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Abstract

Device simulationsof thesilicon microstripdetectorghatwill equipthe TrackingSystem
of the GLAST experimenthave beenperformed.Theinfluenceon the electriccharacter

istics of both strip pitch andwidth have beenevaluated.First, a DC calculationis done

to predicttherisk of breakdevn within theworking biasconditions.Then,the backplane
andinterstripcapacitanceareestimatedy meansof an AC analysis.

Published by SI S-Pubblicazioni
Laboratori Nazionali di Frascati



1 Introduction.

TheGLAST trackingsystenusessiliconmicrostripdetectorgo tracktheelectron-positron
pairsresultingfrom gamma-raycorversionin thin leadfoils [1,2]. It consistof asquare
4 x 4 arrayof nearlyidenticaltower modules.Eachtowerhasascintillatorvetocounteron
thetop, followedby a 16-layersilicon-striptracker and,finally, acesiumiodidecalorime-
ter. Eachtrackinglayerusestwo planesof single-sidedsilicon strip detectorswith strip
orientedat 90 degreeswith respecto eachother The detectorscut from 6-inch wafers,
have a size of about9 x 9 ¢m? andare wire bondedinto "ladders” 36¢m long. Four
of these’ladders” composea detectomplane.Whenoperatinga systemwith sucha high
channekount,in spacetwo limitationsappear. theavailability of powerfor theelectron-
ics andthedifficulty of dissipatingheresultingheat.In orderto satisfytheseconstraints,
both the numberof channelsandthe readoutelectronicspower consumptiorshouldbe
minimised.

The baselinedetectoris realisedon n-type wafer having aresistvity of 6 £€) - cm,
anda thicknessof 400 um. The readoutelectronicsis AC coupledto the p* implants,
which arebiasedoy meansf integratedpolysiliconresistors.This designforesees strip
pitchof 208 um, andanimplantwidth of 50 um. Themetaloverhangsheoxide4 pm be-
yondtheimplantin orderto reducetherisk of breakdevn. Theresultingnumberof strips
perdetectoris 448, thus,usinga 64-channekeadoutelectronicsy chipsarenecessaryo
collectall the information. Recently the constraintson the power consumptiorhasbeen
revised,forcingareductionof thenumberof chips. It resultsin areductionof thenumber
of stripsperdetector

In this paperthe electricalperformancesf the detectorareevaluatedyaryingboth
the strip pitch and width. First, a DC analysisis doneto estimatethe electricfield in
the critical region. Then,an AC analysisis appliedin orderto predictthe interstripand
backplanecapacitances.

2 Simulation technique.

The simulationis carriedout with ATLAS Device SimulationSoftwareproducedoy Sil-

vaco[3]. A 2D approachs adoptedsince,for the simulatedvalues the partialderivative
alongthe strip lengthis negligible. The lateralboundaryconditionsare a crucial point
whenselectingthe lengthof the structureto be simulated.Mainly, therecanbe two ap-
proachesOneis to build a very long cell in orderto keepthe lateralboundarieslistant
from the region of interest. The dravbackis a high numberof meshpointsand,conse-
guently along computationatime. The otherapproachs to choosea lateralboundary
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Figurel: Basiccell usedfor the simulations.

whereonly the vertical componenbf the electricfield is present.As a result,we obtain
avery narrov cell having alengthequalto the strip pitch (fig. 1). Thisis optimalfor the
electricfield analysisbecausea high numberof pointscanbe usedto refinethe meshat
the edgesof the implantswithout exceedingthe computationatime. Neverthelessthis
structureis not suitablefor the interstrip capacitancesvaluation, becausehe coupling
betweemon-adjacenstripsis neglected. As a matterof fact, this calculationrequiresa
lower numberof meshpointswith respecto the DC analysisthuswe canjoin morecells
without increasinghe computationatost.

