beforeimplantation. The term “moderatedp-spray” refersto
a lower p-sprayconcentrationalong the borderof the n-side

strips,thusreducingthestrip capacitanceandtheelectricfield.
The simulationsshowed that the capacitanceis lowered by
10% if thereis a 10 � m gapbetweenthe n-strip and the full
p-spray implant. The simulation resultsare summarizedin
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Figure2: Crosssectionof thewafergeometryusedin thesimulation.

Table1 for variousstripwidthson p- andn-side.Thetotalstrip
capacitance�
	 � 	 can be separatedinto the capacitanceto the
neighbouringstrips �
�
��������� ������� , of which99%is relatedto the
first neighbour, andthebackplanecapacitance.

Table1
Resultsof detectorsimulationsfor p- andn-sidestrips.A strip pitch
of 470� m anda waferthicknessof 500� m wasusedin thesimulated

geometry.
p-side

W ��� �"!$#&%
# 200� m 300� m 400� m')(+* !-,/.�021�3&�"� 11.5pF 18.8pF 23.0pF' �41�� 16.6pF 24.4pF 28.8pF576 * # 108V 99 V 91 V
n-side

W ��� �"!$#&% (
200� m 300� m 400� m')(+* !-,/.�021�3&�"� 18.0pF 21.5pF 27.3pF' �41�� 23.4pF 27.2pF 33.1pF

B. Mask Layout
A width of 300 � m for thep-sidestripsand200 � m for the

n-sidestripswaschosenfor productionbecauseit shouldresult
in similar electronicnoiseon both sides. The strips are AC-
coupledby metalstrips50 � m wide and6-cm long, separated
fromthestripimplantby insulatinglayersof siliconoxide(1500
Å) andsiliconnitride (900Å). For diagnosticreasonsevery8th
stripon eachsidehasanadditionalohmiccontact.

Biasing of strips is achieved with the punch-through
principle. Thepunch-throughcontactsareformedacrossa gap
betweentheendof eachstripandacommonbiasring. Thegap
width is 8 � m for the p-siderespective 12 � m for the n-side.
The p-sidebiasring is againsurroundedby ten narrow guard
rings designedto bring down the bias voltageappliedto the
innermostguardring to zeroat the crystalcut edge. Figure3



shows the layoutof thep-sidewith thebiasring andtheguard
ring structure.8

Figure3: Plotof thelayoutof thep-side.

IV. PROPERTIES MEASURED ON WAFER LEVEL

Thesemeasurementswere performedon a probe station
beforethewaferswerediced.

A. Depletion Voltage
The voltage necessaryto fully deplete the wafer was

determinedin two ways:

� Thecapacitanceof reversebiasedtestdiodessaturatesas
soonasthedevice is fully depleted.

� The currentbetweenone of the DC-coupledstrips and
the bias ring on the n-sideis measuredwhile applying
a fixed voltage. This current is supressedand finally
switchedoff when the wafer is fully depletedfrom the
p-side(Figure4).

Both methodsgave valuesbetween40 and60 V for all tested
wafers. This correspondsto a very satisfyingresistivity of the
bulk materialof 16 to 24k 9 cm.

B. Punch-through Biasing
The characteristicsof the punch-throughbiasing were

measuredby applyinga voltagedifferenceandmeasuringthe
currentbetweenoneof theDC-coupledstripsandthebiasring.
The effective bias resistancedependson the leakagecurrent
flowing to thatstrip. It canbecalculatedfrom theslopeof the
I-V-curve shown in Figure5 to be � 16 M 9 on thep-sideand
� 40 M 9 on then-sideat a leakagecurrentof 1� A perwafer.

V. PRODUCTION AND Y IELD

The productionof the Wafers was done at EURISYS. A
total of 171 Wafersweredeliveredto the MPI semiconductor
laboratoryfor testingandqualification. Eachstrip was tested

n-strip with contact hole n-bias ring

Figure4: Supressionof the currentbetweenn-strip andn-sidebias
ring at full depletion.

Figure5: Punchthroughchararcteristicsof theMEGA strip detector
p- andn-sidebiasrings.

on a probe station to stand a voltage of 100 V acrossthe
coupling capacitors. 22% of the wafers had more than 2
shortedcapacitorsper wafer and were not usedfurther. The
leakagecurrent of eachwafer was measuredby applying a
voltagerampfrom 0 to 100V at � 25� C ambienttemperature.
Figure6 shows thedistribution of the leakagecurrentsat 60 V
bias.14%of all testedwafersshowedleakagecurrentsof more
than3.5 � A andwerenot usedeither.

VI. READOUT ELECTRONICS

Eachstrip on the detectoris connectedvia fan-in lines on
a hybrid boardto onechannelof a frontendASIC. This ASIC
(TA1.1), which wasdevelopedby IDE 6, is a 128channellow
noise/low power charge sensitive preamplifier-shapercircuit
with simultaneoussample and hold, multiplexed analogue
readoutandcalibrationfacilities. Eachchannelhasin addition

6IntegratedDetector& Electronics,Veritasveien 9, Box 315, N-
1323Høvik, Norway E-mail: ide@ideas.no
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Figure6: Leakagecurrentsof all testedwafersat > 251 C and60 V
bias. Only waferswith leakagecurrentsbelow 3.5 � A weremounted
in thedetectors.

its own level-sensitive discriminatorfollowing the shaper. It
providesatriggereachtimethesignalin thegivenchannelrises
abovetheexternallypre-settablethresholdof thediscriminator.
The trigger outputsfrom all channelsare OR’ed togetheron
a commontrigger output. Through a loadablebitmask it is
possibleto suppressthetriggerof individual channels.

