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Tllemflue【】cec･rtheSisulJSLFalepTeParalior1methodontわec･こITTiercone州tra【10日】TrOr.I,e;IlTheSiML3Ehycr/】トSI
subslJ′atPinlerrace"ra5Stu(lied.llwasrOtindHlilLlhcSJ-SubsLraLeShollldbepLaccdjn‖1LIUTiVMBEi.hBmbe日日1medi-
alCLy(､､･1Lllill柑minuleS)｡rTerremova一orLheoxideLa)reftodizllinaLe【lleP+izltCrraCClayerandmustbehc.lledupTO
】250oCbef()TeMllEgro､vlh,inorderlopreventcaTricrdepletjollatlheinleTraeeandalso10ObLalnSOO【)/-I/C.haracICrji-
1ic川｢adiodewilれaSHjcidC/P-Sl'(OISiGe)hFIBElayer/p-SisubsILaLeSLruClurC.
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$1, tntJ'OduL-tjorL

APtSi/p-SiSchoLlkycotltaetisno､vusedforaLarge-

scalelRimagesellSOrinthewavelellgthrallgeOf3-5

Flm.HsilleetheabsoTpLionorinrraTed(]R)radiationin
theaIlt]()Spherejsverysulallinthewaヽ√elengLhrangeor

8-12〃11.andtheradiELtionpeakoftheobjectaHOOtll

temperatureisarol川d】0仰11,anIRimagesensorfortllis

long-"･aveler唱tllrar唱ejsveryJrnpoTt-anL,Tbererore,fur-

lhcrextcllSiortol■theeuto打Wavelengt11isurgentlyneeded

especiallylntheweathersateHiteneld･ヱ)
Wehavebe･enstudyingPl/p-SiHGe.L･/p-SiSchotlky

conl･dCtSainlir唱 ataLongerwa＼一e)engthrRsensoralld

havedemonstratedthattheSehoHkybarrierheightscall

bereducedbyillCreaSlngtheGeFraction,3)oneorthe
obstacLeぎloJ.eaJizatioLl0∫aPt/ド-Sil_rGeLIRsensorisa

lowbreakdowIIVOLtageorthePL/p-SiI-,Ge,Schouky

diodes.lI1OrdertorealizeaguardriT]gSt∫uCtt】reforthe

lOfl11トrangeCCD imageserlSOTillthefutureand to
utj]izeastrainedSjGelayer,4)theepitaxjallayershould

beasthinaspossjble.ltwasreported.however,thatap-

LypehighcarriereoncentratioJl(1017-1Oはcm--1)region

orlCn叩PeaJl.SaLtJle山terfacebetwee】1theSiMBflayer

andp-typeSisubslraLe･川 ThjShighCarriercollCeLltTとt-

tionLayermlLS(innuencethebreakdowTl､′0止ageofthe

Pt/p-Si卜..lGeJp-SisubstraleScllOtLkydiodeswhendle
epjtaxiaHayeristLliJ).

Kubiaketa/.reportedulaHltisheavilyp-typelayerat

theinleTraCeWasrOrtnedby1)orotlintroducedfromthe

borosuieate･glassofHleVie＼叩OrtintheMBEsysICm.j)

0】1theotherhalュd,Casele/a/.demonslraledastTOIlg

dependenceortheLTlt_erraCeP+Layerontheexisle1-CeOl

the.surfaceo,yide)aycroftheSisubstrate.611tiswidelyac-

ceptedthataCareruuyPrepal'edsurraceoxidelayerisin-

eyi(ableIoobtainahigJlqualitySiMBE一ayer.71llist101

yetknowllhow tocompromisethesetwoCOnnicting

pheDOmeTla;tlleOXidelayeristleCeSSaryForahighquali-

tyM月Elayer,butiti】1trOdtlCeSaBoron-dopedp+layer

L195

attheinterface.

ThepllrPOSeOfthisworkistohldaprepa】'ationa]1d

cleaningmethodloTtheSjsubstJatetOObtainahigh

quali_tySiandSiGcMBElayerwiLhouLlhcp+血erfaee

regionattlleePi-substJateinterface.

