
ｍｅｒｍａﾉｓｊｍｕｌａ"oｎｏ/IｈｅＡ７ＬＡＳＳＣＴｂａｒ７Ｂｌｍｏｄｕｌｅ ２Z/57Ｗ 

ＡＴＬＡＳＩｎｔｅｒｎａｌＮｏｔｅ 

ｌＮＤＥＴ－ＮＯ－２０１ 

５Marchl998 

！ 
ThermaIsimulationofATLASbarrelＳＣＴｍｏｄｕｌｅｓ－ｌ 

」

TKondo,THaruyama,TKohriki,Ｈ､Iwasaki,Ｓ､正rada,ＹＵｎｎｏ

ＫＥＫ,HighEnergyAcceleratorOrganization 
lnstituteofParticleandNuclearStudy 

l-1,OhqTSukuba-shi,305,japan 

(mimm壜、

Ｍａｙ27,1997 

Abstract 

AfiniteelementthermalanalysisisperformedforthevariousconfigurationsoftheArLASbar-
relSCTmoduleThedesignofthemodulearebasedontherecentproposalbyRALto正duce
theoveraUradiationthicknessofthemodule・ItsseveralvariationsaI巳alsoevaluated・Themain

goalofthepresentcalculationistoestimatethesafetymarginforthethermalrunaway 

1．ModuIemodeIs 

EightdifferentmodulegeometriesaslistedinTablelareevaluatedFigurelshowsthemod-

TabIelModulemodels 
榧

description 

OriginalmodelgivenbｙＲＡＬｉｎｍｉｄＭａ正h,１９９７

BeOpicture-framebaseboard 

model-1butwithalongerPCbasebaord 

model-1butthebaseboardisalImadeofPG 

model-3withnothermalconnectionontheotherbridgeside 

modeｌ－３ａｄｄｅｄｂｙＢｅＯｓｔｉｆｆｅｎｅｒｓｏｎｂｏｔｈｓidesofPGtongues、

suggestedbyYUnno 

model-6butPCextendedtothecooling-sideedge 
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el-RALproposedbyRALinmid-Marcｈ1997.Ｔｈｉｓｄｅｓｉｇｎｉｓａｎｅｗａｔｔｅｍｐｔｉｎｏｒｄｅｒｔｏｒｅduce 
theeffectivematerialthickneｓｓｏｆｔｈｅＡｒＬＡＳｂａｒｒｅｌＳＣＴｍｏｄｕｌｅ 

Triggeredbythisattempt,variationsofthedesignareproposedatKEKfrommodelslto8・Es-
sentialchangeistheshapeandconfigurationofthebaseboardonwhichbothsiliconmicrostrip 
detectorsareattachedThebaseboardprovidesnotonlythemechanicalstifftlessforsupportbut 
alsothethermalpathfromthedetectortothecoolingchanneL 

Figure2showstheconfigurationofthebaseboard． 
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2.Thermalsimulation 

Afimte-elementthermalsimulationisdoneusingprogramANSYS5､1.A3-Dthermalandelec-
tricalsolidelementsisused・ThethermalconductivityusedintheprogramislistedinTable2．

吃ble2Thermalconductivityofmate｢ialusedintheANSYSsimulation
IＣ 

conductivity(Ｗ/、.K）material conductlvity(Ｗ/ｍＫ） material 

280 

700(tangential） 
３．５(normal） 

０．２５ 

２８０ 

１５０ 

ＢｅＯ 

ＰＧ７００ 

130 

1300(tangential） 
３．５(normal） 

０５ 

0.0245 

０．１５ 

silicon 

PG1300 

Kaptonhybrid 

BeOhybrid 

bondingwi正

thermalglue 

air 

quartz(fan-in） 

ベForsimplicity》theeffectsofsurfaceconvectionandradiationemissionarenotincluded

Thecoolingpipeisnotincludedinthesimulationlnstead,thetemperatureconstraintisim-
posedatthecontactofthecoolingchanneLTheopentrianglemarksinthedesignfiguresshow 
thelocationofthisexternalconstraint． 