The DC solutionis obtainedsolving both Poissorandcarriercontinuity equations.
This analysisallows for the evaluationof thebreakdavn risk. It is known thatbreakdevn
occurswhenfree carriersareacceleratedip to a point wherethey have sufficientenegy
to generatemorefree carrierswhencolliding with the atomsof the crystal. In orderto
acquiresufiicient enegy two conditionsmustbe met: the electricfield is enoughhigh
(morethanabout3 x 10° V/em), andthe meanfree pathof the carriersis long enough
to allow accelerationio a sufficient high velocity. Only whenthe generatiorrateof these
free carriersis sufficiently high this procesdeadsto avalanchebreakdevn. In orderto
take into accountheseparametersanimpactionizationmodelis includedin the simula-
tion.
Before startingthe simulations,two parametersnustbe defined: the oxide chage den-
sity andthe p* implantprofile. The former, for the sale of simplicity, is consideredll
localisedatthe S7 — SiO, interface,while a gaussiarshapds choserfor thelatter.
It is worth noting that,in the simulations the p* implanthasbeendirectly connectedo



themetal. This doesnotintroduceanappreciablerrorsincetheflat bandvoltage related
to thethin AC couplingoxidelayer, is very small.
The AC analysisis performedjoining two elementarycells. It allows for the re-
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Figure2: Structureadoptedor the AC analysis.

constructiorof the strip capacitancepneof the parametersletermininghe noiselevel of
the readoutelectronics.lIt is given by the sumof two capacitancesone (Cy,.;) derves
form the couplingbetweerthe implantandthe backplandayer, while the other(C;,.;) is
dueto the couplingbetweerthe consideredstrip andall the others. We do not take into
accountathird tiny contribution givenby the AC couplingcapacitoysincethe simulation
is performedon a structurein which the metalis connectedlirectly to theimplant.

The procedureadoptedor the simulationis the following: first, the device is broughtat
a biasvoltagerising the potentialof the anode.Then,in orderto evaluateCy,.., a small
signal(with afrequeny of 1M Hz) is appliedto theanode andthe capacitancéetween
the centralstrip (strip n. 2) andthe anodeitself is checled. As far asC;,,; is concerned,
asmall AC signalis appliedto the cathoden. 3 andthe capacitances”, , andC;, are

measuredIn this way the couplingto moredistantneighbourss neglected,andthetotal
capacitances givenby:

Ctot - Cbaclc + Cint = Cback +2 X (Oz{nt + C’:;lt) (1)

Thecalculationof the backplanecapacitancasa functionof the biasvoltagepermitsthe
reconstructiorof thefull depletionvoltageby meansf the1/C?%, ., cure.

a

Thetablebelow shavs the pitch/widthvaluesusedin the simulations.



width | pitch | width/pitch
wm | pm
50 | 175 | 0.286
50 | 208 | 0.240
50 | 235| 0.213
50 | 265 | 0.189
60 | 175 | 0.343
60 | 208 | 0.289
60 | 235 | 0.255
60 | 265 | 0.226

Tablel: Pitchandwidth valuesusedin the simulations.

3 DC analysis.

First, a simulationis donein orderto estimatethe impactof the metaloverhangon the
electricfield intensityin thevicinity of thejunction. Fig. 3 shovs the mapof the electric
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Figure3: Map of the electricfield strengthfor the 235/50 structure(the biasvoltageis
200V).

field intensityfor the 235/50 (pitch/width) structurewith a metaloverhangof 4 ym, and
anoxidechageQ,, of 1 x 10'! ¢/cm?. In thesilicon, the highestelectricfield is located
at the implant edgeandin the proximity of the metalborder Without field-plates,the



lines of the electricfield would be all accumulatedht the edgeof the implant. Fig. 4
showsthe profile of the electricfield strengthtakenalonga line crossingthe edgeof the
p* implant, for the samestructure:(a) with, and (b) without field-plate. The usefulness
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Figure4: Electricfield profile alonga cut-line crossingthe implantedgefor the 235 /50
structure:(a) with, and(b) withoutfield-plate.

of the field-plateis clearly visible: the peakheightis reducedby two times. Further
more,the device without field-platepresents peakhigherthanthe critical value,hence
potentially dangerous.Fig. 5, shoving the electroncurrentdensity demonstrateshat
thereis generationof free carriersin that region, but not high enoughto determinean
avalanchebreakdavn. Accordingto the simulations,it occursat a biasvoltageof about
600V. Plainly, the calculationdoesnot take into accountthe presenceof local defects
which couldgenerateenoughfree carriersto reachthe breakdevn atalower voltagewith
respecto the ideal case. Thus,the useof the metaloverhangis advisablein a detector
with suchcharacteristics.

Now, letusanalyseheinfluenceof thepitch/widthsizeontheelectricfield strength.
Fig. 6 and7 display the maximumvalue of the electricfield as a function of the bias
voltagefor the structuredistedin Table1. As expected,t dependsothon theimplant
pitchandwidth. Anyway, thepeakintensityis below thecritical valuefor all thestructures
upto abiasvoltageof 300 V.
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Figure5: The electroncurrentdensityplot evidencesa carriergeneratiorat the edgeof
theimplant.
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Figure8: Electricfield peakasa functionof thewidth/pitchratio.