尊2. E叩erimental

MBElayersweregrownonp-type(100)CzochralskiSi

substraLeStP=3-5×10Mcm~Ll).ThebasepressLLreOf

thcMBEsystem vヽasabollL3XLO-1｡TorTaudthatorlhc
load lock erlamber Was about 10~7Torr.Sjwas

evaporatedbyanE-gtInandGe.byaK-cell.TheSianJd

GemOleclllarbea川sWereCO】止roucdbylnOnirorillgWith

allelectronhl叩aCtenliss-ionspecLfOSCOPy(EIES)se】lSOr.
sHayers､veregro､､,nat750oCatarateof1.5A/S.SiGe

Layers､veregTOWllat550oCa【arateor1.5-2.OA/ら.

Thepressuredurjugthe･growLltWaSト 3･xIO-1)Torrr

TlleBoronwasdopedinbothLayerswithHBO2.The

subs【rateculin2cmsqlLareS~WaSPreC)eatledbythetlSuaL
rshi祖ka-Shirakimethod.7'Forsomesubstrates,the

passjvalionoxidelayerswerecomp】ctelyremovedbya
dilutedHF(0.5%)soIuLionbeforethesubslraleSWere

placedintlleMBEchamber.ThesllbstrateintheM13E

cIlambefWasheatedLLPtOabotlt85()oCtoevaporatethe

surraceo,yide)aycrbcrorel7leSigrowth.lnsomecases,
thesubstJateWEISheatedup(012.500CloTeulOVetileCA卜

bollOlH hesubs(rate.Carrie･rcollCentratjollPrO丘Iesat

thejnterracewerecaleuja(.ed frotllthecapacjtance-

voltage(C-V)characteristicsmeasuredbyaTiSchouky
contact.

昏3. RcSuHsaTtdDjs川SSion

Becausefくubiakel(JJ.repol.I,edthattheaccL)mLllalion

orBoronattheSiepi-Substrateinter一acewasTelaLedto

thethjckIユeSSOrthepassivatioll0Kidclayer,weRTStin-

vestigateddependenceoftheBoronaccumuLaLionon(he
thicknessoftheoxidelayer.A一terrorlnationorthe

passivatjo工IOXidelayerbylshilZaka･Shirakimethod,tJle
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oxidelayer､VaSthinnedbyadilutedHFI.SOlution(0.5%).
andSisubslrateSWiththreedjqcrcnlOXide)ayers(0.

-5,-15A)wererol'med.

Figure1sho､､′sthecarriercon°er)tralionprorllLISalthe

MBESilayer/pISisubslrateinlerlaces.Ar】･owsinllle

fi_uLlrleindicatepositionsor(heWBESilayer/p-SiSubin-

Lerraccs.TheLbjck】1eSSOftheoxidelayerorsaJllPleA

Waszero.thatorsampLeBWaSabout5Åandnat0rSam-

pJeC("rhoseoxidelayerwa.inotremovedbythediluted
HFsolutioll)wasabout15A.TheLhjek】leSSOrtheoxide

layerwas朗tjmatedbylheetelmi grateOrtheo,Videlayer.

SampleAllTaSPJacedl'ntheUH~VMBEehanlberWithjl1
10minutesarte1-remova一0rLheoxideLayer,Withoutrins-

1nglnWaferI-Oavoido,yidationor(_hesLLbstratesurface

b),thewater_S(lmPlesBandCwereTjnsedinWaterafter

etchingbythedilutedHF.TheseSamplesWereheatedto

e-vaporatetheoxjdelayers.SampleA shoⅥ･.eda2〉り

RHEEDpaHe川 a1400oC,sampleBshowedjlat680oL-
andsaruplcCshoweditat85OoC.NoSicRHEEDpat-

ternwasobservedForLhcscsamples.SanlpJcsBalldC

showalmosHhesalTleheight()rthecarl.iercollCel1tration

peakjnFig.I,but5ampleAdoesUOLThesel̀esuLISiz一一
dicatetllattJICpLlayeraHheinterfacecanbel･educedby

remolノLt一gtheoxideJayerasrepor(edbyCaseJetaJ.61llis
notwellknownWheretheBoroncomesfrom.ltmightbe

From borosi)icaleglass/IbutothercalldidaLesaretlle

substrat､eand(,llmospllereitself.lnanycase,whenlhcox-

idelaycreJYisLS,theT3oroui.sthoughHoaccutnulateiTHhe

oxidelayerrroTnthesurroundingsandtobelerIOnthe

sub.slraleSurfacewhentheoxidelaveriSevaporate(1.