HeatgenerationintheelectronicsissimulatedbyusualbulkheatgenerationprovidedinAN-
SYSThetotalheatgenerationinelectronicsis3or4Watts,correspondingtO1､５．r2WPerside 
87％oftheheatisassumedtobegeneratedinthelstchips（ｌｘｗｘｈ＝７２ｘ４ＯｘＯ､35ｍｍ3)and 
therestisgeneratedinthe2ndchip(ｌｘｗｘｈ＝７２ｘ５５ｘＯ３５ｍｍ３)． 

Theheatgenerationmthebulkoftheradiation-damagedsilicondeteｃｔｏｒｉｓｄｕｅｔｏｔｈｅｂｕｌｋ 
'eakagecurrent･ＴｈｅleakagecurrentisknowntohaveastrongtemperaturCdependence： 

Ｅｑ 

ェieakoこＴ２ｅ２ｌ､Ｔ

whereEgistheeffectivegapenergyofaboutl23eVandkBistheBoltzmannconstantlnAN-
SYSprogram,theelectricalresistanceofmaterialcanbemadetemperaturedependenLAnelec-
tro-thermalelementｉｓａｓｓｉ８ｍｅｄｆＯｒｔｈｅｂｕｌｋｐａｒｔｏｆｔｈｅｓilicondetectoranditisassumedto 
carryanelectricalconductancewiththesametemperaturedependenceasthatoftheleakage 
current､Withthistrick,onemanagestosimulatethetemperaturedependenceofheatgenera-
tionbytheleakagecurrentul 

Thethermalsimulationhasbeendemonstratedtoworkverywellwhenitiscompa定dwiththe
thermalexperimentsusingheateraswellasactualradiationdamageddetectors[1,21 

、

３.Resultsofthermalsimulation 

3-1Thermalrunawaypoint 

Thermalsimulationisperformedforvariousmodelsbyvaryingtheheatgenerationinthede-
tectorbulk・Sincetheheatgenerationstronglydependsontemperature,itisdecidedtousethe
heatgenerationpermm2(of300Umthicksilicondetector)atOoCasastandardparameter､Actu-
alheatgenerationiscalculatedusingtheTLdependencegiveabove 

４ 
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Figure3Dependenceofthemaximumtemperateofthesilicononthebulkheatgeneration． 

NumberofconclusionscanbeextractedfromFigure3： 

lBothmodel-RALand＃lencounterthethermalrunawaybeｌｏｗ５０ＵＷ/mm2andthusnot 
satisfactoryB 

ZExtensionofPGtothecoolingedge(modell→２，ａｌｓｏ６－÷８)helpsbuttheeffectisnot 
large、

３.ReplacingallBeObaseboardbyPG13００(modell→３)improvesfairlywelL 

４．ThethermalconnectionbetweentheBeObridgeandbaseboardattheotherenddoesnot 
contribute(model3-÷４） 

５.AdditionalBeOstiffenerimprovesconsiderably(model3→5） 

６Model5,6and8satisfythegoal(〉40～80Ｍ/ｍｍ２)withenoughsafetymargin

７１，general,themaximumtemperatureatOllW/ｍｍ２(nobulkheatgeneration)isagood 
mdexofthethermalrunaway(exceptonecaseofcrossoverbetweenmodels5and8） 

'mmmw、

０ 

3-2.DependenceonthethermalconductivityofPG 

ThethermalconductivityofPGischangedfroml300to700inordertoseehoweffectivethePC 
contributionisinthethermalpropertiesofthemoduleFigures4and5showitsdependencefor 
model-6and8・PG1300showsbetterperformanceasexpected,ｂｕｔｔｈeimprovementisrelative-
lylargerinthecaseofmodel-8． 

５ 
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詞FIgure5PG700vsPG1300(model-a4W)． Figure4PG700vsPG1300(model-6,3Ｗ)． 