Also the oxide chage densityplaysanimportantrole: the higherthe concentration
thestrongertheelectricfield. As anexample fig. 9 shavstheeffect of varyingthe oxide
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Figure9: Electricfield peakasafunctionof the biasvoltagefor differentoxide chages.

chage densityfrom 1 x 10! to 2 x 10'tq/cm? for the 235/50 structure. The higher
concentratiorbringsthe electricfield over the critical value whenwe apply morethan
250V



4 AC analysis.

In orderto verify the quality of the simulations,a comparisorbetweenthe calculations
and experimentaldatais performed. The dataaretaken from [4], wherea careful ex-
perimentalstudyregardingthe capacitances done. Oneof the testedstructuress very
similar to our detectoy having a thicknessof 410 um anda bulk resistvity of 6 k2. The
siliconis < 111 >-type,leadingto ahigheroxidechageconcentratiomwith respecto the
< 100 > crystaltypeforeseerfor GLAST. Threestructureswith a constantwidth/pitch
ratio, equalto 0.15, aremeasured.Figures10, and11 shov a comparisorbetweenex-
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Figure10: Backplanecapacitancef the Figure11: Interstrip capacitancef the
testdetector testdetector

perimentaldataandsimulationresultsfor bothinterstripandbackplanecapacitanceThe
agreemenis foundto be quite good,thusvalidatingthe simulationprocedurelt is worth
noting that the value of the interstrip capacitancelependon the electronaccumulation
layer underthe S7 — SiO, surface,thatin its turn dependson mary parameterIn par
ticular, suchparametersre: the fixed oxide chage density the bias voltage,and the
ervironmentalhumidity. It is quite difficult to estimatenumericallythe influenceof the
lastparameterin a qualitatve way, negative chages(polarisedwvatermoleculesyrecol-
lectedon the uncoveredoxide surface,partially compensatinghe positive oxide chage
[5]. In our casethe effective valueof Q,, = 2 x 10* ¢/em? is foundto fit in a proper
way theexperimentaldata.
Let’s now simulatethe capacitancesf the structuredistedin Table1l.
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Fig. 12 shaws the backplanecapacitancdor a biasvoltageof 250V. It doesnot
changesubstantiallyvarying the width from 50 to 60 um, while, asexpected,increases
with thepitch. (... givesinformationconcerninghedepletionof thedetector Fig. 13is
aplotof 1/C% . asafunctionof theappliedvoltagefor the structureshaving animplant
50 pm wide. For eachcurve, the changeof the slopeindicatesthat the full depletion
voltageof the detectoris reached.Increasinghe pitch from 175 to 265 um it risesfrom
130 to 170V. Thesevaluesdependslightly ontheoxidechage concentrationin this case
we usedQ,, = 1 x 101q/cm?.

Theinterstripcapacitancés plottedin figure 14. As onecansee thevaluedepends
consistentlyon boththeimplantwidth andpitch.

GLAST detector - Interstrip capacitance
1 T T

I implant Widtlh = 50um o
0.95 i ‘ _implant width = 60um e

3 3 o} 3 3 3

Cint (PF/cm)

. Bias voltage = 250V : : L e

0.55 [
05 | | | | |
180 200 220 240 260
pitch (um)
Figure 14: Interstripcapacitanc@sa function of the pitch usinga biasvoltageof 250V
andanoxidechage@,, = 1 x 10" q/cm?.

The total capacitances a function of the pitch is presentedn fig. 15. As it is
evidencedexperimentallyin [4], this value dependsonly on the ratio betweenthe two
guantities,on the contraryto the electricfield behaiour (fig. 8). The capacitancgrows
linearly with thew /p ratio,asdemonstrateth fig. 16.
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5 Conclusions.

The resultsof the capacitancestudy indicatethat the best-performingstructure,among
thoseanalysedhasa pitch of 265 um andan implant 50 um wide. The DC analysis
performedfor this structuregivesa maximumfield underthe critical value,beingabout
2.7 x 10°V/em atabiasvoltageof 300V. Still, having sucha high valueof the electric
field, we considerapitch of 265 pm asalimit for animplantwidth of 50 ym. For alarger
pitchit is necessaryo increasealsotheimplantwidth.
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