WhentlleOXidepassivationfilm Waslllillnedbythe

diltltedHF､theSicRHEEDpatlem WasOrtet]Observed

oJlthesurfacewhentheSjsubstralCWasheatedupto

abo＼′e750oC.FjgL)re2ShowslflCCarrierconccntralion

pronJealtheSiMBELayer/l)-Sisubstraleinterraccsor
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DEPTHFROM 5U,RFACE

(Hnl)

Rs.】,CarrjcrcollcLel】fraHor)prOr12esilltheSilVIL3Elaye-/p-Si
substrこIleinlC･TlilCeS.The.thlCknLlSSCトOfoxidelayer､､､′ereaSrOHoWs:
StlnlPleA､叫 Ze)･0.B､vllS5八州dCw;lSI_5Å.
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DEPTH FROM SURFACE

(Hm)

FLR.2･Carriercon｡L･lltr即ic川PrOrlle.iaLtheS∃MJjEJFt)･el･/p-S】Suhll1-
-errnee･Thelhjc･-i,nesscsoroxidelayers､代rLH lirOHo､vs:snnlplFA

lvaszero.BaTldCL'wcrL15A.JuJorl)1cm＼岬rL･kLIptllt【71eloョ,d-1(lCi.
chaTTtbertor2hours.

thes乙lmPLc.sonWhichtheSicRHEEDPaHernSWeTCOb-
served.Tllethicknessoftheo;(idelJdyerOrSampleAill

Fig.2Ⅵ･aszero:lhoseorBandCWeTeabout5A.Auor

lhcmWerekepththeload-一ockcllamber日O-7TorT)roT

2hoursbeforebeingheatedI)ptoS500CintheUuV

JMBEcllambertoevaporatetheo,tideLayer.TheinLen-

sjtiesoftheSic RjjEEDpaue･r11SOfsa111PLesAandC

werestTOl鳩erthanLhaLOrSampleB･DepletjonregiollS

o川1ccarrierappealLedaltheMBElayeトSllbSlra(ei】1tCr-

racesroÌausamp)es.TlleCat)SeOrthedepkLionregion

wasthoughtLobesomedefect.sintheMBEgrownlayer
WhichwereintJ･OdLLCedbySic()lHhesllbstratesurface.

ForsarnpIeA,a2x1RHl三EDpatternWas1101Observed
untHthestlbstratetemperatllTeOf650cc,atttlOughttleOX-

idelayerWascornplctclyI:e】ユ10Ved.Thisi.sprobablydue

tofoTmatjonoftheo,yidelayeroraFewAwhilethesam-

plewaskeptintheload-)ockchamberfor2110urS.Thus

bothadL,plelionandahighcarrierconcenlTalioLIL'egion

appearedinsampleA.Tn叩iteortheoxidelayerexisllng

itlSatllp)csBandC,thehigllCaTriereollCenlralioIITeglOn

didl10Lal叩ear.ThisisprobablyduetotheracHhaLthe
diodebreakdoWr10ccurrSbeforethedepLclion layer

reachestotheh】gtlCarriercollCenlrationregLOn.

To elarif■y the OTigiZ一Oflhc depletion layer,Si

sLLbstrate.qwerehealedupto1250oCtoe＼′aporateCar-
bononthesl】bstratesurraCe.SampJesAandBshownhl
Fig.3werekeptintlleload-lockchamberfor2hotlrs

arlercomPIcteremovalorlheoXjdelaycT-byadilutedHF
solution.SampleAWasheatedupto850〇C,sanlPleB

IVaSheatedupto)2500CandheldI-hereror川 mjnutes.