、x｣c1-8.丁…＝・'0.Ｃ、ＰＧＩ３ＯＯ

1０ 

3-3.DependenceonQamp 

Thetotalpowerconsumptionintheelectron-
icsmigｈｔｂｅ４Ｗｉｎｓｔｅａｄｏｆ３ＷＦｉｇｕｒｅ６ 
ｓｈｏｗｓｉtsdependence、Itisnotedthatthe
runawaypointdoesnotchangesomuchal-
thoughthezero-pointchangesalmost2de-
greｅｓＴｈｉｓｉｓｐｒｏｂａｂｌｙｄｕｅｔｏｔｈｅｆａｃｔｔｈat 
runawaypointisatlhefaredgeofthesilicon 
wafer〉ｎｏｔnearthelocationofelectronics，

andthereforetheeffectofpowerconsump-
tioninelectronicsisnotdirectbutsecondaryz 
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3-4.Tbmperatureofelectromcschips 
1５ 

Thetemperatureoftheelectronicschips 
stronglydependsontheconvectionand/or 
radiationfromthesurfaceofthechipsln 
thissimulation,thesetwoeffectsarenotin-

cludedandthereforethepresentresultmay 
befarfromrealitybAnyhow》insucha(unre-
alistic）case，thechiptemperaturestrongly 
dependsonthethermalconductivityofthe 
hybridasshowninFigurｅ７． 
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4.Tbntativeconclusionandpointsforfurtherstudy 

Onecandrawaninterestingconclusionsfromthesesimulationresults,thoughtheyarestillten-
tativelnordertosimplifythesituation,let'stakeaviewofthermalresistanceasshownin 
Figure8,inwhichthreetypesofthermalresistancesareintroduced 

、

ThebiggestandmostimportantthermalresistanceseemstobeR1・Thisisbecausequiteanim-
provementmthermalbehaviorisobservedinthechangesof 

・model-1-÷model-2，

omodel-3→model-5， 

omodel-6-今model-8．

、

Theapparentimprovementfrommodel-2tomodel-3isduetothereductionmbothR1andR2 
ButitisfdtthatthecontributionofR1isthemainfacto正

繩
Amongothers,theimprovementfrommodel-3→model-5isdramaticAsshowninFigure9， 
theconfigurationnearthecoolingpomtisquitedifferentbetweenmodel-3andmodel-51t 
seemsthattheBeOstiffenerlowersthethermal正sistanceR1substantiallyB

稗

Figure8ThermalresistancesintheSCTmoduleFigure9Detailsnearthecoolingchannel． 

Inmodel-RALandmodel-1,ratherhighstartingvaluesofT(Si)inFigure3arecausedbythe 
highthermalresistanceR1,ThisisseeninTable3inwhichtheminimumtemperatureofthesil-
iconislistedModel-RALand-1showrelativelyhighT(Si)ｍin,indicatinghighthermalresis-
tanceR1betweencoolingpointandsilicondetector，Bothmodelshavethenear-cooling 
configurationsimilartothatofmodel-3(Figure9)ｗｉｔｈworseconductivitiesduetoBeO(rela-
tivetoPGinmodel-3).Thedifferencebetweenmodel-RALaｎｄ－１ｉｎＴ(Si)minisprobablydueto 
thedifferenceinlengthalongthecoolmgcontact(seeFigure2） 

β 

の

TbntativeconclusionisthatthekeｙｐｏｉｎｔｉｓｈｏｗｔｏｌｏｗｅｒｔｈｅｔｈｅｒｍａｌｒｅsistanceR1,whereall 
theheatHuxgetconcentratedComparedwiththismaiorproblem,itseemsthatthedesignof 
thebaseboardunderthesilicondetectorisratherinsensitivetotheoverallthermalperformance 
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Table3MinandmaxoftheTsi1iconatnobulkheatgeneration 
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includingsafetyfromtherunawaypoinL 

ThisviewisnoticedafterallthecalculationwasfinishedNewseriesofsimulationisofnecessi-

tyinordertoverifythepresent(tentative)conclusionaswellastofindbettermoduledesign． ､ 
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