TheTA1 showsabaselinenoiseof ?A@B�
C)D � �FE 165e� and
anoiseslopeof ?G@H� ��IJ��K � E 7 e� /pFatashapingtimeof 2 � s.
The power consumptionhasbeenmeasuredto be only � 0.5
mW / channel.Themaximumlinearrangeis 22fC (500keV in
Si) if thefull rangeis usedfor singlepolarity signals.

The ASICs on eithersideof the detectorsrefer to different
ground potentials. Therefore the analog data and digital
controlsignalsaretransmittedthroughoptocouplersto thedata
acquisitionsystem.

VII. RESULTS

In the final configuration, each detectorconsistsof a 3
x 3 matrix of waferswith a border length of 18.6 cm. This
arrangementrequiresthe lowest possiblenumberof readout
channelsfor doublesidedstrip detectors.Thewafersareglued
with epoxyresinon a carrierstructuremadefrom PEEKwhich
allows accessto all bondingcontactson both sides. The two
sidesof the detectorsareconnectedto identicalhybrid boards
of which one is mountedupsidedown asshown in Figure 7.
The strips are concatenatedby bond wires on the top and
bottom sides to form a nearly continuoussensitive surface.
Biascontactsarealsoconcatenated.

A. Readout Noise and Energy Resolution
Oneof the most importantdetectorparametersfor MEGA

is the readoutnoise becauseit determinesboth the energy
resolutionand the angularresolutionof the instrument. The
noiseis expectedto be:

?G@H� � EML ?A@H�NC)D � �PO ?G@H� ��IJ��K �PQ � 	 � 	�R � OGSUTGL
V
I � D�WX O

Y[Z
XP\ R�]

with thefilter coefficientA E_^U` a for semigaussianshaping[5]
and the filter time constant]bEcS � s. We find the average

Figure 7: Photographof one detectorlayer. P-sideis on top with
stripsrunningfrom left to right which areconnectedto thehybrid on
theright side.Thesecondhybrid (top left) is flippedupsidedown and
bondedto thestripson thebottomside.

leakagecurrentof thefirst 4 layersto be30 � A perlayerwith all
wafersmounted,gluedandbonded.We make the assumption
of a homogeneousdistribution of currentsover all strips and
theassumptionthat1/3 of thecurrentis collectedby theguard
rings.This leadsto 52nA/strip if 3 wafersareconcatenatedand
a contribution of 1592 e� ENC of this current to the overall
noise. To evaluatethe influenceof strip length on noise, in
onelayeronly oneandtwo waferswereconcatenatedby bond
wireson eachside.Figure8 shows theexpectedandmeasured
ENC valuesfor the threestrip lengths. While the numbersfit
reasonablywell for thep-side,theincreasednoiseon then-side
remainsunexplained. While all datafrom both sidesis used
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Figure8: Equivalentnoisechargefor p- andn-sidestripsfor a single
wafer, two wafersconcatenatedand threewafersconcatenated.The
error barsindicatethe standarddeviation of the distribution over the
strips.

to find matchingenergy depositsin the caseof multiple hits,
only thedatafrom thep-sideis usedfor energy measurements.
Figure9showsaspectrumof a d/e Cocalibrationsource(122and
136 keV). The commonmodenoisehasbeensubtractedfrom
thedatabeforethenoisewascalculated.Theaveragevalueof
thecommonmodenoiseis only � 5 keV. It is very importantto
keepthe commonmodenoiselow if self-triggeredelectronics



areused,becausethecommonmodenoisecannotbesubtracted
on theinputof thetriggercircuits.
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Figure 9: Spectrumof a f�g Co calibrationsource(122 keV). X-ray
Flourescencelinesat h 35keV (from CsandI) aredetectedalso.

B. Time Resolution
Time resolution is important for Compton telescopes

becauseit determinesthe ratio of true coincidentevents to
chancecoincidences.In the TA chips (version1.1) a simple
level discriminatoris usedto derive thetriggerfrom theshaped
analoguesignals. There is no compensationfor pulseheight
variations. Time resolutionwasmeasuredrelative to a plastic
scintillatorwith constantfractiontiming with apositronemitter
( �/� Na) placedbetweenthe two detectors. Figure 10 shows
the time distribution of trigger signalswhich is dominatedby
time-walk. The next versionof the TA-chips will include a
secondshaperfor eachchannelwith a fastershapingtime of �
100nsto reducethetimewalk variations.
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Figure10: Time resolutionfor all stripsof 4 layers.Thethick line is a
fit of thepulseheightdistribution (Comptondistribution) transformed
into thetimedomainby theoutputfunctionof theCR-RCshaping.

C. Position Resolution
The relatively large strip pitch of these detectorsdoes

not allow centroiding for most low energy events. If no
interpolationis used,a picture such as in Figure 11 can be
obtainedwith 122keV photons.A small numberof stripsare
insensitive due to higher noise level and their triggers have
beenblocked.

Figure11: Projectionof f�g Co source(122keV) througha leadmask.
A window of 100-150keV hasbeenappliedto thepulseheightsignal.
The trigger of some strips with increasednoise levels have been
switchedoff.

VIII . CONCLUSIONS

Large area silicon strip detectorsfor spaceapplication
have beendesigned,producedandtested. Equippedwith self
triggering readoutelectronics,X- and gamma-rayphotonsas
well aschargedparticlescanbedetected.Calibrationresultsof
theMEGA instrumentwill bepublishedin a separatepaper.

The methodof concatenatingp- and n-sidestrips did not
causeproblemsof any kind exceptfor moredifficult mounting
andbonding.
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