SampleCwasplacedinLhcUHVh,lBEchamberwithiII
LOmilltlteSafterrerllOVaLoftllCOXidetaycr,lleatedlipLo
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r;ighl. CilmCTCOnL･enlrationpl~OfHcsal rlleSihIL13Ehycr/p-S】
Sllb_grilleinLCrr.TICe･古.Thethkknesscsorox)(k】ayer†wereTeTPilla)i
sこmIPks.Si-1mPleA＼vashc･aLedllPIo850oC:13LllldCWereheatedtJp
to]2.50qC,SElnlPtesA･.1n(tliWビTlJLLepljrlLbeload-Jockch.lnll)e･rFor
2hours.こHlLIsilmPleCWEISPlrLeeLlhIllCUllVIMJ3EchambeHvhhil1
1()mlnuL亡.1.

12500Candlleldtherefor)OminMes.Thedepletion

regiondisappearedforsa111P]cBprobab)ydue(oe】irTlina-
1ionorCarbononthesubstratesurface,butahighcar-
rierconcentJation reLqiollSl‖ existed lhougllitw耶
broaden∝lbythe125OoC thermallrealmeut.Ontlle

oLheThalld,sampleChadlleitheradepletionLayernora
highcarriereoIICenIralionreglOn,Similar10CurveAin
Fi望.】.ThisWasprobablybecausethereWasrtOO.Ode

layeral】dI10SicollrileSubstraLeSurfacedueLOthe
1250DCLherrnalLl.eatmenLTheseresultsindicateLhaHhe

oxidelayerFormedintheloaJ｣ockchamberalsomakes
ah)ghcarrierconcentrationreg10I),alldonlyWhelHhere
i.snoo,yideLayerandnoSic onthesubsLratedoes,
tleitherthedepIetiollreg10nnorthetl短hcarrierconcen-
lraljozlreglOnappearaHlleinlcrrace.

)nlluenCeOrthehcaHT-eatmelltaL1250oContheI-V

charaCteris(icM′asi】1VeSugatedastllCT)eXLstep.Figure4
showscomparisonor(lleトVcharacterislicsorPdSchoト

tよydiodeゝa177KForthesamp一esheatedupto12500C
arldupl()Only850oC.TheslruCtUreSOrSamPlesA-Dhl
Fig.4WereasfolLows:samplesAandBwerepISi(3000
A)/p-Sisubstra(C.sampleCwasp-Si.,(,Ge.,..(2000Å)/p-
SistlbslraLcilndsampleDlへ,aSp-SisubslrateOnly.AsFor
thel児aHreatme-)1LsampleAWastbeated一叩tO850oCfor

10minutcsberoreLhCgl'OWtll,andsamplesBandCwere

he且(edI)ptO1250oCfor10minutes･SanlPleA,which
washeateduptoonly850oC,hada]aJ一隻eLeakLlurrenL.
buttheothersdidl101.TheseresultsindicateU1alillOlLdcr

10getgoodI-I/cha】~acteris(ies,ilisnecessarytoplacetile

ト三
山.∝
∝
コU

0 .1】 .2 .3 .4

FORWARD B!AS(V)

1てig.4.ForwalLl/-l′cLIIll-ilCleL･jsliじ50日-dJMl)ELaycr/p-Sisub～lrai亡
Seh0TlkydiodeS.Slrll｡lureゝ otL(bcMl托 klyer5aleaSrOu()tvs:
samples AilndBart-PISi(300()A)/'1)-Sjsllb.Samplcc)ir)-
Si.,.,C･eD.(2r州)A)/E一一Sisub.Sanll山】)ibド-5isl.bslJ~llLeO)巾 .SampJe
AWashca(eduP10$50｡C,i-[‖dsLlmr)】eSr】andC､vL,lLlle･aredul)LO
1250ウC.

subsLrateintheU~H~vMBEchamberimmediatelyafter

remol′aloftheoxidelayeraLldhealitupto)25OOC

beforeMBE gTOWtJltOeliminatetheCarboロOlllllC
sllbstralesurface.rnpracticaldevjccprocesses,however,
otherlo≠･･-､temperatureprocess,suchas01beat--irradia-
(iontoremovetheCarbol10nthesurface.mustbedeveト

oped10reducetbcthel一maldamage10Processedwarers.
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